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ON THE CONSTANCY AND VARIABILITY OF THE
DIFFERENCES BETWEEN THE OLD WORLD SPECIES OF
UTETHEISA (LEPID.; ARCTIIDAE).

By KARL JORDAN.

(With 30 text-figures.)

THE pretty Arctiid speckled with black and scarlet on the creamy-white

gronnd of the forewing which favours this island by an occasional visit,
and makes the heart jump in the breast of collectors old and young who know
what is the white flake they see flutter in the air, belongs to Utetheisa, a genus
of fourteen species, three of them being American and the others occurring in the
Old World, mainly in the tropics. They are all closely related to one another,
perhaps with the exception of U. galapagensis Wallengr. 1860, which stands
apart, because its female (the & is not known to me) has the antenna dentate,
whereas in that sex of all the other species the antenna is simple. With this
exception, the structure and colouring prove the species to form a compact
natural genus, the relationship being unmistakable. On closer investigation
the genus proves nevertheless to be a bundle of contradictions which obscure the
real relationship of the species with one another and have led the systematists
astray in their attempt to group the species in a natural order. But putting
the counters into their right places is only the beginning of a game. The species
have arisen from a common basis, each species representing the ancestor in a
specifically modified form. The differences acquired and the similarities retained
are facts before us that ask for an enquiry into their meaning. Speaking of the
genus in the aggregate, the specific distinctions (or * specifics ' for short) refer
to the colour and pattern of the wings (hereafter called coloration), the genital
armature of the male (segments IX and X of the abdomen) and female (sternum
VII), the tarsal claws, and, in the male only, to the antenna, the hindleg and a
scent-organ on the hindwing.

The pattern of the wings of Lepidoptera being under the influence of the
neuration, it probably consisted originally of ill-defined stripes along the veins
and in the folds between the veins; these stripes broke up into spots forming
rows between the veins and across them. Such a groundwork of the pattern is
preserved or indicated in Utetheisa and many other Arctiids (inclusive of Hypsids).
The original pigment derived from the haemalymph was probably black and red,
amalgamated into brown or separated as red and black patches or spots, unpig-
mented scaling filled with air being white. The primitive colours red and black
or the modifications of red (orange, yellow and white pigments) are characteristics
of many Arctiids. In this respect the most primitively coloured Utetheisa
evidently is the American U. bella 1. 1758. This common insect presents the
three principal stages in the evolution of wing-colour, the forewing being either
scarlet or yellow and the hindwing scarlet, yellow or white. The two American
U. bella and ornatriz 1. 1758 would be excellent subjects for the experimental
study of colour-development and variation ; they are easily bred and produce

several generations a year. Somebody might take up these insects instead of
Drosophila.
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The upper- and undersides were alike in the ancestral Utetheisa, as they still
are in the females of Argina Hiibn. 1819. The black spots of the upperside
became reduced and acquired pale rings in U. bella and in the males of Argina.
The uppersides remain at some such early stage in bella, pulchella, pulchelloides
and lotriz, while in the other species the modification of the pattern proceeded
farther. As in most moths, the evolution of the exposed upperside of Utetheisa
has not been the same as on the concealed nnderside. The highest development
of the Utetheisa coloration is found in elata (inclusive of fatua from the African
Continent), in which, in contradistinction to all the other species, the two sides
are almost identical ; evolution having started with similarity of the upper-
and undersides terminates in this species with both sides strongly modified, but
again nearly alike.

The Old World species nearest the ancestral coloration are U. pulchella L.
1758, U. lotriaz Cram. 1777 and U. pulchelloides Hamps. 1907. For the sake of
simplification these names cover in this general survey all the subspecies as well
as those geographical representatives which we consider to have attained specific
rank. In all three species the forewing is creamy white speckled with black and
red ; there are exceptions with predominantly red forewing. The hindwing is
white with black distal border, which is missing in most specimens of the Sumatran
U. sumatrana with red forewing. The spots of the forewing are in the same
position in pulchella, pulchelloides and lotriz, and although they are variable in
size and number within each species, no differences in coloration have developed
by which one could with certainty separate one of thesc three specific populations
from the other. Mr. W. H. T. Tams pointed out to me about a year ago that
U. pulchella bears behind the base of the cell a black dash not found as such in
U. lotriz, and that the last two marginal spots are elongate in lotriz and short
and round in pulchella. This combination of differences would be a good guide
if it applied to all the specimens. Unfortunately quite a large proportion of
pulchella is withount the basal dash, and the specimens of lotriz from New Caledonia
and Lifu and many examples from other localities possess a black spot instead of
the dash of pulchella (very rarely a dash). This spot, however, is usually placed
on the median vein, not behind it; in pulchella, on the other hand, the dash
extends rarely on to the vein, and if it is abbreviated, its remnant is usually at
some distance from the base. As regards the posterior marginal dots, they are
elongate in nearly every Oriental specimen of lotriz, but in the African lotrix
rarely larger than the dots in front of them and often smaller, while in pulchella
the posterior spots are frequently distinctly enlarged. In spite of the instability
here pointed out, there is something distinctive : the presence of well-elongate
posterior marginal spots and the absence of the basal dash are a combination
found frequently, in certain districts normally, in lotriz, but not in pulchella.!

