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I. Introduction.

Studies upon the development of color and color pattern 
in insects have been undertaken for two ptirposes, first, to de­
termine the origin of the pigment-forming material and the pro­
cesses which change it into the adult colors, and second, to 
observe the changes, i-f any, which talco place in the form of 
the color areas themselves, bringing about their transforma­
tion into the adult color patterns.

Whereever studies of this character have boon made upon 
the pupal wings of Lepidoptera, the observations have been al­
most entirely confined to the Macrolepidoptera. The Jlicro-

*lepidoptera, which are a more primitive group, and therefore 
may be expected to give more direct evidence of the steps in 
the evolution of the color pattern, have been almost neglected. 
Whithin this group, abundant and excellent material for such 
a study is afforded by the species of the genus Lithooollbtis.

The observations upon the development of color in the
wings of Lithocollotis, presented in this paper, were made with
the object of ascertaining the primitive color pattern.

It is a pleasure to express my appreciation to Dr. I!. P.
Guyer for his many helpful suggestions during my work.

. -3.
.
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II. Historical.

Towor (’06) hasouminarizod the general results of re­
searches upon the development of colors in pupal wings as 
follows:

"The studios upon the origin of color in the wings of 
Lepidoptera have shown that there is a regular order of devel­
opment, not only of colors, but also of the areas in which 
spots and stripes appear. Tho wings, which are colorless 
at first, become opaque, yellowish or light drab, beginning 
first near the base,of tho wing and spreading dintalward. .
Soon spots, stripes, and adult markings appear, at first prox- 
imad, then more and more diotad, then between the norvulos, 
and, last of all, upon the nor^ules. First the purely pig­
mental colors develop, and these are followed by tho chemico- 
physical."

The principal researches hhve been those by Sch&ffor (*CS 
Van Bemnolen (*89), Urech (*91), Haase (*83), Mayor (’96), and 
most recently by 'ron Linden (’98,’OS). The principal work of 
the first three authors was upon Vanessa and Pyrameis.
Van Beramolen (’89) has shown that the first color to appear 
in Pyrameis cardui is a pale brownish yollow which deepens to 
the reddish brown ground color; upon this ground color the 
black spots appear. The development of the color in Vanessa 
urticae follows very much the same sequence, an pointed out

)

4 .
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"by "both Van Bemnelen and Uroch. Uroch (’91) has shown that in 
Vanessa io, tho adult spots and coloro appear dirootly upon tho 
primitive white of the pupal winy,; that in, the yellow appears 
over a restricted area of the wing; following thin a reddish 
tinge appears, which, over another portion of the wing gradu­
ally deepens to tho reddish brown ground color; later, the 
adult black spot3 develop directly upon tho primitive white 
wing; some at least of the white spots of tho adult represent 
the primitive white of the pupal wing. In Van Bemmolen’o

i opinion, a considerable amount of modification takes place in 
the wings after the first appearance of color, so that tho 
adult design may differ considerably from that first laid 
down. Urech's (!9l) view is directly opposed to thin; ac­
cording to him, the different color areas are definitely laid 

J down from the beginning, and are therefore older phylogenetl- 
cally than tho particular colors of the adult wing. He there­
fore regards color as the important factor in determining phy-

.

logonetic position -- "die Farbe ict das Prim&re, die Zoich- , 
nung das Secund&ro"«

Haase (’93) worked upon several specios of Papilio i 

and found that the.wings are transparent or colohldso, later 
becoming whitish; this white then gives way to a yellowish 
ground color upon which the adult coloro begin to appear, under­
going considerable development before reaching their definitive 
adult condition.

5.
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Mayor (*9G) traceo the dovolopnont of the acaloo from 
modified hypodermics cello, theMformative cello of tho ncalos", 
from their firnt appearance ao blunt outgrowths from theae cello 
until they are fully formed and pigmented. In addition to con­
firming the conclusions of previouo inventigators as to the 
sequence in tho appearance of coloro, Mayer hao shown that 
"tho trannparent condition of the wings corresponds to tho per­
iod before tho scales are formed, and to tho time whon they are 
still completely full of protoplasm. The whito condition in 
caused by tho withdrawal of the protoplasm from thescalos, 
leaving then as little hollow bags filled with air. In this 
condition they diffract the light and appear pure white."

"After tho protoplasm has completely withdrawn,from 
the scales, the ’blood' or haomolymph of tho pupa enters them, 
and soon after this, the wing bocomo3 of a uniform dull yellow 
or light drab color. Thi3 color is due to tho fact that soon 
after tho haomolymph ha3 entered tho scales it changes to u 
dull ochre-yellow, and finally to a drab color. Tho name 
change takes place in haomolymph which has been removed from 
tho pupa and exposed to tho air. The nature colors are due 
to chemical changes in the haomolymph itself. They first 
appear in placos between the nervures, nover upon the nervuros 
thom3olvos. The last places to acquire the mature coloration 
are the outer and c.osfal edgoo of tho wings and tho n e r v u r o s . *"

"Dull ochre-yellow and drabs are, phylogenotically

6 *
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speaking, tho oldest pigmental coloro in the Lepidoptera; for 
these are tho colors that are assumed by tho haemolyraph upon 
raero exposure to air. The more briliant pigmental colors, such

i
as bright yellows, rods, greens, etc., are derived by moro com­
plex chemical processes. We find that dull ochre-yollows and 
drabs are at the present day tho prevalent colors among tho 
less differentiated nocturnal moths. The diurnal forms of 
Lepidoptera have almost a monopoly of the brilliant colorations, 
but even in these diurnal forms one finds that dull yollow or 
drab colors are still quite common upon those parts of their 
wings that are hidden from view.”

The moot recent researches upon the subject of devel­
opment of color in the pupal wings of Lepidoptera are those of 
von Linden (*9P, ’02). The results of her investigations 
are embodied in two papers, the first being practically in­
cluded in the second. Her observations lead to the con­
clusion that the adult colorrpattorn develops from a number 
of separate transverse bands which dispone themselves upon 
a uniform ground color in a manner characteristic of each 
species. A distinction is thus made between ground color 
and that forming the color pattern. Those transverse bands 
(longitudinal according to Elmer's view) occupy definite pos­
itions upon tho wing determined by the course of the nervures 
and tracheae. This is tho condition found among Papilios

' 7.
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Vanessas, Sphingidn, the hinder Borabycids and oven among some 
of the Goomotrids. Thene larger bandn are formed by tho

I broadening out and fusion of narrower bands ("bandelettes 
primaireo” ) preserved only among more prinitivo# forms. On 
the one hand, the bands may fuse to form a uniform color; on

I tho other,tfchey may break up into a series of spots, which become
smaller as tho ground color encroaches upon them. The hindwing
is arrested at a point less advanced than the forewing; thin,
combined with thoi greater tendency toward fusion of the bandn w
which is in fact duo to tho modified form ofJ the hindwing,
creates the erroneous impression that tho hindwing is moro
advanced than tho forowing.

The author claims that her results support the laws
which Eimer has promulgated for species differentiation based
upon a study of adult coloration.

"11 set done evident quo les lots quo Elmer a trouveos
en etudlnnt la phylogsnese du dessln dos LepidoptereB peuvent
etro adn'ise3 point pour point pour l ^ n togenese .n

"lies renerohos preuvont done que les densin dos
Papillons ne parait pas soudainemont, que les phases

/ /que ce deosin parcourt pendant son dovoloppemont ontogenetique,
,

sont analogues aux phases quo le densin de l ’enpece du Papillon
✓S . / /a du parcourir pendant son doveloppement phylogenetique, que le

lol qui gouverne la biogonese est aussi confirmed par co pro-
/ ' t *cede, qui s acconplit pendant la metamorphose do 1 insocte,

B.
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et qu'en fin le3 theorios do Elinor sont solidement fonrtees, 
quand il dlt que chaquo animal no- pout varior quo dans peu de 
directions determinees par les influences du dehors ot par oa 
propro constitution, et que l'especo so forme par genopistase."

Recapitulation is however only partial and confined to 
primitive forms:

"Los pho^omenes de la phylogenese so produisent le 
plus clairemont dans le devolopponont du densin choz loo formes 
les plus primitives. Chez les groupe3 Ion plus advances, ceo 
phenomenes sont masque^ par 1*intervention de. la tachygenese , 
qui montre sa plus grande influence dans le developpemont dos 
ailes inforioures."

With regard to the succession of colors upon the wing 
thosame author finds that it is only in tho primitive forms 
that the scales forming tho dark markings pass through tho 
intermediate shades of yellow to reach thoir final gray or 
black condition; In the higher forms thoy remain uncolored 
until the scales forming tho ground color roach thoir full 
dovolopmehfc, later passing directly from tho colorless 3tage 
into gray or black. The color appears first at tho tip of 
the scales, spreading gradually to the base. Scales which 
aro destined to acquire their pigment later are not fully 
formed when the scales of the ^round color attain the adult 
form and color. Therefore, color may be taken as a measure 
of the degree of development of a scale.

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



III. Methods and Observations.

a. Methods.
In the study of the development of color in the wings 

of Lithocolletis, specimens of tho summer generations were 
used for observation. No overwintering pupae have been ob­
served. In the summer generations, tho average duration of 
the pupal state is about a week; it may be as short as four 
or five days.

The chrysalids were removed from the mines shortly af­
ter pupation and kept under careful observation. For some 
time no change in the brown color of the pupa is to he observed, 
then two faintly darker brown spots, corresponding in position 
with the eyes of the imago, become visible through the pupal 
envelope.. 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 
thoir transparency. This marks the beginning of tho white 
stage. A day or two later the yellow colors begin to appear 
upon the wing. The chief difficulty in the study lies in 
securing a suitable series of these earliest stages, as the 
colors are very faint at this period, and numerous dissections 
are often required before the necessary material can be ob­
tained. In later stages, the markings are visible through 
tho pupal envelope, and a choice of specimens can be made_______

10.

