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ABSTRACT

The literature on resting habits in Lepidoptera is reviewed.
An account of the higher classificotion of the Lepidopters is given,
Earlier descriptions of the lepidopterous wing base arc reviewed and
tables of comparative nomenclature are given for the wing base sclerites

and the flight muscles.

Microscopical preparations of wing bases were made and the cuticular
elements were differentiated with Mallory's triple stain. It was found
that 2 specialized type of cuticle was present wherever tha sclerotized
ports of the wing base were distorted during flight or wing folding,

This was called "bending cuticle”,

Dissections of the thoracic musculature were made and some

olectrophysiological experiments were conducted to find out which muscles

were involved in wing folding,

Wing folding in living insects was observed and some operations

were performed on live insects to determine how the wing was folded,

The wing base morphology was found to have undergone considerable
changes in the Lepidoptera from the more primitive to the most advanced
forms. These structural modifications were associsted with changes in

the resting attitude.

The thigmotactic and phototactic responses of some Noctuoids were
investigoted by means of choice chambers., The interactions between
these two factors and hydrotaxis and geotaxis were studied in Operophtera

brumata.

It was concluded - that behaviour patterns have been evolved in nocturncl
moths which enable them to settle in a suitable place of concealment at
dawn. The resting attitude was found to be adapted to this choice of

resting site,



C O N T E N T S

Abs-trac-t 29 O 2 OO B O 0O OGS S B 0O OB P OE OO OO PO O SO S e SOt
In-trOduc-tion O & 8 08 50 0 8 P ¢a G BO PO ON OGRS OO SOOR S OEHOIDE OSSO PSDS

Part I Wing folding and the morphology of the
lepidopterous wWing bAS€ .eeecsccscscessssncsos

Review of li'berature..................................
Materials and me‘bhods..........................o.....-

Cuticle
General obServationsS ..eeceesececcececossoes
Differention of cuticle following KOH
treatment,.ceeesesssscesceacassessssssanes
Proteln te8t8,.0etveesestcececnreerecscnanans
Ligaments .seeseecerecscecacessssvscccsssccans
Carbohydrate te€STS seveeecvescsssverorssscssne
Rubber-like cuticlecescseecscscccascvssosoccs
Bending cuticle .ecescecancsescscsccccvcsnes
Types of bending cuticle eeceesvecsccscecces
Torsion of bending cuticle ,esceccesssccnsee
Fore Wing
First axillary sclerite ccecevececscceccocns
Third and fourth axillary scleriteS.ccvceces
Second axillary COmMPleX .ceececsccscscscsnsce
Median plateSeseescsscsceccccosrsccsscoscnses
Direct flight muscles ..eeeecccscascsossccne
Folding of the fore Wing eccscevecscccccscse
MeSOPhTagme .eeeescessccccansasassosssnsonse
Hind Wing
First axillary sScleTrite ceescccsncecccccocses
Third axillary sclerite ..ceocceosssscsccose
Second axillary complex and Median Plates ,.
Direct flight mMUSCleS seeevcecssvccsascccccns
Folding of the hind wilng .eeecsccvscccccscca
DisCUSSION seeeteersenssoscacsssssscssssssnrvossnsrssas

ConcluSionSQOIOOODODI.9.0.9‘0I.l......‘.'.".'........

Part IT Wing folding and choice of resting site in
Lepidoptera

In-troduc-tion U B BN IR BE B BN BN BN BE BN BN BN BRI SR RN B BN RN NN A BN CRC RN AN BN IR NE RN BN BN N BNCBE BN AR A Y

PAGE
i

1

1
2
12

16

18
20
21
22
23
24
27
29

32
37
40
43
44
47
60

62
63
65
67
70
77
82

83



ReVieW of literame............I.‘I‘...'...........
m‘teria:].s and m‘thods 8 0 02 C O BSOS SO LS OB SN Se O seo oo

Experimental

Thigmotaxis in NoctuoidS.,eseecsscscacssoses
Phototaxis in NoctuoidS.sscoscessceecasacass
Phototaxis and Thigmotaxis in NoctuoidsS.....
General observations on Operophtera brumata,
Phototonus in Qperophtera brumatB.sececceesce
Field observations on Qperophtera brumata.,.
Hydrotaxis in Operophtera brumatl .eccecoces
Geotaxis in Operophtera brumata .eecscccooce
Thigmotaxis in Operophtera brumite.ceeeeeseca
Thigmotaxis and surface wWater .eeessecossnsee
Phototaxis in QOperophtera brumatf..sececcssss

Effect of surface texture on resting
attitude in QOperophtera brumatd .seecceccsee

Tarsal contact in Operophtera brumet ..ces.

Discussion 0 0P B E I LB PEPP0CEIGOETROEOEOIREIAOIERRROEOETRBLEIENOGOGEOS

Conclusions 9000000808000 0000060060606060e0 0800080800000
ACknOWledgementS 0P 200000000000t EtOsssRROIOILETDR

Appendix 1 (Ringer s0lution) sseeeecsresscscssonses
Appendix 2 (Table of measurements of Mesothorax)..
Appendix 3 (List of distances of resting Operoptera

brumata from nearest tree) .ceeececees
Appendix 4 (List of references) .eesscecsescscanse
Appendix 5 (List of TLZUTES) eeveoesvecovocosocnns
Appendix 6 (List of abbreviations used in

figures) CRC S RN B BN Y BN B BN B B RE B Y BN B BN BN BN BN BN BN B AN B B )

Figul.esﬂﬂ.ﬂﬁl...........ﬂﬂ....".......I........‘.Q.

PAGE
83
86

88
92
92
96
96
99
103
105
105
108
114

115
118
119
/20
121
Jad
/23

/2,
/26
/37
/%5
/%7



Page 1

Introductlon

Most species of Lepidoptera have a characteristic
resting attitude and settle In an equally characteristic
resting site, The resting attitudes of Lepidoptera have
been described by Oudemans (1903) and Graham (1950).

The resting attitude is largely determined by the posture
of the wings. No attempt has previously been made to
discuss the morphoiogy of the thorax and the wing base in
relation to the position of the wings at rest, Wing
folding includes the movement of the whole wing to the
resting positlion and in many cases pleating. The resting
sites of many species of Lepldoptera have been recorded,
but the relationship between the attitude of a moth and the
place in which it is found has not been investlgated by
previous workers, The morphological and behavioural aspects
of wing folding are considered in separate sections,

Part I,

Wing folding and the morphology of the Lepidopterous Wing Base

Most major groups of Lepidoptera have a typlcal
restling attltude, Primitive Lepidoptera hold the wings 1n
a tectliform position, which 1s simllar to the resting
position of Trichoptera. The varlious attitudes character-
1stic of the higher Ditrysia differ greatly from the primitive
type.

This part of the thesis is an attempt to study the
mechanics of wing folding in Lepldoptera. It will be



shown that there is an evolutionary trend in the wing base
associated with changes in the method of wing folding.

Review of ILiterature

Snodgrass (1909, 1927, 1935) proposed the first
satisfactory plan for the generalized insect wing base. He
retained the name "axillaries" for the wing base sclerites,
which was first used by Straus-Durckheim (1828). The
axillary sclerites were defined and numbered by Snodgrass,
according to their position and relation to the wing veins.
This was possible because a consistent system of nomenclature
for the venation of all insect orders had been developed by
Comstock and Needham (1898-9).

The first axillary sclerite was defined by Snodgrass
as a detached piece of the notum; with which it articulates
proximally. Distally the first axillary articulates with
the second, and anteriorly it is associated with the subcostal
vein. The second axillary sclerite is always attached to
the radial vein and Snodgrass concluded that it was probably
derived from the radius. The second axillary is always
present on both upper and lower surfaces of the wing; and it
articulates ventrally with the pleural wing process. The
third axillary sclerite is associated with the bases of the
anal veins, and was described by Snodgrass as the "Posterior
hinge plate of the wing base and the active sclerite of the
flexor mechanism".  The same author considered that the

fourth axillary sclerite, sometimes present in Orthoptera,



Hemiptera and Hymenoptera, was a detached piece of the
posterior notal wing process.

Snodgrass was the first to recognise the importance
of the median plates in wing folding, and to notice that they
form a convex fold when the wing is flexed. In his
description of the lepidopterous thorax, Snodgrass (1909)
describes a large anterior arm of the pleural wing process
of the mesopleuron serving as a "Prop for the tegular plate
of the notum".

Ligamentous thickenings of the wing base membrane
were described by Snodgrass (1929). The structure and
properties of these ligaments have been studied by Weis-Fogh
(1959) who has found that their positions are often useful in
tracing the homologies of the axillary sclerites (pers. com.).

The nomenclature of Snodgrass is used in this thesis
for all external morphology. The term "Notal incision"
was restricted to that part of the lateral emargination which
1s continued into the line of wealmess in the notum. It was
found necessary to invent the name "Radial plate" for a
structure lying between the second axillary and the main part
of the radial vein.

The lepidopterous wing base has been described by
several authors. A summary of their nomenclature is given
in table I (p. 4 ). These descriptions tend to be inaccurate
because the material was examined in surface view only; and

preparations of individual sclerites were not made, Onesto



TABLE

AUTHOR

ONESTO, 1959. (Anthocaris cardamines)

EHRLICH, 1958. (Danaus plexippus)

NUESCH, 1953. (Telea polyphemus)

BOURGOGNE, 1951. (Hepialus, Papilio)

PREEMAN, 1947 (Choristoneura fumiferana)

MADDEN, 1944. (Protoparce sexta)

SNODGRASS, 1935, 1930, 1928, 1927, 1906

CRAMPTON, 1928, 2Ctenocha.virginica2.
192 Tmemonicea auricyanca)

JORDAN, 1928, (Chrysophanus dispar.)

WEBER, 1928, 1924, (18 species).

BERLESE, 1909. (Sphinx convolvuli.)

ANTERIOR ARM OF
FIRST AXILLARY SCLERITE PIRST AXILLARY

Iobo anteriore 1 Asc.
1 Ascellare collo ‘1l Ascellare

First Axillary Anterior arm
First Axillary

1°% Sclerite axillaire

First Axillary sclerite

First Axillary

Pirst Axillary sclerite

Notal ossicle (Notale)

Mediobasale=Condylophore Anterobasale

Vorderes Tergalgelenkstack
= Axillare 1.

Mesoptero. Proptero esterno

DORSAL SECOND AXILLARY SCLERITE

II Ascellare 2Axa

Second Axillary

Second Axillary

2% scplerite axillaire
Second Axillary sclerite
Second Axillary
Second‘Axillary sclerite
Median ossicle (Medialia)
Submediocentrale=acetabular
Mittelgelenkstack=Axillare 2

Proptero

VENTRAL SECOND AXILLARY

II Ascellare 2AxD

Second Axillary

Second Axillary

Praeparaptre

Second Axillary Sclerite

Mediocentrale = Tylophore

Endoptero.

THIRD AXILLARY SCLERITE

III Ascellare
Third Axillary
Third Axillary

€ gelérite axillaire

3

Third Axillary sclerite

Third Axillary

Third Axillary sclerite

Median ossicle (Medialia)
e

Posterongurale = Zygellum

Analgelenkstuck=Axillare 3

Pezzo articolare

FOURTH AXILLARY SCLERITE

ANTERIOR NOTAL WING PROCESS

Third Axillary

Fourth Axillary

Third Axillary sclerite

Fourth axillary

Third Axillary sclerite
Fourth Axillary sclerite

Basanal sclerite (Basanale)
Posterocentrale
Hinteres Tergalgelenkstﬁck

Metaptero

Processo notale anteriore and
Processo notale medio.

Suralare, anterior notal wing
process

Anterior notal wing process
Apophyse notale alaire antérieure
Suralare

Suralare

Anterior notal wing process

Suralar sclerite (Suralare)

Vorderer Tergalhebel

Procondilo

MEDIAN NOTAL WING FROCESS

Tobo scrutale (sic.)
Adnotale

Median notal wing process

Adnotale

Adnotale

Adnotal sclerite (Adnotale)

Hinterer Tergalhebel

Mesocondilo

POSTERIOR NOTAL WING FROCESS

IV Ascellare & Processo notale posteriore
Posterior notal wing process and Fourth
axillary

Posterior notal wing process

Apophyse notale alaire postérieure
Adanale

Adanale

Posterior notal wing yrocess

Adanal sclerite (Adanale)

Posterobasale

Hinterer Gelenqurtsatz

Condilo

LATERAL EMARGINATION AXILLARY CORD

Emarginazione
Axillary cord

tergal fissure Axillary cord

Axillary cord
Notal incision Axillary cord

Lateral notal emargination

Tergalspalt Flagelligament

Ligamento

FIRST MEDIAN PLATE

III Ascellare,lamina
prossimale

Median plate

Proximal Median Plate
Median plate M
Median ossicle
(Medialia)
'VErmittlungsstack

Capo delle nerveture
della preala

SECOND MEDIAN PLATE

RADIAL PLATE HUMERAL PLATE

Lamina prossimale.
TLamina distale

Median plate

Median plate M

Vérmittlungsstﬁck

Lamina distale Basi nervature dorsale

Second axillary

Radius
Humeral plate
Humeral plate
Radius Humeral plate

Parategula or Basicosta

Mediocentrale=NMNesum Anterocentrale=claviform

Radius

Subcostale & Vena costale ltinterma
Radiale

BASE OF SUBCOSTA

Uncino subcostale

Basal process of subcosta

Subcosta

Humeral plate

Subcosta

Subcosta

Subcostal head

Subcosta

Vena costale lt!'interna

BASE OF
SECOND CUBITUS

Distal median
plate

Basoginus or
Marsupium

Medioneurale

Cubitale(Cul)

SUBTEGULA

Sclerite accessorio
Tegular arm

Tegular arm

Selerite prolbngéant
1tapophyse pleurale
alaire

Subtegula

Subtegula

( Prescutal Apodeme

-Weis-Fogh)

Subtegula

Tegulararm

Clavicola‘

TERGOPLEURAL
APODEME

Braccio
tegulare

Tegular arm

Tegular arm

Subtegula
Tegular arm

Prealar Bridge

Tegulararm

Clavicola

PLEURAL WIIG
TROCESS PREALARE

Processo alifero Prescuto

Pleural wing
process Prealare

Pleural wing

process Prealar arm
Apophyse pleurale Bras
ailaire prealaire
Pleural wing
process
Pleural wing
process Prealar
Pleural wing
process Prealare
Prealar
sclerite
Prealare

FIRST SECOND
POSTALARE BASALAR BASALAR
Postalare Apodeme Basalare 1
Postalar
portion of Preepisternum Basalare
Epimeran

Postalear bridge Tendon cap
& latePophragma of Basalare Basalare

Pleural wing
Postadanale process Basalar

Postadanale

Postalare of First and sedond paraptera

Acrotergite preparaptera or Basalar
. sclerites

Postadanal

sclerite

(Postadanale.)

Plguraler ‘
Flugelgelenkkopf Tergalarm

Processo alifero .
o fulero Preclavicola

Postnotalhaken Episternalgelenkstack or
Basalare

Preclavicola due meth dell' acrosterno o
del Metanoto Prefulcro

SUBALARE

Subalare

Subalare

Subalare
Postparaptere
Subalare

Subalare

Epimeral parapterum

Postparapterum, Subalare

Subalare

Epimeralgelenkstﬁck
Subalare

Paraptero.

BASATAR SCALE

PLATE

Parategula

Anepisternum

Basalar pad




(1959) studied the wing base of a Pierid in great detail,
giving new names to every thickening and projection on each
sclerite, but some of the basic homologies were incorrectly
interpreted.

Weber (1924) compared the thoracic morphology of
primitive and advanced Lepidoptera with that of one example
from each of the orders Neuroptera, Mecoptera and Trichoptera.
He described the development of large notal wing processes
in Lepidoptera, and the most obvious changes in the shape
of the thorax, but his observations were not correlated with
function. Weber concluded that the hind wing base in
Lepidopteras is more primitive than the fore wing base.

The musculature of the thorax has been studied by
gseveral authors, Table II (p. 6) gives the equivalent
nomenclature for the "Direct" and "Indirect" flight muscles.
These authors disagree on the homologies of the anterior
tergopleural muscles. The origin - insertion nomenclature
of Snodgrass was followed in this thesis; and those names
indicating function were avoided.

The only author to describe wing folding in detail
was Voss (1905) who gave a description of the flexed wing in
Orthoptera. Vogel (1912) and Mc.Indoo (1917) described the
campaniform sensilla in the lepidopterous wing base.

Axillary characters of the wings have not been used
in the systematics of Lepidoptera. In contrast venation is

very important in classification, (Comstock, 1918; Tillyard,
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l9l9a; 1919b; Turner; 1947, 1918.) Turner divided the
Lepidoptera into Homoneura and Heteroneura largely on
characters of the hind wing veins. The method of wing
coupling has also been used in taxonomy, (Braun, 1919, 1924;
Tillyard, 1918.) The suborders Jugatae and Frenatae of
Comstock were based on wing coupling apparatus. The
presence of aculei between the wing scales of primitive
Lepidoptera, similar to those of Trichoptera, has been used
by Busck (1914) in his classification of the Microlepidoptera.
Chapman (1916) suggested that Micropteryx should be

placed in a new order called the Zeugloptera on the strength
of the fact that the female has 10 abdominal segments and a
single genital opening. Crampton (1920) did not agree that
the Micropterygidae should be a distinct order. He
suggested that the extent of division of the mesothoracic
coxa into a eucoxa and a meron might be used as a criterion
for separating the adults of Lepidoptera and Trichoptera.

In his opinion the Micropterygidae are Lepidoptera.

Martynove (1950), states that in spite of the significant
resemblance to the Trichopiera, the Micropterygidae, together
with the two nearly related families; Eriocraniidae and
Mnegsarchaeidae, undoubtedly belong in the order Lepidoptera;
in which they are not completely isolated, since in the adult
gtructure it is possible to observe a transition to the higher
forms of the order. Martynova found that the first instar

larva of Micropteryx calthella had more characters in common




with the larvae of Mecoptera than with Trichopterous or
Lepidopterous larvae. Hinton (1946) used wing characters,
female genitalia; adult mouthparts, larval and pupal
morphology; in his reclassification. He agrees with
Chapman (1916) in raising the Micropterygidae to ordinal
rank. Hinton created three suborders; +the Dacnonypha
(Eriocraniidae); Monotrysia (Hepialoidea, Nepticuloidea; and
Incurvarioidea), and the Ditrysia which contains all the
higher Lepidoptera. Richards and Davies, (Imms; 1957)
combined the Dacnonypha in their Monotrysia and preserved
Hinton's suborder Ditrysia. The classification used in this
present work follows Imms. (See table III, p. 9 ).

Another current classification is that of Kloet and
Hincks (1945) which contains three suborders: +the Zeugloptera
including the Eriocraniidae and the Micropterygidae; the
Homoneura with the single family Hepialidae; and the
Heteroneura containing all the other families.  Although
their classification is not followed; the specific names
used in this thesis are those given by Kloet and Hincks, It
was found convenient to call the superfamilies Pyraloidea;
Tortricoidea and Tineoidea the Microditrysia. Busck (1914)
stated that this grouping, which was used by the older German
1epid0pterists; is an unnatural one, because the Pyraloidea,
in his opinion; form a distinet group. Busck says that the
Segiidae and Cossidae have affinities with the "Microlepido-

tera", Chapmen (1894) related Micropteryx to the Psychoidea




TABLE III

ORDER_LEPIDOPTERA

SUBORDER ZEUGLOPTERA
FAMILY MICROPTERYGIDAE

Micropteryx calthella (Linnaeus)

‘SUBORDER _MONOTRYSIA
SUPERFAMILY ERTIOCRANIOIDEA

FAMILY ERIOCRANIIDAE

Mnemonica subpurpurells (Haworth)

SUPERFAMILY HEPIALOIDEA
FAMILY HEPIALIDAE
Hepialus lupulinus (ILinnaeus)
SUPERFAMILY STIGMELLOIDEA
FAMILY STIGMELLIDAE
Stigmella basalella (Herrich-Schaeffer)

SUPERFAMILY INCURVARIOIDEA
FAMILY INCURVARIIDAE
Adela reaumurella (ILinnaeus)
SUBORDER DITRYSIA
SUPERFAMILY PSYCHOIDEA

FAMILY ZYGAENIDAE

Zysgaena filipendulae (Linnaeus)

SUPERFAMILY COSSOIDEA
FAMILY COSSIDAE

Zeuzera pyrina (Linnaeus)

Cossus_cossus (Linnaeus)

MICRODITRYSIA

SUPERFAMILY TINAEOIDEA
FANMILY TINAEIDAE

Tineola bisselliella (Hummel)

FAMILY GELECHIIDAE

Sitotroga cerealella (Olivier)

SUPERFAMILY TORTRICOIDEA
FAMILY EUCOSMIDAE

Evetria buoliana (Schiffermueller)

FAMILY TORTRICIDAE

Tortrix viridana (ILinnaeus)

SUPERFAMILY PYRALOIDEA
FANILY CRAMBIDAE

Crambus hortuellus (Huebner)

FAMILY PYRAUSTIDAE

Scoparia ambigualis (Treitschke)
FAMILY PHYCITIDAE

Plodia interpunctella (Huebner)

FAMILY PTEROPHORIDAE
Stenoptilia pterodactyla (Linnacus)

MACRODITRYSIA
SUPERFAMILY BOMBYCOIDEA

% e

FAMILY LASIOCAMPIDAE

Poecilocampa populi (Linnaeus)

FAMILY SATURNIIDAE
Saturnia pavonia (ILinnaeus)
SUPERFAMILY SPHINGOIDEA
FAMILY SPHINGIDAE

Deilephila elpenor (Linnaeus)

Laothoe populi (Linnaeus)

Dilina tiliae (Linnaeus)

SUFERFAMILY GEOMETROIDEA
FAMILY GEOMETRIDAE

Biston be tularia (Linnaeus)

Operophtera brumata (Linnaeus)

Colotois pennaria (Linnaeus)

Selenis tetralunaris (Hufnagel)

Deuteronomos alniaria (ILinnaeus)

FAMILY DREPANIDAE
Drepana binaria (Hufnagel)

FAMILY CYMATOFHORIDAE
Asphalia diluta (Schiffermueller)

SUPERFAMILY NOCTUOIDEA,
FANMILY NOCTUIDAE,

Plusia gamma (Linnaeus)

Orthosia gothica (Linnaeus)

Agrotis ypsilon (von Rottenburg)

Agrotis exclamationis (ILinnaeus)

Agrochola lychnidis (Schiffermueller)

Agrochola macilenta (Huebner)

Allophyes oxyacanthae (ILinnaeus)

Amathes xanthographa (Schiffermueller)

Amathes umbrosa (Huebner)

Amathes c-nigrum (ILinnaeus)

Amphipyra pyramidea (Linnaeus)

Amphipyra tragopoginis (ILinnaeus)

Anchoscelis lunosa (Haworth)

Apatele psi (Schiffermueller)

Aporophyla lutulenta (Schiffermueller)

Ceramica pisi (Linnaeus)

Charadrina morpheus (Hufnagel)

Charadrina glsines (Brahm)

Charnaeas graminis (ILinnaeus)

Cirrhia fulvago (ILinnaeus)

Colocasia coryli (Linnaeus)

Cosmia trapezina (Linnaeus)

Conistra vacecinii (Linnaeus)

Eupsilia transversa (Hufnagel)

Hydraecia micacea (Esper)

Hydraecia oculea (Linnaeus)

Lampra fimbriata (von Schreber)

Leucania comma (Linnaeus)

Leucania pallens (Linnaeus)

Leucania lythargyria (Esper)

Iuperina testacea (Schiffermueller)

Lycophotia porphyrea (Schiffermueller)

Meristis trigrammica (Hufnagel)

Ochropleura plecta (ILinnaeus)

Orthosia gothica (Linnaeus)
Phlogophora meticulosa (Linnaeus)

Plusia chrysitis (ILinnaeus)

Rhizedra lutosa (Huebner)

Rusina umbratica (Goeze)

Thalpophila matura (Hufnagel)

Tholera cespitis (Schiffermueller)

Tholera popularis (Fabricius)

Triphaena interjecta (Huebner) 9

Triphaena janthina (Schiffermueller)

Triphaena pronuba (Linnacus)

Xylophasia monoglypha (Hufnagel)
Xylophasia remissa (Huebner)

FAMILY NOTODONTIDAE

Lophopteryx capucina (ILinnaeus)

Phalera bucephala (Linnacus)

FAMILY ARCTIIDAE

Spilosoma lubricipeda (Linnaeus)

Spilosoma lutea (Hufnagel)

Eilema lurideola (Zincken)

Phragmatobia fuliginosa (Linnaeus)
FAMILY LYMANTRIIDAE
Euproctis chrysorrhoea (Linnaeus)

SUPERFAMILY HESPERIOIDEA

FANILY HESPERIIDAE
Augiades sylvanus (Esper)
SUPERFAMILY PAPTILIONOIDEA

FAMILY PIERIDAE
Pieris brassicae (Linnaeus)

FAMILY LYCAENIDAE

Polyommatus icarus (von Rottenburg)

FAMILY NYMPHALIDAE

Aglais urticae (ILinnaeus)

Polygonia c-album (Linnaeus)
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(Zzgaena and Limacodea) on the basis of larval and pupal
characters.