* In Curtis’s figure, Brit. Entom., pl. 169 (1827), the two spots are elongate, less so in the original
drawing (in the Tring library) than in the published copy ; the basal dash is prosent in both. The
scarlet spots of the original drawing appear to the naked oye dark olive-tawny in the published
plate, being under the lens pale scarlet shaded with purple. The great convenience of the Tamsian
distinguishing characters for a rapid examination of material was demonstrated to me when I
looked at tho series of 16 specimens placed as pulchella in the British collection at Tring; one of
them caught my oyo on account of the elongate posterior marginal spots: it was U. lotriz, not
pulchella.  'The specimon, a @, is labelled * Dartmouth, Sept. 16th, 1892, F, Jackson.” The label
has several pinholes, and I doubt that the specimon is the original one. It came to Tring with
the Gibbs collection. The nearest locality of U. lotriz is Senegambia (a subspecics recognizable
in tho male only). .
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The specimens of U. pulchelloides can be separated, more or less, into four
groups according to the features discussed : (1) basal dash present, posterior
marginal spots small ; (2) basal dash present, posterior marginal spots clongate ;
(3) basal dash absent, posterior marginal spots clongate ; (4) basal dash ahsent,
posterior marginal spots elongate. The second combination occurs only among
the specimens of U. pulchelloides, of the three species here discussed.

These unstable distinctions do not affect the appearance of the moths at
all ; in the specimen at rest or on the pin they are only discovered after a close
scrutiny and are invisible in a flying specimen, which looks white. The persist-
ence of minute somatiecs which as such have obviously no function are a feature
common to many species. For instance, the posterior end of an oblique discal
band on the forewing, or of a row of spots, often remains present in Arctiids ; spots
which can be seen neither in resting nor in flying specimens are a character of
the same kind : a remnant carried along because it is innocuous in the life of
the individual. The two marginal dots in front of the tornus of the forewing
remaining usually separate on the upperside in these three Utetheisa are an ancestral
relic probably unigue in Arctiidae, or at any rate very rare, as I have not seen
another example outside Utetheisa in cursorily searching for one in the Tring
collection. Elsewhere in the family the two have often coalesced into one spot,
which is frequently larger than the one in front of it.

A similarly inconstant distinction between U. pulchella and its allies is met
with on the underside of the forewing. The species similar to pulchella in pattern
(we exclude U. antennata from this discussion, its pattern being different) have a
black discal band which projects towards the apex of the cell. The black
discocellular bar is either connected or amalgamated with this projection or
remains completely separate. The connection consists often of only one or two
lines on the veins, and the bar is not infrequently free on one wing and con-
nected or amalgamated on the other. In the following Table I we unite under
U. pulchella and U. pulchelloides all the subspecies, because these show no essential
differences in the percentages (the actual figures will be given in a later table
when dealing with the subspecies) ; U. lotriz, however, is here divided into four
sections on account of an interesting difference in the percentages. The table
demonstrates several facts in variation of which the significance will be appreci-
ated if we consider that amalgamated elements of pattern represent a later stage
of evolution than separate original elements.

TABLE TI.

PERCENTAGES OF FOREWINGS IN WHICH THE DISCOCELLULAR BAR oF THE UNDERSIDE IS CONNECTED
OR AMALGAMATED WITH THE DiscAL BAND.

