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PARALLEL ECOGENOTYPICAL
COLOR VARIATION
IN BUTTERFLIES

WILLIAM HOVANITZ

A Stupy Or THE GEOGRAPHICAL VARIATION within many
species of butterflies in the western parts of North America has
led to the discovery of many parallelisms in the color variation
within these different species. Mere chance alone as the cause
of this phenomenon was not considered probable as the par-
allelisms were found to be of great quantity and to present
astounding regularities in geographical variation. After a study
of the different environments in which the various species lived
and of the pigment types most likely to be found under various
environmental conditions, it was found possible to make a
correlation between the pigment color variation and the environ-
mental variation. It is with this correlation that the present
paper is primarily concerned.

THE COLORS OF NORTH AMERICAN BUTTERFLIES

As a basis for making a correlation between pigment color
variation and the environmental conditions, it is necessary to
consider briefly the pigments and color patterns of the butterfly
wings themselves. It will be unnecessary to go into much detail
as recent reviews on the chemistry and physiology of the pig-
ments (Wigglesworth, 39 and Lederer, '40) cover all the
modern and accepted work in the field, and Goldschmidt’s
recent review (’38) of the experimental work on Lepidopteran
patterns gives a general picture of the problems involved in their
physiological and genetical determination. All that is necessary
here is a brief outline of the various pigment groups in the
various systematic divisions of the butterflies. Thus, each pig-
ment group rather than each species may be handled together
in correlations with the ecological factors of the environment.

The color of the butterfly wing, or of any part of it, is
essentially the summation of the color of the individual scales

! The ecological part of this paper was presented at the winter meet-

ings of the Ecological Society of America in Philadelphia, Dec. 1940.
Abstract published, Hovanitz (*40c).
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on the wing; however, each scale is just beyond the resolving
power of the human eye when in place on the wing mem-
brane,’ and the colors, therefore, appear as uniform suffusions
on the wing surface. The pattern is the result of the differential
distribution of the different colored scales on the wing mem-
brane. In ordinary description, the butterfly wing is said to con-
sist of a ground color, a pattern color and smaller amounts of
other colors. The ground color, in the sense that is most often
used and in the sense that I shall use it here, is any color which
covers the greater part of the wing other than that occupied by
the pattern elements. The pattern color is the dark color which
forms the pattern bands or spots on the wing; in cases where
the bands fuse or where the entire wing is overlaid with the
“paitern” color, the ground color in the above sense does not
exist. This pattexn color belongs to the melanin group of pig-
ments which are normally black in the butterflies but vary also
to brown and gray. Few other pigments of butterflies are known
as well, chemically. The yellow pigment of the Pieridae has
received more attention than most others (see Lederer) and
is classed as a pterine. Because the chemical classification of
butterfly pigments is still in an immature stage of development,
and though homologies between the pigments of various species
or families would be highly useful, these unfortunately cannot
be made at the present time on such a basis. Pigments will there-
fore be grouped into classes on the basis of (1) their visible
color similarity, (2) their presence in the same species or
closely related species and (3) their similarities in variation
under the influence of similar environmental conditions. The
tollowing classes of partially homologous and partially analogous
colors have, therefore, been arranged for use in this paper -
(excluding some minor colors of no interest here):

Group 1.—The black, dusty brown and gray colors which
form the pattern elements, black spots and “melanic suffusion”
pigment in nearly all species of butterflies. These are the
melanin pigmenis.

Group 2.—The tawny, rufous, “red,” “orange,” and “yellow”

? The body of the butterfly is colored as well as the wings. This color-
ing is not only due to scales but also to hagirs. These hairs receive in
ontogeny the same pigments as the scales on the wing and, therefore, form
a color pattern as well, On account of the similarity and because of the ease
of working with the colors spread out on a flat surface, the wing colors
alone will be discussed in this paper; it will be assumed that the body
colors vary simultaneously.
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colors with a brown tint which form the ground color in the
Nymphalidae, Riodinidae, Satyridae, Lyeaenidae, Danaidae, and
Libytheidae; also in this group is placed the yellow and white
pigment found in the above families. For no other reason than
for similarity of variation, these latter are placed here. They
do not seem to be homologous with the yellows and whites
(pterines) of the pierids and papilionids below, though the
restricted orange and red spots of the latter two families are
placed here.