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



with relative accuracy.
The dissections were made in HaOl solution under 

a simple dissecting microscope of moderate power, by means of 
fine needles set in raatch-sticks. One needle is inserted 
through the abdomen and held rigid; another through the 
middle of tho upper side of the thorax. The second noodle 
1s 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 envelopes for 
wings and legs in the lower Microlepidoptera renders this method 
of proceedure highly successful. Tho thorax may now be torn 
apart, allowing the wings to float out flat. With a little 
experience, it is possiblo to roraovo the wings in this manner 
without, the displacement of either scales or cilia. The wings 
thus removod from the pupa, vary in length from 1.5 to 2 mm., 
being therefore about one-half the length of the imaginal 
wings.

The wings were examined with a simple lens to deter­
mine the general extent of the coioraroas. For the more 
accurate observation of the positions and limits of pigmented 
areas, and individual scales pigmented, I have used a compound 
microscope, 16 mm. objective, 4x eyepiece, giving a magnifi­
cation of 60 diameters. The observations were made almost 
entirely by reflected light, and under a cover glass. In 
tho early stages', 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 pure white background is ad­
vantageous in the detection of the first appoaranco of grayish 
tints.

All of the winrs were examined in .6$ NaOl solution, 
shortly after removal from the pupa. Observations nado thus 
are vastly more satisfactory than when permanent mounts are 
employed. A number of the wings wore however transferred to 
absolute alcohol between pieces of glass to prevent curling,
and after about an hour embedded in Venetian turpentine made

1 ■' 

as fq^ows:
OommerciaivVenico turpentine is nixed 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 weeks and then

*
decanted.

The mounting medium thus prepared in thin enough to 
flow easily and not displace the delicate cilia. However, the 
attendant darkening of the coloro is a disadvantage in compar- 
ing with adult specimens.

I have found it possible to preserve all except the 
earliest stages without the use of a mounting fluid, if the. 
slide containing tho wing under a cover glass is immersed in 
absolute alcohol for a short period. Later the cover glass 
may be closely appressed and fastened down around its edges.

Both forewingo in each opecimon were examined; the

i n
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two sots of observations thus nerving as a chock on ono an­
other. In tho following descriptions reference in' made to 
the forowingo only. The hindwingo aro practically unicoloroun, 
usually paler than tho forewings, and roach their final develop­
ment oomewhat in advance of tho forowingo. Their development 
yields no new facts* merely confirming the results of earlier 
investigators upon tho sequence of colors.

13>-
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b. Observations on the Development of Color in tho Pupal Wings.
Two factors were taken into consideration in determining 

the choice of species to be studied, namely, the general type 
of adult narking, and the presence of certain characters such 
as ar^kpical spot or dark marginings adjacent to whito Btreaks 
or fasciae. The object of the research 1b 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 tho relative time of appearance and manner of 
development of the various dark rarkingB, the characters referred 
to above.

The evidence furnished by the development of color in the 
pupal wings taken in conjunction with a comparative study of the 
adult markings (to'be presented elsewhere) has convinced me 
that the primitive color pattorn is composed of a series of 
uniformly colored pale yellow bandB, seven in number, placed 
transversely on the wing and separated from one another by 
whito fasciae (unpigraontod areas) (Pig. l). These bands are 
typically straight, and, with the exception of the first, 
cross the wing almost perpendicular to the margins. The 
bands when prosont in their primitive condition, have certain 
defined positions. Their hypothetical typical positions are 
illustrated by Fig. 1. In what follows it will be noticed 
that there is a definite relation 6f bands to veins.. Band-I 
occupies the extreme base of tho wing, beginning at the base

14. *
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of the dornum and broadening on tho costa; the white streak 
which separatee it from Band II passes obliquely from the base 
of tho dornum toward the costa, lying over the point of origin 
of tho tubular portion of the lower median vein. Band II 
crosses the wing on tho basal side of vein 12; the position 
of the whito fascia which separates it from Band III seems 
to be determined rather by the point of origin of the tubular 
portion of the upper median vein than by tho tip of voin 12, 
as this 'rein often extends considerably beyond tho origin of 
the upper median voin without causing a corresponding broaden­
ing diotally of the second band. It nometinen happens that 
vein 12 is unusually short and then the whito fascia lies over 
its tip and over the origin of the upper median vein. On 
tho costa, the inner border of Band III lies Just beyond tho 
origin of tho upper median, and on tho dornum, the outer bor­
der extends almost to the tip of vein lb. Band IV crosses 
beyond the tip of voin lb, and lies over tho bases of veins 
11 and 2, its outer border being jU3t within the tips of veins 
11 and 2. Band V on the costa is placed between veins 11 and 9, 
on the terraen between veins 2 and 6 and lies over the trans­
verse voin. Band VI in placed botwoen veins 9 and 7 on tho 
costa and beyond vein 6 on the tornen. Whore, as is the case 
in the immediate ancestral genus, three veins are given off 
to the termon, the white fascia separating Bands VI and VII 
lies over the tip of tho third of these on the terraen, and

15.
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over vein on tho costa. Band VII crosses tho apex of the 
wing. Thus it will be seen that tho position of the bands 
is largely determined by tho position of tho longitudinal 
nervuroo, tho tips of tho veins marking tho extremities of 
the unpigraented faBCiae separating the bands. In no case 
in tho adult, has this pattern been preserved in its original 
primitive condition as seven distinct transverse bands; fusions 
either partial or entire have taken placo between two or more 
adjacent bands. Displacements have also occurred, due to a 
shrinking away of color from one side of a white interspace 
and its extension over tho white on the othor side. Finally, 
some of the bands may have shrunk away almost entirely.

 ̂ The following is a list of tho species in which the 
development of tho pattern has been traced from tho first ap­
pearance of color to tho adult markings:

Lithocolletis tiliacella Cham. species in which two or
ft tritaenianella Cham. more of the bands have

been preserved almost in 
their primitive condition 
as respects position and

J shape.

16‘
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Lithocolletis crataegella Clem. \  species in which changes 
w ostryaefoliella Clem, in shape or position or 
M lucidicostella Cion, both and nore or less com- 
" rnorrisella Pitch ]blete fusions of sono of 
” hanadryadella Clem. \ the bands have taken place

" bethunolla Cham. / and certain differentia-/" ulmella Cban. tions and specializations 
w aesculisolla Chan. have appeared, such as the 

Creraastobombycia ignota P. and B. development of black Beales
at places other than those 
directly contiguous to the 
white interspaces between 

1 thoi bands.
In the following species, tho development of tho pattorn 

was observed only in part for the pubpose of comparing tho dev­
elopment of certain characters in these species with that of 
similar characters in related spocies, or with a view of deter­
mining the relative time of appearanco of certain unit charac­
ters:

Lithocolletis hageni P. and B.
” robiniella Clem.
” caryaefoliella Clem.

•

Gremantobombycia solidaginio P. and B.
In all of the species studied, the wings are at first 

transparent and glassy in appearance, corresponding to the

9
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period, an observed by Mayer (’96), before tho protoplaorn has 
been retracted from the scales. Following this, is the so- 
called white stage, in which tho wings appear by reflected 
light almost pure white, and by transmitted light pale huffish, 
duo to the haemolynph contained within them. 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 to form. Thi3 yellow color may 
be preserved throughout pupal development almost as originally 
laid down, or it may go through a process of transformation 
before reaching the adult condition. In cither event, it 
gradually deepens in tint and constitutes the ground color 
upon which the dark streaks (margins) and spots are to appear. 
The development of tho pattern takes place very rapidly during 
the last part of the pupal state. The time intervening be­
tween the first appearance of a tinge of yellow on the wings 
and the emergence of the imago is largely dependent upon tomp- 
orature, and iB often less than twenty-four hours. Develop­
ment takes place more rapidly in day time than at night, and 
is strikingly retarded during cloudy weather.

• * 18.
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Lithocolletis tiliacella Chan.

In tho first specimen examined, the wings were re­
moved from tho pupa at a very early stage of development.
The yellow cojor is scarcely differentiated from the clear 
huffish white wing (Pig. 2). The only hands which can bo 
distinguished are II, III and IV. Band II crosses the wing 
Just before the tip of vein 12, thus occupying its primitive 
and typical position. It is the palest and least defined of 
any of the three hands present. Its outer edge is definitely
defined, hut its innor edge fades into tho clear basal part of
tho wing, tho color being extended farthest toward tho base 
just within the costal and dorsal margins. Band III has also
preserved its primitive position and form. It is somewhat
darker than II, but uniformly colored throughout its breadth, 
the outer edge not darkened. Its width is scarcely greater 
than that of the clear band preceding it. Band IV is the
moot deeply colored as well as tho broadest of the three hands;
it is of the same breadth as in the adult. Even at this ear­
ly stage it is prolonged outvmrdly almost to the end of the 
cell. The entire apical part of the wing and cilia are of 
the d e a r  whitish color, there being no indication whatever 
of bands.

The wing in tho next stage examined shows considerable 
advance over the stage Just doscribed (Fig. 3). There has

19.
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been a decided deepening of color and the adult pattern hao been
«

laid down with the possible exception of Rands VI and VII, 
which have not as yet been clearly differentiated as bands al­
though there is a faint yellow tingo in a few of the ocaleB in 
tho apical portion of the wing. These bands are usually indis­
tinct and sometimes absent even in the adult. Band I is united 
with Band II along tho costa; this condition was apparently not 
produced by the independent origin of Band I and it3 lator 
fusion with II, but by a uniform and gradual deepening of tho yfytf 
wing below tho costa. The outer edge of Band II is now some­
what bent outward in the middle, and tho scales in tho middle, 
of tho outer edge are beginning to deepen in color, thus fore­
shadowing tho appearance of tho dark margin, but there is as 
yet no brown pigment in the scales. Band III is also some­
what bent outwardly as in the adult and its dark margin is 
present on the costa and dorsum only, the costal margining
being much I o s b  distinct than tho dorsal; neither extends more
than a short distance onto the wing proper. The middle of 
Band IV is. faintly connected with a pale band beyond, which 
represents Band V. Its margins have reached more nearly their
adult condition than any other of the wing markings.' The mar­
gin on the dorsal half is almost as greatly developed as in 
the adult; that on the costal half is represented only by a 
few black scales.
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The next stage studied shows no further chango in tho
shape or extent of any of the bands, the changes which have
taken place being confined to a continuation of processes al-

•
ready begun, namely, the deepening of the outer edge of Band II 
thua 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 III, so that thoy are now but little

/
separated, and thoir darkening to the adult color, tho advance 
of the margins of Band IV to thoir adult condition, the deepen­
ing of Band V so that it now appears quite distinct and an in 
the adult,

*

This is the only species studied which shows any dis­
tinction between the bands in regard to thoir. relative time 
of appearance. Bands II, III and IV are tho first to appear, 
and in the youngest specimen examined BandIV was decidedly in 
advance of tho other two as shown by its deeper color and by 
its extension outwardly in tho middle. It is thoreforo prob­
ably safe to assume, that Band IV is in this species, the earli­
est to appear ontogenetically. As will bo sftown later, L. 
tiliacella has probably in many rospocts conserved more close­
ly than any other of the now existing species, the primitive 
type of color pattern, and hence the sequence observed in the 
appearance of the bands in the ontogeny may also be true for 
the phylogeny.