Recent work on the phylogeny of the Papilionoides,
which was of use in the choice of species for this study, is
that of Ehrlich (1957). He compared the morphology of all
| parts except the axillary sclerites and the female genitalia,
which he described separately (Enrlich 1958), and concluded
that the Papilionidae and Pierideae form a group distinet from
the Lycaenidae. The Nymphalidee and Libytheidae form a third
group intermediate between them.

The theory of Chapman (1917, 1918) that the attitude
agsumed by Lepidoptera during the hardening of the wings may
be an example of recapitulation in habit, is not generally
accepted. Cottrell (pers. com.) has studied wing expansion
in Pieris.

Colouration in Lepidoptere has attracted a large
number of workers. Schwanwitseh (1924, 1926, 1935, 1943,
1949) describes the evolution of colour patterns in butter-
flies. O'Byrne (1933); Jones (1933) and Blest (1957)
studied colouration in relation to predation, and numerous
papers have been written on melanic forms; (summarised by
Kettlewell, 1956). Carpenter (1947) gave some examples of
the relation between colour pattern and attitude. Oudemans
(1903) made accurate drawings of the resting attitudes of a
large number of macrolepidoptera, and related colour pattern

with resting position. He concluded that the colour patterns
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on exposed parts of the body are different from those on
areas hidden at rest. Hodgson (1909) also notices the
sharp demarcation between hidden and exposed areas in the
wings of butterflies and named these "Phaneron" and "Crypton"
respectively

Chapmen (1906) and Russel (1938) both distinguished
between the "Just settled", initial resting attitude, and the
"Definite" or "Permanent" final resting attitude. Graham
(1950) related colour pattern with attitude and attempted to
derive all Lepidopterous postures from the primitive
stegopterous (teoctiform) position. He did not distinguish
between initial and final resting position; in butterflies
he described these ag the "Polygonia" and "Argynnis" types
respectively. Graham's main conclusions support and augment

those of Oudemans.
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Materials and Methods

The Lepidopters listed in table IV (p. 13) were
studied in detail. A wide variety of other species were
also examined to determine how generally the results could
be applied. The insects were drawn in the resting attitude
and then killed with ethyl acetate. The scales were removed
with a stiff pencil brush. To get an indication of shape;
measurements of the thorax and wing base sclerites of ten
specimens of each species were taken.

The tegulae of living insects were removed and the
method of wing folding was watched under a stereoscopic
microscope. The wing was also forcibly protracted and
retracted and the effect on the wing base sclerites was
obsexrved.

Dissected pieces of fresh wing base were stained for
24 hours in newly made up very dilute methylene blue; one
drop of saturated agueous dye solution in 1Occs. of a mixture
of 50% glycerine and 50% distilled water. The ligaments
stained deep blue. This method of demonstrating ligaments
was discovered by Weis-Fogh.

Some specimens were fixed in aqueous Bouin's
fixative for 24 hours and then stored in 70% alcohol. The
thoracic musculature was <Cissected and drawn. The
thoraces of fresh or alcohol-preserved specimens were
warmed in 2% KOH for about 5 of an hour. The upper and

lower membranes of the wing base were dissected apart and



TABLE Iv

!
i

SPECIES WING COUPLTIDNG , MEDIA
Fore Wing Apparatus Hind Wing Apparatus Type Fore Wing
Micropteryx calthella Fibula or Jugum Costal spines Jugo~Frenate Present
Mnemonica subpurpurellsa |Fibula or Jugum Costal spines Jugo-~-Frenate Present
Hepialus lupulinus Jugum - Jugate Present
Stigmella basalella Male-JUggm & Subcostal Female~-Jugum & Cubital spines |Male~Frenulum, Female-Costal spines Jugo-Frenate -
scales
Adels reaumurella Male-JdJugun & Subcostal Female-Jugum & Cubital Male~Frenulum & Female-Costal spines Frenate Present
retinaculum bristles Costal spinss
Sitotroga cerealella Male-Subcostal retinaculum Female-Subcostal scales & Male~Frenulum Female~Frenular bristles|Frenate -
& Radial scales, Radial scales
Tineola bisselliella Male~-Subcostal retinaculum Femzle-Cubital spines Male-Frenulum Female~Frenular bristles|Frenate Vestigial
Zygaena filipendulae Male-Subcostal retinaculum Female~¥e§ktgubital & Anal Male-Frenulum Female-Frenular bristles|Frenate Vestigial
ristles
Zeuzera pyrina Male-sﬁbcostal retinaculum TFemale-few hairs Male~Frenulum Female-Frenular bristles|Frenate Present
Evetria buoliana Male-Subcostal retinaculum Female-Subcostal scales &. Mele~Frenulum Female~Frenular bristles|Frenate -
& Cubital Scales Cubital scales ‘
Tortrix viridana Male-Subcostel retinaculum Female-Subcostalscales & Male-~-Frenulum Female ~Frenular bristles|Frenate Vestigial
& Cubital scales Cubital scales '
Plodia interpunctella Male-Cubital scales & Female-Cubital scales Male-Frenulum Female-Frenulum Frenate -
Costal fold ' :
Crambus hortvellus Subcostal and Cubital spines Male-Frenulum Female-Frenular bristles|Frenate -
Scoparia ambigualis Subcostal and Cubital spines Male-Frenulum Female-Frenular bristles|Frenate -
Stenoptilia pterodactyla| Male-Subcostal retinaculum Female—Cubital scales Male-Frenulum Female~Frenulum Frenate -
Poecilocampa populi —_ Large Humeral lobe & Reduced Frenular Amplexiform -
bristles
Saturnia pavonia —— Large Humeral Lobe Amplexiform -
Deilephila elpenor Male-Subcostal retinaculum PFemale-Cubital hairs Male-Frenulum Female-Frenular bristles|Frenate -
Lophopteryx capucina Male-Subcostal retinaculum Male-Frenulum ' Frenate -
Euproctis chrysorrhoes Male-Subcostal retinaculum, Female-Cubital and Anal hairs| Male-Frenulum Female ~Frenular bristles| Frenate -
Cubital & Anal hairs
Spilosoma lubricipeda Male-Subcostal retinaculum Mal e~Frenulum Frenate -
, & Cubital hairs
Plusia gamma Male-~Subcostal retinaculum Female-Subcostal hairs & Male-Frenulum Female-Frenular bristles|Frenate -
& Cubital scales Cubital hairs
Orthosia gothica Male-Subcostal retinaculum Female-~Subcostal hairs & Male-Frenulum Female~Frenular bristles| Frenate -
& Cubital hairs Cubital hairs
Drepana binaria Male-Subcostal retinaculum Male-Frenulum Frenate -
Biston betularia Male-Subcostal retinaculum TFemale-Cubital scales Male-Frenulum Female-Frenular bristles|Frenate -
Operophtera brumata ’ — Male~Large humeral lobe & Frenulum' Freno-amplexiform| Vestigial K
Pieris brassicae —— Humeral lobe Amplexiform -
Polyommatus icarus e Humeral lobe Amplexiform - ‘
Augiades sylvanus Cubital hairs ’ Hairy Humeral lobe Amplexiform - f

: SECOND CUBITUS ACULET RESTING ATTITUDE FOILDS IN HIND WING

<« Hind Wing |Fore Wing |Hind Wing Fore Wings Hind Wings Type Anal Cubital Medial
! Present Present Present Present |Small overlap-in|Meet in mid-line; hidden under Fore |[Tectiform or Stegopterous - - -

f Present Present Present Present |Small overlap Small overlap;hidden under Fore Tectiform or Stegopterous|Posterior to vein 24 - -
E'Present Vestigial |Vestigial | Present|Small overlap Small overlapjshidden under Fore Lateral Tectiform - - -

- - - Present |Small overlap Apart; hidden under Fore Plattened Tectiform Posterior to anal vein - -
Present Vestigial |Vestigial | Present|Small overlap Medium overlap; hidden under Fore Flattened Tectiform Posterior to 24 - -
Vestigial {Vestigial |Present - Small overlap Apart; hidden under Fore Flattened Tectiform Posterior to 2A Present Present
Vestigial |Present Present - Small overlap Small overlap; hidden under Fore Tectiform Posterior to 2A - -
Vestigial |Present Present -  {Medium overlap Small overlap; hidden under Fore Tectiform Posterior to 2A - -
Present Present Present - Medium overlap |Meet in mid-linej;hidden under Fore Tectiform Posterior to 1 + 2A - -
Vestigial|Vestigial |Vestigial - Medium overlap Large overlap; Hidden under Fore Tectiforn Posterior to 1 + 24 Present Present
Present Vestigial |Vestigial - Medium overlap |ILarge overlap; Hidden under Fore Flattened Tectiform Posterior to 1 + 2A Present Present

- - Present - Medium overlap |[No overlap; hidden under Fore Tectiform Posterior to 2A Present -

- - Present - Large overlap No overlap; hidden under Fore Lateral Linear Posterior to 24 Present Present

- - Present - Large overlap No overlap; hidden under Fore Flat narrow Posterior to 2A | Present Present

- Vestigial - - Foreward,Apart Foreward; anal angle exposed Flat or slightly raised - Present Present

- - - - Meet in mid-line| Apart; hidden under Fore Flat wide - Posterior to 24 Present Absent

- - - - Slightly apart |Medium overlap; Costal and anal Flat wide Posterior to 2A Absent Absent

margins exposed 4

- - - - Apart Apart; Anal angle exposed Flat wide Posterior to 2A Present Absent

- - Vestigial - Meet in mid-line| Meet in mid-line; Anal angle exposed|Lateral Posterior to 24 Present Absent

- - Vestigial - Meet in mid-line| Meet in mid-line; Anal angle exposed| Declivous Wide Posterior to 2A Present Absent

- - Vestigial - Small overlap Meet in mid-line; Hidden under Fore |Declivous Wide Posterior to 2A Present Absent

- - - - Meet in mid-line| Meet in mid-line; hidden under Fore |Declivous Wide Posterior to 2A Present Absent

- - - - Large overlap Small overlap; hidden under Fore Flat Narrow Posterior to 2A Present | Present

- - - - Apart Medium overlap; Anal margin exposed |Flat Wide - Present Absent
Vestigial|Vestigial |Present - Apart Apart; Anal margin exposed Flat Wide Posterior to 2A Present | Absent

- - Vestigial - Raised touching | Small overlap when flat; anal angle |Flat or Up Posterior to 2A Absent Absent

gﬁggsed Ventral surface exposed
u .

- - - - Raised touching Véntraf surface exposed Up - Absent Absent
Vestigial - - - Raised touching | Ventral surface exposed Up - | Absent Absent

- - - - Raised touching | Ventral surface exposed Up Half fold Half fold| Absent

or Apart posterior to 24
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mounted separately in Hoyer's medium (Beirne 1955).

Similarly treated wing bases were stained in Mallory's triple
stain, made up according to the formula given by Pantin (1948).
Both the acid fuchsin and analine blue/orange G were used at
one quarter strength. The staining time varied from 5-45
minutes according to the thickness of the cuticle.
Preparations of individual sclerites were also made. Sections
of parts of the wing base embedded by Peterfi's collodion
paraffin method (Lee 1950) were made. These were also
stained with Mallory's triple stain. An attempt was made

to find out something about the composition of the different
types of cuticle shown up by Mallory's triple stain in the
wing base. The physical properties of the two main types

of cuticle were compared using the torsion apparatus described
on p. 927.

Experimental work was carried out on some of the
larger species, A pair of watchmaker's forceps were ground
down and the tips were hooked inwards so that they overlapped.
These were used to cut the muscles individually; they were
inserted through the membrane wherever possible. When it
was necessary to damage sclerotized parts the hole was sealed
with wax (Wooten and Sawyer 1954).

Fine probe electrodes were made by drawing out lmm.
bore pyrex glass capillary tubes in a small flame. Each
tube contained two smaller capillary tubes threaded with 48

gauge Nichrome wires, In about one case out of ten these
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wires broke off evenly when the glass was pulled out to give
satisfactory electrodes, which could be used to stimulate
individual muscles, (photograph Fig. 122). A single channel
electrophysiological stimulator with independently variable
frequency, output and pulse width, was used in series with a
variable 173-25000 ohm resistance. The voltage when the
electrode was in the tissue was of the order of 1 volt. The
moths were pinned onto a plastacine cone in the centre of a
large protractor;,and the movements of the wings were
measured. This experiment was unsatisfactory and the
results are not reported in full. It was not possible to
put the "indirect" flight muscles into tetanus. A satisg-
factory strong movement was obtained only in about 1 in 5
specimen® in which the "direct" flight muscles were
stimulated.

All diagrams given in this thesis were drawn from
one specimen, using a squared eyepiece, and then altered
where necessary after reference to other specimens had been

made.
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Cuticle

General Observations

It was clear from observations on living insects that
some parts of the wing base cuticle are more flexible than
others. Differences in rigidity are not always due to
variations in the thickness of the cuticle. It was necessary
to investigate some of the properties of the different types
of cuticle; before the mechanics of the wing base could be
related to morphology.

Sections of normal cuticle were taken from the

mesonotum of Laothoe populi and Spilosoma lubricipeda. A
pale brown exocuticle and a thicker; colourless endocuticle
were seen in unstained sections. Three layers of procuticle
were visible after staining with Mallory's triple stain: a
non-gtaining exocuticle, a red outer endocuticle (mesocuticle
of Schatz, 1952) and a thin immer endocuticle which stained
deep blue. These observations were in agreement with those
Ito (1954) who used Mallory's triple stain on the cuticle of

Bombyx mori. Lower (1957) describes a thin exocuticle, a

thicker mesocuticle and a thin endocuticle, in a Noctuid moth.
Cuticle from the nota of the same insects was treated with two
percent KOH solution, sectioned and stained. The exocuticle,
which was no longer refractory, stained deep red and all the
endocuticle stained a deep blue. It was found that in fresh
tissue the endocuticle gave a positive reaction to Millon's

reagent, but after treatment with KOH, it was negative. The
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exocuticle gave a positive Millon reaction only after warming
in 2% KOH solution, being refractory to this reagent as well
as to Mallory's stain in fresh tissue. Kennaugh (1959)
reports that tanned exocuticle is refractory to Mallory's
stain in scorpions. Kuwana (1940) found that the primary

(pre-exuvial) cuticle of Bombyx mori was acidiphilous and

Millon positive; +the secondary (post-exuvial) cuticle was
basiphilous and NMillon negative.

Clear differentiation of the cuticular elements was

obtained, when whole wing base dissections were stained in

Mallory's triple stain or Lower's trichrome (1955).
Combination stains are generally considered unsatisfactory
for preparations of whole tissue; but it was found that
satisfactory results were obtained with thick material if
the dyes were sufficiently dilute. The specimens were
examined at intervals during staining because the staining
time varied from species to species.

The inner endocuticle is the only layer of the
procuticle present in the wing base membrane which, therefore;
stains dark blue in fresh tissue. Dennell and Malek (1954)

found that the arthrodial membrane of Periplaneta Americana

consisted only of epicuticle and post-exuvial endocuticle.
Outer endocuticle occurs in scattered patches on the upper
wing membrane especially around the veins; exocuticle is

present in the wing veins themselves.
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Colours seen in surface view of whole mounts, stained in

Mallory's triple stain after 2% KOH treatment, and their

representation on the disgrams.

Cuticular type

Colour

Diagram

Exocuticle
Outer Endocuticle

Inner Endocuticle

Thick: Dark
Red
Thin: Mauve

Thick: Black
Thin: Cross

Hatched

Outer Endocuticle

Irregular white

Dark Blue

Inner Endocuticle spots on black
Inner Endocuticle Blue Widely spaced black

spots on white
Inner Endocuticle

Medium spaced
with scattered Shades of

black spots on
patches of Outer Blue

Endocuticle

white

Bending cuticle

Purple spots
on Red

Close black spots

on white

Differentiation of Cuticle following KOH treatment

One hind wing base (upper membrane) and one fore

wing base (lower membrane) of S. lubricipeda were subjected,

prior to staining in Mallory's triple stain, to each of the

following treatments:

distilled water, Ringer's solution (see

gppendix 1), half percent aqueons KOH golution and unit
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concentrations of KOH from 1% - 10%, for 90 minutes at 90°C.
These were stained simultaneously with a fresh, fourteenth
pair as controls. After gtaining the sclerites of the
controls and those pleces heated in water or Ringer, appeared
orange~-yellow in surface view, Specimens subjected to
concentrations of KOH below 4% gave very good separation into
red and blue areas after staining. Unspecialised cuticle
appeared red or purple in surface view depending on the
thickness of the red - staining exocuticle. This cuticle was
thick in most places in the wing base and 1s shown plain
black in all diagrams of wing bases. Cross-hatching
indicates thin "normal" cuticle, ZExocuticle was absent in
part of the posterior notal wing process, and second median
plate of the fore wing in some gpecies, and the base of the
radius in the hind wing; the blue staining outer endocuticle
being visible in surface view. Similar patches of blue-
staining cuticle are present in the base of the subcosta of
the hind wing, the anterior notal; and pleural wing processes
of the fore wing. In these places the endocuticle is
invaginated so that the exocuticle of the surrounding parte
appears to be continuous. These invaginations consist
mainly of outer endocuticle; which is seen in blue-staining
patches in surface view, extending underneath the surface
membrane and parallel to it. The invaginations can be
opened out in cuticle which has been treated with 10% KOH.
Cuticle staining blue in Mallory after 2% KOH treatment is
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indicated by irregular white spots on a black background in
diagrams. Exocuticle begins to loose its red-staining
properties after treatment with 4% KOH and after 6% KOH

all normal wing base cuticle is non-fuchsinophil. Isolated
patches of "red" cuticle do remain in positions where the
cuticle was observed to bend during wing movements. This
cuticle was called "Bending cuticle" (see p. 24). 1Its
position is best demonstrated by fuchsinophil staining after
warming with 6-8% KOH, all the rest of the cuticle being
pale blue. Bending exocuticle is the only Millon positive
element remaining in the wing bases so treated. All the
Millon~positive protein was removed from wing base cuticle
by 10% KOH; and homogeneous light blue staining was then
given with Mallory's stain.

Protein Tests.

Fresh, scraped nota from a large number of Noctuids
were heated for 90 minutes, at 90°%c. in 2% KOH solution. The
solution was a light brown colour, and became opalescent when
ethyl alcohol was added to it. Ten percent trichloracetic
acld gave a cloudiness that disagppeared on heating. It was
assumed that arthropodin (Fraenkel and Rudall 1947) was
removed from the cuticle by the KOH. The exocuticle remained
Millon and Xanthoprotein positive but all protein had been
removed from the endocuticle. Richards (1951) states that
the sclerotin group of proteins (Pryor 1940) are removed by

5% KOH, which coincides with the time of loss of red-staining
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properties; and Millon positivity from the exocuticle.
Blower (1951) thought that fuchsin-staining with Mallory was
a property of the cuticular proteins. Krishnan (1953) found
that the entire endocuticle of a scorpion was impregnated with
protein and stained blue with Mallory's triple stein. Inner
endocuticle of Lepidoptera is Millon-positive and stains deep
blue with Mallory. Dennell and Melek (1956) concluded that
quinone-containing cuticular proteins are fuchsinophil.
Ligaments

Ligaments are largely dissolved by 2% KOH solution,
and skrink to a bundle of wavy fibres that run from origin
to ingertion of the ligament. These fibres gave a positive
chitosan~-iodine reaction after heating in KOH solution;
saturated at room temperature, for 20 minutes at 160°%¢. They
staln pale blue with Mallory's triple stain after KOH treatmenﬁ:
and it is this basis of chitin fibres that was used to identify
ligament insertions on some sclerites. In fresh tissue the
ligaments gtain very deep blue with Mallory's stalin and often
have an imprecise outline. This type of ligement is called
a tension ligament by Weis-Fogh (pers. com.), who has found
that they are tough when stretched in the direction of the
fivres. Tension ligaments were found between all the
sclerites of the wing base. Only those which were of
significance in comparative morphology are described in this

thesis.



22

Carbohydrate tests

Wigglesworth (1956, 1957) showed that the flexible

membrane of the neck and legs of Rhodnius prolixus gave a

positive PA/S reaction, whereas the rest of the endocuticle
was negative. The axillary cord and wing base membrane of
Lepidoptera stain pink with this test. The ligaments of
the wing base are imtensely PA/S positive, staining deep
pink (almost magenta) with this reagent. They also stain
very strongly in cold Millon's reagent (Ryder 1959) in three
to four hours, under these conditions the cuticular proteins
do not react. This was found to be the besgt method of
showing up ligaments. The ligaments were PA/S negative
after incubation with Protease at 30%c for 48 hours.
Incubation with diastase, ptyalin or chloroform ethanol did
not affect the positive reaction to the PA/S test; which was
probably not due to the presence of polysaccharide or some
unsaturated lipid which also may be PA/S positive, (Schmidt
1956). Fresh ligaments stained dark purple in 0.5%
toluidine blue after a few hours; the other wing base
tissues stained blue., This may be PB-metachromasie (Pearse
1960); which is given by some mucoproteins, (Day 1949). Aocid
mucopolysaccharides give a red Y - metachromasia with this
stain. Ligaments are also stained by bismark brown; this
reaction is given by mucoproteins (Leach 1947).