U;; Izjlul- U. pul-
Ethiorian U. salo- | cheltvides, | U.10triz | U.lotriz | U.lotric | U. lotriz
ang U. amhara, monts, Oriental lepida, lotriz, lotriz, stigmata,
Palaearctic| Africa. } Solomons, | Region | Ethiopian | Australia New | Solomons,
Regions, ete. to Mada- Region. to India. Guinea. ete.
India. gascar.
Number of forewings . ' 2,790 378_ 56 1,132 146 540 ' 54 46
Percentages . . ’ 4% 149, 87% 809, 0% 29% 449, 419,

In this particular detail of pattern U. pulchella, U. lotriz lepida and U. L.
lotriz are primitive. The low percentage of U. amhara, which represents
pulchelloides in Africa, but has no tuft on the male hindwing, is interesting,
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contrasting very strongly with the percentages of U. salomonis and U. pulchel-
loides. Although U. amhara has the same type of genitalia and male antenna
as the two others, the relationship is evidently not very close ; it appears as a
primitive in the table, whereas the two others are advanced. U. salomonis, on
the other hand, which agrees with U. amhara in the absence of the scent-organ on
the male hindwing, does not contrast at all with U. pulchelloides, the various
subspecies of which show a variation from 75 to 100 per cent. ; it is geographic-
ally surrounded by subspecies of U. pulchelloides and fits very well into the
series, apart from the missing tuft of the male hindwing. The relationship with
U. amhara is much more remote.

U. lotriz is divided into four sections in the table ; the African subspecies
again shows the lowest percentage, there being no connection between bar and
band (as is also the case in the Angolan U. pulchella kallima) ; in Indo-Australian
U. L. lotrixz the percentage is only half that of U. pulchella. Tt is therefore very
surprising that in New Guinea (not in Australia !) the percentage rises to 44 per
cent., though there are no other differences from U. lotrix lotriz. Approximately
the same percentage is found in U. lotriz stigmata from the Solomons and neigh-
bouring groups of islands, but here the rise is accompanied by other colour
differences, the population having attained the status of a subspecies, while the
New Guinea population has not.

An attempt to find in the neuration of Utetheisa some distinctions corroborat-
ing and supplementing the specific and subspecific differences has incidentally
had the unexpected result that the specimens proved the current diagnosis of
Utetheisa to be only partially correct. The neuration is very variable in all the
species, especially the subcostal veins of the forewing. It is generally stated
that the forewing of Utetheisa has an areole or even two areoles ; only Lord
Rothschild, in Seitz, vol. x, p. 260 (1914), varied the diagnosis in stating that
an areole is frequently present. In order better to understand the variability
and its meaning for systematics, we insert here seven diagrams (text-fig. 226) ;
B to G are based on actual specimens of U. pulchella ; A represents a phase in
the pupal wing in which vein 10 is still free (in this phase 6 to 9 would not yet
have acquired the position they have in the figure ; but we may overlook that
inaccuracy, as we only wish to illustrate the subsequent relation of 10 with 8.9.
We also employ here Herrich-Schiiffer’s system of numbering the veins, because
most diagnoses of Utetheisa are written that way). In a later pupal phase 10
bends down, approaching 9 beyond the end of the cell, amalgamating with it for
a short distance or becoming connected with it by a bar, an areole (ar) being
formed (figs. B and E). We can group the specimens of U. pulchella in two
series ; in the left series B represents an individual in which the coalescence of
9 and 10 is short ; in C it has gone so far that the areole is much reduced ; in
D the areole has entirely disappeared. We find examples of all intermediate
stages between B, C and D.  In the right-hand series fig. E is a specimen with
the bar developed ; fig. ¥ another in which the bar has remained incomplete ;
and in fig. G a third with no tracc of the bar, this being a morc ancestral phase
than any of the others, and D the most advanced. If one follows Hampson’s
Key to the Genera of Arctiidae in his great work, Lep. Phal., iii, p. 2 (1901), the
characters of B and E would lead to p. 8 of the Key, where Utetheisa is found ;
perhaps C and F might also lead to p. 8 ; but D would land us at b® on p. 4 and
G at ¢® on p. 5, far away from Utetheisa. These are not the only modifications
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of the neuration considered in Hampson’s Key and his descriptions of genera as
being of generic value. Vein 11 sometimes branches off from 10, which modifica-
tion leads us to Pachydota and Baritius without areole or to T'yria with areole.
The very long and narrow arcole present in a large percentage of U. belln and
ornatriz leads to Rhodogastria, specimens of these American species with a shorter
areole to Utetheisa and those without an areole to Protomolis. The position of
vein 7 also is not so constant as in our figures B to G ; in specimens represented
by B, C, D and E its point of origin is sometimes on a level with that of 10 or more
proximal, and occasionally 7 arises from the posterior side of the areole.
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Spuler, Schmett. Europ., ii, p. 149 (1906), and Rebel, Berge’s Schmetterlingsh.,
9. Aufl. p. 435 (1910), attribute to U. pulchella a donble areole. 1 have found
an anomaly of this kind only once in over 2,800 forewings of Utetheisa examined,
and in this case the areole was divided by a transverse bar. In none of the
species of Utetheisa have neurational characters been consolidated into constant
specifics. Nevertheless, there is here something of the nature of Tams’s semi-
specific recognition marks of U. lotrixz described on p. 225, as is very apparent
in Table IT on p. 256.

