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Moths

By G. C. Varley
(Hope Department of Entomology, The University of Oxford)
In the Society for British Entomology amateurs and
professionals find themselves on an equal footing, perhaps
especially because every professional member present is also an
amateur in the best sense of the term. We all pursue our studies
of insects largely for enjoyment.
I wish to suggest some ways in which amateurs, and perhaps
some professionals, too, can contribute to the advance of entomo¬
logical knowledge. Possibly some of the younger members of this
Society may not fully realise the enormous range of first-class
entomological work achieved by amateurs past and present and
upon which they rely in furthering their own studies. Almost all
the books commonly used in this country on dragonflies, caddis
flies, butterflies and moths, Hymenoptera, bugs, flies and beetles
are by amateurs, but I am pleased to see that some of the most
recent books on bugs and dragonflies have been written by
amateurs and professionals in collaboration. On the other hand
the majority of the authors of the valuable handbooks for the
identification of British insects published by the Royal Entomo¬
logical Society of London are professionals. Curiously enough the
only major order of insects on which publication in this series has
yet to begin is the Lepidoptera!
This cannot be due to lack of
interest, nor, in my estimation, is it due to lack of need. I suspect
that the delay is due partly to the inherent difficulty of working in
a group of insects where the commonly used specific characters
provided by the scales are so easily rubbed off and the structural
features of the insects are as yet quite insufficiently known.
Let me illustrate the chaos in the classification of moths by
an example. Some few years ago I photographed a moth which
I found resting head downward on a tree trunk at Tubney, Berks.
It was a slightly unusual colour form of the Nut-tree Tussock
moth (Colocasia coryli (L.)) and I confess that as it became badly
rubbed before I could set it I was not at once sure of its identity.
This species is called Nut-tree Tuffet by Heslop (1947) and is
Footnote.—Based

on the Presidential Address entitled “Enjoying and
advancing entomology”, delivered at the XII Congress of British
Entomologists at Nottingham on 15th July 1961.
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placed by him at the head of the Caradrinidae in a little subfamily
Mominae including only one other British species, the Figure of
Eight (Episema caeruleocephala (L.)). I mounted wings of each
species in balsam (after bleaching) on a 2" x 2" projection slide.
Whilst caeruleocephala had cell R. subdivided so that a distinct
cell 1R- lay below the smaller 1R3* and vein 2A of the hindwing
was half as long as 1A and did not reach the inner angle of the
wing, in coryli cell R5 was undivided and vein 2A of the hindwing
was I of the length of 1A. Are these species really as closely
allied as their placing by Heslop implies?
Authors5 opinions
differ. C. coryli has been put near Apatele (= Acronicta) in the
older editions of South and by Kloet & Hincks (1947). While
Meyrick (1895) originally put it in the Ocneriadae with the true
tussocks, later he (Meyrick, 1928) transferred it to the subfamily
Momides in his Plusiadae. Pierce (1909) was convinced from his
study of the genitalia that it was a Cymatophorid! If this were
so, then one would expect its auditory organs to be in the
abdomen, not in the thorax where they actually occur. I have
consulted Mr. Tams on the systematic position of this moth and he
places it (as does South, 1961) in the Caradrinid subfamily
Pantheinae with European moths like Panthea coenohita (Esper)
which have similar hairy eyes and similar hairy larvae (Beck,
1960).
The unusual bun-shaped egg (Boring, 1955), with 19
rounded ridges and a superimposed honey-comb pattern, entirely
confirms his view.
The position of E. caeruleocephala is also much in dispute.
Meyrick, South and Kloet & Hincks assign it to various places
amongst the Caradrinidae, but Pierce & Bierne (1941), on the basis
of both male and female genitalia, place it with the tussocks in
the Lymantriidae!
Beck (1960) in his monograph on the larvae of Noctuidae
places E. caeruleocephala in the Apatelinae, following Panthea,
but in his diagnosis of the subfamily he finds the species excep¬
tional in as many as six characters! Mr. Tams considers Episemia
to be close to the North American genus Psaphida in the Cara¬
drinid subfamily Cuculliinae. The description by Crumb (1955)
of the larvae of Psaphida grotei (Morr.) suggests that at least as
larvae the two are not very alike. To the best of my knowledge
no-one has yet sought to check the relationships from pupal
structures.