Schmidt (1956) describes a “"subcuticle" in Cecropisa

pupa, lying between the epidermis and the endocuticle. This
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contained thickly packed fibres in some areas. The
subcuticular layer was thickest in the places where the
dorsoventral muscles were attached and in the intersegmental
membranes. This gave o positive reaction to the PA/S and
aldehyde~fuchsin tests; and was stained heavily by bromophenol
blue, It stained orthochromatically with toluidine blue and
gave no reaction with sudan black or ammoniacal silver
nitrate. Schmidt concluded that a mucoprotein or a glyco-
protein was present. Lepidopteran wing base ligaments

differ from "subcuticle" only in their staining with toluidine
blue. Although the ligaments are stained with aldehyde-
fuchsin (Halmi and Davies 1953; Scott and Clayton 1953) the
pink colour is easily washed out in alcohol. Clark and

Clark (1960) are of the opinion that the irregular, crystalline
attachment nodes of the ligaments in a Polychaete Worm;
Nephtys, are probebly composed of glycoprotein.

The epidermis can be stained with aceto-carmine, and
is seen to lie underneath the ligaments in the lepidopteran
wing base. Histochemical tests on accurate sections of
ligaments were not performed and are necessary to show whether
ligements are endocuticle,"subcuticle", or a geparate cuticular
layer of a different composition.

Rubber-like Cuticle

Two thick patches of rubber-like cuticle are present
in the mesothorax, (lebelled Subtg.- N. Li and Subtg.- Psc. Li
in figures 101 and 102.) These stain heavily with methylene
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blue, as do the tension ligaments. A very intense reaction
ig given to Millon's reagent; but staining with toluidine
blue is orthochromatic. Rubber-like ligaments stain unevenly
with Mallory's triple stain in whole mounts and red in
gsections; +they are PA/S negative. The chemical and
physical properties of the rubber-like protein of which they
are composed, have been investigated by Weis-Fogh (in press.)
He calls this resilin; it has an unusual amino acid
composition. Weis-Fogh has located other rubber-like
ligaments in the wing base of a Sphingid; but I have been
unable to find them.

Bending Cuticle

Bending cuticle from Laothoe populi, Spilosoma

lubricipeda, Scoparia ambigualis and Tortrix viridana was

sectioned. The exocuticle was refractory to Mallory's
stain in fresh tissue, and was red-staining in sections of
bending cuticle which had been treated in 2% KOH. It
differs from normal exocuticle in being more resistant to
KOH (see page 20). The outer endocuticle is not a
continuous layer, but consists of a series of red cones
embedded apex downwards in blue-staining inner endocuticle.
(Figs. 25 & 35).

The whole of the endocuticle is Millon-positive.
The inner endocuticle is PA/S positive; the cones resemble
normal outer endocuticle in being negative. The cones of

outer endocuticle are more strongly ninhydrin positive than
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is the inner endocuticle. (Schatz, 1952, records that
mesocuticle is ninhydrin positive).

Inner and outer endocuticle are indistinguishable in
gsections of undifferentiated cuticle after KOH treatment.

The bending cuticle cones differ from normal outer exocuticle
in staining a darker blue than the inner endocuticle, which
may be the same as normal inner endocuticle.

The endocuticular lamellae are very pronounced in
bending cuticle and probably glide over one another to give
increased flexibility, (Wigglesworth 1948). These horizontal
lamellae can be seen to be continuous in both the cones and
the inner endocuticle in KOH-treated tissue. (Fig. 24; p. /$3)

Bending cuticle appears in surface view to be dark
blue with orange spots in Mallory stained fresh tissue. The
standard wing base preparations of all species were made from
tigsue treated with 2% KOH and in these the bending cuticle was
red with purple spots. It is represented in diagrams by
close black spots on white. The cones are very difficult to
detect in unstained tissué because they are almost colourless.
They have different optical properties from the inner endocuti-
cle; Figure 36 is a photograph taken by polarized light of a
hand cut section distorted inside a glass capillary tube.

The inner endocuticle stretches when the cones move apart, and
can be seen to bulge inwards when the cones close together.

Dark, sclerotized, exocuticular cones have been

described by Plotnikow (1904) and Hass (1916) in insect
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intersegmentel membranes. These cones are easily visible

in surface view; and do not extend downwards to the inner
margin of the endocuticle (see fig. 31; P./57). Blower (1951)
describes similar; dark cone-shaped structures in lMyriapod
cuticle. These appeared to be formed partly from exocuticle
and partly from outer endocuticle; the inner endocuticle

being undifferentiated. C.T. Lewis (pers. com.) has found
that the sclerotized bars described by Eastham and Eassa (1955)
in the butterfly proboscis are broken internally in Aglais
urticae into cones (Fig. 32, p./5)). These are dark in
colour, but resemble the cones of wing base bending cuticle

in reaching to the inner margin of the endocuticle. The
exocuticle 1is produced externally above each cone into a
rounded hump or a seta. Way (1950) describes the formation
of exocguticular cones around the pore canals during the
development of the cuticle of a Noctuid larva.

The cones of wing base bending cuticle appear to be
entirely endocuticular. The exocuticle is not thinner than
that of adjacent normal cuticle (Fig. 28, p./55); and is quite
smooth on its outer surface. Manton (1958) commented on the
staining reactions of fresh cuticle with Mallory's triple
stain. She concluded that sclerotized non-staining exocuticle
is unstretchable when it is thick, and that the red staining
cuticle is less fully sclerotized; less rigid and more elastic
than the non-staining cuticle; whereas cuticle staining pale

blue is flexible but not elastiec. Manton suggested that
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cuticle staining dark blue is intermediate between the red-
staining and pale blue staining types. Bending cuticle in
living Lepidoptera is usually distorted in such a way that it
bulges outwards; the endocuticle being compressed and the
exocuticle stretched. The bending exocuticle is as thick as
it is in some areas of normal cuticle which are markedly more
rigid. It therefore seems that refractory exocuticle may be
stretchable in specialized areas.

The bending exocuticle is penetrated by red-staining
canals seen in Mallory-stained sections to extend upwards from
the inner endocuticle between the cones. (Fig. 26; De/34).
These may be pore canals; which are described by Way (1950) in

Diataraxia larva, or the ducts of dermal glands, which are

described by Blower (1951) between the cones of Haplophilus

and by Malek (1958) between the scale like sculpture on the

surface of Schistocerca cuticle. The true nature of these

canals was not investigated. An air sac is always present
immediately beneath bending cuticle, and very little of the
hypodermis remains. Studies on the development of bending
cuticle were outside the scope of this work. There are no
scales on bending cuticle.

Types of Bending Cuticle

Three types of bending cuticle were found in the

species studied: In Microptexryx calthella, Monotrysia, the

Microditrysia and Zygaena filipendulae the cones are small

and irregular, often being clumped together in small groups.
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The cones of Z. filipendulae (Fig. 34, p./38) are the

largest in this type and there are about 320 cones or clumps

per millimeter. In Hepialug lupulinus this type of bending

cuticle, which is probably primitive, is present in the
humeral split of the fore wing. Elsewhere large irregularly
shaped cones are present, evenly spaced as in the next type,
but between these numerous small cones occur.

All higher Lepidoptera have larger cones which are
almost always distinct entities. They may be fused together
in clumps near the junction of normal cuticle and bending
cuticle, In Noctuoidea and Geometroidea the cones are
extremely regular in shape and constant in size; within each
speciles. The shape of the cones may, when seen in surface
view, appear very different in closely related species.

(Fig. 27, p./S5). The cones of Bombycoidea and Sphingoidea
are round in section but differ in basal diameter within one

species. Cossus cossus, Zeuzera pyrina and all the butter-

flies studied have smaller cones than the other macrolepidop-
Yera, and these are a 1little irregular in size and spacing.

Augiades sylvanus possesses the smallest cones of the

advanced type. These vary from 107-256 per millimeter.

The normal exocubticle of Papilionoidea is pigmented. The
exocubticle of the bending cutbicle is much paler; making the
flexible parts of the cuticle easy to detect in these species.
Bending cuticle is superficially indistinguishable from

normal cuticle in most Lepidoptera.
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Preparations of Mallory-stained Limephilus lunatus

wing bages were unsatisfactory because the stain which proved
so reliable for lepidopterous cuticle, produced uneven
colouring in Trichoptera. The presence of bending cuticle
was suspected from superficial examination; but surface
microtrichia made its detection uncertain from this badly
stained material. No gections of Trichopterous cuticle were
taken to decide this point.

Torgion of bending ecuticle.

Bending cuticle is usually not bent in one direction
only, but is seen to be buckled and twisted in the living
insect. A torsion spparatus (figure 38) wag constructed by
Mr., J.W. Siddorn to demonstrate that bending cuticle was
more eagily twisted than normal cuticle.

A strip of bending cuticle approximately 1 mm, long
and ¥ mm. wide was cut from each mesothoracic posterior notal

wing process of 5 Laothoe populi. Small lumps of sealing wax

were attached to tags of normal cuticle which were left on
each end of the strips. The length (L), width (b) and
thickness (C) of the strips were measured, and they were kept
in Ringer's solution until they were used. One strip of
normel cuticle was taken from each side of the mesonotum of
the same 5 moths. These were waxed and measured in the same
way as the strips of bending cuticle, .

Each gtrip was removed from Ringer's sgolution and

quickly waxed onto a short length of glass capilléry
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tubing on the bottom of a2 glass torsion fibre. The cuticle
was observed with a micro-telescope and when it was quite
straight, it was waxed onto the bottom of a glass dish above
the centre of a rotating stage (fig. 40, p./62). The glass
dish was filled with Ringer's solution. The torsion fibre
was 25 cm. long and of the order of 0.05 mm. thick; a
counterbalanced pointed was attached to the bottom of the
fibre and was in line with the zero mark on the base of the
apparatus when the fibre was not twisted,

The gtage was rotated so that the endocuticle was on
the inside of the curve as the cuticle was twisted. It was
observed that bending cuticle was buckled upwards in life.
The angle of the pointer was recorded for every 15° rotation
of the stage. The force exerted by the torsion fibre on the
top of the cuticle was directly proportional to the angle
through which the fibre is twisted, (p° in fig. 39; p. /G) .
The amount of twisting produced in the cuticle by this force
is given by the difference between the angle of rotation of
the stage (i.e. bottom of cuticle) and the pointer (i.e. top
of cuticle) = x - }30.

The formula applicable to twisted strips is:-

T .
e = E§'33§a (P.P. Benham, pers. com. )

Where © = the angle of twist per unit length, T is the applied

force, and G is the tension modulus in units of stress (gm/cm%f
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«® - B%) c:% = %Eg%'—c_‘ where x is a constant
A correction for thickness could not be applied because the
cuticle was not homogeneous. (The average thickness of the
notal strips was 0°0445 mm, and that of the bending cuticle
040253 mm. This being largely due to the differences in
thickness of the endocuticle,

The angle of twist of the cuticle, corrected for
length and width was plotted against the force in degrees
which produced that amount of twisting. The results for a
rotation of the stage from 0-180° are shown in greph (Fig.
41, p./43). It was found that the strips of cuticle did not
always return to their original shape after being twisted
more than 180°%, and the stage, when released did not always
return to the zZero mark.

It was concluded that bending cuticle is more easily
twisted than normal cuticle, It was not clear how much of
this difference was due to the endocuticle being thinner; or
differentiated into cones or due to differences in the
composition of the exocuticle. In the notal incision the
bending cuticle is bounded by normal cubticle and the
exocuticle 1is the same thickness throughout. If however; the
results of the torsion experiment are corrected for thickness

the bending cuticle seems to be more rigid than normal cuticle.
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Fore Wing
First Axillary Sclerite - 1 Ax.

In all higher Lepidoptera there are three ligaments
between the notum and the first axillary sclerite. One is
in front of the lateral emargination and the other two are
behind it. In locusts there are two ligaments anterior and
one posterior to the line of weakness in the notum. (Weis-
Fogh pers. com.) It would seem at first sight that the
lateral emargination and line of weakness, along which the
notum bends when the dorsal longitudinal muscles contract, are
in a different posgition relative to the lAx., in Lepidoptera.
In some primitive Lepidoptera, however, a small ligament is
present rumning from the anterior notal wing process to the

base of the first axillary. This is probably the true second

noto-axillary ligament, and is found in Mnemonica subpurpurells,
Stigmells basalella and Zeuzera pyrina (Figs. 43, 45, p./45¢
48, P-/ég)-

There is a patch of bending cuticle in the anterior

arm of the first axillary sclerite which is strongly arched
upwards (Fig. 51b, p./ZS). Sometimes the first noto-axillary
ligament is split into two parts; one inserting anterior and
one posterior to this patch of bending ecuticle. (Figs. 50,
5la, 52).

Both ligaments posterior to the lateral emargination
in Lepidoptera are probebly homologous with the third noto-

axillary ligament of locusts. This ligament in Locusta
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migratoria does appear to have two thickenings in it. In

Monotrysia and Micropteryx calthella the origins of the two

halves of this ligament are wide apart on the notum (Figs 43~
47); but in higher Ditrysia they approximate and are close
together on the enlarged median notal wing process. (Fig. 52,
p./éé).

The anterior proximal corner of the first axillary
sclerite; which bears the insertion of the anterior half of
the third noto-axillary ligament, is invaginated in life
underneath the median notal wing process. It congists of a
flap of cuticle which is softer than the rest of the le.;
and stains blue with Mallory's triple stain. The fifth
tergopleural muscle, when present, inserts on this anterior
corner which is therefore called the apodeme of the 1Ax.

This apodeme is large in Monotrysia and only that part of the
1Ax, distal to the insertion of the posterior half of the
third noto-axillary ligament projects beyond the median notal
wing process. In Ditrysia the apodeme is small or absent,
and the main part of the first axillary sclerite is longer;
projecting well out from the notum.

It ig seen from Fig. 57 that the whole mesothorax
tends to become longer in proportion to its width from the
more primitive to the most advanced Lepidoptera, and that
thisg parallels the change in shape of the lAx. This could
be connected with flight; or resting position or merely

represent an orthogenetic trend. The positions of most
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species on this graph agree with their classification.

Stenoptilla pterodactyla (25) however, is close to the other

species that can sit with their wings up and is not near the
other Ditrysian microlepidoptera, which form a discrete
group. Five Noctuids that sit with their wings closely
folded over the abdomen (Fig. 57, nos. 7; 17; 24; 35; 36.)
were found to have & narrower thorax than enother five which
git with their wings more spread out, (fig. 57, nos. 14, 31,
32, 34, 38.)

In spite of this evidence it was thought that these
changes in shape were more likely to be adaptations for better
flight because the first axillary sclerite is not directly
concerned in wing folding.

The distortions of the thorax produced by the
indirect flight muscles act directly on the lix. (Fig. 59,
p./éﬂ). In Lepidoptera, when the dorsolongitudinal muscles
contract the median notal wing process and the proximal end
of the first axillary are raised and the wing moves downwards.
Clearly the greater the effective length of the first
axillary sclerite the greater the mechanical advantage to
lever the wing up and down; and the further median notal wing
process will have to move at each stroke to produce a wing
movement of the same amplitude as before. This could account
for the fact that a large median notal wing process, a long
lateral emargination, and a notal incision joined to the line

of weakness in the notum by bending cuticle, are present in
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all higher Lepidoptera which have a long 1lAx.

It was assumed that the movability of the median
notal wing process depended on its free length X, which was
proportional to the amplitude of movement of the median notal
wing process. If the amplitude of movement of the wing is
approximately the same in all Lepidoptera, then the leungth
of 1lAx. (excluding apodeme) divided by wing length, when
plotted against the free length of the median notal wing
process also divided by wing length to correct for size
differences between species, should give a straight line.
Representatives of 14 superfamilies were found to give a good
straight line (Fig. 58), but two species in the Papilionoidea

did not fit on this graph. These two,Pieris brassicae (15)

and Polyommatus icarus (20) were found to have the lateral

emargination produced into the notum by a strip of bending
cuticle to form a secondary line of weakness. (Fig., 52, p./éf)
It was concluded that the evolution of a large median notal
wing process and a long first axillary sclerite was an
improvement for flight.

Weber (1924) states that the distance between the
anferior notal wing process and the median notal wing process
is reduced as the median notal wing process grows forward in
higher Lepidoptera. This distance is relatively constant in
all Lepidoptera, being about 1/100th. of the wing length.

The median notal wing process appears to have been enlarged

by an extension of the lateral emargination into the notum.
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The first axillary sclerite always has a positive
slope away from the body when the insect is not flying; and
therefore its angle with the horizontal is not the same as
that of the wing at rest. The angle of 1lAx., is however
broadly correlated with resting position and is also
correlated with the overlap of the pleuron and the notum:
that is the vertical distance between the pleural wing process
and +the anterior notal wing process. The scatter diagran
(Fig. 60, p./70) shows this correlation, which is inexact
because it was not possible to allow for the angle of the
second axillary sclerite when the wing is at rest. The
joint between 1Ax, and 2Ax. allows 60° play of movement. It
is clear however, that those Lepidoptera which can hold their
wings upwards at rest; have a large overlap between the
pleuron and the notum.

In general the longer the lAx, the greater the
horizontal distance between the pleuron and the notum. The
narrower the notum is the more it has to bulge upwards; other-
wise the volume of flight muscle would be reduced. This
general correlation is demonstrated when the vertical distance
between the pleural wing process and the top of the notum,
divided by the vertical height of the pleuron, from coxa to
pleural wing process, 18 plotted against the horizontal
digtance between the anterior notal and pleural wing processes,
divided by the width of the notum (Fig. 61, p.”)/). The

Papilionoidea have the widest "pleural shelves" and the
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narrowest, most bulging nota (Fig. 56, p./&?). It therefore
seems that a hypothetical primitive moth with a flattish
notum could be converted into a butterfly by squeezing the
notum imwards at the sides and pushing it downwards into the
pleuron, so that the wings rest on the shelf between the
pleuron and the notum, supported on the outside by the
projecting pleursl wing process (Fig. 62; p.{7/).

Third and Fourth Axillary sclerites.

The third axillary sclerite is associated with the
vannal area of the wing. It articulates with the posterior
notal wing process either directly or through a fourth
axillary sclerite which originetes as that part of the third
axillary associated with the Jjugum, The posterior notal
wing process is a part of the scutum which has been cut off
from the notum by a patech of bending cuticle and appears to
be associated with the scutellum in higher Lepidoptera.

(Weber 1924)

Monotrysian Lepidoptera and Micropteryx calthella
have a jugum, sometimes called a fibula, which is a small
flap from the vannal area of the wing which is folded forwards

under the wing at rest. In Micropteryx calthella,

Mnemonica subpurpurells and Stigmells basalella the posterior
part is joined by a ligament to the jugal lobe (figs. 63, 64;
65, p./72). In all Lepidoptera the anterior part of the
third axillary is attached to the first median plate. In

Stigmella basalella this posterior part of the third axillary
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sclerite 1s produced into a flap of bending cuticle towards

the posterior edge of the jugum and axillary cord {Fig.65).
The third axillary sclerite of Hepialus lupulinus

ang Adela reaumureila is divided into two by a thin

strip of bending cuticle (Fig. 66, p.{73). The anterior part
articuledes with the first median plate and bears the insertion
of the seventh ftergopleural muscle; the posterior part
articulates with the posterior notal wing process; and is
connected to the jugum by an anterior ligament in Hepialus
lupulinus and posterior bending cuticle in Adela reaumurella,

Ditrysia lack a jugum projecting from the anal margin
of the wing. The anal corner of the wing is, however, folded

underneath the wing at rest in Zygaena filipendulae (Fig. 68,

p./73), Zeuzera pyrina (fig. 67.) and all the Microditrysia

examined (fig. 69, p./79h. This jugal area is associated
with the posterior part of the third axillary sclerite in the
same way as is the Monotrysian jugum., All Macroditrysia
lack a jugal area (fig. 70). The posterior part of the third
axillary is attached to the underside of the anterior part by
bending cuticle which acts as a hinge. It appears in surface
view to be a distinct sclerite and is cilled the fourth
axillary sclerite. (Fig. 75, p./)6).

On contraction of the seventh tergo-pleural muscles,
the third axillary sclerite rotates inwards and forwards over
its articulation with the posterior notal wing process. VWhen
a fourth axillary sclerite is present a second fold occurs

between the third and fourth axillaries so that these two
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sclerites form a Z-bend with the posterior notal wing process.
The posterior notal wing process bends downwards at its
bending cuticle hinge with the notum until it rests on the
subalare which is often grooved for its reception. In

Zeuzera pyrina and Sitotroga cerealella a soft patch of

Mallory blue-staining cuticle is present in the posterior
notal wing process allowing the distal end to bend downwards
when the third and fourth axillaries are folded on top of it.
The third axillary sclerite remains simple in shape
in all Lepidoptera. It is a narrow; hard plate in Pieris

braggicae and is much wider in Deilephila elpenor consisting

largely of bending cuticle. Spilosoma lubricipeda and

Euproctis chrysorrhoea also have a large part of the simple

plate of the third axillary composed of bending cuticle. The
insertion of the seventh tergopleural muscle appears to be

attached to the fourth axillary sclerite in Drepana binaria

(fig. 71, p.”/7% and Asphalisa diluta, being separated from

the rest of the third axillary plate by a secondary strip of
bending cuticle. When this nmuscle contracts the wing is not
dravnn back as far in this species as in other Lepidoptera,
because the insertion of the seventh tergopleural muscle is
near the first axillary. (See p.54).

The insertion of this muscle is further from the
junction of the third axillary and first median plate in
Ditrysia than in Monotrysia. This means that the muscle

hag to shorten more but apply less force to pull the wing



4o

back. Third third axillary sclerite of Avgiades sylvanus

articulates with the first median plate by a ball and socket
joint, which allows these two sclerites to move freely on
one another (fig. 72, 1./)5).

Second Axillary Complex

The second axillary sclerite and the base of the
radial vein form a complex in Lepidoptera consisting of
several distinct parts; which connect the distal end of the
first axillary sclerite, on the dorsal wing membrane and with
the pleural wing process on the ventral wing membrane.

The dorsal half of the second axillary sclerite
(d24x.) articulates proximally with the first axillary
sclerite and distally with the first median plate. The
dorsal second axillary has a peg of cuticle (fig. 84, p./29)
projecting downwards from its underside which does not reach
the ventral wing membrane but fits into a depression in the
ventral second axillary. The main part of the ventral
second axillary con51sts of a sclerotization on the ventral
wing membrane (fig. 76, p. /7é), which is connected by ligaments
to the subalare and the pleural wing process (figs. 80 - 83).
A vertical bar extends upwards through the wing base and
joins the ventral second axillary to the radial plate, on the
dorsal surface. In all higher Lepidoptera the dorsal and
ventral parts of the second axillary sclerite are joined
together by bending cuticle; and the radial plate is joined

to the radius by a narrow arch of bending cuticle. The
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radius is produced, under the radial plate, into a process
on the ventral wing membrane, which is connected to the
pleural wing process by a ligament. The pleural wing process
projects upwards between the ventral radius and ventral second
axillary, articulating distally with the postero-lateral
radius and the vertical bar of the ventral second axillary.
The ligaments between the pleural wing process and the ventral
radivs and ventrgl second axillary are long in moths and in
some species allow the pleural wing process to articulate with
the underside of the anterior half of the dorsal second
exillary (fig. 103; p./89).  These ligaments are straight
when the wing is horizontal and twisted when the wing is up
or down. In butterflies these ligamehts are shorter; not
allowing the pleural wing process to reach the dorsal second
axillary, and are straight when the wing is upwards in the
resting position.

The dorsal second axillary probably represents the
primitive second axillary sclerite, which articulates with
the first axillary; pleural wing process and first median
plate. It appears to be homologous with the second axillary

of Panorpa communis (fig. 79.)

A small plate of thin cuticle lies between the qOrsal
second axillary and the radial plate in most species, It
bears a tuft of long scales and is therefore called»the scale
plate (figs. 85, p.784, and 94, p./%¢).