The vertical divisions of this table are the same as in Table I. The hori-
zontal divisions are grouped into two sections : with areole and without areole.
This gronping is artificial, but is here adopted becaunse the presence and absence
of the areole are generally considered of very great weight in the classification of
Arctiids (and other moths). The stalk of vein 10 with 8.9 is counted as long if it
is at least half the length of the transverse diameter of the cell (at its widest
point). Vein 10 frequently arises from or from close to the apex of the areole
together with the stalk of 8.9 ; if the distance of 10 from the tip of the areole is
less than twice the width of the short vein common to 10 and 8.9, vein 10 is

19
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counted as arising from the areole ; if in doubt, 10 is counted as short-stalked
with 8.9.
TABLE II.

THE VARIATION OF THE PositioNn oF VEIN 10 oF THE FOREWING EXPRESSED IN PERCENTAGES OF
THE WINGS EXAMINED.

U. pul- U. pul-

g, U. sato- | chettoides, | 0. totriz | v.torriz | U.totriz | U. totriz
log"m U. amhara,| monis, Oriental lepida, lotriz, * lotriz, stigmata,
Pal:;xrctic Africa. Solomous, Region | Ethiopian | Australia New Solomons,
Regions ete. to Mada- Region. to India. Guinea. ete.
Ieféj o gascar. l
Number of forewings l l |
examined . . 880 378 56 738 146 | 400 54 46
With areole : |
(@) Vein 10 from |
areole . i 119, 569, 759, 559, 739, I 759, 829 789,
(b) Vein 10 on short | ‘ i
stalk with 8.9 . | 419, 299, 219, 369, 209, | 19% B 5% 209%,
(¢) Vein 10 on long |
stalk with 8.9 . ‘ 319, 19, 29, 39, 19%, ' 19, ' 29%, 0%
Without areole : I
(d) Vein 10 stalked
with 7.8.9 L 159% 2% 0% 1% 0% 19%, 09, 0%
(e) Vein 10 direet

from cell . . 2% 129 29, 5%, 69, 49, | 119, 20/

The most primitive of the five modifications (a)—(e) embodied in the com-
prehensive survey presented by Table II is (e), then follow (a), (b), (¢) and (d),
the most advanced modification being (d) (cf. text-fig. 226, D, on p. 255). In
many wings the areole is reduced to a small groove, (c¢) being but a little less
advanced stage than (d). It is evident from .the percentages that U. pulchella
has a singularly isolated position as regards neuration. The very low percentage
of (a) contrasts very strongly with the high percentages of the other species.
Still more striking is the difference between U. pulchelle and the others in the
most advanced modifications (¢) and (d), the two together amounting to 46 per
cent. in pulchelle as compared with at most 4 per cent. elsewhere. There are
two other points in the table worthy of note : in U. amhara and the New Guinean
population of U. lotriz lotriz the number of wings with modification (e) is com-
paratively high, and in the New Guinean lofriz, moreover, modification (b) is
much rarer than in U. lotriz stigmata from the Solomons (whereas in Table I the
two agree closely).

An interesting point not brought out in the table is the frequency of a
difference in the two forewings ; the left wing may belong to one category and
the right wing to another. That is the reason why Tables I and II are based
on wings and not on specimens. In U. amhara, for instance, 28 per cent. of the
right and left wings are different. Conspicuous asymmetry is known of the
pattern of some Lepidoptera, for instance Uraniidae, but as a rule the differences
between right and left wings are small, and may be attribnted to the incidents
of growth, variability prevailing cverywhere. But vein 10 arising in one forewing
from the cell and being stalked with 7.8.9 in the other is a difference which the
strict ncurationist would have to consider of generic valuc and cannot be
waved aside as coming under the general rule of slight individual variahility.
The rcason for vein 10 stopping at stage () in one wing and going on to stage (c)
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in the other will probably be found in the equilibrium of the development in the
pupa being upset by external factors acting upon the caterpillar when changing
into the pupa or upon the chrysalis at the critical moment in its development.
The pupa lies in a flimsy cocoon on the ground among debris. We cannot
attribute the asymmetry to a faulty action or an unequal distribution of a direct-
ing hormone. That assumption would mean assigning the variability of the
neuration to the unexplained variability of a hormone, which would leave us
in ignorance.