Obviously the widely different, but strongly held, opinions
about the taxonomic position of these insects arise because each
author has stressed different features and ignored others of which
*Mr. W. H. T. Tams correctly suggested to me after my address that this
wing was a freak. In fact the other wing of the same moth and
others I subsequently examined had the cell K_ undivided. This
suggests that venational differences may arise quickly in evolution
and that these structures may be less reliable in taxonomy than
is often supposed.
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lie may well have been unaware. Not until our species are much
better known shall we get a worthy handbook of the Lepidoptera.
The eggs, first stage larvae, fully grown larvae, cocoons, pupae
and the detailed external and internal structures of the adults all
need to be considered. It is to the amateur that we shall have to
look for much of this work of collecting, preserving and studying
both the early stages and the adults. In the Hope Department of
Entomology, at the University Museum, Oxford, we are trying to
make a collection of all stages of British Lepidoptera for which we
shall be pleased to receive donations. As material accumulates we
shall encourage and assist students wishing to study it.
Published literature concerning larvae of Lepidoptera is fairly
extensive, but descriptions in popular works available to the
amateur remain very inadequate. How one longs for keys based
on structural characters, with enlarged colour illustrations of
critical features and of whole larvae.
The colour characters
stressed in so many books are not only unreliable in healthy
specimens, but become quite useless for sick larvae or those
already killed by parasites. The difficulty in naming such speci¬
mens may account for some of the inaccuracies in host-parasite
lists. As an example of the difficulties I may mention the kind
gift to the Hope Department by Mr. J. C. Fraser of a couple of
dead hawk moth larvae about half-an-inch long and dark brown
in colour.
The rare Braconid parasite Rogas praetor Reinh.
emerged from one of them, and as this appeared to be a new host
record, I was anxious to confirm the donor’s statement that the
host was Mimas tiliae. I failed to find any detailed description of
small larvae. Colour features were all lost. However, the structure
of the tergite behind the horn already showed clear signs of the
rugosities so characteristic of the fully grown larva of tiliae.
In my study of oak-feeding Lepidoptera I find that those
larvae from which parasites have emerged can often be identified
by comparison of microscopic detail.
Thus amongst the
Tortricidae encountered, only Tortrix viridana (L.) has the body
clothed with closely set bristles. Similarly the integument of the
Small Quaker larva Orthosia cruda (Schiff.) is bristly. This fact is
recognised by Beck (1960), but seems not to be mentioned in the
British literature.
Now that amateurs are often able, either by breeding or by
the use of the now familiar mercury vapour light traps, to obtain
far more specimens of the commoner species than they require
for their collections, there is at last material available for the
proper study of adult moths. There is still a remarkable amount
to learn about them. Although Pierce’s work on the genitalia
covers the British species there is nothing comparable yet for the
European fauna, let alone for that of the world. Pierce noted in
male moths many facts of great interest which have yet to be
assimilated into the taxonomic and bionomic literature.
For
instance he says of the Plusias: “With the exception of moneta,
which has none, the remainder of the genus have a pair of long
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hair pencils arising from the [base of the] eighth segment”. If
you squeeze a male Silver-Y (Plusia gamma (L.)) these ‘pencils’,
or brush organs as I shall call them, can be extruded. On further
pressure the hairs suddenly spread out until the underside of the
body seems to be adorned with a powder puff (Fig. 1 D, E shows
the appearance for P. iota (L.)). Similar brush organs (but arising
from a single medial hair fascicle) can be extruded from in front
of the 8th sternites of males of Leucania (Fig. 1 C) and a wide
range of other noctuid species (e.g., Aplecta advena (F.), Fig. 1 F).
These brush organs are pale buff in colour except for that of the
Flame Shoulder (Ochropleura plecta (L.)) which is purple. Noone has yet discovered the function of these structures, nor has
anyone to my knowledge seen them expanded except artificially.