Group 3.—The yellow, orange, and white ground color pig-
ments of the families Pieridae and Papilionidae. The chemical
classification of the pigments of this group in the Pieridae is
known (they are the pterines mentioned above). The Papilionid
pigments appear to be unknown chemically but are nevertheless
put in this class because of similarity in color and variation
with the pierid pigments.

The darkness or lightness of the wing is determined by the
quality and quantity of pigments upon it and these are deter-
mined by the interaction of the various pigments. The pattern
pigments of Group One are normally darkest of all the three
groups; an increase in the area covered by this pigment would,
therefore, give a darker wing. As the ground color pigments of
Groups Two and Three are usually lighter in color than those
of One, an increase in the area covered by those pigments would
give a lighter colored wing. The relation of Group One to
Groups Two and Three is therefore one of presence and absence;
increase of Group One must be made at the expense of Groups
Two and Three if the wing remains the same size. There are
several ways in which the pigments of Group One can cover
more wing area: the width of each part of the pattern may
widen, the wing may be overlaid by a melanin pigment (scat-
tered individual scales) in whole or in part, or the pattern itself
may be changed by the addition of some element which was
absent in the reduced condition. Goldschmidt (’38) lists the
known effects of mutant genes of these types in the Lepidoptera.
In considering darkness or lightness of the melanin pigments of
Group One in this paper, no distinction will be made between
these different gene and physiological reactions; the distinction
between increase or decrease (or “darkness” and “lightness™) of
Group One as a whole, only, will be considered. The phylo-
genetic relationships involved in the various pigment changes
will be left for future and more detailed papers. In the butter-
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flies of North America, the melanin pigment itself varies but
slightly in color within a species; it is invariably black and so
for simplicity such variation will be disregarded in this paper.

Group Two contains a heterogeneous series of partly non-
homologous pigments varying in color from white to dark ru-
fous or tawny; for this reason, it is more difficult to analyze in
terms of increase or decrease and presence or absence. Each
particular pigment not only varies in area of wing covered but
also its character within an area. Three main and apparently
homologous tvpes or subgroups of these Group Two pigments
may be utilized for description: (a) The tawny, rufous or “red-
brown” pigment which is the commonest ground color of the
families listed above under this group. This pigment varies in
color from a very dark rufous or tawny to a very light “faded”
shade that in some groups is almost white. It is not known
whether this variation is due to a chemical pigment change such
as oxidation or reduction, or merely to increase or decrease in
the amount of pigment deposited in the scale per unit area. In
some species, a red pigment which appears to be homologous
with this rufous or tawny is present (Melitaca phaeton}; it
varies from dark red to light yellow-brown and it seems most
probable that a chemical change is here the factor involved.
(b) The yellow pigments of the families above listed. This color
is only of minor importance since it does not very often cover
an area of more than merely spots or bands upon the wing. In
a few varieties, it does assume the status of being the main
ground color, however. The variation in color of this pigment is
from yellow to white, due probably to a reduction in the amount
of pigment deposited per unit area in the scales. (¢) The orange
and red pigments which form the border spots of the Pieridae
and the Papilionidae (central spots of Parnassius). These are
the orange and red tips of Anthocharis, the border spots (not
the central band) of yellow or red in Papilio and the central
vellow or red spots in Parnassius. They vary in a way similar
to the pigments of (a¢) and (b) above and may prove to be
chemically homologous with them. They vary not only in size
but also in tint, having a continuous range of variation from
yellow to red.