However that may be, the example liere demonstrated of the instability of
the neuration within a genus of closely related species teaches the taxonomist
the primary lesson that classification should not be mainly based on an organ
the variability of which has not been previously studied. As the range of varia-
bility can only be ascertained from a sufficiently large material, it follows that
collections consisting of a limited number of specimens are inadequate for obtain-
ing reliable results, for which reason we mention in the tables the number of
wings examined.

When some 20 years ago I looked at Utetheisa with a view to ascertain the
real status of some types in the Tring collection, I was greatly astonished to find,
after the elimination of the males with pectinated and dentated antennae, that
the remaining mass of seemingly unclassifiable material similar to pulchella was
very readily separable into three groups according to the external structure of
the genitalia of both sexes. An impossible task if coloration only were examined
became quite easy with the help of the binocular microscope. Text-figures 227
234 require no description at this point, the differences staring one in the eye. 1
was further struck by observing : (1) that subspecies different in coloration or
even in some structure did not yield any difference or only a slight one in the
genitalia ; and (2) that individual variability, so frequent and conspicuous in
the coloration and neuration, was hardly noticeable in the genitalia. The
genitalia and the coloration vary independently, as I had found out long ago
from the study of the individual and geographical modifications in the genitalia
of Papilio (1896).

With the result of the examination of the three externally so similar
species pulchella, pulchelloides and lotrixz before me, I expected the externally
dissimilar species to exhibit even greater differences in the genitalia. The
expectation was fulfilled by U. semara Moore 1859 from Java, Celebes and
Lombock (text-figs. 230, 234); but the remaining Old World species, all from the
Malagassic subregion (elata, cruentata, lactea), tell a very different and surprising
tale : their genitalia are alike. In these species evolution has gone ahead in
the coloration, whereas the genitalia have remained stationary ; just the opposite
from what we find in pulchella, pulchelloides and lotriz. The two Americans,
bella and ornairiz, are likewise different in colour and alike in the genitalia.

The contrast between the Malagassic species on the one hand and the three
species with the pulchella-pattern on the other does not entirely conform with
the relationship of the species. Superficially it looks as if we had here two
natural groups in each of which the species were closely related ; but that is
not so, for pulchella does not belong to the group to which the forewing coloration
would seem to assign it. The genitalia of pulchella female are indistinguishable
from those of the three Malagassic species and the male genitalia show only slight
differences. This is the inore unexpected because the males of the Malagassic
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Utetheisa differ further in bearing on the hindwing a scent-organ which is absent
from pulchella, and in having slightly different antennae. That pulchella is more
nearly related with the Malagassic elata, cruentata and lactea than with the other

Utetheisa is not really strange, considering that it is an essentially African insect.
What we have said about the coloration in the previous lines applies equally to

both sexes.
The abdominal segments modified for facilitating a firm union of the sexes
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form in Utetheisa five different lock-and-key arrangements (galapagensis, no
doubt, presenting a sixth, not yet known), and, though each such arrangement
may be regarded as a single unit from the viewpoint of function, the somatic
contribution of the sexes is different and does not necessarily show the same
amount of variability and variation. In Utetheisa this genital armature is
remarkably constant in the individuals from widely different districts. But
while the female armature remains the same throughout each species, the male
claspers are modified to a slight extent in some subspecies of U. pulchella and
U. lotriz and in some geographical representatives of U. pulchelloides. This
difference of the sexes in the evolution of the lock-and-key arrangement is probably
more apparent than real ; the male organs being much the more complicated of
the two, a difference is more easily noticed. A ‘“law,” however, that the male
is here in advance of the female should in any case not be based on the examina-
tion of dry specimens only. The clasper of the American type is much narrower
than in pulchella, broader than in semara, to which it is similar, and simpler in
outline than in pulchelloides and lotriz. The basi-dorsal process (P!) is much
longer than in any Old World species, as is also the anal tergum ; the dorsal
margin is formed, as in semara, by a strongly chitinized tube, distally somewhat
bent down and projecting beyond the membranous apical margin ; the ventral
half of the innerside is densely covered with hairs and scales. In pulchella we
find the dorsal margin enlarged upwards, and both lotriz and pulchelloides have
a subapical (P?) and an apical process (P?), which differ very conspicuously in
the two species. In the female it is sternum VII which is modified, the general
type remaining the same in all species inclusive of galapagensis. That of the
American 99 is the most primitive type : the median sinus is small and shallow ;
the deeper sinus of the Old World Utetheisa is probably a later acquisition.
U. galapagensis has a somewhat deeper sinus than bella (and ornatriz). It is not
necessary to comment further on sternum VII ; the specific differences obtaining
in that segment will be described in the systematic section of this paper. There
is only one point to which I should like to draw attention : in lotriz there is at
the lateral apical corner of this segment a small smooth groove concealed by the
apical margin of sternum VI and appearing in the inside of the body as a smooth
dome. The groove is not present in any other species and its function is obscure
to me ; it is probably sexual.