The second axillary sclerite of Limnephilus lunatus
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is very similar to that of Lepidoptera. The ventral second
axillary is connected to the first median plate, part of
which is on the ventral wing membrane, by a strip of cuticle.

Bending cuticle is present in this position in Micropteryx

caglthella, Mnemonica subpurpurella and Hepialus lupulinus

(fig. 82, p.é??). All other species studied have a
ligament between the ventral second axillary and the first
median plate. Another ligament joins the ventral second
axillary and the fourth axillary which usually breaks the
surface of the lower wing membrane near its junction with
the posterior notal wing process. The upper and lower wing
membranes which are wide gpart in the region of the second
axillary, are close together around the median plates and
third and fourth axillaries. The radial plate is higher
than the dorsal second axillary and overlies it when the
wing is folded. (Figs. 80, 84, 93, 94).

In Monotrysia the subcosta is continuous in the wing
base; but in Ditrysia it is broken either by bending
cuticle (fig. 91, p./%£3) or by a membranous enlargement of
the humeral split (fig. 92.). In the absence of any rigid
structure anterior to the bending cuticle joint between
radius and radial plate; the radius is free to rotate
backwards on the radial plate. A similar bending cuticle

folding point is present on the ventral surface. (Fig. 103,

»./89).
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Median Plates

The junction of the first and second median plates
is always lifted when the wing is folded. The first median
plate is V-shaded in section. The bottom of the V reaches
the ventral wing membrane and is connected to the ventral
second axillary by bending cuticle or a ligament as mentioned
previously. The proximal part consists of normal cuticle,
and slopes downwards away from the body, it articulates with
the dorsal second axillary sclerite, and has a broad junction
with the third axillary sclerite. The distal part of the
first median plate slopes upwards away from the proximal
part and consists of bending cuticle (Figs. 78, p./77; 91,
p. /§3). The second Median plate consists of normal cuticle

in Micropteryx and Monotrysia and is exposed on the gurface

of the wing membrane where it joins the base of the media
(figs. 85, 88). In Ditrysia the second median plate consists
of outer endocuticle and appears to be connected to the

radial vein in higher Lepidoptera (figs. 91; 94). The

second median plate of Zygaena filipendulae is connected to

the remains of the base of the media which is joined to the

radial plate by a loop of bending cuticle (figs. 89, 90, p./%d).
The base of the second cubitus projects over the

second median plate and becomes fused with the bending cuticle

junction of the media and the radial plate. Although the

vein is absent in the wing of all higher Lepidoptera, the

base of the second cubitus has a bending cuticle joint with



the radial plate in all the Ditrysia studied except Pieris
brassicae (figs. 91, 92, p./§3, 94, p./8¢). Stigmellas
basalella (fig. 86, p./80) and Adela reaumurella (fig, 88,

p./8/ ) show intermediate stages in the growth of the second
cubitus over the second median plate.

The base of the second cubital vein of Hepialus
lupulinus is fused with the second median plate; and is
detached from the rest of the vein in the wing itself
(fig. 87, p./8/).

The second median plate may penetrate the upper wing
membrane in some species but it is usually invaginated under
the second cubitus in a pocket of membrane (Fig. 78; p./0)).

Direct flight muscles

The first tergopleural muscle was found in all
Lepidoptera. It originates on the first basalar sclerite
and inserts on the antero-lateral prescutum, the prealare
(Figs. 104, p./90, 107, p. /9/).

The second tergopleural muscle was absent in
butterflies but present in all the moths dissected. It
also originates on the first basalar sclerite, but inserts
on the scutum in front of the anterior notal wing process
(fig. 104).

The third tergopleural muscle originates on an
apodeme arising from the pleural wing process and inserts
on the subtegula. The subtegula is thought to be prescutal

in origin because the third tergopleural muscle inserts on a

Ly
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projection of the posterior prescutum in locusts. It is

called the prescutal apodeme by Weis-Fogh. In Limnephilus

lunatus the third tergopleural muscle inserts on the pleural
ridge directly (fig. 106, p. 79/); +the presenoce of a well
developed tergopleural apodeme may be characterlstlc of the
order Lepidoptera. (Pigs. 99, p./ﬁ), 101, p./%8, 108 /i),

In Micropteryx and Monotrysia the tergopleural and prescutal

apodemes are separate (fig. 97, p. /943, although they are

closely associated in Adela reaumurella; these two apodemes

are, however, joined in Ditrysia, sometimes by bending cuticle;
but more usually by a thin plate of very springy cuticle which
stains bright red in Mallory's triple stain. The prescutal
apodeme is connected to the prealare and the notum by thick
rubber~like cuticle, No evidence was found to support the
idea that the third tergopleural muscle (tegular muscle)

moves the tegulae., The tegulae probably act as a protection
for the fore wing base when the insect is not flying, this
would enable a moth to "shoulder" its way into "debris without
injuring the soft anterior membrane of the wing base.

The fourth tergopleural muscle is absent in the
lepidopterous fore wing. The fifth tergopleural muscle,
inserting on the first axillary sclerite, is sometimes present
(see table V, figs. 104, 105, p./f0, 107, p./4/). In some
species it is present only in one sex, and in Plodia

interpunctella it was found in one culture but not in another.

It is sometimes present in Pieris brassicae, having apparently




TABLE Vv

Micropteryx calthella

Mnemonica subpurpurella

Hepialus lupulinus

Stigmella basalella

Adela reaumurella

Zygaena filipendulae

Sitotroga cerealella

Tincola bisselliella

Tortrix viridana

Evetria buoliana

Plodia interpunctella

Crambus hortuellus

Scoparia ambigualis

Stenoptila pterodactyla

zeuzera pyrina

Poecilocampa populi

Saturnia pavonia

Drepana binaria

Biston betularia

Operophtera brumata

Deilephila elpenor

Lophopteryx capucina

Spilosome lubricipeda

Euproctis chrysorrhoea

Plusa gamma

Orthosia gothica

Augiades sylvanus

Pieris brassicae

Polyommatus icarus

FORE WING' HIND WING
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normal fibres which are loose and wavy in appearance when
the wings are raised. Presumably this muscle can only
function at the beginning of the upstroke when the notum is
raised and the muscle is straightened out. The fifth

tergopleural muscle is frequently atrophied in P, brassicae.

The sixth tergopleural muscle is probably part of the

fifth, Its origin is on the pleural ridge very close to
that of the fifth tergopleural muscle, but its insertion

on the median notal wing process may be distinctly separate
from that of the fifth, or these two muscles may appear as a
continuous sheet of fibres. (Figs. 104; 105).

The seventh tergopleural muscle is always present,
inserting on the third axillary sclerite. It is split into
two parts by the pleural ridge, one originating on the
episternum and the other on the epimeron. In all higher
Lepldoptera there are two fasciculi originating on the
epimeron (see table V).

The basalar and subalar muscles were well developed

in all the species examined. The first basalar is completely

fused to the episternum in Micropteryx calthella. In_most
Lepidoptera; however it is partly separate and in Pleris
brassicae it is secondarily free. (figs. 97, 98, p./Yé,

99, 100, p./€)7).

Folding of the Fore Wing

Two wing positions were defined which could be

applied to all species irrespective of the attitude of the
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wings at rest:-

The final resting position 1s considered to be the
position in which the wings are fully folded, and the third
axillary sclerite is lying next to the first axillary; the
jugal lobe being folded under the wing. (Figs. ll5b; p.,ﬂ?é
117, p./97).

The free resting position is that position in which
all muscles are relaxed and the wing is not under any
tension. It is the position taken up by the wings when a
live insect 1s decapitated and the central nervous system of
the thorax is picked out with forceps. The wings in this
position are always much further back than they are during
flight. Some species naturally use this position when
walking just before or after flight (fig. 10; p./%9).

The seventh tergopleural muscle is the wing folding
muscle in all insects, The following experiment was
conducted to make sure that it is the only wing retractor in
Lepidoptera:-

Ten Plodia interpunctella, 10 Pieris brasgicae and

5 Dilina tiliae were anaesthetized individually with carbon

dioxide and immediately one muscle on the right side of the
thorax was cut. A series of operations was performed in
this way for each of the direct flight muscles. The only
operation which affected the resting position was that in
which the seventh tergopleural muscle was cut. This muscle

was severed at its insertion on the third axillary sclerite,
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and the only subsidiary damage was a slight tear in the
dorsal wing membrane. The result was that the right wing
was in the free resting position, while the left wing was
in the final resting position.

The third axillary muscles (7t-p.Mu.) of Triphaena

pronube and Pieris brassicae were stimulated electrically

through a small hole in the membrane between the subalare
and the pleural ridge. The wing was only drawn back in

T. pronuba, but was remoted and then jerked upwards in P,

brassicae. This muscle is very large in P. brasgsicae

even although the remotion of the wing into the resting
position is a small movement; it could act as an upstroke
muscle when the wing is above the horizontal.

To find out whether the third axillary muscle
(7t-p.Mu.) is contracted all the time that the wing is folded,
10 moths of each of the following species were placed in a
refrigerator at 5%.

Deuteronomos alniaria - Geometridae

Cirrhia fulvago - Noctuidae

Anchoscelis lunossas - "

Amathes c-nigrum - "

Aporophyla lutulentg - "

The moths were removed from the refrigerator individually
and the right seventh tergopleural muscle was cut through
the membrane posterior to the pleural ridge, without opening

the wings from the resting position. The moths were allowed
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to warm up at room temperature and it was found that the
wings remained in the resting position until the moths had
flown. After flight the left wing was folded normally; but
the right wing remained in the free resting position. The
ansl margin of the wing is approximately at the level of the
side of the abdomen in the free resting position of Noctuids.
It appears that the wing is stable in the final resting
position once it has been folded by the third axillary
muscle (7t-p. Mu.)., When this muscle contracts the third
axillary sclerite is pulled over the fowrth axillary and
comes to lie next to the first axillary; where it is in meny
species caught underneath the posterior distal corner of the
first axillary, and is prevented from opening up and outwards
again (fig. 117).

The movement of the third axillary is communicated
to the rest of the wing through the median plates which
connect the third axillary sclerite to the radius and media.
The first axillary sclerite and dorsal second axillary are
not involved in the antero-postero wing movements. The
first median plate can rotate about its articulation on the
postero-distal dorsal second axillary. The radlal plate
and ventral second axillary can rotate around their bending
cuticle junction (or bridge) with the antero-prozimal dorsal
second axillary. When the radial plate rotates backwards,
the humeral plate moves further away from the first axlillary

allowing the arched anterior arm of the first axillary to
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flatten a little.
A diagram (figs. 112, 113, p./767 demonstrates the

action of the median plates in Tortrix viridana. In the

final resting position the proximal margin of the first
median plate and the third axillary sclerite (YU) lies along
the line YU'. The angle U'YU is 800, i.e. in T, viridana

the angle between the position of the third axillary when the
wing is extended and at rest is 80°.

The proximal end of the first median plate rotates
around its articulation with the second median plate at Y.
The distal end of the second median plate is attached to the
radius and rotates around X. At the extended and folded
positions the posterior margin of the median plates is
straight and the wing is stable. Between these two positions
the posterior margin is bent backwards; the first median
plate slopes upwards distally, and the second median plate
slopes downwards away from the first. In the extended
position the anterior margin of the median plates is straight;
but in the final resting position it 1is strongly arched. The
bending cuticle of the first median plate allows the twisting;
necessary when the wing is folded; to occur. Although the
median plates can be distorted they cannot elongate appreciably.
This sets the limit to the backward rotation of the wing
about these two folding points (X and Y). 2' is the most
posterior point that the second median plate can reach,

because if it were to continue along the arc ZZ' about X, it
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would have to be stretched. Further backward movement is
achieved in many higher Lepidoptera by the rotation of the
radius and second cubitus about the radial plate.

The radial plate, radius and second cubitus are much
higher than are the dorsal second axillary, median plates and
the third axillary., The radial plate is thus able to slide
over the dorsal second axillary into the resting position.

The bending cuticle between the second axillary and the
radial plate takes up the distortion due to the rotation of
the radial plate. (G-G').

The mechanism of the wing folding follows this pattern
in all Lepidoptera. There is always a membranous gap between
the tough base of the anal lobe and the second cubitus to
allow for the distortion caused by the lifting of +the median
plates. In Ditrysian Lepidoptera the second median plate
consists of soft Mallory-blue-staining cuticle which can be
twisted more easily than the Monotrysian median plate.

The folding of the fore wing in lMonotrysia is proximal
(fig. 116, p./47). Rotation occurs between the second
axillary and the radius. The distal folding points of the
radius, media and second cubitus with the radial plate are
poorly developed and are not concerned in backward wing

movement. The fore wing of HMicropteryx calthella folds

downwards along the line JK which is a forward continuation
of the fold along the second cubitus. This *'cubital' fold

is caused by the arching of the median plates. Anterior to
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the second cubitus the wing slopes downwards at the side of
the body; posterior to the cubital fold the wing overlies
the abdomen. The tectiform position is produced by the
action of the median plates alone.

There is very little backward rotation at the distal
folding point (between the radial plate and veins R and Cu 2)

in Zygaena filipendulae, Zeuzera pyrina and the Mizroditrysia.

The humeral split is completely or partly filled with bending
cuticle (fig. 89, p./$2) which enables downward folding to
occur, but does not allow the split to widen appreciably. In
both distal and proximal folding the maximum retraction of the
wing depends on the distance UU', This distance is large in
all Lepidoptera which cross the wings in the mid-dorsal line
at rest. The membrane between the first and third axillary

sclerites is narrow in Saturnia pavonia and those Geometroids

which hold the wings apart at rest, (cf. Drepana binaria).

A1l the Geometroidea,Sphingoidea and Bombycoidea studied
showed predominantly proximal rotation. Some distal movement
does occur at the bases of the radius and cubitus; the

humeral split either being only partly filled with bending
cuticle or composed of thick membrane., A patch of very thin
membrane is present in the humeral split of Noctuids. It is
wrinkled when the wing is forward and stretched when the wing
is folded. The distal folding points are well developed

and the proximal bridge between the second axillary and the

radial plate is narrow and flexible.
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The essential difference between 'narrow' and 'wide’
Noctuids (figs. 15-24, pages /5%?) is in the shape of the
third axillary sclerite. The insertion of the seventh
tergopleural muscle lies above the fourth axillary in 'wide’
Noctuids. The ‘'narrow' Noctuid has an arm which carries
this insertion postero-distally. The third axillary can
therefore move through about 90° when the wing is folded.
(Figs. 117, 118, 119, p. /7). The folding points of the
radivs and cubitus with the radisl plate allow these veins
to parallel the movement of the third axillary; thus bringing
the forewing back in line with the body.

Retrpetion of the wing in Augiades sylvanus is similar

in mechanism to that of Noctuids, but the amplitude of movement
is smaller, This is due to the fact that the third axillary
is joined to the first median plate by a ball and socket joint.
(Fig. 72, p./p5). Much of the movement of the third exillary
is lost in this joint and not communicated to the rest of the
wing. Wing folding was entirely distal in the other
butterflies examined., The radial plate is small and the
bridge to the second axillary is much reduced. The well
developed distal folding points are in line with the humeral
split which is completely membranous (Fig; 92, p./83).

As already mentioned in the section on first axillary
sclerite, the dorso-ventral position of ths wing depends on
the angle of the first axillary above the horizontal, the

vertical overlap of the pleuron and the notum and the
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horizontal distance between them. If these three wvalues are
small the long axis of the second axillary sclerite which is
at right angles to the plane of the wing, slopes outwards,
and the wing slopes downwards., If the wings are held flat
over the abdomen, it is necessary for the radial plate to
slide over the dorsal second axillary. In many species which
hold the fore wings laterally at rest there is insufficient
clearance to allow this and the fore wing therefore slopes

downwards, e.g. Lophopteryx capucing

The frenulum of each hind wing and the tegulae were

removed from 100 Amathes xanthographa. The following

operations were performed on the right fore wing in batches
of 20. The anterior arm of the first axillary sclerite,
the 24x.,-r,P1, bridge; humeral split, distal folding points
(r.P1.-R.&Cu2), median plates; were waxed with beeswax filled
with talc, until it had the consistence of sealing wax. The
right wing was held forward and a small piece of wax was
placed on the part to be immobilized. A hot needle was
brought near the wax which was watched under a binocular
microscope until it melted. The wing was held in position
until the wax was solid. The moths were released into a
cage and after one hour the angle of the costa with the long
axis of the body was measured on both sides. As expected,
the 20 moths which had the median plates waxed were the most
asymmetrical.

Right - average 74+7°, range 60° - 90°.
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Left - average 13-250, range 59 - 20°,

Variation was assumed to be due to the C02, operation shock
and variation in the amount of wax applied.

No definite wing base meckznism is present in those
moths whose fore wings overlap the abdomen to determine
whether the anal margins will meet in the mid-line and then
be lifted upwards, or overlap one another. This depends on
the stiffness of the anal lobe, the number of scales on the
margin and whether these project to catch on the opposite
wing, or lie flat,

The fore wings of Lepidoptera can be crossed right

over left or left over right. 10 specimens of Crambus

tristellus, 10 Thalpophila matura, 10 Leucanis impura, 10

Eilema lurideola, 30 Anchoscelis lunosa and 13 Agrotis

ypsilon were used in the following way. The moths were
confined individually in large, transparent cages and were
stimulated to fly at intervals. The positions of rest were
recorded when the moths settled after each of 15 flights.
There was no significant tendency for any species to cross
the wings preferentially in one direction. Fresh individuals
with untettered winges crossed them either way with equal
facility. Some specimens with frayed edges to the wings
persisted in crossing them in the same direction.

It was noticed that when the muscles on the third
axillary were cut; the moth could still fly but the wing was

not folded, The wing did not remain in the flight position
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but was in the free resting position already described (about
45° back for most species). A wing cut free from the body
will fold to this extent at the base; the mechanism must
therefore be non-muscular. The anterior arm of the first
axillary sclerite is arched more strongly when the wing is
foreward than it is when the wing is folded. It pushes on
the subcosta all the time the wing is forward and is the main
cause of spontaneous wing folding. When the anterior arm

of the first axillary sclerite is cut and the wing is pulled
forward, the other elements of the wing show a tendency to
fold. Presumably they are under least tension when the wing
is in the free resting position.

The first stage in wing folding must therefore be the
relaxation of the mechanism which moves the wing forward into
the flight position.

When indian ink is introduced into the wing base it
circulates in very narrow channels (Portier; 1932; Brocher,
1919, 1920).

There are no large blood spaoes; and it was therefore
considered unlikely that blood pressure could open the wings.
A large part of the interior of the wing base was found to be
filled with air sacs. This was demonstrated by the cobalt
naphthenate method.  (Wigglesworth, 1950), Many moths can,
however, vibrate the wings in the flight position at a
pressure of 15 mm, of mercury in a jar attached to a filter

pump. It was therefore concluded that air pressure in the
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air sacs of the wing base was not important in the opening
of the wings.

It was thought that the anterior direct flight muscles
might pull the wings forward for flight. 50 Phalera

bucephala, 100 Pieris brassicae and 30 Adela reaumurella were

used for a muscle~cutting series of experiments in which the
basalar muscles, first, second and third tergopleural muscles
were cut singly and in combinations. All these insects
could still fly after the operation with the wings forwerd in
the normal position. The basalar muscles of Triphaena

pronuba and Phlogophora meticulosa were stimulated electrically

and it was found that the costal margin of the wing was pulled
downwards, but the wing was not protracted (figs. 120, 121,
P./99).  The basalar muscles of Pieris brassicae and Aglais

urticae were also stimulated. In this case the wing was
pulled down from the wvertical to the horizontal position,
again without forward movement. Stimulation of the other
groups of muscles was also tried in these four species. The
only time when the wings were protracted in these experiments
was during the stimulation of the indirect flight muscles,
which could not be put into tetanus. While the wings were
vibrating they sometimes moved forwards. These indirect
flight muscles were examined more carefully and it was found

that the wing of T. pronuba opened when the insertion of the

oblique dorsal muscle on the postalare (postalar apodeme) was

pressed. The postalar apodeme is hidden between the
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mesothorax and the metathorax lateral to the phragma. The
postalare connects this apodeme to the posterior notal wing
process half way down its length. (Figs. 123, 124, 125, p./# ).
When this muscle contracts the posterior notal wing process is
lifted and the third axillary sclerite is forced outwards.

If the fore wing is protracted in an isolated mesothorax
movement of this apodeme can be observed under a binocular
microscope. It was therefore assumed that when the oblique
dorsal muscle and the seventh tergopleural muscle are both
relaxed the wing is in the free resting position. When the
seventh tergopleural muscle contracts the wing is folded.

As already explained the wings of headless moths
remain horizontal when the central nervous system is removed
from the thorax. The wings of bubtterflies which have been
similarly treated, will only remain in the extreme up or down
positions, and if forced into the horizontal position they
return immediately either to the upstroke or downstroke
position. This is a bistable state similar %o the condition
of flies treated with carbon tetrachloride; which was attri-
butable to increased lateral stiffness caused by the
contraction of the pleurosternal muscle. (Boettiger and
Furshpan, 1952). The wing is unstable in the horizontal
position because the pleural wing process is pushed outwards.
As the wing moves up or down away from the horizontal, the
second axillary sclerite slopes inwards or outwards respect-

ively and the pleural wing process is allowed to return
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inwards to its original position. The pleuro-furcal muscle
(ITp-fs. Mu.) is very much reduced in Lepidoptera. It is
possible that the third tergopleural muscle pulls the pleural
wing process inwards as the wing passes the horizontal. This
muscle was observed to be contracted on the downstroke when
the notum is further backward than on the upstroke. (Figs.
126, 129, p.69).

Presumably when a butterfly lands the last stroke is
an upstroke. Usuwally the wings are in the upward free
resting position when walking and the wings are drawn back at
rest. The downward position is seen in the female during
mating. Many nymphalids sun themselves with the wings
horizontal,. I think this is achieved by balancing the
upstroke and downstroke muscles and does not indicate that the
wings are stable in this position. The wings are often seen
to make small amplitude up and down movements about the
horizontal during sunning. These movements were thought by
Krogh and Zeuthin (1941) to be pumping movements to generate
heat.

The wings of all moths are stable in the horizontal

position. The wings of decapitated Operophtera brumata will

remain horizontal or vertically up when the central nervous
system of the thorex is removed,

Mesophragma

Hepialus lupulinus, Adels reaumurella, Zygaena

filipendulae, Zeuzera pyrina and all the NMicroditrysia
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studied have a forward extension of the acrotergite which is
fused to the scutellum (fig. 124; p./ff). This extension
reaches the anterior margin of the scutellum in all
Macroditrysia except butterflies (fig. 125.). It is fused
to the base of the median notal wing process in Augiades

sylvanus. In Pieris brassicae, Polyommatus icarus and

Polygonia c-album it forms a wide, hollow support for the

median notal wing process (fig. 126, p.xR¢s). It acts as a
lever, lifting the median notal wing process when the
dorsolongitudinal muscles contract. The phragma is very
large in all higher ILepidoptera. The oblique dorsal
longitudinal muscle appears to act in the same way in
butterflies as it does in moths, but it has a second
antagonist, the pleural-subalar muscle. This is inserted
on the posterior arm of the subalare which is connected to

the main part by bending cuticle only (fig., 126).
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HIND WING
First Axillery Sclerite

The first axillary sclerite and notal wing processes
of the hind wing are similar to those of the fore wing in
Micropteryx calthella and Mnemonica subpurpurells (Figs. 43,

44, p./é9). The three noto-axillary ligaments are arranged

in the same way as in the forewing of M. subpurpurella (fig.