Here is a challenge to the observant amateur.
A simple way to preserve these structures in an expanded con¬
dition is to anaesthetise the moth lightly with cyanide or ethyl
acetate, then inflate the body from the thorax with air through
a fine glass tube and dry in an oven or over an electric lamp,
just as one preserves inflated larvae. It seems to help if the moth
is also injected with a little Epsom salt (MgSOJ in solution some
time before inflation to ensure that the muscles remain supple.
This technique reveals and preserves a number of curious
structures as well as the genitalia.
Some of these structures have been known for over a century.
Von Nordmann (1838) discovered that the Death’s Head
(Acherontia atropos (L.)) has big yellow brush organs on either
side of the second abdominal segment of the male and similar
organs occur in the Privet, Convolvulus, Elephant and Small
Elephant Hawks (Sphinx ligustri L., Herse convolvuli (L.),
Deilephila elpenor (L.) and D. porcellus (L.)) (Illig 1902, Swinton
1908, and personal observation).
Swinton (l.c.) describes how,
when a male Death’s Head was held in the hand, it squeaked “and
puffed out the first segments of its abdomen which disclosed on
either side a whirling, orange coloured, hair fan from a pocket;
that spread out like two stars and gyrating as a trundling mop
scattered around a scent of jessamine that soon became aluminious
and disagreeable”. What part these things play in the life of the
animal remains unknown.
Larger and more complex organs occur in the same region
of the body in many British Noctuids (Pierce, 1909) and he con¬
sidered that owing to their apparently haphazard distribution
“they are of no generic value in taxonomy”. Like Janse (1932)
I find this view hard to share without further consideration, even
though I dislike the taxonomic use of characters which are re¬
stricted to one sex. The genus Cucullia which includes the ‘Sharks’
provides an excellent example of the problem: of the British
species all have well developed brush organs at the base of the
abdomen except for C. verhasci (L.) (—scrophulariae (Cap.)) and
C. lychnitis (Ram.) (I have not been able to examine a male of
lactucae (Esper)).
Will further study of characters of all parts of

Figure 1.—Brush organs of male moths.
A, Xylophasia monoglypha: brush organs of 2nd segment fully expanded
(inflated and dried). B, X. monoglypha: semi-diagrammatic ventral view
of abdominal segments 2-6. Right brush partly expanded, left brush almost
retracted into pouch. C, Leucania paliens: ventral view of brushes of 2nd
segment contracted into hair fascicles; brush of 8th segment fully spread
(inflated and dried). D, E, Plusia iota: lateral and ventral views of ex¬
panded brush organs of 8th segment (inflated and dried).
F, Aplecta
advena: ventral view of small brush organ on 8th segment in front of
genitalia (inflated and dried). G, Eupithecia exiguata: dorsal view of starHke brush organs (or coremata?) on 9th segment (inflated and dried).
(Scales all in mm.)
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the adults, larvae and pupae of British and exotic species of this
genus emphasise the difference between these groups of species?
These brush organs are marvellously adapted as scent distri¬
buting organs. They can best be studied in large common British
species like the Dark Arches (Xylophasia monoglypha (Hufn.) or
the Angle Shades (Phlogophora meticulosa (L.)) (Eltringham,
1925; Ford, 1955) but many other species possess these structures
more or less well developed (Swinton, 1877; Stobbe, 1912). Hair
fascicles arise from the hollow sides of saucer-shaped sclerites on
either side in the pleural region of the second abdominal segment
(Fig. 1 B, C). Muscles behind the saucers turn the saucers insideout and spread the hair into fans (Fig. 1 A) filling the air at once
with a strong scent. Quite often the hairs will fan out when a
moth is inflated artificially, but I have also caused the brush organ
of the Dark Arches to spread into a fan by stimulating the muscle
electrically. They seem likely to be operated by muscular contrac¬
tion rather than by the expansion of air sacs, as Stobbe believed.