21.
.
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Lithocolletis tritaonianella 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 uniformly colored 
and straight and are placed transversely upon the wing, showing 
no signs of fusion with one another. The first of those is 
in fact I-KTI, as shown by the faintly paler streak extending 
into it from the base of the dorsum. The second, Band III, 
occupies 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 tho upper median vein, as voin 13 
extends for a considerable distance into Band III. The third, 
Band IV, is normal in position and shape. That the fourth 
band is in reality composed of Bands V and VI is shown by its 
origin just boyond the tips of voins 11 and 3 and by its ex­
tension distally over the tips of 9 and 6 which in the primi­
tive color pattern mark the position of the white fascia sep­
arating Bands V and VI. Band VII crosses the apex of the 
wing. Tho white interspaces between Bands II and III, and 
between III and IV are of about tho same width as in tho adult, 
but that between IV and V VI is considerably wider and shows 
no indication of the angulation which is present in tho adult, 
that is, Band IV has not yet begun to extend outwardly through 
the cell. The space separating V-/-VI from VII is at this

22,
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stage about one-half the width of V + V I  and extends entirely 
across the wing, thus difforing strikingly from the condition 
found in the adult.

The development for some time consists merely in a un­
iform darkening of the ground color as first 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. some of the bands occur. As soon an the adult color has 
been attained, the dark margins begin to develop. A speci­
men examined at this period shows that while no change has 
taken place in the form or extent of Bands I tII, and III,
Band IV has become outwardly -angulated as in the adult, thus 
narrowing, especially in the middle of the wing, the white fas­
cia separating it from V-/-VI. On the dorsal margin, Bands 
V, VI and VII are completely fused, the small white costal 
streak before the apex alone remaining to mark the position 
of the white fascia between V + VI and VII. The scales along 
the outer edges of Bands II and III are beginning to show 
faintly brownish tips, this color being about evenly distrib­
uted along the entire edge of Band II; in Band III the color 
extends farther 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 aro dark reddish brown, almost as in the adult,

______ but on the costal half of the wing there is only a very slight
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deepening of the yellow color, the m r g i n  here being consider­
ably paler than the rargins of Bands II and III. There is a 
very olight deepening of scales on the outer border of Band V-fVI. 
adjacent to the white streak before the apex. The dusting 
in the apex is dense, the color being darker and more black­
ish than the 'outer margin of Band IV, and extends fron 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 
forms in any stage.

Lithocollotis crataegella Clem.

This species belongs to that large group in which the 
imago is characterized by the presence of pairs of opposite 
white costal and dorsal streaks, that is, all of the original 
primltivo bands have fused at least along the middle of the 
wing. L. crataegella possesses in addition a margined basal 
streak, oxtornal as well as internal margins to-the white 
streaks (i. e, the dark scales developed on both sides of the 
primitive bands and not only on the outer side, as in the two 
preceding specios), a streak 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 throwgh 
light upon the origin and mode of development of the above_______
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characters and indicate their relative tine of appearance.

In the earliest stage examined (Pig. 5), at a period 
when the markings are pale yellowish and but littlo differentia­
ted from the colorless wing, the pattern strikingly resembles 
that of the adult insect. The white basal streak is distinct­
ly outlined, beginning at the bane of the dorsum, where it
seems to be homologous with the white sthealc separating Bandn 1
I and II, beyond this lying over a trachea which extends through 
the coll just above the middle; Its tip seems to coincido with 
some portion of the white fascia separating Bandn II and III.
The white patch near the base of the dorsum is identical with 
that in the adult, and with the apex of the banal streak 
seems to constitute the last vestige of the white fascia 
separating Bands II and III. On the dorsal margin, the outer 
edge of Band III has shrunk away toward the base, and at the 
same time there has boon a compensating extension of Band IV 
toward the base, resulting in a displacement of the white streak, 
no that instead of being over vein lb, it is basal to it and 
vein lb reaches the margin well within Band IV. The first 
pair of streaks are already separated by a narrow line, which 
is not nearly an broad intornally an in the imago. At this • 
stage the costal white streak is not much narrower on the mar­
gin than the dorsal. Bands V, VI and VII are situated nor­
mally, except that V on the dorsum extends a little basally
n

•

♦ *
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over the tip of vein 2. Theno bandn whilo quite distinct on thr 
margins and in the cilia, seen to fade away in the middle of the 
wing. The entire middle of the wing from the tip of the fir^t 
dorsal white stroak almost to the extreme tip of the wing, 
remains colorlosB, so that it in not possible to distinguish 
the bands from the interspaces separating them. /V comparison 
with the adult shows that thin area coincides with that to 
be occupied by the dark streak of scales through the middle 
and by the apical patch of black scales.

In a specimen somewhat more advanced, there has been 
a slight deepening of color, but by no means, even in the 
golden color,han the adult shade been attained. The color 
is still yellow, with no tinge of btown, unless the slight 
darkening of the dorsal side of Pand IV, especially toward 
tho second white streak, may be regarded as a foreshadowing 
of that color. The middle of the wing from tho tip of the first 
dornal streak almost to tho apex (except for the grayish 
black scales to bo noted below) still retains its whitish ap­
pearance. Just before the apex and beginning just under the 
tin of vein 7, and extending for a short distance along the 
underside of 7, are a number of grayish black scalos. These 
appeared first beneath the tip of 7, and wore gradually ex­
tended toward the base. The patch is broadest toward the 
apex, where it reaches almost across the wing. The inner edges 
of the first pair of streaks are more curved than In the preeed-
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ing speciren atv^a result of the broadening internally of tho 
yellow lino separating thora. The scales attached around tbfi 

apex are yellow and extend in an unbroken line to the second 
dorsal streak, that is, Bands V, VI and VII have united alonr 
the termen. However, the scales whose apices project be­
yond theoo and which arc destined to constitute tho iridescent 
blue line in the cilia still remain pure white.

A specimen at a somewhat later otago (Fig* 6) shows a 
little more of the orange brown tint, but the color is no­
where as deep an in the adult. The former colorless area in 
the middle of the wing is still distinctly set apart from the
rest of tho wing, but has become narrower, and in beginning
to acquire a faintly yellowish tinge. Tho whit© streaks are 
now definitely M o c k e d  out due to the curving in of the yel­
low color; they are however still connected with the whitish 
middle portion of the wing. The patch of blackish scales near 
the apex has increased in extent and depth of color until its
identity with the patch of black scnleB in tho apex of the
adult wing is clearly established. It has how reached its 
adult condition and no further change taken place. The 
oarly origin and differentiation of this patch of scales 
shows clearly that it is a character quito separate and dis-, 
tinct from the dark line of scales in the adult oxtonding from 
it toward the base o** the wing. Tho scales around the apex,

0>7
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yellow, in the earlier! sjtagos, are no1? tipped with pale brown, 
but the outermost row of scales are still whitish as before. 
There is none deepening of the ground color just before the 
first and second pairs of streaks, the second dorsal streak 
however, is the 6nly streak which can be said to have acquired 
adcfinite margin and even this is pale brownish. The banal 
streak remains entirely unmargined.

In a. specimen at a little lutor stage than that ,}ust 
described internal margins though very pale have appeared 
along all of the white streaks; that of tho second dorsal 
still continues to bo in advance of tho others. The margin 
of tho firnt costal streak has deepened somewhat, and there 
i3 a faint suggestion of gray around its tip. A similar 
pale gray shade oxtonds from tho tip of tho first dorsal streak 
through the middle of tho wing and around the tip of tho oo- 
cond dorsal streak. Tho ground color along tho upper edge of 
tho basal streak is somewhat darkened, but there in no margin..

In a wing at a considerably lator period of develop­
ment, the ground color approaches tho adult color over those 
areas whore there are no brown scales. The internal margins 
of tho costal and dorsal streaks as well as the upper margin 
of the basal streak are dark brown; the external margins of 
these streaks and the margin ground tho tip of tho basal 
streak while present are not as., dark as in tho adult and show
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and show a decidedly grayish tinge. This sane gray color in 
prolonged from tho tip of* tho **irst dorsal ntroalc along the 
middle of the wing in the area formerly coloMcss, but is much 
paler than in the adult. Thin difference from the adu]t color 
in especially noticeable above the patch of black scales, where 
in the imago there in a decided deepening of color, almost 
blending with the black patch. There is but very little 
deepening of color between the first and second dorsal 3treaka 
and the margin of the socond dorsal streak i3 neither an deep 
nor an wide an in the adult. Tho darkening of scales in the 
cilia started in earlier stages still continues. There is 
however no change from the colorloss condition of the scales 
which are to be deep iridescent blue.

The adult ooloration appears to he attained several 
hours previous to emergence. At thi3 time the markingc are 
plainly visible through the pupal envelope. The bluish iri­
descence in the cilia is novf well developed. Obviously 
this is one of tho last characters to appear ontogenetically.

Lithocollotis ontryaefoliella Cldm.

This spocies possesses an .apical dot in its typical 
condition, composed of snail black or blackish brown scales 
arranged in an almost circular shape over the tip of the wing.

In tho youngest specimen examined, the wings were
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dissected out at a period when they were losing their whitish 
appearance and becoming faintly bandod. Tho last four bands 
are straight and placed transversely on the wing, leaving 
odorless bands between then. Tho basal portion of tho wing 
i3 exceedingly pale and the ground color- is scarcely discern­
ible on tha otherwise colorless wing. The configuration 
of tho color areas is nuch tho sane as in the adult, there 
being the same outward angulation of Band III, internal to 
the first pair of white streaks. A strlpo along the middle 
of the wing and a white spot on the dorsal margin remain 
colorless and mark the position of the basal streak and the 
white dorsal spot in the adult.