128, p.L0J). In all other Lepidoptera the second noto-
axillary ligsment is absent. The gap between the first and
third noto-axillary ligaments does not widen to give a
lateral emargination homologous with that of the fore wing.
A shallow emargingtion is present between the anterior and
posterior halves of the third noto-axillary ligament; a
patch of bending cuticle is present in the emarginated notum
of most species, but a distinct notal incision is absent.
(Fig. 131, p.lol).

The first axillary sclerite does not elongate
proximo-distally as it does in the fore wing of higher
Lepidoptera; and a median notal lever is never developed.
(Contrast Fig. 52, p./66with Fig. 132; p.R2/), During
flight the notum appears to bend along a line of weakness
between the two halves of the third noto-axillary ligament:
this movement is small and difficult to observe, the "indirect®
flight muscles of the hind wing being very much reduced in
all higher Lepidoptera. The mesoscutellum and large

mesopostphragma of Ditrysian macrolepidoptera extend backwards
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t0 the narrow metascutellum, and divide the metascutum into
two lateral halves. (Fig. 54, p./d)). A long, endocuticular
apodeme is present on the first axillary sclerite in

Stigmella basalella hind wing (fig. 129, p. RO, Traces

of this apodeme are seen in all Lepidoptera. The anterior
arm is strongly fused to the first axillary in all
lepidopterous hind wings. It is not arched uvpwards and
very little bending cuticle is present, in contrast to the

anterior arm of the first axillary in the fore wing.

The first axillary sclerite of Hepialus lupulinus
is horizontal; but the first axillary selerite of all other
species slopes upwards away from the body at an angle greater
than 20°. The vertical overlap between the pleural and
anterior notal wing processes was larger in the hind wing than
in the fore wing. This was thought to be correlated with
the steeper slope of the first axillary sclerite.

e.g: Aversges of 10 Evetria buoliana

Fore wing, overlap O; slope of lix = 3.6o

Hind wing, overlap 0.0786mm; slope of 1lAx = 72.0°
The modifications of the first axillary sclerite of the hind
wing are small compared with those of the fore wing.

Third axillary sclerite.

The third axillary sclerite of the hind wing is
closely associated with the proximal part of the first medien
plate, which consists of normal cuticle. The distal part of

the first median plate is composed of bending cuticle as it
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is in the fore wing. The third axillary and first median
plate can be seen as distinet sclerites in Mnemonice

subpurpurella (fig. 134, p.L03), but in most other

Lepidoptera the suture between them is not distinguishable.
The first median plate is connected to the second axillary
sclerite by a broad strip of bending cuticle on the vembral
wing membrane, in all the species studied except Stigmella
basalella. (Fig. 143, p..<67).

The third axillary sclerite of Micropteryx calthella,

Monotrysia, Tortricoidea, Tineoidea, Zygaena filipendulae

and Zeuzera pyrina has two arms on the dorsal wing membrane
(figs. 144; 145, p.20)). The proximal arm bears the
insertion of the seventh tergopleural muscle, but the distal
arm projects downwards and can only be seen in postero-
lateral view; it is sometimes connected to the proximal arm
by bending cuticle and appears to be homologous with the
fourth axillary sclerite of the fore wing (fig. 145). The
fourth axillary sclerite is never as well developed as it is
in the fore wing. In the Pyraloidea and the higher
Ditrysia the distal arm is joined to the proximal arm of the
third axillary sclerite by solid cuticle and no distinet
- fourth axillary is present. The posterior notal wing
process; therefore; articulates with the reflexed postero-
distal corner of the third axillary sclerite (fig. 146.).
When the wing 1s folded the postero-proximal angle of

the third axillary sclerite is pulled inwards and dowrmwards
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by the seventh tergopleural muscle, and the whole third
axillary rotates inwards over its articulation with the
posterior notal wing process, which curves downwards a little.
The posterior notal wing process is a gtraight rod, often
partially composed of blue-staining outer endocuticle; it
alwgys joing the scutum through a patch of bending cuticle.
An anal plate is present between the posterior notal wing
process and the axillary cord in all species which have the
primitive type of third axillsry sclerite, except Zeuzera
pyrina. (Fig. 133, p.202an.P1.) An anal plate is also

found in Plodia interpunciellsa, in which species the distal

(fourth axillary) arm of the third axillary is almost
conpletely fused with the rest of the sclerite. It is
probable that the anal plate is lost in higher Lepidoptera
and does not become fused with the third axillary sclerite.
The anal plate lies above the posterior notal wing process
but below the third axillary sclerite and third anal vein
when the wing is folded (fig. 159; P/}

Second Axillary Complex and Median Plates.

The second axillary sclerite of the hind wing is not
composed of two halves; a single bar of solid cuticle joins
the sclerotizations of the upper and lower membranes.
Ventrally the second axillary is joined to the subalare and
the pleural wing process by ligaments, and to the first
median plate by bending cuticle (fig. 143, p«Z0)).

A1l Ditrysian maérolepidoptera have a patch of long
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backwardly directed scales on the second axillary sclerite.
This is probably not homologous with the scale plate of the
fore wing, but it is similar in appearance. The function of
these scales was not investigated; +they may be propriorecep-
tors. The second axillary sclerite is joined to the radius
by a strip of bending cuticle on the upper membrane. The
radius is fused with the subcosta; which articulates with the
anterior arm of the first axillary sclerite at its base.

(See figs. 133 - 142, pages 4202749). The centre part of

the fused subcosta and radius is seen in Hepialus lupulinus

(fig. 136). to consists of blue-staining outer endocuticle.

This softer area is invaginated in Ditrysian Lepidoptera;

and in the macrolepidoptera this invagination often extends

posteriorly under the bending cuticle between the radius and

the second axillary sclerite (fig. 139, p.L9%and 155, p.s/2).
The proximal end of the fused media and first cubitus

in Micropteryx calthella is a thin strip of bending cuticle

which joins the radius as a patch of blue staining cuticle
which extends underneath the bending cuticle connection
between the second axillary and the radius. (Fig. 133).

In all other Lepidoptera the base of the fused media
plus first cubitus is discontinuous, consisting of the
"Median arm" projecting postero-distally from the radius to
the second cubitus; and a bar of cuticle or thick membrane
connecting the first cubitus with the base of the second.

The base of the second cubitus is detached from the rest of



the vein (when this is present) in all species except Cossus
cossus where the cubitus can be traced from the wing to its

junction with the median arm in the wing base. In Micropteryx

calthella and Mnemonica subpurpurella (fig. 134) the two

median plates are distinguishable and hinge downwards upon
each other when the wing is folded as in the fore wing. 1In
all other Lepidoptera the median plates are reduced and their
function is taken over by the base of the second cubitus and
the base of the media and first cubitus. The distal end of
the second median plate articulates with the end of the second
cubitus and the median arm. (Fig; 138, p.Js5). In Crambus

hortuellus the median arm and second median plate are fused

(fig. 144, p.Zqﬂ. The median arm is reduced and no longer
reaches the median piates in the Geometrideae (fig. 141, p.20/)
and the Papilionoidea (fig. 142): It is fully developed

in Augiades sylvanus, Drepana binaria (Fig. 139) and Asphalia

diluta. In the fore wing of Stigmella basalella (fig. 86.

p./80) there is a structure which is apparently homologous
with the median arm of the hind wing. This has either been
lost in all the other Lepidopterous fore wings which were
examined; or incorporated into the radial plate. The
"radial® plate of the fore wing nmy; therefore; be composed
of the radius; media and first cubitus.

"Direet Flight Mugecles"

The first tergopleural muscle was only found in

Micropteryx calthella, Mnemonica subpurpurella and Stigmella
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basalella. It is a small muscle rumnming from the first
basalar sclerite to the anterior prescutum (fig. 147, p.29%).
The second tergopleural muscle is present in the Monotrysia
and a few Ditrysia (see table V; p.¢éé). It inserts on the
anterior edge of the first basalar sclerite very near the
second spiracle (fig. 153, p.=2//). Nuesch (1953) calls the
second tergopleural muscle the "spiracular dilator" muscle.

The third tergopleural muscle is present in all the
species studied. It is smaller than its equivalent in the
fore wing, and its insertion on the pleural ridge never forms

a long apodeme, In Micropteryx calthells and Mnemonica

subpurpurella the third tergopleural muscle arises on the

prescutal apodeme which is joined to the prescubtum by a short
ligament (fig. 147.) The prescubtal apodeme bears a long
prescutal arm, which is attached by a ligament to a projection

on the firs+t basalar sclerite in M. calthella and to the

second basalare in M. subpurpurella (fig. 143). The prescutal

arm of Hepialus lupulinus is hinged half way along its length,

and its lower end 1s fused with both the first and second
basalar sclerites. (Fig. 148, p.<209). It is connected to the
prescutum by ligament and bending cuticle. The prescutal

apodeme and prescutal arm are absent in Stigmella basalella

and Adela reaumurella and the third tergopleural muscle

originates on the anterior prescutum. In 2ll Ditrysia the
prescutal apodeme is associated with the postalar apodeme of

the mesothorax, to which it is attached by a short thick
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by a ligament in Zeuzera pyrina and the Noctuoidea; in the

other Ditrysia studied no trace of its prescutal origin
remains., (see figs. 149, 150, 151.).

The second basalar sclerite of the Monotrysian hind
wing 1s fused with the episternum and is similar in shape to
the second basalar of a primitive fore wing (fig. 97, p./fl).
The second basalar sclerite is detached from the'episternum
in all the Ditrysia; It is connected to the pleural ridge,
ventral subcosta, ventral radius and first basalar sclerite
by ligaments. It is probable that the prescutal arm and the
projection on the first basalar to which it was attached in
the Monotrysia are fused with the Ditrysian second basalar.
(Figs. 150, 151). A thin patch of cuticle bearing long
scales lies underneath the second basalar in Hepialus
lupulinus. This basalar "scale plate" is more prominent in
Ditrysia and bulges over the first basalar sclerite, which
like the second basalar loses its connection with the
episternun, The first basalar sclerite of higher Ditrysia
consists of an apodeme, on which the basalar muscles originate;
hidden beneath the basalar scale nlate. The sternobasalar
muscle is small in the hind wing, but the other basalar
muscles are well developed (figs. 150-152, p..2/2).

A fourth tergopleural muscle was found in several
species (Table V; p.‘ééd. It arises on the notum posterior

to the lateral emargination. The fifth tergopleural muscle
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was found in all species studied. A sixth tergopleural
muscle was present in a few species, arising on the notum
anterior to the lateral emargination (figs. 152, 156, p.iZS).
As in the fore wing, the seventh tergopleural muscle
consists of three fasciculi in higher Lepidoptera, and only
two in the more primitive species. The Geometridae are
unusval in that one fasciculus of the seventh tergopleural
muscle arises on the pleural wing process. (Fig. 154; p.2//).

Drepana binaria and Asphalia diluta have the normal arrange-

ment of this muscle, in which one bundle of fibres arises on
the episternum and two on the epimeral side of the pleural
ridge.

A pleurosubalar muscle is absent in Adela reaumurella

and in all the Ditrysia, but it is present in the other
Monotrysia. The coxosubalar muscles are well developed in
the Metathorax.

FPolding of the Hind VWing.

The free resting position and final resting position
of the hind wing are very similar. The seventh tergopleural
muscle is the wing folding muscle as in the fore wing. The
hind wings of decapitated moths always spring backwards
against the abdomen when they are pulled forward and released,
even when the seventh tergopleural muscles have been cut and
the central nervous system of the thorax removed. The folds
are present in the hind wing in the free resting position, but

these are usually not as sharp as in the final resting position.



Tl

The right seventh tergopleural muscle was cut in 20 Plodia

interpunctella, 20 Anchoscelis lunosa, 10 Triphaena pronuba

and 10 Dilina tiliae. It was found that the resting position

was unaffected unless the right frenulum was also removed,
because the hind wing was pushed backwards by the fore wing.
When the right frenulum was removed the right hind wing;

which was operated on, did not overlap the abdomen as far as
the left wing. In many individuals of these four species the
right hind wing projected in front of the fore wing.

Stimulation of the seventh tergopleural muscle in Phlogophora

meticulosa and Triphaena pronuba hind wings caused a backward

deflection of the wing. In Pieris bragsicae the hind wing

was Jjerked upwards and backwards when the muscle was
stimulated. The seventh tergopleural muscle is well

developed in P, brassicae hind wing although the final and

free resting positions are identical. It is possible that
this muscle is an upstroke muscle.

The folds present in the hind wings of the species
studied are given in table IV (p./3). The anal fold is

formed between the second and third anal veins. It 1s present

in all the species studied except Micropteryx calthella,

Heplalus Lupulinug, Drepana binaria, Stenoptilia pterodactyla

end the Papilionoidea. The anal lobe is folded ventrally
and is always assoclated with the distal arm of the third
axillary sclerite. In this respect the anal lobe resembles

the jugal lobe of the fore wing which is associated with the



T2

fourth axillary sclerite. When the seventh tergopleural
muscle contracts, the third axillary sclerite rotates inwards,
forwards and downwards over the posterior notal wing process
and the anal veins are lifted a distance equal to the width
of the third axillary sclerite. In all higher Lepidoptera
the third anal vein is associated with the distal arm of the
third axillary sclerite. When the seventh tergopleural
muscle contracts the third axillary sclerite pulls the second
anal vein up and over the third anal vein which 1is turned
under gt the same time. The anal lobe is pressed underneath
the wing as the wing slides over the abdomen; +this helps
to make the anal fold (fig. 160, p.</%). VWhen there is
neither an anal vein nor stiff vannal membrane in association
with the postero-distal third axillary sclerite there is no
anal fold, (figs, 139, 142.). In "narrow" Noctuids and
Pyralids the anal fold is large and a correspondingly large
area of vannus is agsociated with the distal third axillary
sclerite.

In the Monotrysia there is no cubital fold. The

median plates of Microteryx calthella and Mnemonica subpurpur-

ella are functional and the median arm is brought close to
the second axillary sclerite when the wing is folded. In the

hind wing of Hepialus lupulinus the tuck in the wing base

membrane is between the median arm and the second axillary
sclerite, although the median plates are reduced. The median

arm is closer to the second axillary sclerite than to the
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redius in Stigmella basalella, Adela reaumurella, Zeuzera

pyrina, Zysaena filipendulae and Tineola bisselliella when

the wing is outstretched; the median plates are almost
functionless. The base of the second cubitus and the base

of the first cubitus plus media form a V-shaped fold when the
wing is flexed. In these species this does not produce a

fold in the wing itself because the two sclerites are surroundec
by a2 large patch of thin membrane. A cubital fold was found

in all the Ditrysia except the above mentioned and Saturnia

pavonia, Operophtera brumata, Polyommatus icarus, and Pieris

brassicae. The cubital fold occursg posterior to the first
cubital vein, and is formed by the bases of the second
cubitus and first cubitus plus medisa. The base of the
gecond cubitus slopes antero-ventrally and the base of the
first cubitus plus media slopes postero-ventrally often
passing the vertical and coming to lie on top of the base

of the second cubitus. It is seen from the diagram (fig.
157, 1..2/3) that the radius and first cubitus which rotate
about X, cannot be pulled backwards (1 - 1') by the third
axillary sclerite; acting through the bases of the second
cubitus and the first cubitus plus media; without distortion
of these parts because the third axillary sclerite rotates
about Y. Arcs drawn around X and Y from points 1 - 5 diverge
widely. The third axillary sclerite comes to lie next to
the second when the wing is folded (6 - 6'). Slight

distortions in the median arm and median plates compensate
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for the slight difference between the arcs around X and around

Y through point 6. Papilionoidea and Operophtera brumats

lack this mechanism and there is no cubital fold (figs. 141,
142, p.2064). The base of the first cubitus plus media is

reduced in Saturnia pavonia which also lacks a cubital fold.

It would seem that the evolution of large "cubital plates" to
replace the median plates led to the formation of the

cubital fold in higher Lepidoptera. The bases of the second
cubitus and first cubitus plus media form a single fold in

Avgiades sylvanus which, with the anal fold, forms one small

pleat in the wing membrane.

"Narrow" Noctuoids and other Ditrysia which fold the
wings close to the body at rest have a large distance between
the radius and the median arm and a well developed second
cubitus/first cubitus plus media mechanism, The bases of the
right second cubitus and first cubitus plus media of Amathes

xanthographa were covered in wax when the wing was unfolded,

(p. S5 ). The fore wings were cut off and the average angle
of the right wing of 10 successfully waxed specimens was 58°
with the long axis of the body; The left wing was folded at
an angle of 18.5° from thelongitudinal line.

A median fold occurs in all the Noctuoids placed in
category "narrow" and in several other species. It is formed
in the wing membrane between the radius and the cubitus.

This fold can be gtraightened out by pulling forwards on

the frenulum which in turn pulls the redius away from the
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cubitus and stretches the membrane between these two veius.
The lateral obligue dorsal muscle is well developed

in the hind wing, especially in primitive moths. It is not

connected to the posterior notal wing process directly, as is

its counterpart in the fore wing, and no wing extending action

could be demonstrated with this muscle. (Fig. 111, p./9f).

When the basalar muscles of Phlophora meticulosa were

stimulated electrically only a downward component of wing
movement was observed. The hind wing can be moved forward
beyond the free resting position, without being pulled by
the fore wing, even in higher Ditrysia; where the metathorax

is small compared with the mesothorax. The fore wings of 10

Rhizedra lutoga were cut off distal to the retinaculum, and
the fore wings of another 10 were removed at the base,
proximal to the retinaculum. The moths were suspended above
é.pfotractar and the greatest forward angle which the hind
wings made with the longitudinal axis of the body, while the
moths were flapping was measured. When the fore wing was
attached to the hind wing by the frenulum the average forward
angle of the hind wing was 82° (range 75°-90°). The
unattached hind wing moved forward to 68°(60°-75°). It
gppears that the fore wing helps to pull the hind wing
forward in flight and also unfolds the median area of the
wing. The mechanism in the metathorax which protracts the
hind wing was not discovered. It is more aifficult to

experiment with the reduced metathorax in higher Lepldopters
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than with the large nesothorax.
The way in which the hind wings were crossed over

one another was investigated in 54 Eilema lurideola (fig. 23,

p./jj). The moths were seized when they were sitting in the
resting attitude before they could attempt to fly away;

the fore wings were pulled off to reveal the hind wings. It
was found that the hind wings were crussed beneath both fore
wings in 28 individuals. Fifteen of these had the hind wings
crossed the same way as the fore wings and the other thirteen
crossed them the opposite way. In 26 individuals each hind
wing lay underneath the fore wing of the same side. It has
already been shown that the forewings can be crossed right
over left or left over right with equal facility (p.iﬂé).

The crossing of the hind wings also depends on the way in

which the anal margins chance 10 meet in the mid-line.
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DISCUSSION

The proportions of the wing base elements and their positions
relative to one another are critical. If flight is to be maintained
efficiently, changes in the wing base from a primitive to a more
advanced type, must take place slowly by a series of small stages. It
follows, therefore, that twe groups of Lepidoptera with markedly
different wing bases are unlikely to have diverged recently. Positive
wing base characters are therefore possible criteria for assessing
evolutionary relationships. This aspect of wing base morphology hss

been neglected in the past,

In the species studied the degree of specialization of the wing
base was in keeping with their generally accepted systematic position,
Many features of the thorax and wing bases of Lepidoptera form a
continuous series from the more primitive to the most advanced species.’

This evolutionary line appears to run from Micropteryx calthella

through Mnemonica subpurpurella, Adela reaumurella, Zygaena filipendulae,

the Microditrysia and Zeugera pyrina to the Macroditrysia,

Hepialus lupulinus shows the following differences from the other

lepidopterous species that were examined:-

1) The bending cuticle has both large and small cones,

2) The dorsal and ventral holves of the mesothoracic second
axillary sclerite are fused together (fig. 82, p.{??).

3) The base of the second cubitus in the fore wing is apparently
fused with the second median plate (fig. 87, p./8/).

4) The prescutal arm in the hind wing is of an unusual conformotion

(fig. 148, p.29q).
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This evidence may indicate that the Hepialidee are an offshoot of

the main lepidopterous line,.

Stigmella basalella, ond other species of the genus Stigmella,

also have four unusual wing base characters:-

1) The base of the subcosta in the fore wing is strongly curved
(fig. 86, p./§0).

2) A structure is present in the fore wing base which is probably
homologous with the median arm of the hind wing base (fig. 86).

3) The subalare of the fore wing has a spike like that of the hind
wing (fig. 8l, p./78).

4) The arrangement of the median plates and bases of the first and
second cubital veins is slightly abnormal in the hind wing {(fig. 135, p.Z203).
If these characters are shared by the Opostegidae and Tischeriidae, the

Stigmelloidea may be an isolated group.

Although the differences mentioned above are probably important, they
do not represent major divergenciés from the general scheme of the
lepidopterous wing base. The axillary region of Lepidoptera is thick
and the bases of the veins are swollen and indefinite, giving the
lepidopterous wing base a very different appearance from those of the

other members of the Panorpoid complex and the Neuroptera,

Certain characters of the wing base elements afford data of
possible taxonomic importance. These are listed in table VI, p.79 .
Micropteryx calthella (suborder Zeugloptera) is unique among the species
studied in having the median arm of the hind wing connected to the base
of the media and first cubitus (fig. 133, p.Z6Y. In all other respects

Micropteryx calthella and Mnemonica subpurpurella are closely similar.,
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The suborder Monotrysia and Ditrysia differ. in- several wing base -
characters: -

1) The jugum projects from the anal margin of the wing in
Monotrysia, but not in Ditrysia,

2) The tergopleural and prescutal apodemes are fused in Ditrysia,
free in Monotrysia,

3) The thizd tergopleural muscle of the hind wing inserts on the
metaprescutum in Monotrysia and on the mesopostcoxal bridge in Ditrysia,
4) The second basalar sclerite of the hind wing is connected to

the episternum in Monotrysia, byt not in Ditrysia,

5) The second cubitus of the fore wing is fused to the radial plate

in Ditrysia but not in Monotrysia. (Zygaena filipendulae is intermediate

in this character, figs. 89, 90, p./%4.

Micropteryx calthella, Mnemonica Subpurpurella and Hepialus

lupulinus are distinguished from Adela reaumurella, Stigmella basalella

and the lower Ditrysia by three wing base characters:-

1) There is a prescutal arm in the hind wing.
2) They do not possess 2 spike on the subalare of the hind wing.
3) The ventral second axillary sclerite and the first median plote

are connected by bending cuticle in the fore wing.

Micropteryx calthella, the Monotrysia, Zygaena filipendulae and

the Microditrysia have the following characters in common:-
1) Bending cuticle with small, irregular cones.
2) An anal plate present in the hind wing.
3) A jugal folding mechanism present in the fore wing.

Zeuzera pyrina has a jugal lobe, but in all other respects this species

resembles the Macroditrysia.
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The Macroditrysia can be divided into three groups on wing
base characters. The moths from one group (Bombycoidea, Spingoidea,
Geometroidea and Noctuoidea); of the four superfamilics the Noctuoids
have retained the most complete wing bases associated with a fully
developed wing folding mechanism. In the other three superfamilies
of moths the wings are not closely folded and wing bases show some

reductions. The wing bases of Augiasdes sylvanus are similor to those of

moths. The third axillory sclerite of the fore wing is joined to the
first median plate by 2 joint which was not found in any other species
(figs 72, p./75). The shape of the thorax is different from that of

most moths due to the resting position of the wing (attitude).