These brush organs of the second abdominal segment lie at
rest almost entirely hidden in a pleural fold (Fig. IB). Only from
the ventral side can the base of the hair fascicle be seen in a
specimen whose scales have been removed. In set specimens the
brush organ rarely remains outside the fold as in Fig. 1 C, which
explains why so few collectors have ever noticed the structure. In
Sphingids the fold is shallow. In Noctuids it is deep and ends
behind in a pouch extending back into segment 5 (Fig. 1 B). The
hair fascicle of the brush organ is longer than the fold and pouch,
and as the moth retracts the fascicle into the pouch the ends of the
hairs are bent (Fig. 1 B, right).
The brush organ is withdrawn from the pouch by muscular
action. The saucer-shaped sclerite on which the hair fascicle arises
is hinged at the end of a complex lever lying in the soft pleural
membrane. Extensor muscles inserted on the triangular lever
base (Fig. 1 B, left) flex the transverse hinge behind the second
sternite so that the anterior end of the lever moves ventro-laterally
and pulls the base of the hair fascicle with it. Eltringham (1925)
and Stobbe (1912) both noted muscles across the back of the
saucer-shaped sclerite, but apparently did not realise that some of
the muscle fibres run a short way past the hinge down the lever:
their contraction bends the whole saucer forward and helps to
pull the hair fascicle out of the fold. The fully spread fan-like
structures (Fig. 1 A) are directed ventrally.
The human nose is seldom sensitive to the scents by which
male moths find the female, but we can easily detect a strong
aroma from these brush organs. The source of the scent is un¬
certain. Eltringham (1925) described special thick scales lining
the hinder part of the pleural fold and pouch which he thought
might secrete the scent, although he remarked on their apparently
inadequate glandular equipment.
He was apparently unaware
that Stobbe (1912) had discovered a pair of tiny glands. Stobbe’s
glands (Fig. 1 B) are groups of glandular cells, each of which con-
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nects with a hair base. The hair bases are inserted near the end
of a narrow cuticular invagination which opens in the membrane
beside the second sternite. The hollow hairs issue in a bundle
from the tubular invagination and project like a cord amongst
the scales and hairs near the base of the brush organ.
Stobbe
claimed that each gland supplies the contra-lateral brush organ
with scent, but he seems not to have noticed that the glandular
hairs project from the body (Fig. IB). How these glands function
needs further investigation.
It is notoriously difficult to describe scents which may be due
to mixtures of unfamiliar organic substances. Swinton (1908)
likened the scent from the Dark and Light Arches moths
(Xylophasia monoglypha and X. lithoxylea (Schiff.)) to that of
tansy or turpentine.
My pharmaceutical friend, Mrs. D. M.
Robinson, thought the scent resembled valerian extract (which
contains various bornyl esters).
The Dot and Cabbage moths (Melanchra persicariae (L.) and
Mamestra hrassicae (L.)) and the Old Lady (Mormo maura (L.))
are said by Swinton to be “sweetly fragrant of the vinaigrette”,
the once popular stimulating perfume based on vinegar with cam¬
phor and other aromatic vegetable oils added. To me the scent of
the first two of these moths has much in common with that of the
big ground beetle, Carabus violaceus (L.) and reminded Mrs.
Robinson of cinnamic acid.
The Dusky-lemon Sallow, Cirrhia gilvago (Schiff.) and many of
the Leucanias have a strong smell of almonds (Benzaldehyde?),
for instance Leucania pallens (L.), impura (Hb.), conig era
(Schiff.) and lithargyria (Esp.), but the smell is quite different in
Leucania comma (L.) (the Shoulder Striped Wainscot) although
I cannot put a name to it.
This species gave me a great surprise, since, instead of the
normal brush organ at the base of the abdomen, I found (Varley,
1962) that air pressure inflated large thin-walled structures like
hairy sausages (Fig. 2 H, I). Such organs are usually termed
coremat a (from the Greek korema, pleural koremata, meaning
either filth, or the brush used to sweep it up). Coremata have
been defined by de la Torre-Bueno (1950) as “specialised scenttufts near the end of the abdomen of certain male lepidoptera”.
This definition restricts the term by both the position and function
of the organ; I prefer the definition of Janse (l.c. p. 21) as
“eversible sleeve-like bags sometimes of great length and covered
with hairs”, which stresses the method by which the hairs are
spread; it is in this sense that I shall use the term.