At a slightly later stage, the markings just roferred 
to have become a little more distinct; the color is still a 
very pale straw (Pig. 7). The extreme base of the wing 
while very pale, is still sufficiently contrasted with the 
unpigmented aroas, to show the outline.of the basal streak 
defined for its whole length. On tho dorsal edge, a pale 
shade broadest on tho dorsal margin reaches two-thirds of the 
way across to tho banal streak. On tho basal side of this 
spot the ground color soems a little deeper. Band III, al­
though much angulated outwardly, is not yet connected in the 
middle of the wing with Band IV; thus the first pair of white 
streaks are stil connected and form an angulated fascia,

. -■■■brQad.ent at its -extremities. Bands IV, ,V,.. VI-and-VII— ro-----
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main entirely separate, and retain their priritive straight 
edges with tho exception of the inner edge of Band IV which 
has been somewhat produced toward tho base at its extremities. 
Band III and Band VII are possibly a shade darker than the other 
portions of the wing, the scales attached around tho apex pro­
jecting into the cilia are however paler and concolorous with 
Bands IV, V and VI.

The ground color continues to darken reaching its adult 
condition at- a relatively earlier stage than is the case in L. 
crataegella. At the same time (Pig. fl), the pale yellow spreads 
onto places originally unpigmented; thus tho bands become 
connected by a paler yellow shade, so that the white fasciae 
are transformed into pairs of opposite narrow white Btrealra.
At this stage in tho development, there are four dorsal as 
well as four costal streaks. The apical dot is present, 
dark brown and almost as largo as in the imago and very def­
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 quickly fading 
out on either side, so that it does not reach to the last 
pair of white streaks. The apical spot and those few scales 
around the apex are tho only scales on the wing which show the 
slightest sign of brown; The bands are howevor a little deeper 
yellow on their outer than on their inner borders.
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Vary soon after tho stage Just described, the dark 
margin of the second dorsal streak begins to develop; at 
this time it consists of a few darker and slightly grayish 
tinted scales somewhat removed from the dorsal margin. The 
apical spot is brownish black and soems to have reached its 
final development. The line in tho cilia though darkest 
immediately opposite the apical spot, is plainly visible from 
the fourth costal to the third dorsal streak thus passing be­
low the fourth dorsal streak which at thi3 stage has almost 
disappeared owing to the fusion of Bands-VI and VTI.

Very little change is now needed to reach the adult 
condition. The margins of the second pair of white streaks 
continue somewhat in advance of the others, and reach their fin­
al stage of development a little earlier. All trace of a 
fourth dorsal streak finally disappears.

Lithocollotis lucidicostolla Cion.

At the time of the first appearance ofTa pale yellow 
tinge upon tho wings, it is possible to discern faintly four 
bands in the apical half of the wing. Just before the apex, 
within tho area occupied by Band VII is a small colorless spot. 
Y/ith the exception of the fact that these four bands are not 
connected along the middle of the wing, the adult color areas 
are now laid down. The dorsal portion of Band IV, the moot
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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 costal 
portion is preceded by a whits streak bordered internally by 
pale yellow which i3 exS^nded along the upper median vein to 
the base.

»
The apical dot is the first dark mark to make Its ap­

pearance. While tho yellow in still very pale, the scales 
of the formerly colorless spot near the apex begin to take 
on a grayish tinge. The deepening of scales over this area 
seems to take place in very much the sam9 manner as that of 
the dark scales before the apex in L. crataegella.

The apical spot continues to deepen and increase in 
extent, reaching its adult condition before there is any in­
dication of the formation of dark margins. Tho development 
of the apical spot is accompanied by a gradual and uniform 
deepening of the ground color together with the fusion of all 
the bands in the middle of the wing, and of VI and VII on the 
termen. The middle portiono of the wing between the apices 
of the white spots are somewhat paler, showing where the pig­
ment has recently appeared.

The darkening of scales in tho cilia around tho apex 
and juBt below it on the termen, and tho dark margins of the 
first costal and dorsal streaks are the next characters to 
appear. A wing examined at this stage shows tho scales in
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the cilia brownish with scarcely a ting© of g’-ay, the margin of 
the first dorsal streak somewhat paler and brownish yellow, 
extending from the cilia to vein 2, and tho margin of the first 
coctal streak pale and scarcely distinct. These observations 
are in agreement with those made on L. crataegella and ostryae- 
foliella, namely,that the dark markings appear earliest in 
the apex of the wing on Band VII, and soon after on Band IV.

The process of development consists now merely of the 
gradual appearance and darkening of the margins of the other 
streaks and the extension of the lino in the cilia to the 
first dorsal streak.

Lithocolletis morrisella Pitch.

At a period when the entire wing, viewed by trans­
mitted light, seems uniformly colorleno, the white markings 
as Been by reflected light are definitely laid down as they 
will appear in tho adult, and have already acquired tho lus­
trous pearly tint characteristic 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 these areas, since when exam­
ined, all of the scales of the wing are seen to be fully 
developed.
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With the first appearance of pigmentation, apale 
yellow suffuses those portions of the wing only which ere des­
tined to be yellow in the adult (Fig. 9). In the banal half 
of tho wing, therefore, the yellow in confined mainly to the 
region above tho fold; there in however a faint yellow tinge 
lust before the dorsal arm of the fascia. There in a scarce­
ly discernible tinge of gray at the base of the dorsum below 
the banal 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 scales are beginning to turn gray, those outer- 
mont being the deepest. Otherwise, the areas occupied by 
gray and black in the adult and by tho white ntreaks, appear 
by transmitted light uniform and colorleDs. Examination by 
reflected light nhows that those two kinds of areas are not 
homologous, ninco the white streaks stand out clearly as 
structural modifications, while tho scales margining them and 
those below the fold are duller and lack the pearly lunter.
The bands and the white fascia and ntreakn occupy their nor­
mal psoitionn. The abnenco of a white streak over the tip 
of Vein 7 is accounted for when it is seen that the apical 
spot has acquired such proportions as to cover the tip of 
vein 7, which in this and related species roaches the margin 
nearer to the apex than usual.

In the next stage examined (Fig. 10), the ground color 
has deepened somewhat, and decidedly more_Qf_...the grayish tint

9
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has developed. The dorsal part of the wing below the fold, 
to be occupied by black scales in the adult, is pale gray; 
beyond the faocia where the scales are merely brown tipped, 
tho color io otill yellow, concoloroun with the rent of the 
wing. Internal and external margins of tho streaks are be­
ginning to form simultaneously, those of the first costal ntreak 
are tho deepest. The change is direct from the colorless 
scales margining the white streaks to pale gray. The black 
streak in the fold beyond the fascia io at this stage composed 
of pale gray scales. The apical dot is still pale gray, 
but tho outermost row of scales is much darker and continuous 
on either side with a line of gray scales extending from the 
fourtli costal streak to tho third dorsal streak. The scales 
whoso tips are to forcr the dark line in the cilia are still 
white.

On tho next wing examined, tho gray has docidedly 
deepened along the dorsal margin, but the golden color has 
not reached its final condition. The development of the 
margins has progressed considerably, but now the internal are 
decidedly in advance of the external margins. The former 
have a blackish color especially toward the costal margin; 
the latter are otill grayish. The oxternal margin of the 
first costal streak io deeper than that of the others. The 
black streak in the fold has increased in size and color un­
til its extent is now definitely defined. Tho scales around
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its outer edge, which in the preceding stage were the only 
dark ones, are now black. The lino ip the cilia io gray, but 
there is no indication of tho bluish iridescence.

From this time on, no now characters appear, the devel­
opment consisting only of a deepening of the colors to their 
adult condition.

The sequence of colors and the relative tin* of ap­
pearance of the various adult characters is very much tho same 
in L. robiniella as in the species just studied. The apical 
spot and the black streak in the fold reach their final con- : 
dition at a somewhat earlier stage in comparison with the devel­
opment of the other markings.

Lithocolletis hageni F. and B.

This species possesses a well-defined apical dot, 
very decided external margins to the white 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 side 
of tho white basal patch is regarded as homologous with tho 
margin of a basal streak, that along its outer side with tho 
external margin of the white streak primitively separating 
Bands II and III. The streak of ground color beyond tho 
basal white patch is therefore the dorsal portion of Band III.

Very few specimens of this species wore available for
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study, but the observations confirm in general those made upon 
the five preceding species.

The apical dot appears well-defined and blackish at 
a period when Eands V, VI and VII are otill separated from one 
another by curved white fasciae extending entirely across the 
wing and into the cilia (Fig. 11). The second pair of white 
stroaks are otill connected, but Band IV is bogirning to 
project into them in tho middle of the wing. At this time 
the ground color o^ the wing is a pale straw and lacks alto­
gether tho golden brown of the' adult. The internal margins . 
of the first and second streaks are beginning to form. The 
inner edges of the bands, bordering the streaks outwardly, 
present much tho same appearance as they do in species where 
tho white streaks never acquire external margins, that is, the 
ground color fades gradually into tho white.

A dark line in the cilia bogins to form soon after 
this; the scalds showing the brown pigment at this timo are 
not those which will be bluish iridescent in tho imago; these 
latter remain pure white and only acquire their pigment later.

In the third specimen5 studied, the extent of the white 
stpoaks has been finally limited, and the golden brown color 
of the adult has been attained. All of the internal margins 
of tho streaks, the dark scales at the apex of the first dor- 
-ea l— a break r- thon o  eonneebring— the— t-jrpo-of—the—eeoond— pa ir—of---
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streaks and tho two leaden colored lines of scales running 
across the wing from the tips of the third and fourth costal 
streaks are present. In addition exte.rnal margins aro 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 along 
the upper side of tho basal patch. However this observation 
can not bo accepted as altogether reliable in indicating the 
time of appearance of the margin of the basal streak since 
the specimen was evidently abnormal, the apical dot not being 
present. Ho other specimens were available to decide the 
point.

Lithocolletis aesculisella Chan.