The wing bases of the Papilionoidea show many differences from
those of the rest of the Macrolepidoptera. No evidence was found from
wing base morphology to indicate whether they evolved from thc same

stock as the other Macroditrysia or along a different line.

Drepana binaria (Drepanidoe} and Asphalia diluta (Cymatophoridae)

have a modified third axillary sclerite in the forc wingy unlike the
condition in Geometridae, no part of the seventh tergopleural muscle
arises on the pleural wing process in the hind wing (fig. 154, p.a/1);
they also differ from Geometridae in having a well-developed median arm
in the hind wing (fig. 139, p.R05). It is possible that the Drepanidae
and Cymatophoridae are more nearly related to each other than to the
Geometridae. No characters of possible taxonomic interest were found

within the other superfamilies,
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CONCLUS IONS

In primitive Lepidopterc backward movement of the fore wing
occurs ot the wing base, proximal to the bases of all the veins. A
secondary folding point is developed in the subcosta and the radius
of higher Lepidopters which cuts off 2 "radial plote" proximally.
Backward movement takcs place moinly around this point in the idacroditrysia;
in the Papilionoidea the retraction of the wing is entirely of this

distol type.

There is also a tendency towards distal hind wing folding, but the
main change from a primitive to an advanced Lepidopteran hind wing is
the loss of the median plates and their functional replacement by the

bases of the first and second cubital veins ond the media.

It was concluded thot the wing base morphology of a superfamily
is related to the basic resting attitude and the phylogenctic position
of that group. No aberront wing folding mechanisms were found; major
changes in resting attitude are achieved by small changes in the spatial
relations of the perts of the wing base., It is possible to deduce the
resting attitude of 2 species from the morphology of its wing bases only

by comparing thesc with related species whose attitude is known,

¥ing base morphology moy prove to be of value in the systematics
of the major groups of Lepidoptera. The wing bases of related
families are too similar to provide taxonomic characters at this level.
The presence of a tergopleugal apodeme in the mesothorax is probably one

of the best characters for a definition of the order Lepidopters,
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PART II

Wing folding and choice of resting site in Lepidoptera

Introduction.

It is well known that many Lepidoptera rely on their
colouration and posture 10 protect them from enemies when
they are at rest. Most proecryptic moths hide during the day
in dark crannies or under vegetation; some rest inconspicu-
ously on tree trunks or in other exposed places. It has been
assumed that behaviour patterns have evolved to enable
nocturnal meths to “"choose" a daytime resting site appropriate
to their morphological adaptations. Kettlewell (1959) showed
that an accurate choice of background is sometimes made;
although he commented that the complicated pattern of the
typical cryptic insect melts into a surprising number of
backgrounds, (Kettlewell 1955). Very little experimental
work has previously been done on the mechanism or extent of
thls choice of resting site.

Review of Literature

Collins (1934) showed that the codling moth was only
active when the pigment in the eye was migrating. Vhen
completely light adapted the moth was passive, when completely
dark adapted it was positively phototactic; (Collins and
Machado 1935). Phototaxis in dark adapted moths has been
studied by Longstaff (1906, 1909) and Winn (1916), Collins
found no trace of a diurnal rhythm in the codling moth, but
Horstman (1935), Larsen (1943) and Colguhoun (1939) have found
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a rhythm independent of light. Larsen found that Noctuids
which were normally nocturnal would fly during the dgy in
search of food if they were very hungry. The inhibiting
factors of light and low himidity during the daytime being
overcome by hunger,

Colour sense in Lepidoptera has been investigated by

several workers. Knoll (1921, 1926) found that Deilephila

can recognise colours at very low light intensities.
Mc.Indoo (1929) demonstrated that violet, blue and blue-green
are more attractive to moths than green, yellow or red.
Robinson (1951) concluded that night flying Lepidoptera are
red blind. Butterflies have been shown to respond to all
colours including red, by Stride (1956); Tinbergen et al.
(1942), Ilse (1928) and Eltringham (1919).

Kettlewell (1955) left Biston betularia overnight in

a black and white striped barrel. In the morning he found

that significantly more £. carbonaria than f£. typica were

sitting on the black stripes. Grison and Silvestre de

Sacy (1955) found that winter moth females, when placed in a
gimilar situation, collected on the vertical black bands in
preference to the white ones.

It is not known how moths find their hiding places
efter the night activity is over. Tonge (1909) observed that
moths settled in exposed places drop to the ground when the
sun shines on them in the morning. The resting sites of some

Lepidoptera are described by Hamm, (1904, 1906a, 1906b). The
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daytime habitat of most nocturnal moths is unknovmn., Porritt
(1913) and Tonge (1909) record finding some species among
fallen leaves. Poulton (1890) said that Triphaena pronuba

hides deeply among thick foliage or dead leaves on the ground
and is extremely difficult to detect at rest.

Wood (1913) suggested, that the compact resting
attitude of some Woctuids, Microlepidoptera and butterflies
enables them to creep into small chinks in rubbish to shelter
when hibernating. Geometrids and other moths which rest
with their wings spread out cannot do this without damaging
the wings.

The effect of various meterological factors on the
night activity of nocturnal moths has been studied by many
authors. (Williams 1940, Hosny 1955, and El-Zaidy 1954.)

The following facts taken from other contexts could be import-
ant in the choice of resting site:-  Some Lepidoptera show

a response to gravity (Makings; 1957; Briggs, 1956). Hakings
also found that female moths were sensitive to the surface
texture of the substratum and were able to select cracks of
certain widths in which to lay their eggs. There are

contact chemoreceptors on all the walking legs of some
Lepidoptera (Minnich 1921, 1924), and others are known to

find their host plant by smell (Cripps, 1947 and

Thorsteinson 1953).
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Materials and Methods

Several species of Noctuoid moth and one Geometrid

Operophtera brumata were used. The Noctuoids were caught
in a light trap; which was kept running from ILiay until
October 1959. The moths caught one night were put in a
cage with some grass and leaves the next morning, and were
kept outside in the shade all day. Swabs of cotton wool
soaked in sugar solution scented with fruit joice, were left
in the cage so that the normal behaviour pattern would not be
upset by hunger. Many of the moths were seen to feed from
these. Next evening; at dusk, as they became active; the
moths were transferred to test cages where a restricted
cholce of resting site was available.

The males of 0. brumata were caught by hand while

they were active in the evening and put directly into "choice
chambers", The positions of the moths were noted at about

9 a.m. the following morning, (except on sunny days when it
was found necessary to record them earlier). It was hoped
that any diurnal rhythm of activity in the moths would not be
upset by this method of conducting the experiment. Except in
those species which hibernate as adults; male moths only were
used; so that oviposition behaviour did not interfere with
the results. Occasionally when fresh material was scarce
the same moths were used on two consecutive nights, in
different cholce chambers. Sometimes when the light trap

catch was very good, excess moths were kept in the Ffeeding
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cage for several days before being used. Between 10 and
20 moths were used per night in each choice chamber.

The choice chambers were kept outside on the ground
under a glass roof to keep off the rain. They are described
in detail in the experimental section. The following general
rules were observed in making the choice chambers. They
were made of glass; "Windowlite", or cellulose acetate so
that they were transparent on all sides; except where painted
black for the purposes of the experiment. The 1lids were of
muslin or polythene sheeting punched with holes. It was
asgumed that the temperature and humidity inside the choice
chamber were nearly the same as outside, and under the
influence of these factors the experimental moths became
active and settled down to rest at the same time as unconfined

moths.
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Experimental

Thigmotaxis in Noctuoids

Forty-nine species were used in this experiment;

forty-seven of these were classified into one of the

following categoriess:-

Procryptic linear =~ fig. 19 (One species only)

Procryptic narrow

figs. 20, 21 p. /3R

Procryptic mediwm - fig. 15, p. /41

Procryptic flat - fig. 22.
Procryptic wide - fig. 16.
Aposematic narrow - fig. 23 (One species only)
Aposematic wide - fig., 17

Approximately 10 different individuals were left in

the choice chamber shown in figure 161, (p..2/5) every night

for six months. Each moth was given a score between 1 and 4

according

1

2
3
4

to its position in the morning.

touching the cage on one side only
touching on two sides

touching on three sides (fig. 162b, p..2/5%)

touching on four sides (fig. 162a).

The opportunity for a moth to score 1 point was very

much greater than that of scoring 2 poinmts. There was even

less opportunity for a score of 3 points, and the meximunm

score of 4 could only be obtained in 24 positions in the

chamber.

As fewer than 24 moths were used at once, it was

possible for every moth to gain the maximum score.
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The results are given in table VII (p. 90) and
figure 163. The data from the cryptic moths were analized
by a X2 - test, to see if there was any correlation between
the degree of thigmotaxis and the resting attitude. The
results were statistically significant. The categories,
into which the moths were divided, contain unequal numbers
of species and differenmt numbers of individuals from the
various species were used in this experiment. A t-test was
performed on the categories "medium" and "narrow" because
their behaviour was similar (figure 163). Morphologically

these two categories grade into one another; Anchoscelis

lunosa (fig. 21) was the widest of the moths classed as
"narrow". A score of 3 or 4 was counted as positively
thigmotactic, and a species was only used in the t-test if
more than 20 individuals were employed in the experiment.
The percentage positive thigmotaxis was taken to ensure that
the behaviour of one or two more numerous species was not
attributed to the whole category. The results are given in
table VIII, p. 91; they were statistically significant.

This experiment indicates that those procryptic moths
which fold their wings closely to the body at rest have the
strongest thigmotactic repoanses. The aposemgtic moths
behaved in the same way as the "wide" procryptic moths, The
majority of these sat wifh only one surface touching the
substratum and were considered not to show a thigmotactic

response, Plusia chrysitis, which is shiny, and Phlogovhora
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2
X0 = 499

'ﬂ—'e =

02 p < 0,001

TABLE VII
) Total
CRYPTIC NUmbereof Moths scoring Number
Linear 1 | 3 4 Moths
Agrotis ypsilon 8 18 35 73 134
Narrow
Amathes xanthographa 21 49 30 20 120
Anchoscelis lunosg 10 28 30 8 76
Amathes umbrosa 4 9 11 1 25
Charadrina morpheus 1 10 1 0 12
Amathes c-nigrum 15 25 33 20 93
Chara drina alsines 9 35 8 1 53
Lycophotia porphyrea 2 5 5 0 12
Orthosia gothica 0 7 0 0 1
Triphaena pronuba 6 31 42 26 105
Agrotis exclamationis 7 26 22 12 67
Ochropleura plecta 6 10 12 4 32
Lampra fimbriata 1 1 3 2 7
* Conistra vaccinii 6 36 57 23 122
* Eupsilia transversa 1 4 19 4 28
Totals 89 276 273 121 759
Mean score 6,36 |[19,71119.,5 8.64
Medium
* Agrochola lychnidis 5 16 11 0 32
Agrochola macilenta 0 10 9 2 21
Hydraecia micacesa 8 37 17 0 62
Rhizedra lutosa 16 26 3 (0] 45
- Leucania comma 9 30 8 1 48
Leucania pallens 16 26 12 1 55
Leucania lythargyria 5 10 5 0 20
Hydreecia oculea‘ 10 28 6 0 44
Apor ophyla lutulenta 11 17 14 0 42
Cirrhia fulvago 12 27 12 0 51
Xylophasia remissa 5 8 3 0 16
Cosmia trapezina 1 8 0 1 10
Charaecas graminis 13 8 0 1 22
Totals 111 251 100 6 468
Mean Score 8.54 |19.31| T.69 | 0.461
Flat
* Amphipyra pyramidea 0 1l 6 8 15
Amphipyra tragopoginis O 0 2 2 4
Triphaena janthina .Q, N 2 2 5
|
Triphaena interjecta 1 1 2
Totals 0 2 11 13 26
Mean score 0] 0.5 2,75 3.25
Wide
Tholera cespitis 6 10 2 0 18
Tholera popularis 5 2 3 0 10
.. Thalpophila matura 42 31 5 0 T8
Meristis trigrammica 10 4 2 0 16
Colocasia coryli 15 2 1 0 18
Ceramica pisi 1 8 2 0 11
Rusina umbratica 7 9 1 0 17
Luperina testa%ea 3 6 2 1 12
Apatele psi 8 2 1 0 11
Yylophasia monoglvpha 3 6 2 0 11
Totals 100 80 21 1 202
Mean score 10 8 2.1 0.1 | ¢70
APOSEMATIC
Narrow 4
Eilemz lurideola 51 29 2 | 0 82
Wide
Euproctis chrysorrhoea 8 2 0 0 10
Spilosoma lutea 27 15 0 0 42
Spilosoma lubricipeda 12 1 0 20
Phragmatobia fuliginosa 14 0 0 18
Totals 61 28 1 0 90
Mean Score 15.25 T 0.25 0
OTHERS
Plusia chrysitis 22 8 0 0 30
Phlogophora meticulosa 13 12 3 0 28
= females ag well as males used
OBSERVED
Category
Cryptic Score [Linear | Flat| Narr.{ Med. Wide | Total
1 8 0| 89 {111] 99 307 |
2 18 2 | 276 251 81 628
3 35 11 {273 90 21 430
4 73 13 [121 61 1 | 214
Totals 134 26 | 759 458 | 202 1579
Expected
Scored L. P, N M. W, otall
1 26.05| 5.055(147.57/89,05|39.27{ 307
2 53.,30(10.34 |301.87|182.,156/80.341 628
3 [36.49] 7.08 |206.7 |124,72{55.01| 430
4 18,16{( 3.5 102.86]|62,07/27.38] 214
Total (134 26 759 458 202 11579
2
A
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meticulosa (fig. 18 p./5/) which is thought to resemble a

dead leaf, were also "non-thigmotactic" in their behaviour.

Phototaxis in Noctuoids.

A glass trough, 11% inches in diameter and 5% inches
high was lined with windowlite painted in black and white
gquarters with cellulose paint as in fig. 164, (p.2/7). In
the morning the numbers of moths sitting on the white querters,
black quarters or the junctions between the two, were counted.
The results are given in tables IX, X and XI (p's 93 & 94). 1o
tendency to sit on the junction of black and white was
obgerved; no species with disruptive colouration were used.
Most of the moths classified as procryptic were found to
settle more frequently on the two black quarters of the
chamber than on the white ones. Three pale coloured species,

Rhizedra lutosa, Cirrhia fulvago, and Meristis trigrammica

were found to settle more often on the light side; as was

Eupsilia transversa, a reddish brovn moth with one white spot

on each fore wing. Two other species which chosc the light

gide were Apatele psi and Colocasia coryli which were

observed sitting on tree trunks in the field. Xylophasia

monoglypha which was found frequently on tree trunks seemed

to "prefer" the black quarters. The aposematic moths settled
in almost equal numbers on both black and white surfaces,
Table XI.

Phototaris and Thigmotaxis in Noctuoids

Some of the procryptic species used in the last '
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IX

BLACK AND WHITE QUATERS

DARK AND LIGHT CRACKS CHOICE

CHOICE CHAMEBER CHAMBER
Procryptic Positively Thigmotactic .
Junction %age |[Angular|Square of || Dark Light %age in !Angular Square of
Linear Black|of B.,& W|Whitel Total Black  Trans. |Ang,Trans,| Cracks |Cracks |[Total | Dark Transform. |Ang,Trans
A, ypgilon 101 1 31 133 | 76.3 60.9 3708 .81 124 17 141 |87.9 69.7 4858.09
Narrow
A, xanthographa 96 6 33 135| 73.3 58.9 3469.21 110 8 118 93.2 7.0 5625 ,00
A, lunosa 42 2 23 67| 64,2 53.3 2840.89 65 14 9 82.3 61.1 3733,21
A, umbrosa g 0 5 14 | 64,2 533 2840.89 18 3 21 85 .7 67.8 4596 ,84
A, c-nigrum 40 1 11 52| T7.9 61.9 | 3831.61 26 4 30 | 86.7 68 .5 4692,25
T, pronuba T4 4 20 98 | 77.5 61.7 3806.89 88 8 96 |91.7 73.1 5343.61
0, plecta 19 0 9 28 | 65,5 54.0 2916,00 19 9 28 65 +5 54.0 2916.00
C, vaccinii 73 0 24 97| 753 60,2 | 3624.24 82 27 109 | 75.23 60.1 3612,01
E, transversa 9 0 21 30| 30,0 33.2 1102.24 7 13 20 35,0 36.3 1317.69
L., fimbriata 5 2 1 8 5 3 8
C. alsines 12 0 i 19
L, porphyrea 3 0 2 5
0, gothica L 0 2 13
A, exclamationis 42 0 16 58
Medium
A, lychnidis 23 1 6 30| 76.7 61.1 | 3733.21 38 4 42 | 90.5 73.1 5198.41
A, macilenta 12 0] T 19| 63,2 52.0 2766, 76 25 0 25 100 90 8100.00
H, micacea 42 3 23 68 | 63.9 53 el 2819,61 65 4 69 94.2 76.1 5791.21
R, lutosa 43 2 68 113 | 38.9 38.6 1489.96 50 13 63 T9.4 62.9 3956.41
H, oculea 36 4 6 46| 82,6 65.3 4264,09 27 7 34 79.4 63.0 3969.00
A, lutulenta 43 2 5 50| 86.0 68.0 4624 .00 40 3 43 93.0 T4.7 5580.09
C, fulvago 18 2 32 52| 36.5 3Tan 1383.84 33 19 52 | 63.5 53.0 2809,00
C, trapezina 1 0 2 3 3 0 3
C, graminis 5 1 1l ) 6 5 11
L, comma 20 0 8 28
I,, pallens 31 3 19 53
L, lythargyria 5 0 1 6
Flat
A, pyramidea 16 0 0 16 {100 90 8100.00 14 0 14 | 100 90 8100.00
A, tragopoginis 2 0 0 2
T. janthina 3 0 0 3
Ix = 963,3 57322.,05 Iy = 1146.6 80198.82
n. =17 = sum of t32 = 2,376 n, = 17 = sum of
squares squares
= = 56,665  x b30 = 2.042 2% 5% level _ _ 67,447 ¥
dof, = 16 p = 0.05 dof = 16



PROCRYPTIC
"WIDE"

Not Positively Thiegmotactic

L, testacea

X, monoglypha

T, cespitis

T, matura

Allophyes

oxvacanthae (Linnaeus)
A, psi

T. popularis

C, pisi

R, umbratica

M, trigrammica

C. Coryli

NON -~ CRYPTIC

Aposematic
S, lubricipeda

S. lutea

P, fuliginosa

E. chrysorrhoea

E, luridecla

Shining

L. chrysitis

Leaf Mimic

P, meticulosa

TABLE

XTI

BLACK and WHITE CHOICE CHAMBER

BLACK | JUNCTION (WHITE |[TQTAL |% BLACK
6 0 8 14 42,9
15 0] 10 25 60,0
3 2 2 T 57.1

3 1 2 6 58.3
12 2 11 25 52,0
Average % on Black = 4,06

7 0 4 11 63,6
17 2 13 32 53,1

T ABLE X
BLACK and WHITE DARK and LLIGHT
CHOICE CHAMEER : CHOICE CHAMAER
' % age b age
BLACK | JUNCTION |WHITE | TOTAL! BLACK |DARK |LIGHT | TOTAL| DARK
11 0 3 14 78.6 | 13 7 20 65.0
8 0 2 10 80.0 7 2 9 T7.8
9 1 2 12 {75.0 | 20 6 26 76.9
25 1 11 37 167.6 | 21 8 29 72,4
9 0 3 12 | 75.0 | 13 2 15 86,7
0 0 6 6 4 1 5
3 0 2 5 4 5 9
4 0 2 6
13 0 4 17
1 0 3 4
5 0 14 19
Average % dark
Average percent on Black 15.3 cracks 75.8%
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experiment were also tested in the apparatus showm in figure
165. The numbers of moths settling in the two identiceal
sets of cracks; one in the dark half and the other in the
light half of the tank, were counted.

The results were compared with those obtained in the
last experiment. The "wide" moths; which have already been
shown to be non-thigmotactic, did not tend to sit on a dark
surface more of ten when cracks were available. The other
categories of cryptic moths showed a slightly higher
proportion of moths settling in the dark cracks than on the
black surface, table IX, This increase was shown by means
of a t-test to be significant at the 5% level.

It was concluded from these experiments that those
Noctuolds which hold their wings close to the body at rest,
are concegled in dark crannies during the day; in which they
are trapped because they are positively thigmotactic and
negatively phototactic in daylight. An attempt to verify
this conclusion by field obgervations failed because very
few moths were found in more than 60 hours searching. This
was considered to be negative evidence of their efficient

concealment. The only species found sitting exposed on tree

trunks which was thought to be positively thigmotactic was

Cosmia trapezina. Two females of Amphipyra pyramidea and four

A. tragopoginis females were found under bands of sacking

around tree trunks. Noctuoids were more frequently found in

the grass and litter underneath trees than in the intervening
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areas, but only occasional specimens of any one species were

found.

General Observations on Operophtera brumata

It has already been mentioned that the males of

0. brumata have two resting positions; one in which the

wings are held up, and the other with the wings down in the
characterigtic Geometrid position. It was noticed that in
the laboratory the same individual was capable of sitting in
either position for long periods. (Fig. 9, p./#9).

The adult winter moths were watched in the field in
Autumn 1957. During the period of activity in the evening
the males walk up the trunks of oak and agpple trees with the
wings raised when they are not flying. An extensive search
of an infested apple orchard was made during daylight. A
ladder was used to reach the upper branches of the trees but
no moths were found; a few were resting on the tree trunks
in the down position, but most moths were found in the grass
beneath the trees with their wings up. They were dovm among
the dead grass blades and the undersides of the wings matched
these closely.

Phototonus in Operophtera brumata

Becauge it was observed that the moths mostly held
their wings up at night and that those hidden in comparative
darkness among the dead grasses also sat with their wings

raised, while moths sitting exposed on tree trunks in daylight

held the wings down, it was thought that the light intensity
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might affect wing attitude.

Two large batches of moths were kept overnight in
identical glass jars; and their attitudes were recorded in the
morning. One jar was then moved to a dark cupboard, and
the other was put in a dark refrigerator. The resulting
change in wing sgttitude, which was recorded one hour later,

was the same in spite of differences in temperature and

humidity.
Result:~
Original Attitude Final Attitude
Down  Up Down  Dp
98 34 - Refrigerator at 3%, - 26 95
97 32 - Cupboard at 17.5%. - 28 100

Wintexr moths with the wings in the up position hold
the body raised higher on the legs than when the wings are in
the down position. In some insects the balance of muscle
tonus is altered when part of each eye is covered; and the
stance is affected. (Wigglesworth 1953). The eyes of

0. brumata were painted in three different ways with black

cellulose paint, while the moths were anaesthetized with
carbon dioxide. Pach group of moths was left outside in a
glass jar. Two groups of controls were included; Dboth
having the eyes uﬁpainted; but one group being in a jar

painted black on the outside.
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Results:~

Treatment Up Down  Dead Total % Up
Upper halves of
eyes painted - 54 89 13 156 34.6
Lower halves of
eyes painted -~ 60 70 26 156 38.5
Whole of eyes
painted - 82 54 20 156 52.6
Outside of jar
painted ~ 100 44 12 156 64.1
Unpainted
Controls - 69 221 23 313 22.0

There was no difference in attitude between moths
with the tops of the eyes painted, and those with the bottoms
of the eyes painted. It seems that the greater the surface
of the eye covered, the greater is the tendency to sit with
the wings up.