Apart from the marginal projections, the male clasper, after having been
denuded, appears from outside as a more or less elongate simple flap. In reality
it is a flat box. There is a large invagination from the outer surface, the mouth
of which is easily overlooked. The central area of the clasper, generally more
strongly chitinized, as indicated in the figures by stippling, is somewhat convex
and forms the outer wall of the pocket. Below this sclerite is a longitudinal
slit, closed in the dry specimens and diagrammatically emphasized in the drawings
by a black line. The slit is an outlet rather than an entrance ; for the cavity
contains a scent-organ and is filled with modified scaling, a large tuft projecting
from the base distad consisting of two different types of scales : a transparent
scale on a long stalk appears white, and a small more or less elongate-elliptical
one is filled with a waxy yellow substance. The scale of the long type (text-
figs. 235-237) differ in some of the species. In the American Utetheisa, for
instance, it is very narrow from the base to three-fifths and then gradually
widens, the scale not being unlike an oar with the tip more or less asymmetrical
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(text-fig. 235). The stalk and the blade are densely studded with elliptical
tubercles, which appear at the lateral margins as small domes. The scale of
semara is similar, but is much shorter and narrower, and the tubercles are replaced
by thin short ridges which are confined to the blade. In pulchella (text-fig. 236)
the stalk is thinner than in ornatriz and devoid of tubercles or ridges ; the apex
is more abruptly widened, at least one-half broader than in the American
species, and hears short ridges; its outline is variable as indicated by text-
fig. 236. The scales are alike (or perhaps only very little different) in pulchelloides
and lotriz, resembling those of pulchella, with
the apex somewhat broader as a rule, more
symmetrical and bearing longer striae, and with
the apical margin more distinctly dentate (text-
fig. 237, U. lotriz). This scent-organ presumably
comes into play when the male is hunting for a
female. Glands in the clasper occur elsewhere
in Arctitdae, for instance in Rhodogastria Hiibn.
1819. [ have not studied the organ any further;
that should be done with material adequately
preserved in a fixative liquid. The resemblance
in the clasper and its scent-scales of the Malayan
: U. semara to the American species instead of
some Oriental one is surprising, the explanation
.\ possibly being that both claspers are of a more
ancestral type than the claspers of the other
species. The shapes of sternum VII in the
females of semara and bella point the same way.
I know of only one more specific distinction
found in both sexes, at least in one species:
asymmetrical tarsal claws. 'The pair of sickles,
each with a tooth about the centre, are equal in
size and shape in both sexes of Utetheisa with
the exception of U. pulchella, pulckelloides and
representatives and U. lotrixz. The asymmetry
is very slight in pulchella and pulchelloides and
confined to the male, being more noticeable in
the hindtarsus than in the other legs ; in lotriz
it is rather well pronounced in the male and
slight in the female, but also in this sex suffieiently marked for distinguishing
under the microscope the females of pulchelle and lotriz by their claws. We
find this asymmetry sporadically in other Lepidoptera, the best-known example
being the Acraeine butterflies, where it is a male character occurring in most
speeies. In Utetheisa and Acraea the posterior (or inner) sickle is the longer
of the two. The distinction was evidently originally linked with the male sex
only and at a later stage appeared in the female lofriz as a rudiment, comparable
to the glossy coloration of male butterflies being occasionally more or less
indicated in the female. The function is no doubt sexual, but why it is the
posterior half of the claw that is the longer, whereas in Rutelid beetles, for
instance, the anterior sickle is the longer, is a mystery to me. The slight
asymmetry in the female claw of lofriz has probably no function at all ; it is a
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phylogenetic budding-on, not occasioning any disturbance and therefore not
eliminated.

The remaining specific distinetions of the Old World Uletheisa are confined
to the males and are found in the antenna, the hindwing and the hindleg.