The species heretofore studied have been those belong­
ing to the group having cylindrical larvae, and characterised 
by th§ principal margins bf tho white streaks being internal. 
This species and those following have tho so-called flat typo 
of larva, and the white streaks of the imagoes have their 
darkest margins on the outer side. That is , in the former 
group, tho tendency is for the color bands to acquire first, 
dark margins on their outer edges; in tho latter group the 
condition is reversed and the dark color appears first on the 
inner edges of the. bands.
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In L. aenculiBella at a period when there i3 scarcely 
any differentiation between ground color and bands, tho pat­
tern appears to bo laid down almost as in the adult (Fig. 3??).
Tho bands are very pale buff, and judging from their uniform 
color, appeared simultaneously. Tho ?>alo shade at the baso 
which separates Banda I and II extends entirely across the 
wing, but the earljr fusion of these bands on the costa io 
foreshadowed by tho very faint tinge of buff just making its 
appearance in the costal portion of tho pale fascia. On tho. 
extreme costa Band V i3 indistinctly separated from VI. Band 
VI is separated from VII by a white streak extending entirely 
across the wing. With those exceptions, the yellow marks are 
defined as in the adult. Th9 white oblique 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 homologous with the middle 
portion of the white fascia which in primitive types separates 
Bands V and VI. In the imago it sometimes exists as a separate 
small white spot before the apical dusting, and moro proximal 
than the oblique costal streak. Along the termen the cilia are 
of an unbroken yellow color, showing that at tho extreme margin, 
there has been a complete fusion of Bands V, VI and VII.

Before any of the dark margins begin to appear, the 
grourid color deepens into the orange yellow of the^adult.
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The external margin of tho second fascia, and tho dark dusting 
at the extreme apex are considerably in advance o** tho other 
dark markings. Tho margin of tho second fascia, formed by 
a dark lino of scales along the inner border of Fand IV, in 
moot distinct in the niddlo portion of tho wing and hao not 
appoared on tho extreme dorsal end nor on the costal end be- 
yond the angle. Its color at this stage in brownish. In

; one specimen, tho apical scales are not as dark as the margin 
of tho second fascia; in another of the sano age, a3 indicated 
by the state of development of the margins, the dusting of the 
apex is somewhat darker than the margin of this fascia; in 
both however, tho brownish tint in confined to tho extreme 
apex. There is a slirht darkening of tho scales in the middle 
of tho wing on the inner border of Band III adjacent, to tho 
first white fascia, and along the outer side of the oblique 
dorsal streak.

The dark margins of tho fasciae and of the oblique 
dorsal streak continue to develop, but before they reach 
their adult condition, the scales on the outer side of the 
costal spot over vein 11 begin to darken. At this time, the 
apical dusting io otill confined to tho apex of tho wing and 
i3 not extended along the tormon toward tho tornus. This exten­
sion of the dusting toward the tornus is a characteristic of 
specimens appoaring in the summer and does not occur in forma
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from overwintering chrysalids. It develops after tho othor 
adult characters have appeared.

Lithocolletis bothunolla Cham.

In the youngest specimen examined, tho ground color io 
a uniformly pale ocherouo, and upon it the extent of the adult 
markings is quite definitely blocked out {Pig. 13). The 
white fascia (or second pair of streaks) is however prolonged 
outwardly at its angle along the wing to a position between 
the third pair of otrealro. A comparison with the adult shows 
the prolongation of the fascia is occupied by ducting on a 
whitish ground, that is, these white scales are destined to 
become black tipped. The third pair of streaks are situated 
normally over veins 11 and 2 respectively. There is no white 
spot over the tip of vein 9 on the costa; Bands V and VI have 
fused. A quadrate area in the.apex remains colorless; the 
portion directly over vein V corresponds to the whito streak 
normally situated hore, the remaindor will be occupied by 
dark dusting in the adult. The scales around the margin at 
the apex are yellow; those in tho adult will be brown tipped 
yellow scales.

In a wing at a somewhat later stage, there has been 
some deepening of the ground color. There is a small patch 
of scales just beyond vein 7 which are brown tipped and darker
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*

than any other scales on the wing. In the extreme apox, tho 
scales extending over tho cilia are not noticeably dark tipped. 
Dorsal to the dark patch of scales, the scales over the former­
ly colorless area become gradually palorj until near vein 6, 
their tips show ,1ust a faint tinge of gray. All the scales 
in the prolonged portion of the fascia are becoming pale gray 
tipped. There io also a faint gray tinge to tho ocalen Just 
below the tip of the dorsal arm of tho fascia, continuous with 
the gray in tho prolonged portion of the fascia. All of these 
scales are much paler than those in the apex just beyond vein 7» 
but approach in color those near vein 6.

The margins of the remaining stre&ks soon make their 
appearance; the dusting of tho apex reaches the adult condi­
tion earliest.

A contrast in the sequence of development of dark 
marks is afforded by L. caryaefoliolla Clem. In this species 
the margins of tho first and second fasciae develop contempor­
aneously with a small patch of dusting at the extreme apox; 
and the margin of the second fascia io entirely complete 
though not as dark as in tho adult, at a stage when'there is 
no indication of dark dusting beyond its angle. This dusting
io very variable even in the adult sometimes boing very slight.

*

The significance in the difference in development will be dis­
cussed later.
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Lithocolletio ulmolla Chan.

In this species tho palo yollow appears simultaneously 
over all those areas which are to remain yellow in tho adult 
or in which the scaleB are yellow with brown or blackish tips. 
The white streaks and the white dusted portions of the wing 
remain colorless. Thus, the second costal streak is produced
for a short distance along the cell, and the wing from vein 7

'

to^ the apex Is colorless, but the scales around the apex and 
below the oblique dorsal streak which are yellow with brown 
tips in tho adult havo already acquired the pale yellow color.'

In the next stage studied, the color has become almost 
as deep as in the adult. A number of the scales projecting ’ 
from the extreme tip of the wing over the cilia are brown

.

tipped; these are continued in a broken lino through the 
cilia to the tornus. Over the wing membrane near the apex, 
in the area which was transparent in tho earlier specimen, 
the scales are becoming dark tipped. These scales are.doop- 
e3t toward the apex of the wing, becoming very.pale gray
toward tho tornu3 external to the oblique dorsal streak. A
few scales along tho costa corresponding in position with the* 
dark scales in tho adult are beginning to 3how darker tins.
The scales margining the first and second costal 3treako,
which wore whitish before, are now faintly gray. Tho color

, is uniformly developed over the -whole margin and on tho pro-

*

• v  ■ 4 4 ;
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longed portion of the second streak.

In a specimen a little further advanced than the one 
just described, the apical dusting is almoct as in the adult. 
This darken color does not quite reach tho tornus, that i3, the 
external edge of the white dorsal streak is still margined by 
pale gray scales as before. The margins of the first and 
second costal streaks have scarcely changed in color, but the 
scales in the prolonged portion of tho second streak have dark­
ened more rapidly; they are decidedly gray, but much paler 
than those in the apex. The only new character which has ap­
peared is the dark line through tho cilia.

Lithocolletio hanadryadolla Clem.

In the earliest stage examined (Pig. 14), the basal 
third of the wing i3 almost colorless. At tho extreme base 
on the costal margin io 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 io a somewhat 
larger patch of pale yellow scales. This is the inner por­
tion of Band II; tho line of scales which marks its original 
outer limit in the adult has not yet acquired any pigment.
Band III at thio stage is represented by,a rather narrow
angulated band which extends across the wing B o m o .distance 
before the tip of vein lb. The white projects into its angle

•t
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on the inner side. Band IV io composed of two separate patoheo 
of yellow scales, one on the costa and tho other on the doroum. 
Their pointed apices lie over tho bases of veins 11 and 2 re­
spectively, tho normal position for Band IV, but on the margins 
they curvo back toward the base so that they are much farther 
removed from the tips of tho veins than usual. The middle 
of tho wing to the apex is colorloss. Band V-fVI is represent­
ed by a patch of scales on either margin. Tho dorsal patch 
originates just beyond vein 2 and extends over vein 6; tho cos­
tal patch originates on the cell about midway between veins 11
and 9 but extends obliquely outward b o  that the inner edge on •
tho costa is just basal to vein 9 and the outer edge just 
before vein '7. Tho white streak over the tip of vein 17 io 
very narrow and its corresponding dorsal streak io indistinct.
The cilia belonging to Band VII are all yellow with a for white

•

scales here and there extending into them. Bands VII, V-/-VI
and IV are some what deeper than Band III; Bands I and II are 
very pale, their paleness being caused by the large admixture 
of colorless scales at this stage.

In the next specimen examined, apart from a slight
deepening of Band III and those beyond it, the only changes
observed are the following. The two banal patches on the 
costa, belonging to Band I, Bhow a slight admixture of brovm- 
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 ju3t beyond it, in the position normally occupied 
by the .outer margin of Band II, io an angulated line of very 
faintly yellow scales. This marks tho original outer limit 
(phylogeneti'vally) of Band II. Just before the tip of vein 
lb is a similar line of scales running parallel to the dorral 
arm of Band III and marking its outer limit. These .two lines 
of scales sometimes do not appear until a much later period 
in the development. Their time of appearance i3 largely 
determined by the number of yellow scales mingled with the 
jdark scales in the adult,, since it is only in the yellow scales 
that tho pigment appears early.

In the next stage studied (Pig. 15), Bands I and II 
in the basal part of the wing remain practically unchanged.
Band III is the same in extent, but its color has deepened.
Its internal margin is beginning to form, the scales adjacent 
to the yellow becoming gray tipped. The gray pigment appears 
directly in the whitish uncolored scalps of tho pro^ous stage 
without passing through any of the intermediate stops. In 
goneral, the margin is broadest on the costa, becoming narrower 
and paler below it, and not easily distinguishable toward the 
dorsum. On its inner edge, the margin in straight or slightly
curved an in the imago; on it3 outer side, tho scales project 
into tho angle of the band and fill up tho formerly colorless 
space. Tho tips of those scales are darker than those of
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the margin elsewhere. In thin specimen there are only a 
few scattered yellow scales beyond Band III and no indication 
whatever of the dark line of ocalos which in to appear later.
The internal margin df Band IV is well marked on its dorsal half, 
consisting of several rows of dark tipped scaler as in the im­
ago. It curves between the two yellow patches, extending to 
their apices, but not beyond them into the colorlens -fascia.
The costal half of the margin consists only of a few pale gray 
scales and does not" quite reach the dorsal half of the margin. 
Except for a few very faintly grayish sen lea above the termen 
on the inner edge of the dorsal part of Band V +  VI, there is 
no indication whatever of any darkening of scales adjacent 
to Band V VI. Belonging to Band VII, and beginning just 
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 yellow scales which are to form the line in tho 
middle of the cilia. The gray tipped scales of the apex, those 
between the two pa^to of Band IV and in tho angle of Band III 
are darker than the other scales forming tho margins.