At rest these organs are quite collapsed and the hairs form a
fascicle directed ventrally and toward the mid line. The ends of
the hairs lie in a pocket on the anterior margin of the second
(apparent first) abdominal sternum. There is no trace either of a
pleural fold, pouch or of Stobbe’s gland.
Pierce (1909, p. 29)
noticed that the male genitalia of L. comma (L.), L. putrescens
(Hb.) and L. obsoleta (Hb.) are rather different from those of

Figure 2.—Coremata of male moths.
H, I, Leucania comma: ventral and dorsal view of large coremata on 2nd
segment; small brush organ also on 8th segment (inflated and dried). J.
Spilosoma lubricipeda: ventral view of coremata on 8th segment (inflated
and dried). K. Tethea octogesima: ventral view of corema above hind
coxa (inflated and dried; some hairs removed). L, Xanthorhoe ferrugata :
dorsal view of coremata curving round genitalia (inflated and dried). M,
Epirrhoe alternata: dorsal view of elaborate coremata curving round the
genitalia (inflated and dried). (Scales all in mm.)
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other Leucanias. I have confirmed from pinned specimens that
these two other species also have coremata like comma. Whether
they all have the same distinctive scent remains to be discovered
from live specimens. Curiously enough two species of the genus
Leucania, pudorina (Schiff.) and loreyi Dup., lack any traces of
special structures in the male at the base of the abdomen.
I have yet to find coremata like those of L. comma in any other
Noctuids, but the Figure of Eighty, Tethea octogesima (Hb.), in
the Cymatophoridae has small white-haired coremata arising from
above the hind coxae (Fig. 2 K)*. Many other common moths have
in the male coremata which retract into pouches in association
with the 7th or 9th sternite. Eltringham (1935) described in the
Dingy Footman (Eilema griseola (Hb.)) just in front of the geni¬
talia a pure white tuft of hairs which seems to be spread by
inflation; some other species of the genus are similarly endowed
(E. lurideola (Zin.) and E. cayiiola (Hb.)). Many Hydriomenids
(Pierce, 1914) such as the Pugs (Eupithecia spp.) (Fig. 1 G) have
paired coremata adorned with long white hairs on either side of
the 9th sternite at the base of the genitalia. Eltringham (1927)
also found in males of the Small Mottled Willow (Laphygma
exigua (Hubn.)) (Caradrinidae) that there were conspicuous
brushes on either side of the genitalia.
In genera like Epirrhoe,
Euphyia and Xanthorhoe to which the Common Carpet (E. alternata Miill., Fig. 2 M) the Yellow Shell (Eu. bilineata (L.)) the
Garden Carpet (X. fluctuata (L.)) and the Red Twin Spot Carpet
(X. ferrugata (Clerck) Fig. 2 L) belong there are in the male on
the 7th segment extensile coremata of great beauty which can
easily be inflated and dried in the inflated position. Pierce (1914)
also mentioned the absence of these structures in species placed by
Kloet & Hincks in such genera as Lygris, Thera, Entephria,
Perizoma, Oporinia, Venusia and Calostigia. It will be interesting
to see if the mating behaviour of these species with and without
these structures differs in any significant way.
Swinton (1908) reports scent fans on the swollen legs of males
of nearly 40 British geometers, including common ones like the
Magpie, Abraxas grossulariata (L.). Those of the Tawny-barred
Angle and Sharp Angled Peacock (Semiothisa liturata Clerck and
S. alternata Schiff.) smell of turpentine. Similar fans are found in
many other families (Grasse, 1951), but most escape the notice of
collectors, because the fans he folded in a groove in the leg. It
may surprise some to hear that the Red Underwing, Catocala
nupta (L.) has a fan on the middle tibiae. So have C. promissa
(Schiff.) and C. jraxini (L.), but the structure is absent in C. sponsa
(L.)!
*Eltringham (1937, Trans R. ent. Soc. Lond., 86: 135-50), in a paper “On
some secondary sexual characters in the males of certain Indian
moths”, described coremata on the prothorax of the little Pyrale
moth Glyphodes bivitralis Guen., but found these organs absent in
other species of the genus which he examined.