As in Heterocera with pectinated antenna, the female antenna is frequently
also pectinate or dentate or serrate, the processes being occasionally (in some
Satwrnioid Ceratocampidae) longer than in the male, I expected to come across
some dentate female antenna among the material from localities where the
males have fairly long pectinations. All the females, however, I have seen have
simple antennae, with the exception of U. galapagensis, which shows a short,
but noticeable, dentition ; the male of this species should, therefore, be expected
to have longer pectinations than any other Utetkeisa, if evolution were bound
to follow the demands of human logic. However, it is better to be an agnostic
when dealing with nature ; prophecies are only quite safe if the wording is
sufficiently ambiguous.

The antennae of the males of the two other American species and of pulchella,
lotriz and semara are simple, with the usual long cilia and a long bristle (or two).
In elata the antenna is almost exactly the same as in pulchella, but in cruentata
and lactea the segments are shorter and constricted at the base, the sides projecting
a little, these rudimentary teeth being best developed in lactea. Uniting all the
other males with dentated or pectinated antennae under U. pulchelloides, with
the exception of the African representative amhara, the Nicobar species antennata
and salomonis, we find the lateral projections varying from a short tooth to a
rather long pectination (text-figs. 249-257) and the distribution of these varia-
tions so erratic that it is difficult to decide in the absence of any other structural
distinctions whether long, medium and short projections indicate species or
subspecies. The question is much complicated by the occurrence, in some
localities, of specimens with long and short projections. The only solution of
the puzzle I can suggest is based on the habit of migration observed at least in
. pulchella. This African species ranges from the Mediterranean countries to the
Mascarene Islands and across Asia to China, Ceylon and Burma. It occurs
frequently in Central Europe in favourable years, and is occasionally seen farther
north. Tts distribution is nearly the same as that of two Ethiopian Hawkmoths,
Acherontia atropos Li. 1758 and Deilephila nerii L. 1758. All three are wanderers.
Swarms of U. pulchella have been seen, and the species has recently managed by
some means or other to reach South America, Miss Lucy I. Clarkson as well as
the Rev. Arthur Miles Moss having canght and bred it at Pernambuco.

It is hardly far-fetched to assume that also some of the other species are
migrants, at least in years favourable for the release of the urge to seek other
guarters. If that is the case with one or the other form of U. pulchelloides, the
occurrence of two of them in the same locality would be explained. That,
however, raises another question. Subspecies which differ in no other structure
but the male antennae might be expected to interbreed and form a hybrid
population. We have from the small island of Guam a short series of males
4 23, 2 29) with pectinated antennae, and a larger series (7 43, 9 %) with
a short dentition instead, and one intermediate & from that place, presumably
a hybrid. The dentate form of the male is the only one we have from the
Philippines, Hainan, Indo-China and India ; our series being very large means
that the moth is common in that area and therefore quite likely to travel far
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afield and occasionally to reach Guam. Hampson’s pectinala with long pectina-
tions is based on a single specimen from Port Essington, North Australia. All
our Australian males have short teeth instead : but our series from Moa,
Tenimber and Key consists of males with long pectinations, suggesting that the
Port Essington specimen was an immigrant, probably from Tenimber. A few
specimens (Key, Koor) have the antenna subdentate and may be immigrants,
possibly from the Moluccas. Another cqually long-pectinated form inhabits the
Nicobars (U. antennata). Males with shorter and broader pectinations are
known to me from the Louisiades (south-east of New Guinea), and the Seychelles
and Chagos. The males from Tuamotu, Tonga, Ellice and the Marshall Islands,
inclusive of Wake Island (and presumably all the more outlying Pacific islands),
have dentate antennae, the teeth being broad and prominent. With the excep-
tion of the localities mentioned, the area from Ceylon to China and eastwards
to Australia and New Guinea has a male with very short and broad teeth which
strongly contrast with the pectinations (compare text-figs. 252-254).  This widely
distributed antenna, nearest to the antenna of lactea, was probably the original
one from which the male antennae with longer processes developed, the growth
of the teeth into pectinations having taken place sporadically and independently.

The inconvenient fact that two pulchelloides forms occur together on Guam
and Tenimber has above been explained away by referring it to migration. In
the absence of the observation of migratory habits in pulchelloides—which pre-
supposes that the observer has learnt to distinguish between pulichelloides, lotrix
and pulchella—the explanation is at most plausible, because it is based on the
assumption that pulckelloides possesses the migratory habit known of pulchella.
The plausibility of the explanation may have misled me to accept it as an easy
way out of a difficulty, and I should be wrong if pulchelloides did not migrate.
1 emphasize the point, because 1 wish to draw attention to the importance of a
knowledge of the habits of the species for research in systematics.