Group Three is much simpler to analyze than the above
two. The white, yellow and orange ground-color pigments of the
Pieridae and the Papilionidae are placed here. These three colors
generally maintain three discrete units rather than continuous
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series of variation in most cases. The butterfly’s wing color may
be all white (leucopterine), all yellow (xanthopterine) or all
orange or red (erythropterine). Only in a few populations do
modifying genetic factors seem to blur the discreteness of these
three. It may be that these three pigments are merely oxidation
products of the pterines which are deposited in the wings at
different stages of their development. Since the order of de-
position of the pigments appears almost never to be anything
other than white-yellow-orange rather than white-orange-yellow
or some other combination, this theory seems somewhat plaus-

ible.

CORRELATION OF COLOR VARIATION AND
ENVIRONMENTAL VARIATION

The method employed in determining the exact environ-
mental factor to correlate with the pigment variation often
brings up difficult problems and one cannot always attribute a
given color variant to a single factor. To an ecologist this is not
surprising. A living organism is in a world of interacting factors,
many of which can hardly be separated from one another for
analysis. In many cases, however, a single factor may be a
limiting one and where this is true it is relatively simple to dis-
cover it. In order to get a rather accurate analysis, it is necessary
to know as much as possible of the geographical distribution of
the species studied, of its variation within as well as between
populations, of the seasonal variation in species (if any), of
those areas of the color pattern which are most likely to be first
affected by changed environmental conditions, of the interbreed-
ing habits of the populations studied so as to guard against error
in properly separating non-interbreeding units, and a good field
and meteorological knowledge of the annual climatic fluctua-
tions throughout the range of the species, together with as much
life-history data to go with this as possible. The extent to which
one’s correlations are correct is directly proportional to the ex-
tent to which the above factors are known. Fortunately (as
will be discussed in more detail later), along the Pacific Coast
certain peculiarities in the distribution of the physical factors
of the environment have rendered this study invaluable aid in
simplifying the correlations to be made. The following correla-
tions were found to take place between the three pigment groups
of butterflies and the environmental conditions: In the Group
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One pigment, there is increased quantity (area and intensity
on the wing) in the following regions or under the following
conditions. In the Group Two pigments, there is an intensifica-
tion or darkening of the pigments of the three subgroups and
in the case of subgroup (¢) an increase in area covered on the
wing in the following regions and under the following con-
ditions. In the Group Three pigments, there is often increased
development of the lighter of the three pterine pigments (white,
yellow and orange) in the following regions and under the
following conditions.

1. In the north as compared to the south
(in the northern hemisphere)

Polar regions (northern regions in the northern hemisphere)
have a reduced annual as well as seasonal quantity of solar
radiation even though summer days are longer in these regions
than in equatorial regions (Kimball and Hand, "36). Intensity
of light is therefore less in the north than in the south. As heat
upon the surface of the earth is dependent mainly upon solar
radiation, coocler weather is the rule in the north and warmer
weather in the south. Moisture and precipitation are usually not
so dependent upon differences in solar radiation; however,
available moisture may be. Water which is frozen is unavailable
to plants and animals. Precipitation in the far north may be
in the form of snow and remain as ice upon the earth. A given
amount of precipitation in the south may, therefore, be of
more importance than the same amount in the north. In consid-
ering these factors in relation to color variation later, many
micro-ecological factors must be taken into account, too. A
species which in the north lives on the south-facing slopes of a
hill may obtain more than or as much solar radiation as the
same species in the south where it may live on the north-facing
slopes. Another factor which is of importance in comparing
northern and southern areas is the available time interval during
the year which is suitable for growth. In the north, the long, cold
winters are unfavorable for life, and cold-blooded animals, at
least, must hibernate. In an animal which has but one brood per
year, the rate of development must be more rapid in the north
than it need be in the south. Summary: In the north as compared
to the south, there is in general less light, less heat, often less
available moisture and less time available for growth.









































































