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In Arctiids Eltringham (1934) noted what he termed brush
organs in the White Ermine (Spilosoma lubricipeda (L.) =
menthastri Esper) which are absent from the Buff Ermine (S. lutea
(Hufn.)). Apparently Eltringham saw them only retracted : when
extended by inflation (Fig. 2 J) they are seen to be coremata.
Charles Lane (1957) described similar structures which he thought
were extended by blood pressure in the Ruby Tiger (Phragmatohia
fuliginosa (L.)) and they are likewise present in the Jersey Tiger
(Euplagia quadripunctaria (Poda)) but absent from most other
British Arctiids. In some exotic Arctiids these structures produce
a very unpleasant smell.
Exceptionally, some Arctiids have
coremata in both sexes (Berlese, 1909, p. 541).
Although Swinton (1877) noticed that males of the Cream
Wave, Acidalia remutata (now Scopula lactata Hw.)), carry on the
hind tibiae scent fans which are expanded during mating and
Carpenter (1915) saw in Africa the scent brushes of a male Danaid
butterfly extruded as it hovered over a female, the only recent
reports of naturally inflated coremata I can find both refer to the
Indo-Malayan Arctiid moth Creatonotus gangis (L.).
Pagden
(1957) was surprised to see a male of this common species at night
beside a lamp resting with enormous coremata dangling down
from the end of the abdomen. His excellent photographs show
stages in the retraction of the coremata, but the circumstances in
which the moth had expanded them remained unknown. Further
information about the species has recently been provided by
Gaden Robinson. His father, well known as the inventor of the
mercury vapour trap, has kindly loaned me colour transparencies
taken in Kuala Lumpur by Gaden when aged 11, and I have his
permission to communicate his observations to you.
“The males and females of Creatonotus gangis are active for
only an hour after sunset. The female climbs up a stem of the
foodplant, the tussocky grass ‘lallang’ (Imperata cylindrica (L.)
Beauv.), and extrudes a small scent organ from the end of her
body. The males assemble and hang by their front legs within a
yard or two of the female. When a male is settled two coremata
appear from the end of his body and may either extend symmetric¬
ally to full size (when they are as long as the rest of the insect) or
perhaps get tangled up. What is their function?
One might
expect a female would eventually mate with the male with the
most spectacular coremata. This seems not to happen. Whilst
a number of males are hanging about with coremata extended
another male may arrive and mate at once without preliminary
display! When a female mates she withdraws her scent organ and
within a minute or two all the males withdraw their coremata, fold
their wings and remain at rest until the next night”.
That a boy of 11 can make such novel observations and take
such wonderful photographs should encourage the members of
this society to study the functions of the curious structures I have
described. They are present in so many common insects that I
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hope that some of you will enjoy finding out what part they play
in the insects’ normal lives.
Perhaps it is not entirely idle to speculate about the reasons
for these present gaps in our knowledge. It is not, in my view*
entirely because the moths are nocturnal. I suggest that it is
because entomologists are too conservative in their methods. They
tend to avoid handling a live moth, and prefer to persuade a newly
found specimen into a killing bottle rather than to observe what
it is doing, or to keep it for future observations.
For me to
elaborate the kinds of thing which remain to be done would be
wearisome, but the paper by Miriam Rothschild about some of
the experiments she and her son Charles Lane have been perform¬
ing with insects over the last few years suggests further lines of
work.
In conclusion, let me turn again to the question of books about
insects. We are already fortunate in comparison to the rest of the
world in the wealth of books available. I think we should ask
ourselves whether we find in them all the information we should
like included? If we want to have better books available for our
children and grandchildren we must make it clear what improve¬
ments we should like to see. Then we should ourselves make a
serious attempt to collect or collate the necessary information, and
prepare it for publication. Initally this is probably best done in
short papers which then form the foundations on which the new
comprehensive works will be built. I hope to see many of the
results of such enjoyable research work, both by amateurs and
professionals, appear in the publications of this society.
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