I touched above, also in connection with migration, on hybridism between
two subspecies found on Guam, and I think there can be no doubt that hybridiza-
tion occurs also in the subspecies of pulchella. 'This moth is common in North,
East and South Africa, but is more rarely found in the West African forest region,
being an insect of the open country. It is represented in Angola and Katanga
by a conspicuously coloured form described as a distinct species, U. kallima, by
Swinhoe in 1907. Rothschild 1910 and Hampson 1920 concurred in this opinion.
Weymer, on the other hand, described it in 1908 as U.pulchella completa, and 1
agree with him that kellima and pulchella are subspecies of one and the same
insect. The amount of scarlet on the forewing and the black border of the
hindwing are not so constant as one might infer from the descriptions of kallima,
and we have some Palacarctic specimens nearly as scarlet as some of the Angolan
ones. Most specimens from the Lake Kivu district, whence we have a good
series, and from the region of Lake Tanganyika, approach U. p. pulchella and
have been described as U. callima dilutior Roths. 1916, some examples being
similar to the least red Angolan individuals, others coloured like certain specimens
of pulchella pulchella from Tanganyika Territory and Kenya. The intergradation
is complete from extreme kallima via dilutior to pulchella. There being no line
of distinction and the area of dilutior being adjacent to the areas of pulchella and
kallima, we have every reason to look upon dilutior as an indefinite hybrid
population.
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The area inhabited by the Angolan U. p. kallima being quite small as com-
pared with the area in which U. p. pulchella is found, one might wonder why
U.pulchella is here subspecifically niodified and nowhere else in its enormous range.
An enquiry as to which status kallima occupies in the evolution of U. pulchella
partly clears up the anomaly. As stated on p. 251, the ancestral Utetheisa were
scarlet and black, the creamy-white pigmentation being a later acquirement. This
opinion is supported by the colouring of some crippled pulchelle from South
France in the Tring collection : these specimens, bred and not fully developed,
show an amount of red much exceeding the average, approaching kallima closely.
This points to arrested development of the colouring. Therefore I look upon
pulchella kallima as an older form than the whiter pulchelle pulchella ; as an
Angolan relic in danger of being slowly absorbed at the eastern outskirts of its
range by the migratory pulchella pulchella, which is a Mediterraneo-Ethiopian
modification. A slight difference in the male genitalia of kallima is also found
in some dilutror ; other specimens of dilutior intergrade with pulchella or do
not differ.

In the account of the antennae of the forms of U. pulchelloides (p. 261) we
purposely did not include the males from Africa (U. amhara) and the Solomon
Islands (U. salomonis), because they occupy a special position. The African
antenna is like the Indian one, and that of the Solomon male similar to, but in
dorsal aspect a little wider than, the antenna of pulchelloides from the Seychelles
and Chagos. Both moths, however, differ from the other modifications of
pulchelloides in quite another somatic. ’

All the males of the various subspecies of pulchelloides bear on the hindwing
a tuft of long hair projecting from a submedian fold. This scent-organ is a truly
secondary sexual male character, which has no equivalent in the female. Besides
pulchelloides and antennate the organ is present only in the Malagassic elata,
cruentata and lactea. It is undoubtedly an acquired organ superimposed on the
ancestral Utetheisa and not correlated with the specific or subspecific distinctions
in the genitalia, antennae and coloration, and not of fundamental taxonomic
value. A grouping of the species according to the presence or absence of this
organ is unnatural, as proved by the forms representing pulchelloides in Africa
and on the Solomons, New Hebrides and Lifu. If all the species of Utetheisa
possessed the fold and tuft, I should not hesitate to regard the absence of the
organ in the districts mentioned as due to loss. But was the scent-organ really
acquired by all species and then lost in the majority of them, the male hindwing
having returned to an ancestral state ? Or did only the Malagassic species and
pulchelloides acquire the organ with the exception of the African and Solomon
Islands representatives of pulchelloides, the hindwing of these exceptional males
having retained its original state ? Without further evidence one way or the
other, one can answer such questions with yes or no according to one’s preferences
or prejudices. For, though all roads lead to Rome, all lead also away from it.
In which direction did the evolution of the scent-organ travel ¢  The starting-
point is indicated. The scent-organ is placed in the fold between veins la and 15,
and the fold is enlarged so as to cover the organ. In all the species without the
organ the membrane between la and 15 is likewise folded, but the fold is simple
and can be entirely flattened out. U. puichella, U. bella and ornatriz and U.
semara bear in this fold a row of hairs as thin as those of the hairy area extending
from 1b to the cell and base. The ““ tuft ”” of the scent-organ has evidently been























































