In a specimen at a considerably moro advanced stage of 
development, the scales composing the two patches at tho base 
of tho costa are entirely gray tipped and are very much the 
same as they will appear in the adult. The colorless scales 
mingled with those forming the proximal part of Band II are 
beginning to be gray tipped; this is especially noticeable______
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on the quadrate part above tho upper median vein; below it 
there is only a line of a few scattered gray tipped scales 
reaching to the dorsum. The line of scales beyond, forming 
the original outer limit to Band II is pale gray.tipped through­
out, and though broader on tho costa, is complete to the dorsum. 
The broadening of the internal margin of Band III has continued. 
Its external margin, separated from tho yellow band by white, 
is indicated by a single lino of palo gray tipsed scales 
running from the costa to the cell. Tho internal margin of 
Band IV has broadened and deepened and has now probably 
reached its adult condition. It is not possible to determine 
whether the development is completed in any single specimen, 
since there is a great deal of variation on tho amount of dust­
ing among the different individuals in this species. In this
stage, the scales which in the imago are the most distal of 
those forming tho dark external margin of Band IV are tippod 
with pale gray and connect with the dusting betwoen the costal 
and dorsal parts of Band IV. Those on the inner side of the 
margin which will in a groat measure fill up the white space 
between the margin and the yellow parts of the band are still 
uncolored. There is a very considerable patch of dusting 
internal to Band V VI on tho dorsal margin, and connected with 
the apical dusting which has been extended proximally between 
tho parts of V-fVI. Tho costal dusting is not nearly as dark
and in somewhat scattered. In addition to tho extension of
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the apical dusting proximally, there has been an incrcaso in 
the number of dark scales mingled with the cilia. Tho dark 
line through the middle o** tho cilia formed by brown tipped 
yellow scales is now quite distinct. At this time moot of 
the dark markings are at least definitely defined in position} 
there is needed to bring them to their final state only a dark­
ening of those scales alroady gray tipped and in some places tho 
appearance of pigment in other scales adjacent to these.

In a specimen to be described now, most of these 
characters have appoared (Fig. 16). Tho patches of dark 

I gray scales at the base of the costa, and the line of* scales 
beyond the third of these patches have increased and darkened 
decidedly. The line of scales external to Band III lias now 
become dark gray tipped. External to Band IV tho dusting 
has been extended toward the base so that only a small white 
streak is left between it and the band on the margins. The 
dusting in tho apex has been much increased and extends along 
the margin especially on the costa, and connects with the inter­
nal dusting of Band V, thus almost obliterating the white streak 
over vein 7.

Cremastobombycia ignota F. and B.
.

In the youngest specimen examined, one in which tho 
ground color was palo yellow, the extent and position of all the
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adult markings in defined (Pig. 17). The paleness is especially 
marked toward tho apox, where it is difficult to distinguish the 
markings at all. The white fascia is considerably broader than 
it will appear later. A careful examination shows it to be com­
posed of two parts, an inner fascia which in to form the white 
fascia 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 developed and are somwwhat burfish in color. 
These, scales will later form the black scales of the margin.
This same thing is true of the other streaks, but in not as 
noticeable except in the case of the first costal because of 
their more irregular shape. Tho band between tho pair of 
streaks at throo-fourths of tho wing length and the streak on- 
cloning tho apex,is, as shown by itn position, equivalent to 
Band V-bVI. Tho white streak before the apox is situated over 
the tips of veins 7 and 6 respectively.

In a later specimen, tho ground color lias deepened to 
that of the adult. Tho scales in the apex and in the cilia re­
main concolorous with the wing and are not darker at their tips. 
Tho dark external margins, of the fascia and streaks are appear­
ing simultaneously and all aro equally advanced. Tho scales 
forming them correspond in position with tho colorloss scales 
which formed tho outer part of tho fascia in the preceding stage. 
The pignont, which in palo gray without a tinge of yollow or 
brown, is evenly distributed throughout tho entire scale from
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note to page Bl.
*

An inconsi3tancy between the position of tho apical 
bands in respect to tho dorsal veino in this spooler and that 
described as typical for the genun will at onco be noticed.
In thin speo-ios tho white streak separating Bands VI And VII 
is situated over tho tip of vein 6; Band V-f-VI extends over 
tho tip of vein 5. In other species where V and VI are fused, 
they cover the tip of vein 6, or whore a white streak 'separates 
them, it is placed over vein 6, and there is no vein lying 
between Bands VI arid VII. This at once suggests the possibil­
ity that, tho interpretation by oyotenatists of the venation be­
yond vein 2 is incorrect and that where but one vein reaches 
the termcn, it is vein 5. A more extended study and analysis 
of tho markings of related genera would be necessary to decide 
the question.

K O
4
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the "base to tho tip. Nono of the internal margins has appeared.

In a later stage the external margins are black as in 
the adult, and internal margins are present on the costal end 
of tho first white otreak and the fascia. There are no internal 
margins on tho pair of streaks at three-fourths. As margins 
of these streaks are not always present in tho imago, it is 
impossible to determine conclusively whether they normally ap­
pear after the internal margins of tho fascia and tho first 
otreak. However as will be shown lator in the discussion, 
variable' characters tend to appoar later in tho ontogeny than 
the fixed characters o<" a spocies.

Tho observations on tho development of color in the wingr 
of C. oolidiginin agree very closely with those on tho preceding

I species. Tho configuration of tho color areas at their first 
appearance is the Barao as that of tho adult. In thin spociec 
however, tho scales which aro to form tho dark margins in the 
adult are pale yellow, instead of, as in ignota, boing color­
less and not fully formed. A comparison with tho adult shows 
that these aro dark tipped yellow scales, tho dark pigmont 
being found at tho tip of the scales and not, as in ignota,

| almost uniformly distributed throughout the ontire scale.
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IV. Discussion and. Conclusions.

In general, I have found that the action of thr^e 
processes is sufficient to explain the transfdrmatibn. of tho 
seven primitive bands into the several existing patterns of the 
ground color. Those three processes nay bo stated thus:
(a) The middle portion of a band nay bo produced distally until 
it comes in contact with the band beyond it. (b) Tho extremis 
ties of a band may be broadened by being produced proximally.
(c) The extremities of a band may bo narrowed by tho retraction 
of pigment from their outer edges. These three processes 
may act separately or in combination; t’he particular pattern 
produced is the resultant of their combined activity. The 
first two of these laws aro based chiefly upon tho changes ob­
served during pupal development, the third law is deduced 
from adult characters, since tho changes are ouch as can not 
bo observed directly. The evidence in detail i9 as follows:

In L. tiliacella 'Pig. IP), seven distinct transverse 
bands of ground color are laid down; of these, those numbered 
II, III and IV appear first; following these, Band I, at the 
base of tho wing, appears continuous in the costal half of 
the wing with II; it is however sufficiently separated from 
it by the difference in time of appearance. The throe bands 
in the apex of the wing appear last and undorgo no chango; 
the connection of Band V with IV is brought about ontiroly by
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the extension outwardly of IV along the middle of the wing.
The changeo in Bands II and III are brought about by tho spread­
ing of tho color onto areas formerly unpigmonted, that is, 
the fascia between II and III is narrowed by the v«ry slight 
growth dintally of II along the middle of the wing, its 
extremities remaining fixed; and by the extension proxiinally 
of III chiefly along the margins. Band IV reaches its adult 
configuration earliest; it is also the earliest to acquire 
the black pigment on its outer edge. This does not appear 
in the middle of the wing where the band has extended outward­
ly uniting with V. Tho outer --edges of the extremities o^
Band III have remained constant in pcsition and tho d«*rk scales 
appear first here. In Band II there has boon tho least change 
in shape; the deepening of the pigment along its outer edge 
occurs more uniformly. From this it follows that while tho 
general tondonoy is for dark pigment to develop along tho outer 
edges of bands ad.jaoont to unpigmented areas, tho precise time 
of ito appearance along any band or portion of a band in re­
lation to other bands or portions of the sane band in dotor- 
mined by the time when such bands or]portions of bands reach 
their adult shape and color. The outer edge of a band in 
direct contact with another band acquires no dark pigment.
It would arpear from the observations on this species, that 
the bandB in tholr primitive condition are narrower than* th3.r 
aro in tho adult. A fascia may bo narrowed by the uniform
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spreading of a band toward the base.
These conclusions are corroborated by tho observations 

on«L. tritaenianella; all the bands however appear simultan­
eously and at this time all are straight. Thoro is however 
a reduction in the apparent number of bands, V an^ VI being 
completely united. Band IV neeme no further advanced than 
the others toward tho adult condition; .as in tiliacolla, 
development must take place more rapidly, since its margins 
reach their adult condition before those of the other bando.
Hone also in tho first manifestation of that tendency, 30 

characteristic of all the more highly differentiated species 
of the genus, toward the darkening of scales in the apex.
In thi3 species these scales are scattered over the entire apex 
instead of being limited to a definitely defined area, whero 
tho acales aro modified structurally. Thin npocios does not 
in any stage, show the primitive type of marking; .a consid­
erable amount of development in however necessary before the 
color aroaa attain their definitive final extent.

In L. crataegella, ostryaefoliella, lucidicostella, 
hageni and raorrisella, in the basal half of the wing, where 
in tho adult there is the greatest divergence from a transverse-

4

ly banded typo of marking, the color areas, upon the first 
appearance of a uniform pale yellowish, have almost exactly the 
same shape and extent as in the adult. They undergo very 
little change during development, except that in these species
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as well as in tiliacella and tritaenianella,there in a pro­
gressive and gradual deepening of the ground color. In the 
youngest specimens of ostryaefoliella observed (Pig. 7) the 
first pair of streaks are still connected; very soon however 
they become separated by the union of Band III with IV.