Although it is important, the effect of light on wing
attitude is not the only factor concerned in deciding whether
a moth will sit with its wings up or down. Caged moths will
often sit with their wings up in strong illu.mina.tion;
especially if they are resting on vegetation. In order to

find out more shout these two resting positions a programme
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of field work and behaviour experiments was conducted in 1958

and 1959.

Field Observations on Onerophtera brumata

Adult male winter moths can live about a fortnight.
The last of five males in a muslin cage, put among the grass
and leaves in an orchard on Nov. 18th 1958, died on Dec. 3rd;
five moths left out on Nov. 24th. were all dead by Dec, 10th.
The adults emerge from pupae in the soil during the daytime
(Briggs 1956) and remain in the grass until the evening
flight. To make sure that all the moths found in the grass
were not newly emerged, the following experiment was
conducted:-

On December the Tth 1958; 50 males were caught during
the evening flight activity anﬂ marked with a spot of
cellulose paint on the ventral side of the abdomen. These
moths were released on an apple tree the same evening; they
were placed on the trunk evenly distributed around the
circumference. At 9 a.m, the next day the ground within a
foot of the trunk was searched with a vacuum sampler (Johnson
et al. 1955). Additional areas of 1 sqr. ft. were searched
on the north, south, east and west sides of the trunk. Live;
marked moths were found. This experiment was repeated on
the next four nights using four different trees;

Results:-

Date Recoveries out of 50 Temperature on Trunk

7 - 8 Dec. 25 in Grass O on Trunk +1° at 5 pm -1°cat 7pc
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8 - 9 Dec. 2 in Grass 2 on Trunk +7% at 5 pm +6%¢ at 7 pm

9 -10 " 9 " 0 " +2.58% o +1% u
10 <11 " 5 n 0 n +2.5% v +2,5% o
11 -12 " 10 " 0 " +4%¢ " +4% "

The numbers of moths caught between gix inches and a
foot from the trunk were kept separate from those caught
within six inches of the trunk. The catches from different
sides of the tree were also kept separate (fig. 166). The
wind direction in the orchard on these nights was recorded;
most moths were found on the leeward side of the tree.

Tt was concluded that many winter moth males return
to the grass after the night activity to "hide" there
during the day.

On two occasions O, brumata were watched all night.

The numbers on a tree were counted at hourly intervals.

After 6.30 p.m. it was noticed that the moths began to drop
off the tree., They fell from the trunk and branches, very
few were seen to fly away. No morning flight was observed

but some walking and fluttering was seen a2t dawn.

Resultg:~

Dec.12th~13th 1958 Apvle tree Dec.19th-20th 1959. 0Ozk +tree

Dry clear night. Rel. Humidity Wind and Rain R.H.
96% all night. Varied between 80% and 905
Time Tempoc Up | Down Time Tempoc Up | Down

4.30 pm 7.5%( 9 o 4.30 pm | 11° 4

5.0 " 7° | 164 0 4.45 * | 11° 23
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5.30 pm | 6.5°{2C8 | 1 5.0 pm | 11° 50 0

6.30 M 5.5 1155 | o 5.30 " | 11° 38 0

7.30 4.75°1 99 | 5 6.0 " | 11° 26 0

8.30 " 5° 7 | 5 7.0 " 10.75° | 23 0

9.30 " 59 69 i 5 g.0 " [11,5° 20 1

10.30 " 59 62 | 4 9.0 " (10.25° | 15 0
11.30 4,5°| 42 | 4 | 10.0 " {10° 17 0
12,30 am | 3.5°| 34 | 7 | 11.0 » | 10° 13 0
1.30 " 2.5°] 3¢ | 6 | 12.0 10° 10 0

2.30 " A0 27 | 8 1.0 am | 10° 9 0

3.30 " -1° | 14 | 5 2.0 v | 10° 14 0

300 | -1.5°] 13 | 5 3.0 * | 10° 11 0

5.30 " ~2° 9 | 4 4,0 " | 10° 11 0

6.30 " | -1.5°) 5 | 4 5.0 " | 10° 7 1

7.30 " -1° o | 2 6.0 " | 10° 5 0

8.30 " -.5°1 o | 12 7.0 * | 10° 3 0

9.30 " +1° ol o 7.30 v | 10° 0 0

8.0 " | 10° 0 0

If the males of Q. brumata drop passively from

the trees, as is indicated by these observations, and remain
in the grass until the next evening without flying further;
the distribution of the moths in the gress during the day
should reflect this behaviour. On the mornings of the

9th - 12%h Dec. 1958 inclusive, the area within 10 ft. of

several apple trees was searched cazrefully by hand and the
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distance from each moth which was found to the trunk was
measured in inches. As the tree canopy is thickest above

the ground near the trunk it was expected that the frequency
of moths would decrease from the trunk to the edge of the
canopy. The results (see appendix 3) indicate that the
number of moths decreased with the square of the distance
from the tree trunk. Five inch running means are plotted

in the graph (fig. 167 p.AR/§) and the regression line for this
"inverse square" relationship is drawn in fig. 168, The

regression coefficient is significant.

Results:-~

Digstance = X Frequency. F. &ZZ%_ = Y
0 19 0.22942
1 13 0.27735

2 4 0.5
3 8 0.35355
4 6 0.40743
5 8 0.35355

6 4 0.5
7 2 0.70711

8 4 0.5
9 5 0.44721

10 4 0.5
11 5 0.44721

12 4 0.5



103

L wy
Distance = X Frequency. F. i
13 3 0.57706
14 5 0.44721
15 2 0.70711
16 4 0.5
17 2 0.70711
18 1 1.0
19 2 0.70711
20 2 0.70711
T =10 Y = 0.5274
Items Degrees of Sums of Mean
T Ireedom Squares Square
Regression of Y on X 1 0.476 0.476
Regidual 19 0.1512 0.007958
Totals | 20 0.62793
Fi 19 = oo5MeE = 59.8. Significent p <0.01

Hydrotaxis in Operophtera brumata

It was noticed that wet patches of bark were
avolded by the moths during rain on the night of Dec, 19-20
1959. In Autumn the grass under trees is almost always wet
and many winter moths were seen helplessly stuck to wet grass
blades. This must be a major hazard to the moths resting in
the grass during the day and the folloWing experiments were
tried to find out if behaviour patterns’enabling the moths
to avoid free water were present.

Two tins were buried in plaster of paris in a large
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biscuit tin. Fach small tin was filled with plaster and had
muslin~-covered microscope slides projecting from it, as in
figure 170 (p.2R26). One tin was filled with water so that
the plaster and muslin were wedb; the other tin was dry.

The attitudes of the moths sitting on each set of slides were
recorded. The results are given in the table below.
Significantly more of the moths sitting on the wet surfaces

held their wings up than those sitting on the dry ones.

Observed Expected
Up  Dom Up ~ Down
We't 53 26 | 79 39.27  39.73] 79
Dry 31 59 | 90 44.73  45.27] 90
84 85169 84 85 | 169
£ = 17,01 p = 0,001

The dlfference in the number of moths choosing to
sit on the wet and dry was not significant; a second choice
chamber of a different type was used to clarify this point.

A green-painted, baking tin, lined with muslin, was divided
into two halves by e half-inch high partition of cellulose
acetate in the botton. The tin wag lined with green foam
plastic sponge half an inch thick; one half of the sponge

was wet and the other half was dry. The muslin on‘the wet
half was kept wet by capillary action and the water was
prevented from spreading to the dry half by a line of

"Durofix" which cowtinued the partition up the walls. (Fig.l69,
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P 220). A polythene 1id was used to prevent evaporation.
The whole cage was dried out in an oven every third day, and
the wet side was redampened to preserve the demarcation

between wet and dry halves.

Result:~
op Dows  DTotal % 7Up
Wet 17 49 66 25.76 ,
Dry 12 295 307 3.91

During the night moths crossing the border from dry to wet
halves, were observed to turn round and go guickly back again,
so that most moths were always on the dry half. This

effect wag not due to.humidityﬂdifferences, which were found
in preliminary epxeriments to have no effect on attitude.

Geotaxis in Operophters brumsata

Experiments in which moths were confined overnight
in tall narrow cages of "Windowlite" or muslin, gave no
indication that the moths become positively geotactic in
daylight; +they did not drop to the bottom of the cage. There
was no difference in attitude between moths sitting on the
roof; floor or sides of these cages; provided that these
were made of the same material.

Thigmotaxis in Operophtera brumata

The apparatus shown in figure 161 was used, and
+the method of scoring was the same as for Noctuids

(page €%.).



106

Result:-
Position
Score Up Down
1 68 121
2 67 147
3 , 27 64
4 | 0 2

This result indicates that the thigmotactic response
was weak, but this conclusion was suspect because the cracks
were too large in relation to the size of these moths,

Many moths in the cracks only scored 1 or 2 points,

A large series of preliminary experiments was tried,
to find the best arrangement of cracks for experiments with
this species, It was found that a range of widths from 5 to
20 mm, was most appropriate ,Glass microscope slides covered
in tightly stretched muslin were found to give a good grip
for the tarsi, A high proportion of O brumata sat with
their wings down on this substratum, It was found that the
moths would enter cracks more readily in a completely
transparent choice chamber than in one with opaque walls, It
is probable that the moths "settle down" more quickly when
the light intensity is low,

The choice chamber shown in Figs., 172 & 173 (p,,ZII),
which incorporates the above useful features, was used in
the final experiments., Ten to twenty moths were put in the

cage each night, and the numbers sitting on the cracks and
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the muslin wall were counted each morning. The moths on the

1lid or floor were not recorded. The result was as follows:-

Number of moths in cracks = 396
n " "  on flat muslin = 11
Total surface area of cracks = 360 sqgr, ins,

n " " " flat muslin = 75 sqr. ins.
Surface area of cage covered by cracks but not

muslin = 75 sqr. ins,

Observed Expected
Pat 11 407 x 5%% = 59,853
Cracks 396 407 x %%%-: 347,147
2= 222,93 p  0.00

Thigmotaxis is stronger than this result suggests
because over much of the crack range it was not possible for
two moths to sit opposite one another in the same crack -~
a factor which could not be considered in the area correction,

A second choice chamber was made, similar +o the
one used in the above experiment, but having the cracks at
the top of the cage and the flat muslin below, It was used
on the same nights and the results were similar ‘o those
obtained in the above expt, An analysis of these two
sets of results showed that roofed cracks were "preferred"
to open cracks, or trapped the moths more efficiently

because they could not walk out of the top.



Thigmotaxis and Surface Water

Number of Moths
in cracks On Flat
CRACKS AT BOTTOM OF CAGE 396 11
CRACKS AT TOP OF CAGE 393 29
CRACKS AT BOTTOM OF CAGE
Observed Expected
Open \/ 142 198
Closed _/\ 254 198
xi = 36,677 p < 0.00L
CRACKS AT TOP OF CAGE
i} QObserved Expected
Open Al | 185 196.5
Closed ; 208 196.5
Xi = 1.350 Non-significant.
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A second choice chamber similar to the one shown in

figs, 172 & 173 was made, and the inside was kept wet,

was used on the same nights as the "dry" chamber, and also
on extra nights to collect more data. The following things

were noted about the position of each moth:-

a) Resting attitude — wings up or down

b) The meximum width in millimetres of the opening of

the crack it was in (fig, 172)

¢) The actual width of the crack where the moth was
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sitting, measured in mm. across the thorax
d) Whether the crack was roofed or open above
e) The way the moth was facing in the crack —

upwards, downwards or acrossi-

vertical

Upwards

Across Across

There was very little difference in the number of

moths entering the cracks in the wet and dry chambers:-

FLAT CRACKS TOTAL foge FLAT
DRY 11 396 407 2. 7%
WET 30 525 555 5. 4%

The presence of water did, however, affect the
position of the moths within the cracks (See table XII,
p. 110)

As in the last experiment more moths held their wings

up in the wet cracks than in the dry ones:-

QBSERVED
_UP DOWN TOTAT, % UP
WET o 428 525 18,47
DRY 13 383 396 3.28
TOTAL 110 811 931
EXPECTED,
_— U D
W 62.03 462,97 525
D 47.97 348,03 396
110 811 931

X% = 51.363  p.< 0.001



TABLE XII
grack %Zié%ibig ggﬁi:g§i°k ggﬁizgiidk gg;ygths 2 x 100/ x 1002 x 100| %L x 100
Range Width L Dry D Wet W.

0- 1% mm|207.534 0 0 0 0 0 0 0
13- 24 mm|207.534 | 41 10 0 19.76 | 4.8185| © 4.8185
24~ 3% mm|207.534 | 69 33 3 33.25 [15.9 1.45 | 14.45
3%- 4% mm|207.534 54 44 3 26,02 |21,2 1.45 | 19.75
4%- 5% mm|{200.034 | 38 58 6 19.0 |29.0 3.0 26 .0
5%4- 6% mm|185.284 | 32 61 5 17.27 |32.9 2,7 | 30.2
6%~ 7% mm|173.909 29 49 9 16.67 | 28.176 | 5.175| 23.001
74- 84 mm|164,0965 | 18 36 4 10.97 | 21.94 2.44 | 19.50
84-10% mm|218.866 | 29 8 18 13.25 | 35.64 8.23 | 27.41

103-12% mm|178.648 26 64 18 14.55 |35.825 | 10.1 | 25.725

122-15% mm|192.140 | 28 58 20 14,57 | 30.186 | 10.4 | 19.786

154-18% mm| 99.20 20 20 5 20,16 | 20.16 5.04 | 15,12

183-20 mam| 11.45 9 8 2 8.6 |69.87 | 17.5 | 52.37
Totals & 393 519 93

* These totals are smaller than mass totals because moths sitting on
the cellulose acetate wall in the cracks and not on the muslin
covered slides were discounted,

These figures are graphed in Pig. 174, p.222



This difference was even more marked at dawn, In
the wet chamber many moths were observed to choose their
resting site with the wings raised up and to lower the wings
during the early morning, This behaviour is reflected in
the graph (fig.l74, p. AL 22) where there is & peak at 10 mm,
This is as far as a moth with raised wings can push itself
into a crack, without leaning sideways, In the curve for the
dry chamber this second peak if present, is very small, The
moths were observed to shuffle into their final position
with their wings down, causing a definite peak at 3 mm, The
width of the thorax where measurements were taken is 2 - 3
mm. The first peak on the wet graph is at 6 mm, indicating
that even those moths which sit with their wings down on the
wet surface, do not push as far into the cracks as those on
a dry surface.

It is possible for a moth to sit on the floor of the

cage as in Fig. 1T7la (p. 22°) in cracks wider than 9 mm,

111

Very few moths will sit facing downwards, but some individuals

were found in position b, Position ¢ is the most usual
one in all cracks except the widest, In cracks of maximum
width 18-20 mm,a large proportion of the moths are in
positions a or b in the second crack formed between the

glides and the floor of the cage, This produces an

artificial peak in this range in the graph (fig.174), in which

the crack widths where the moths were actually sitting are
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plotted against the number of moths sitting there corrected
for the amount of that crack width available (see table
XII, p. 110).

In the graph shown in figure 175, the number of
moths in each crack, divided by the maximum width of that
crack in millimetres (because there is a greater chance of
a moth walking about inside the cage at random entering the
widest cracks) is plotted against the maximum crack width,
There is a peak at 16 mm. in the curves, showing the results
of both wet and dry chambers, This is probably because
the moths walk into both wet and dry cracks with their
wings vibrating. A crack with a 16 mm. opening will just
allow a moth with its wings half lowered to walk in along
the floor of the cage, without having room to turn round and
walk out again., (See table XIII)

In both wet and dry chambers most moths sat facing
upwards, Of the moths which were facing downwards, the
ma jority were in cracks open above and tapering downwards,
TLess than 3% of all the moths tested faced downwards in

cracks roofed in above (fig. 1718, p. 220 )

WET IRY
Roofed Open Roofed Open
~ V] A \/
UPWARDS 183 100 128 45
50,275% 27.45% 44,29% 15.57%
DOWNWARDS 3 26 7 32
00,.824% 7.143% 2, 422% 11.073%
CROSS 19 33 40 37
i 5,22% 8,92% 13.84% 12.8%

TOTALS 364 289
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TABLE XIII

Maximum Total No. moths No, moths Moths per Moths per

Width mm Width mm ~ WET DRY TR T
5 5 1 0 0.2 0.0
6 12 3 2 0.25 0.167
T 14 6 5 0.428 0.357
8 16 5 6 0.3125 0.375
9 18 11 8 0.6111 0.444
10 20 16 5 0.80 0.25
11 22 31 28 1.41 1.273
12 24 46 31 1.917 1.29
13 26 40 30 1.54 1.154
14 28 53 37 1,893 1,32
15 30 53 28 1.767 0.933
16 32 9 63 2.469 1,9687
17 34 63 46 1.853 1.353
18 36 51 43 1,4167 1.194
19 38 51 47 1.342 1.237
20 20 16 18 0.8 0.9

Totals 525 396

Graph figure 175, p. A2+
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Phototaxis in Operophtera brumata

O.brumata males were tested in the apparatus shown

in figure 165 (p, A/7 ); their position and attitude were

recorded:—
Result:

UP DOWN  TOTAL FUR
Dark cracks 46 265 311 17.35
Light cracks 16 9 95 20.253

More moths settled in the dark half of the chamber, There
appears to be no difference in phototactic response between
moths with their wings up and those with them down, The dark
half was probably not dark enough for the effects described
on page 92 to be apparent.

The chamber used for Noctuoids (fig.l64 p, 2//) ) was
modified, One of the white quarters was painted grassgreen
and one of the black quarters grey, with cellulose paint.
The grey and the green were of approximately the same
luminosity (although the grey was brighter than the green
when they were compared with an optical photometer and

duller when the comparison was made with a photoelectric cell).

Result: up DoWN ToTAL aup
Black 12 148 160 Te5
Green 15 98 113 13.274
Grey 5 (P 80 6.25
White 2 84 86 2.326

Nearly twice as many moths settled on the black quarter as
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on the white. The difference between green and grey was
2

significant when enalysed by a X° test,
COLOUR OBSERVED EXPECTED
Green 113 96.5
Grey 80 96.5
X i = 5,81 p = 0,02

The difference in attitude between black and green (7.5 :13.3%)

was not significant,

Effect of Surface Texture on Resting Attitude in Operophters
brumeta

Bamboo leaves were fastened with elastic bands
longitudinally, over opposite quarters of the bark of three
logs, 1ft. long and 4 - 6ins. in diameter, The leaves were
rut ventral side outwards so that the longitudinal veins
ran from top to bottom of the logs, which were placed upright

in large glass tanks,

No, of Moths on BARK BAMBOO TOTAT,

0AK, 1958

(Rovgh with longitudinal 22 65 &1
cracks) (25.3%)

APPLE, 1959 168 226

(Flaky bark) (220 7%)

HORNEEAM, 1959

(Smooth bark) (gé%g%) 364 1T

Bamboo leaves are preferred to bark for settling on, All
three logs were darker in colour than the green leaves,
Hornbeam, which was the lightest in colour was avoided less

than the other two, which were roughgr, T@g surfggg yggturg



116

of these was thought to be unacceptable,

In an attempt to make a surface which was
"uncomfortable" for the moths to sit on, one half of an
8 inch diameter tin was lined with resinated honeycomb
mesh - "polygonal paper", The hexagons were half an inch
in diameter, The whole of the bottom of the tin was filled
with plaster of paris, so that one half was smooth and the
other covered in hexagons, projecting 1/10 inch above the
plaster, The whole of the inside of the tin was painted
black with cellulose paint. The number of moths in each side

and their attitude was recorded,

Result
gg DOWN TOTAL ﬁ UP
Honeycomb 19 26 45 42,22%
Flat 29 105 134 21.642%

Meny more of the moths settled on the flat half than on the
other half with hexagonal irregularities too small to
accommodate the body of a winter moth.

Sixty flowering stalks of grass were cut to 9ins. long
and wedged between two sides of a +tin box, 9" x 9" x 5",
Twenty moths were put in the box each night for 4 nights,
with the stalks vertical, On alternate nights the stalks

were horizontal, The aumber of moths on the stalks was

counted,
Result.
— No, Moths
on Stalks Total No, Moths.
i 80
Horlgonfal 24 30
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It was conéluded that winter moths do not readily sit on
narrow surfaces, especially if these are horizontal,

In order to induce the moths to sit balanced on
narrow edges, a box was made, two opposite sides of which
consisted of flat glass. Glass microscope slides were placed
vertically with their flat surfaces at right angles to the
other two sides, so that they presented a row of vertical
glass edges to the lumen of the box. Gaps of two tenths of
an inch were left between the slides; each side of the box
measured 3 inches by 3% inches internally, The areas of flat
glass and glass edges available to the moths inside the box
were equal, The attitudes of the moths sitting on these
were recorded, The large numbers of moths settling on the
muslin top or the bottom of the box were disregarded,

OBSERVED

UP DOWN POTAL
EDGES 35 10 45
FTAT 9 55 64
44 65 109
EXPECTED )
EDGES 18.165 56.835 45
FLAT 25.835 38,165 64
44 65
X%, = 44.56 D 0.001

There was a greater tendency to hold the wings up when the

moths were balancing on edges then when sitting on the flat.
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Tarsal contact in Operophtera brumata

The results of the last experiment indicate that thé
wing position might be controlled by the area of the tarsi
touching the substratum, The following experiment was an
attempt to test this theory, Tarsi were cut off or covered in
wax, (Wootten and Sawyer, 1954). The resulting attitudes

were recorded,

Besulte Significance of X2
DOWN UP DEAD Control = expected
(anaesthetized ~— '
Control with CO, only 16 4 0
Fore tarsi cut off 5 11 4 P = 0,001
Hind " "o 8 8 4 P = 0,01
Mid " " " 9 9 2 P= 0,01
Fore tarsi waxed 6 13 1 P = 0,001
Hind " " 5 12 3 P = 0,001
Mid " " 5 14 1 P = 0.001
F + H waxed 6 12 2 P=0,001
M + H waxed 2 16 2 P = 0,001
P 4+ M waxed 5 11 4 P = 0,001
ALL waxed 2 17 1 P = 0,001

Cutting off or waxing the tarsi significantly reduces the
nuober of moths that sit flat, This was in spite of the fact
that moths without tarsi cannot sit up properly. There is no
way of ensuring that this was a genuine effect, The shock
of the opszration, or the enforced abnormal attitude of the

legs may be the real factors causing the wings to be held

upwards,
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It is accepted by most field entomologists that Lepidoptera
which rest with their wings spread out sit exposed on flat surfaces such
as rocks or three trunks, while other species with compact resting
attitudes are to be found amongst litter or vegetation. "Choice chamber"
experiments using Noctuoids with a variety of resting attitudes support
this idea (pages g?/f.‘?l' It was found that those species which fold
the wings close to the body showed stronger positive thigmotaxis than

others with less compact wing folding.

Almost all the cryptic Noctuoids which were tested settled on
dark surfaces in preference to lighter coloured ones,  Warningly
coloured species exhibited no thigmotactic or phototactic responses.,
It is thought that they rely on their unpleasant taste to protect them

from predators and have no need to conceal themselves.