In the apical half of the wing, Bands IV, V and VI 
appear as straight transverse bands (except in norrlsella); 
the transformation of the unpignentod fasciae between them 
and between IV and V into pairs of opposite streaks is brought 
about by the outward extension of Bands IV, V and VI along 
the cell in a manner similar to that previously observed for 
Band IV in tiliacella and tritaonianolla. The obliteration 
of a white streak is brought about by tho inward extension 
of the extremity of a band tb^meet tho outer edge of the 
preceding band. In morrisella the pattern is predetermined .
from the outset; the white fascia and streaks being produced 
by structurally modified scales, which are destined novor to 
acquire pigmont.

There aro no reasons favoring the view that ouch a type 
of narking as that found in crataogolla is primitive: there
are many reasons for regarding it as having been produced 
through a long process of evolution. It is a matter of 
general observation that the pale colors appear first ontogenet- 
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 adultn of these species, there have developed, 
in addition to tho usual dark markings adjacent to tho unplg- 
nentod areas, definitely limited black spots and streaks in the 
apex. The scales thus pigmented are also differentiated 
structurally from tho surrounding scales by their smaller 
size. There is no ouch structural modification of the dark . 
tipred scales in the apex of tritaenianella. Obviously a 
considerable period of tine must have boon required for the 
final differentiation of ouch characters asfthose. That 
those species have undergone an extensive'process of differ­
entiation in the production of certain characters of a kind 
which can only bo acquired late in racial development, renders 
it highly probable that there has also been a far-reaching 
modification from the ancestral condition of tho extent of tho 
color areas. These phylogenetic changes are scarcely or not 
at all repeatod in the ontogeny. Three primitive bands are 
still preserved during tho early stages in the apex of tho 
wing; tho band proximal to these shows tinmistakablo signs of 
its origin from a straight transverse band, its outer edge 
being straight. We mnjr therefore with reasonable certainty 
conclude that the color pattern of tho basal part of the wing 
may bo traced back through a series of phylotic changes to 
its origin from the first three primitive bards.

The ontogeny offers no direct testimony of the neans
by which these results have boon accomplished; it has given'
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however visible evidence of two actual dynamic methods hy
which changes have been wrought, namely, the middle portion of
each band may bo produced dlstally until it comes in contact
with the band beyond i t ; the extremities of a band rav be
broadened by being produced proxlnally. Thus are produced
first, angulated fasciae, second, slightly oblique pairs of
opposite str’oaks; the final effect of the second of tho above
processes if acting alone is tho entire obliteration of the
white streaks. That a third process has been at work is
indicated by observations upon adult forms. The dorsal of
the first pair of white streaks ip' L, crataogella does not
occupy its primitive position over vein lb, but has been din-
placed toward the base and vein lb reaches tho margin within

*•
Band IV, that is, there has been an extension of the extremity 
of Band IV in this direction over tho area formerly white.
But since a white streak still remains, there must have been 
a compensating drawing away of the outer edge of Band III at 
it3 extremity. Such a withdrawal of nignont can not of course 
be observed ontogenetically. A third dynamic process in the 
transformation may therefore be stated thus: tho extremities
of a band may be narrowed by tho retraction of plgmont from 
their outer edges. This is an example of the shrinking away 
of a band at one end. In thi3 case tho shrinking takes place 
at the outer edge of tho band only. The result o** the combined 
action of tho second and third of these procossoo is the pro-

' *
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gressive movement of tho ond. of the barid toward tho base.
Those throe processes aro sufficient to explain tho 

origin of all the types of marking in this genus; tho specific 
results in any caoo are duo to the manner and extent of tholr 
action, that is, whether they act singly or together, and to 
tho relative rapidity of action of tho th^ee processes.

In the oecond division of the genus, tho oxtont of the 
areas of ground color undergoes very little change during dev­
elopment. The ground color appears in tho earliest stages 
over those areas which in tho adult aro occupied by yellow 
or reddish yellow scales, or by dark tipped yellow scales.
The scales which in the adult aro white with dark brown, 
gray or black tip3, do not receive pigment until much later; 
they then pass directly to gray or brownish gray and thence 
to black, without passing through tho intermediate yellow­
ish and brownish 3haden. The tendency for dark pigment to 
develop along the edges of bands adjacent to unpigmented areas 
is exemplified in thin group also, with this difference however, 

. that it appears first alon,§* the inner odge of a band. When 
dark pigment develops in addition along the outer edge it ap­
pears at a later period. The converse is truo in the first 
division of the genus; the dark margin appears earlier on the 
outer side of a band. I can offer no explanation of the orig­
inal cause of the difference in direction of development; tho 
restilt in either case seems to bo tho expression of tho same.

60.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



general tendency in development, acting however with different 
degrees of intendty on either side of a band.-" It would seen 
that tho development of unusually dark pigment on one side of 
a band —  tho acceleration of chemical processes over a local­
ised area —  retards development on tho other side.

The ontogeny within this division afforde very little 
evidence of the operation of the first two processes of evo­
lution defined earlier in this discussion. However the shape 
of the bands, and the separation of the white fasciae into 
opposite spots, with the total obliteration of some of the 
spots, is sufficient proof that these forces have acted during 
the evolution of tho species.

L. hamadryadella alone, Of those observed, shows the 
outward prolongation of the middle of a band; the gradual 
extension distally of tho dark dusting between the dorsal and 
costal portions of Band V + VI and its final contact with tho 
apical dusting (Figs. 15, 16) is an exarple of the working of 
this lav;. The third law postulated to explain the displacement 
of oblique streaks toward the base receives decisive confirmation 
from tho adult markings of the same species. A narrow line 
of scales crosses the wing beyond tho yellow portions of each 
of Bands II, III and IV, being separated from them by white.
These scales occupy positions corresponding to tho outer nar- 
gins of these bands; ontogenetically the dark pigment devel­
ops in them after it has appeared on the inner margins of
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these bands. The conclusion io apparent that these lines of 
ocalea mark the earlier phylogenetic limits of these bands.
Tho bands have shrunk away, moot rapidly on the costa and 
dorsum, leaving behind them tho margins as visible evidences 
of the process.

In L. tiliacella (Pig. 18), which from its conservation 
of the greatest number of bands in a primitive straight condi­
tion, tho 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 species, there io a difference 
in the time of appearance of the bands. In the more advanced 
species, the bands appear at tho same time. Evidently then 
in the higher species, there io a hastening and crowding 
together of the earlier stages, so that the bands which former­
ly appeared in sequence now appear contemporaneously. Those
in the apox of tho wing, which have experienced tho least 
modification during the phylogenetic development of tho species, 
alone recapitulate the racial history during their ontogenetic 
devolopment.

The discussion heretofore has dealt chiefly with the 
processes which effect the final limitation and configuration 
of the ground color. The general tendency toward the productior 
of dark pigment in rows of scales adjacent to unpigmented areas 
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 
in 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 io the important factor in deter­
mining the general evolution of tho genus, and the different 
stages at which development has halted form the starting points 
for the differentiation of the several groups of species, the 
development of the markings id the important factor in deter­
mining the phylogenetic sequence of the individual species with­
in each group. A knowledge of their mode of origin and rela­
tive time of appearance is therefore essential.

’ In L, tiliacella and tritaenianella, it was seen that 
the dark margin develops first along the edge of Band IV, 
which is tho first band to reach its adult shape. In L. tilia­
cella, tho outer edge of this band has become fixed before all 
of the bands have even been laid down. The dark margin ap­
pears toward the costa and dorsum, in places where the outer 
edges of the band have undergone no change whatever since the 
first appearance of color. The dorsal margin seems to be
in advance of the costal. There io no darkening of pigment
along tho bands in the apox, which appear comparatively late. 
Prom these observations it appears that in the ontogeny the 
dark margin develops earliest along the edge of that band 
which first, reaches its definitive adult condition. Before
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cfark margins can develop, the edge of a band must have remained 
fixed for an appreciable period of time.

In I». crataegella, ostryaefolielln and lucidicootella, 
tho dark margin on Band IV is also the first to appear. The 
apparent contradiction to the principle just laid down that a 
dark margin develops earliest along the edge of the hand 
that has'first reached its definitive adult condition, lies 
in the fact that in these species the color areas in tho hasal 
half of the wing are defined at tho outset almost as in the 
adult, while the hands in the apex repeat the racial develop­
ment. It might ho expected then that tho margin would appear 
earliest along tho first pair of streaks. It has however 
required a much longer time in the evolution of the species
for tho hasal half of the wing to acquire its present aspect;

-

the development in the apical half has cone to a standstill 
comparatively early in the phylpgonotic history of the species. 
Tho observed recapitulation in the apical three or four hands 
during the ontogenetic development, of tho stops in tho racial 
differentiation of the species, is in harmony with the con­
clusions of other investigators that it is only among primi­
tive forms that anything approaching a completo repetition 
of phylogenetic changes is to he found in the ontogeny.

The apex of the wing (in respect to the conservation 
of primitive color areas) may he regarded as primitive in 
comparison to tho base of the wing. In tho phylogenetic
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development of thin tyro of narking therefore, it is possible 
that the margins appeared on Band IV while the hasal half of 
the wing was otill under the influence of dynamic forces 
producing constant changes in the outlines of the areas of 
ground color. No margins could have appeared in the hasal 
half of tho wing until after these outlines had become per­

manent. Some of these changes, as has been already 3hown, 
are such as can not be repeated during pupal development.
Hence the color areas in the banal half of the wing tend to 
be laid down in their final shape. The sequence of tho ap­
pearance of dark markings, which aro in reality a second series 
of tran3 verse bands superimposed upon an earlier set, follows 
the same order for the ontogeny as'for the phylogon^yfy, that 
in. In this second and more recent set of characters there is an 
actual recapitulation. The margins of Bands V and VI appear 
later, corresponding therefore to the sequence in the time of 
appearance of these bands phylogonotically, hypothetically 
based upon that of L. tiliacella. The margin of the upper 
side of the basal streak corresponds in time to the outer
margins of tho bands; it appeals before inner margins develop.

*An outer margin of a band tends to appear first near the costa 
or dorsum, an inner margin near the middle of the wing, that 
is, at the apex of the outer side of a white 3treak, these 
being the parts of the edges of tho bands which have reached 
their permanent position earliest. Therefore, the rolatlve

f>5.
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tine of appearance of the dark margin of any hand in the 
ontogeny is dependent upon tho time when the edge of that hand 
became fixed in the phylogeny.

In L. morriselln, margins are formed almost simultan­
eously on either side of the white streaks, by a direct change 
to gray and thence to black. The pigment in the other black 
scales develops in a oinilar manner without pasnsing through 
the usual intermediate stages. Tho g^ay and black pigments 
make their first appearance at an early stage, while the ground 
color is still pale yellow. Tho structural differentiation of 
the white scales, tha massing bf black scales in tho dorsal 
half of tho wing, tho exceedingly large apical spot and tho 
black longitudinal streak in tho fold all indicate the very 
high phylogenetic position of this species. Upon the addi­
tion of theso newer characters, the earlier ones wore crowded 
closer together and pushed farther back into tho ontogeny, 
resulting in their contemporaneous development.

In tho species of tho second division of the genus, 
dark margins develop in conformity with the principles already 
enunciated. There aro certain minor differences between this 
and tho preceding division attendant upon the original unex­
plained diversity in the inherent tendencies of the two divis­
ions. Tho dark margin appears first on Band IV in the middle 
of its inner edge, in contrast to its appearance in the other 
division on the outer: side and near each end of thin band;

*» *
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a,the name io true for Band III. This isAnoceBsary conoequenco 
of the action of the three general proceoneo of evolution; 
the middle of the inner edge of any band remains stationary 
and hence a margin will develop hero earlier than at the ox- 
tremitios of the band.

In Cremastobonbycia ignota, the development in very 
similar to that of tho species of the "flat-larval group".
The margins appear'almost simultaneously, the scales changing 
directly from colorless to gray and thence to black. These 
scales, at tho tine the yellow ground color spreads over the 
wing, are not fully formed, thus contrasting with tho similarly 
unpigmented, but fully developed scales belonging to the white 
fascia and streaks. In all other species examined the scales 
were all equally and fully formed at the tine of the first 
appearance of pigment in any part of the wing.

In many species these dark streaks adjacent to white 
are the only defined dark markings present; there may be a 
few scattered ddrkor tipned scales in the apex. An increase 
in the amount of dark pigment producing additional dark mark­
ings manifests itself in either of two ways. (1) The number 
of scales thus affected may be increased, sp that the actual 
extent of the wing occupied by dark tipped scales is greater. 
This is the direction that evolution has taken in the species 
of tho "flat-larval group", and in a few of the species of 
the "cylindrical-larval group" (o,g. coltinolla and coltifol-
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iella). Often, among tho more highly differentiated of tho 
species the "flat-larval group", the entire apex of the wing 
is covered with black tipped scales (e.g. agrifoliella).
Similar areas may develop in other parts of the wing; thus 
a patch of dark tirped scales may extend outwards from the 
angle of a fascia (e.g-v bethunella). (2) There may be a 
concentration of pigment in comparatively few scales, which 
with increasing differentiation tend to be segregated in definite - 
ly limited areas markod out by structural modifications of tho 
scales (e.g. lucidico3tella and crataogella)• . In these case, 
the scales are pigmented almost to their bases, not merely 
dark tipped. With the single exception of obstrictella 
among tho species of the second division of the genus, this 
tendency is confined to the species of the "cylindrical larval 
group”, where it manifests itself in the apex either as an 
apical dot or as a somewhat elongate or irregular patch of scales, 
broadest just before the tip of the'wing. A similar longitud­
inal streak of black scales io present in the fold in robiniella, 
uhlerella and morrinolla.

Finally, there may be a decided deepening of the ground 
color itself between tho white streaks. This process has : 
reached its highest development in robiniella, uhlerella and 

morrisella.
In the ontogeny, the development of all of these spec­

ializations has been much abridged, and concomitant with this,

• 6 P *
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their time of appearance has “been pushed had: farther and far­
ther into the earlier stages of pupal development. Tho dark 
tipped scales remain colorlees during the time tho yellow 
scales are attaining their adult condition; lator they change 
directly to gray and black. Tho pigment in the areas of dark 
tipped scales in the apex and beyond the faBciao often appears 
simultaneously with that of the margins. Some variation is 
to be noticed here; in L. bethunella the gray pigment appears 
in all the scales 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 area beyond it. In the imago 
the patch of dusting beyond the fascia is an established 
constant character in bethunella; in caryaefoliella tho 
amount of such dusting is very variable, indicating its recent 
appearance in the species.

It would seem then that only those characters perma­
nently established and of long standing in a species exhibit 
this nrecocity of developmen t ; recently acquired or variable 
characters appear ontogenetlcally in the order of their phylo­
genetic sequence.

This conclusion is confirmed by observations upon the 
node of development ontogenetlcally of other analogous dark 
markings. Comparison of imagoes indicates that the apical 
spot and the black patch in the apox have originated phylogon-
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etioally earlier than the streak of hrown scales along tho mid­
dle of tho wing, hut later than the dark internal margins of 
the white fanoiae and streaks. In L. crataogella the pigment 
in the scales of the M a c k  patch before the apex, which is 
unquestionable a characteristic only acquired through differon- 
tiatiorjLxtending over a long period of time, appears earlier 
than that in the brown scales extending along the middle of tho 
wing, and roaches its definitive adult condition while the 
latter are still wholly unpigmented. In L. hagoni also, 
the apical spot appears sooner than the dark scales in the 
middle o** the wing beyond the tip of tho first dorsal streak.

Such specializations as these can not however have orig­
inated very early in tho evolution of a spocios; and the obr ■ 
served phenomenon of their unduly precocious appearance and 
rapid development in tho ontogeny requires additional explan­
ation. In L. crataegolla, ostryaefoliella, lucidicontolla, 
hageni and morrinolla these wore the first dark markings to 
appear. Tho first tinge of gray appeared before the ground 
color itself had reached its adult shade or rarely even before 
it had reached its adult configuration. It is possible that 
physiological causes act directly toward this end. In the 
racial development, the segregation of black scales over a 
limited area and the later modification of thono scales struct­
urally has boon accomplished gradually; tho results have become 
permanent in. the species, and the scales when first formed
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before any pigment has entered them, have a structure identical 
with that acquired late in phylogenetic development.' It is 
suggested in explanation of the phenomenon of the early appearance 
of black pigment in then, that the concentration of pigment- 
forming substances within a smaller apace — * the interior of 
theoe smaller scales —  reaulto in a more intense chemical 
action over a localized area and thus hastens development.

The general conclusions which have been drawn from 
the study of pupal development nay be summarized as follows:

1. The primitive type of color pattern consists of a 
series of seven transverse bands, which, except the first, 
cross the wing perpendicular to tho costal margin and aro not 
wider than tho unpigmented fasciae between them. Their 
positions are determined by the course of the longitudunal 
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 bands remaining 
straight. Changes in the extent and form of these bands 
have taken placo through the action of any or all of the three 
following dynamic processes* (a) The middle portion of a band 
^ay be produced distally until it cones in contact with the 
band beyond it. (b) The extremities of a band may be broad­
ened by being produced proximally. (c) The extremities of
a band may be narrowed by the retraction of pigment from their
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outer edges. Tho action of the first two nay bo observed 
directly, the third io an inference from a comparison of adult 
markings.

3. The bands, either in their primitive shape or as 
modified througli the course of evolution, constitute the 
groun/i color upon which a second darker series of transverse 
characters is superimposed. These are properly termed the 
markings, and appear at the limits between ground color and 
unpigmented areas. Their relative time of appearance on- 
togenetically is dependent upon the tine when that portion 
of the edge of a band has become fixed in the phylogeny'.' '

4. Later in the phylogenetic history, spots and longi­
tudinal black markings may appear. For reasons not fully 
understood, certain of these markings appear earliest in the 
ontogeny.

5. Recapitulation in the ontogeny io at most only 
partial and is confined to those species or to those parts 
of the wings in which there has been tho least advance from
a primitive condition. Horn also a distinction must be made ’ 
between ground color and narkings.

7n.
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Legend to accompany figures.

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. Later otage in the development of color in the wing 
of L. tiliacella.

Fig. 4. Early stage in the development of color in the wing 
of L. tritaenianella .

Fig. 5. Early 3tage in the development of color in the wing 
of L. crataogella.

Fig. 0. Later stage in the development of color in the wing 
of L. crataogella.

Fig. 7. Early stage in the development of color in the wing 
of L. oatryaefoliella.

Fig. 8* Later otage in the development of color in the wing 
of L. oetryaefoliella. •

Fig. 9. Early stage in the development or color in the wing 
of L. morrioolla.

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

Fig. 11. Wing of L. hageni at the first appearance of the 
dark markings.

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



Legend to accompany figures (continued).

Pig. in. Early stage in the development of color in the wing 
of L. aeoculioolla.

Pig. 13. Early otage in the dovelonment Of color in the wing 
of L. bethunella.

Pig. 14. Early otage in the development of color in the wing 
of L. hamadryadella.

Pig. 13. Later otage in the development of color in the wing 
of L. hamadryadolla.

Pig. 1G. 7/ing of L. hamadryadolla near the end of the pupal
; otate.
Pig. 17. Early otage in the development of color in the wing 

of C. ignota.
Pig. 18. Forewing of L. tiliacella.
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Legend to accompany figureo (continued).

Fig. 12. Early otage in the development of color in the wing 
of L. aeoculioolla.

Fig. 13. Early otage in the dovelonment Of color in the wing
f

of I., bethunella.
Fig. 14. Early otage in the development of color in the wing 

of L. hamadryadella.
Fig. 15. Later otage in the development of color in the wing 

of L. hamadryadolla.
Fig. 16. Wing of L. hamadryadolla near the end of the pupal 

otate.
Fig. 17. Early otage in the development of color in the wing 

of C. ignota.
Fig. 18. Forewing of L. tiliacella.
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