It has been said that Lepidopters which rest with their wings
spread out do not creep into crevaces in vegetotion because the
vulnerable wings would be damaged, (Wood, 1913). This idea implies that
the choice of resting site is restricted by the resting attitude.
Operophtera brumata males are more likely to hold their wings up when they
are sitting on » dark, wet, irregular surface such as a clump of grass,
than whcﬁ they are resting on an expanse of dry tree trunk, exposed to
the light. The experiments previously recorded indicote that resting
attitude may be dependent on resting site (pages¢?€%hﬂ. Nocturnal moths
with no special means of protection must have an efficicnt method of
hiding themselves from enemies during daylight. It is reasonable to
supposc thot the choice of resting site, the resting attitude ond the
cryptic colour pattern are closcly inter-reloted and of grent survival

value, having evolved in harmony with one another.
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CONCLUSION

There is correlation between the resting attitude of a cryptic
moth and some of the behaviour patterns involved in the choice of its
resting site., The morphology of the thorax and wing bases is therefore

also corrclated with the resting habits of the insect.
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APPENDIX 1.

"Ephestid' Ringer solution (N. Waloff pers. com.)

7.0 g. Na C1

0.2 g. KC1

0.2 g. Ca Cl,

0.04 g. Na H Co3

Distilled water to 1 litre.
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28 Tortrix V1r1dana 862 0,12 0,143 0.014  0.0166 - 3.2 0 | 0.0 0.7 0.96 0.05 1.655 30,2115  2.7586  2.483  0.275%  11.1
29 Zeuzera pyrina 2155 0.7 0.615 0,033 0,029 7 0o | o0 " »1.66{‘7 1.43 0,325 5.135  63.29  5.85  4.745 1,105 23.287
30 - -Zygaena filipendulae 13.8 0,325 0.325 0.024 0.024  23° 0,05 | 3.6232 0.9232 1.17 10,07 2,907 24,08 4.452 3,595 0,857 19.25
31 Agrotis exclamationis - 0.65 - - - - - - 1.576 1.122 ‘
32 Agrotis yjpsﬂon - 0,663 - - - - ¢ - "1""51"4 1.24
33 ’COlOtOIS p__nnarla - - 0.513 - - - - - - kl 64 1,088
34 Eilema lurideola | - 0.325 < - - - - - 1576 1.172
35 | Merlstls triqrarmnlca- w 0,55 - - - - - - 1.7 1.086 .
36 ,Rusma umbratica - 0,475 - - - - < - 1.41 1,037
37 Selenia tetralunarls - 0.453 - - - - . Eo- 1.657 1.333
38 Triphaena pronuba ~  0:813 - - - - - - 1.385 1.24
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APPENDIX 3.
Distance Moth Running Distance Moth Running
from tree. frequency. means. from tree. frequency. means,

inches © 19 19 . 29

1 30 2 1,0
2 31 0
3 32 1
4 33 @) 0.4
5 34 0
6 35 1 0.6
7 36 2
8 37 o
9 38 1 1.2
10 39 2
11 40 1 0.8
12 41 0
13 42 0
14 43 0 0.2
15 44 0
16 45 1 0.4
17 46 1
18 47 0
19 48 2 0.0
20 49 0
21 50 0 0.6
00 51 0
23 52 1
24 53 0o 0.6
25 54 1
2% 55 LA 0.4
o7 56 O
28 o7

0.4



125,

APPENDIX 3 (continued).

Distance Moth Running Distance Moth Runhing

from tree, frequency. means. from tree. frequency. means.

inches 59 84
60 85
6] 86
62 87
63 88
64 89
65 90
66 91
67 92
68 93
69 %4
70 95
71 96
72 o7
73 98
74 99
75 100
76 101
77 102
78 103
79 104
80 105
s L 106
892 107
43 108




126,

REFERENCES

ASH, J., 1980, Records of Lepidoptera from an area in Berkshire in
1949. Ent, Rec., 62

BEIRNE, B.P., 1955. Collecting, Preparing and Preserving Insects,
Canada Dept. of Agriculture.

- - 1952, British Pyralid and Plume Moths. London, 207 pp.

BERLESE, A,, 1909. Gli Insetti Milan., 1004 pp.

BLEST, A.D., 1958. Protective Colouration in Insects.
The New Scientist. 3 (60): 22-24,

- - 1957, Function of Eyespot Patterms in Lepidoptera -
Behaviour. 11: 209-254,

BLOWER, G., 1951, A comparative Study of the Chilopod and Diplopod
Cuticle = Quart, J, micr, Sci, 92: 331-361.

BOETTIGER, E,G.; & FURSHPAN, E,, 1952. The Mechanics of Flight Movements
in Diptera =~ Biol, Bull,, Wood's Hole. 102: 200-2]11.

BOURGOGNE, J., 1951, See Grasse, p.

BRAUN, A,F,, 1919. Wing Structure of Lepidoptera and the Phylogenetic
and Taxonomic value of certain persistant Trichopterous
characters -~ Ann, ent. Soc. Amer, 12: 349-366.

- - 1924, The frenulum and its retinaculum in the Lepidoptera =
Ann, ent, Soc, Amer, 17: 234-256.

BRIGGS, J.B., 1956. Some Features of the Biology of the winter moth (Qperophtera
brumata (L).) on top fruits - J, hort, Sci. 32 (2;: 108-125,

BROCHER, F., 1919, Les organes pulsatiles méso-et mét;tergaux des
Lepidopteres - Arch. Zool, Exp. Gen. 58: 149-171.

- - 1920, Etude experimentale sur le Fonctionnement du vaisseau
dorsal et sur la circulation du sang chez les insectes,
liie partie Le Sphinx convolwvuli.

Arch, Zool, Exp, Gen, 6Q: 1-45.

BRUCE CASSELMAN, W.G., 1959, Histochemical Technique: London, 205 pp.

BRUNET, P.CsJ., 1951. The formulation of the Ootheca by Periplaneta americana.
1) The Micro-anatomy and Histology of the posterior part
of the Abdomen - Quart, J, micr. Sci. 92; 113-127,




127,

BRUNET, P.C.J., & KENT, P.W., 1955, Observations on the mechanism of
a tanning reaction in Periplaneta and Blatta -
Proc. roy. Soc. {B) 144: 259-274. :

BUSCK, A., 1914, On the classification of the Microlepidoptera -
Proc, ent. Soc., Wash., 16: 46~54.

CARPENTER, G.H.D., 1947, The different kinds of protective Colouration
in insects and their interpretation.
S. East, London. 52: 34-41,

CHADWICK, L.E., 1953. The motion of the wings. Aerodynamics and Flight
metabolism, The flight muscles and their control.
Roeder, K.D. Insect Physiology. New York: 583-588,

CHAPMAN, T.A., 1894. Some notes on the Micro-Lepidoptera whose larvae are
external feeders, and chiefly on the early stages of
Eriocephala calthella (Zygaenidae, Limacodidae,
Eriocephalidae). Trans. ent. Soc. Lond. 1894: 335-350.

- - 1906, Butterflies at Rest - Ent. Rec., London, 18: 168-170,
- - 1913a. Apterous Females of Moths - Ent, mon, Mag. 49: 8-10,
- - 1913b, Apterous Females of Winter Moths ~ Ent. mon.Mag.

49: 81-83.

- - 1916, Micropteryx entitled to Ordinal Rank, Order
Zeugloptera - Trans, ent. Soc. Lond. 1916: 310-314,

- - 1917. Resting Attitudes in some Lepidoptera, examples of
Recapitulation in habit, Trans. ent. Soc. Lond.
1916: 301-309.

.- - 1918, Further notes on Recapitulatory Attitudes in
Lepidoptera - Trans, ent, Soc. Lond. 1918: 338-345,

CLARK, M.E., & CLARK, R.B. 1960, The Fine Structure and Histochemistry of
the Ligaments of Nephtys - Quart. J. micr. Sci. 10l1: 133-148.

COLLINS, D.L., 1934, Iris-pigment migration and its relation to Behaviour
in the Codling Moth -~ J. exp. Zool,, Philadelphia.
_6_23 165-1980

COLLINS, D.L.,& MACHADO, W., 1935, Comments upon Phototropism in the
Codling Moth with reference to the Physiology of the
Compound Eyes - J. econ. Ent., Geneva. 28: 103-106.

CQLQUHOUN, M.Ke, 1939, Flight and Abundance of the Winter Moth -
Entomologist, London. 72: 209-212,

COMSTQCK, J.H., & NEEDHAM, J.C., 1898-99. The Wings of Insects - Amer. Nat,
32: 43-48, 81-89, 231-257, 413-422, 560-565, 769-777,
903-9113 33: 117-126, 573-582, 845-860,



128.

COMSTOCY, J,H., 1918+ The Widgs of insects, ithaca. 430 pp.

COTT, H.B.,, 1940. Adaptive Colouration in Animals. London. 508 pp.

CRAMPTON, G.C. 1909. A contribution to the comparative Morphology of
the Thoracic Sclerites of Insects - Proc, Acad. nat,
Sci. Philadelphia. __6_3.__3 3""540

- - 1920, A comparison of the External Anatomy of the lower
Lepidoptera and Trichoptera from the standpoint of
Phylogeny - Psyche Boston. 27: 23-34.

- - 1928, The Basal Structures of the Wings of certain insects -
Bull, Brooklyn ent. Soc, 23: 113-118.

CRIPPS, C,, 1947. Scent Perception in some African Myrmecophilus
Lycaenidae - Proc, R. ent. Soc, London. (A) 22: 42-43,

DAY, M,F., 1949, The occurrence of Mucoid Substances in Insects -
Aust. J, Sci. Res., Sie B, Biol. Sci., 2 (4) 421-427.

DENNELL, R., & MALEK, S.R.A,, 1954, The Cuticle of the cockroach
Periplaneta americana i) The appearance and histological
structure of the dorsal surface of the abdomen -

Proc, roy. Soc., (B) 143: 126-135.

- - 1956. The Cuticle of the cockroach Periplaneta
americana v) The chemical resistance of the impregnating .
material of the cuticle, and the “"self-tanning" of its
protein component., Proc, roy. Soc. (B) 144: 545-556.

DOWBEN, R.M. & ROSE, J.E., 1953. A metal-filled Microelectrode -
Science 118: 22-24.

DUFAY, C,, 1956, Etude du phototropisme de Triphaena pronuba (L) Lépidoptére
Phalaenidae) - _C.R, Acad, Sci. Paris _243: 1153-1155.

EASTHAM, L.E.S., & EASSA, Y.E.E., 1955, The feeding mechanism of the
butterfly Pieris brassicae L. Philos, Trans., London (B)
239 (659): 1-43.

EHRLICH, P.R., 1957. The higher systematics of the Butterflies - The
Lepidopterist's News 2 (4-5): 103-106.

- - 1958, The integumental Anatomy of the Monarch Butterfly
Danaus plexippus L. (Lepidoptera Danaiidae).
Univ, Kansas sci, Bull. 38 (18) 34 pp.

ELTRINGHAM, H., 1919. Butterfly Vision - Irans, ent. Soc, London 1919: 1-49,

EL~ZIADY, S.A.H., 1954, Field studies in Flight Activity of Insects in
relation to their Physical Environment -
Ph.,D, Thesis. Univ. of London.




129,

FORD, L.T. 1949, A qguide to the smaller British Lepidoptera.
London. 230 pp.

FRAENKEL, G. & BUDALL, K.M. 1940. A Study of the physical and chemical
properties of Insect Cuticle - Proc. roy, Soc. Lond.

(B) 129: 1 - 35,

- - 1947, The structure of Insect Cuticles -
Proc, roy, Soc, Lond, {B) 134: 111-143.

FREEMAN, T.N., 1947, The external anatomy of the spruce budworm
Choristoneura fumiferana (Tortricidae). -
Canad, Ent. 79: 21-3l.

CRAHAM, M.W.R. de V., 1950, Postural habits and colour Pattern evolution
. in Lepidoptera - Trans, Soc, Br, Ent.,10s 217-232,

GRASSE, P., 1951, Traite de Zoologie, Tome X: 192-437.

GRISON, P, & SILVESTRE de SACY, R., 1955. Déplacement orienté de la femelle
de Cheimatobie Operophtera brumata {L.) (Geom.} =
Bull, Soc, ent. Fr. 59: 151-154.

HALMI, N.S., & DAVIES, J., 1953. Comparison of Aldehyde-fuchsin staining,
Metachromasia and Periodic acid-Schiff reactivity of
various tissues., - J, Histochem and Cytochem., 1 (6):
447-4539,

HAMM, A.H,, 1904, Choosing Suitable Situations - Proc, ent. Soc. Lond. 1904:

- - 1606a., A permanent record of British moths in their natural
attitudes of Rest - Trans. ent. Soc. Lond. 1906: 483-486.

- - 1906b. Resting site of Pieris rapae.
Proc, ent, Soc, Lond, 1906: 100~101,

HASS, W, 1916, Arch, Anat. Physiol. Lpz. 1916: 295-338.

HEATH, J. 1957. The British Eriocraniidae and Micropterygidae -
Proc., S. Lond, ent. nat, Hist. Soc, Oct, 1958: 115~125,

HERING, M., 1926. Biologie der Schmetterlinge Berlin: 480 pp.

HINTCN, H,E., 1946, On the Homology and Nomenclature of the Setae of
Lepidopterous larvae, with some notes on the Phylogeny
of Lepidoptera - Trans, R, ent. Soc., Lond. 97: 1-37.

HODGSON, G.G.C., 1909. Which is of the greater importance to Rhopalocera -
upper or underside of Wings ?.
Lond. Jr. City ent. Soc., 1909, 1910: 29-44,




130.

HORSTMANN, E., 1935, Die tagesperiodischen Pigmentwanderungen im
Facettenauge von Nachtschmetterlingen -
Biol, Zbl. Leipzig. 109: 93-97.

HOSNY, M.M,, 1953, Studies on the Activity and Abundance of Macro-
lepidoptera in relation to Environment.
Ph.D. (Sci.) Thesis. Univ, of London,

- - 1955, Notes on the effect of some secondary Environmental
conditions on the Activity of nocturnal Macro-lepidopter
Bull. Soc. ent, Egypte. 39: 297-314.

ILSE, D., 1928, Veber den Farbensinn der Tagfalter. -
Z. vergl, Physiol. Berlin 8: 658-692,

IMMS, AJD., 1957, A General Textbook of Entomology - Londons 886 pp.

ITO, T., 1954, Studies on the Integument of the Silkworm, Bombyx mori.
vii Formation of Adult Cuticle -
Bull, Seric. Exp, Sta. Japan, 14 (5): 229-252,

JOHNSON, C.G., SQUTHWOOD, T.R.E,.S. & ENTWISTLE, H.M., 1955, A Method for
Sampling Arthropods and Molluscs from Herbage by Suction
- Nature 176: 559,

JONES, F.M. 1933. Insect Colouration and relative Acceptibility of Insects
to Birds - Irans. ent. Soc. Lond, 80: 345-386,

JORDAN, K., 1928. On some Lepidoptera of special interest with remarks
on Morphology and Nomenhclature -
Novit. Zool, Tring 34: 147-150,

KﬁLER, S. von., 1955, Entomologisches W8rterbuch mit besonderer
Berlicksichtiqung der morphologischen Terminologie. -
Wiss. Abh, dtsch. Akad, LandwWiss., Berlin 12: 638679,

KENNAUGH, J., 1959. An Examination of the Cuticles of two Scorpions,
Pandinus imperator and Scorpiops hardwickii -
Quart. J. micr, Sci. 100 (1): 41-50.

KETTLEWELL, H.B,D., 1955a, Recognition of appropriate Backgrounds by the
Pale and Black Phases of Lepidoptera -
Nature, Lond. 175: 943-944,

- - 1955b, Selection Experiments on Industrial Melonism
in Lepidoptera. Heredity, Lond. 9: 323-342,

- - 1956, A reésume of Investigations on the Evolution of
Melanism in Lepidoptera. - Proc, roy. Soc. Lond, (B)
145: 297-303.

- - 1958, Evolution and the Environment.
The New Scientist. 4 (85): 297-299,




131,
KETTLEWELL, H.R.D. 1959, Brazilian Insect Adaptations,
Endeavour 18 (72): 200-210.

KLOET, G.S. & HINCKS, W,D., 1945, A Check List of the British Insects.
Stockport: 483 pp.

KNOLL, F., 1921. Lichtsinn und BlUitenbesuch des falters von Deilephila
livornica. Z. vergl, Physiol. 2: 329~380.

- = 1926. Insckten und Blumen. Abh. Zool.-bot, Ges., Wein 12: 1-646,

KRISHNAN, G,, 1953. On the Cuticle of the Scorpion Palamneus swammerdami
Quart. J, micr. Sci. 94: 11-21,

KROGH, A., & ZEUTHIN, E., 1941. Mechanism of flight preparation., -
Js_exp. Biol, 18: 1-10,

KUWANA, Z., 1940. Some Histochemical Characters of the Larva of Bombyx mori
(Ls). Annot. Zool, Jap. 19: 309-311. l

LARSEN, E.B., 1943. The Importance of Master Factors for the Activity of
Noctuids, Studies on the Activity of Insects., 1. -
Ent. Medd. Copenhagen 23: 352-374.

LEACH, E.H., 1947, Bismark brown as a stain for Mucoproteins -
Stain Tech. 22: 73-76.

LEE, B,., 1950, The Microtomists Vade-Mecum. Londons 753 pp.

LILLIE, R.D., 1953, Factors influencing the Periodic acid-Schiff Reaction
of Collagen fibres. - J. Histochem, and Cytochem, 1: 353-361

LONGSTAFF, G.B., 1906. Some Resting Attitudes of Butterflies.
Trans, ent. Soc. Lond, 1906: 97-118,

- - 1909. Bionomic notes on Butterflies.
Trans. ent. Soc. Lond., 1909: 607-673,

LOWER, H.F., 1955. A Trichrome stain for Insect Material. Stain Tech.
30: 209-212,

- - 1957, The development of the integument during the life cycle
of Persectania ewingii Lepidoptera Agrotidae. =~

LLOYD, L.I., 1920, The habits of the glasshouse tomato moth Hadena (Polia)
oleracea, and its control. Ann. appl. Biol. 7: 66-102,

MADDEN, A.H., 1944. The external dorphology of the adult tobacco hornworm
(Lepidoptera, Sphingidae) - Ann. ent. Soc, Amer.
Columbus 37: 145-160,

MAKI, T., 1938. Studies on the Thoracic Musculature of Insects,
Mem, Fac. Agric. Taihoku imp. Univ. 24: 343 pp.




132,

MAKINGS, P, 1957, An Analysis of the Fadtors (especially non-chemical)
determining the oviposition=-site in Lepidoptera.
Ph.D. (Sci,) Thesis. Univ, of London.

MALEK, S.R.A., 1958, The Appearance and Histological Structure of the
Cutlcle of the Desert Locust, Schistocerca gregaria
(Forskal) - Proc, rovy. Soc. (B) 149: 557-570,

MANTON, J.M., 1958, The Evolution of Arthropodan Locomotory Mechanisms,
pt. 6. Habits and Evolution of Lysiopetaloidea
(Diplopoda). Some Principles of leg Design in Diplopoda
and Chilopoda, and Limb structure of Diplopoda.,
J. Linn, Soc. (Zool) 43: 487-556,

MARTYNOVA, E.F,, 1950, On the structure of the Caterplllars of Mlcropteryx
(Lepidoptera, Micropterygidae).
Ent. Oboz, 31: 142-150.

McINDQO, N.E., 1917. The Olfactory organs of Lepidoptera. -
J. Morph. Philidelphia 29: 33-54.

- - 1929, Tropisms and Sense Organs in Lepidoptera. -
Smithson, Misc. Coll., Washington 81 (10):59 pp.

METZGER, W,, 1935, Gesetze des Sehens, 5. Gestaltgesetze im Dienste der
Tarnung. Natur, u, Volk, Frankfurt a.M. 65: 600-618.

MEYRICK, E,, 1927. A Revised Handbook of British Lepidoptera, London 913 pp,

MINNICH, D.E., 1921, An experimental study of the tarsal Chemoreceptors
of two Nymphalid Butterflies.
Jo eXD- Zoolo 13_: 173"203.

- - 1924, The olfactory sense of the cabbage Butterfly Pieris
rapae Linn.. An experimental study.
Je. exp, Zool. 39: 339-356,

MOTTRAM, J.C., 1916, An experimental determination of the Factors which
cause Patterns to appear Conspicuous in Nature, -
Proc. zool, Soc. Lond, 1916: 383-419.

MURRAY, D.P., 1947, Adela viridelle Scop. (Now reaumurella (Linnaeus)).
Trans, S, London ent., nat, hist. Soc. 48: 192-193,

NEWTON, H,F.C., 1931, On the so-called "Olfactory Pores" in the honey Bee.
QUOI‘t. J. miCI‘. SCi. Zﬁ: 647"688-

"
NUESCH, H., 1953, The Morphology of the Thorax of Telea polyphemus 1.
Skeleton and Muscles. J. Morph, Philadelphia 93: 589-608.,

O'BYRNE, H., 1933, On the effectiveness of protective adaptations in
Lepidoptera, Ent. News,, Philadelphia. 44: 57~61.




133,

ONESTO, E., 1959, Morfologia della Regione Articolare delle All
di Anthocaris cardamines {L.) Annuario istituto e
Museo di Zoologia Universita di Napoli II: 1-39.

OQUDEMANS, J., 1903, Etude sur la position de Repos chez les Lépidopféres -
Verh, Akad, Wet. Amst. 10: 1-90.

PANTIN, C,F.A,, 1948, Notes on Microscopical Technique for Zoologists,
Cambridge: 77 pp.

PARROTT, P.,J. & COLLINS, D.L., 1934. Phototropic responses of the
Codlina Moth. - J, econ. Ent., Geneva 27: 370-379.

PEARSE, A.G.E., 1960, Histochemistry. Theoretical and Applied. London 998 pp

1"t
PLOTNIKOW, W., 1904. Uber die H¥utnung und llber einige Elemente der Haut
bei den Insekten., - Z, wiss. Zool, 76: 333-366.

PORRITT, G.T. 1913, The wingless Geometer. Ent. mon. Mag. 49: 79-81.

PORTIER, P,, 1932. Wings and Respirationy; flight in Lepidoptera.
5th Cong. internal, Ent; Paris. 25-31.

POULTON, E.B., 1890, The colours of Animals., London: 159 pp.

PRINGLE, J.W.S., 1957, Insect Flight, Cambridge: 132 pp.

PRYOR, M,G.M,, 1940, On the hardening of the ootheca of Blatta orientalis -
Proc. roy. Soc., London (B). 128: 378-393.

- - 1940, On the hardening of the Cuticle of Insects - Ibid: 393~4"

RICHARDS, A.G.; 1951, The Intequment of Arthropods. Minneapoliss 411 pp.

ROBINSON, H.S.,, 1951. The effects of Light on night flying Insects.
Trans, S. Lond, ent., nat., hist, Soc. Bl: 112-123,

RUSSELL, W,, 1938, .Camoflage ond othor instincts in the Lepldoptpr
Glasgow Nat, 13: 43-62, : .

RYDER, M,L,, 1959, Sonc Histochomic~l observations on .mino-acids and the
Nucleic /icids in the wool follicle.
Quart. J. micr. Spio loo: l'll.

SCHATZ, L., 1952, Th¢ Developm.ont and Differentiation of Arthropod
Procuticle: Staining. Ann, ent., Soc, Amer, 45: 678-686,

SCHMIDT., E.L., 1956, Obscrvations on the Subcuticuler Layer in the .
Insect Integument, J. Morph. Philadelphia. 99s 211-231,

SCOTT, H.R., & CL.YION, B,P., 1953. /i comparison of the Staining Affinities
of Aldehyde - Fuchsin and the Schiff reagent.
3. Histochen and Cytochem. I 336-3406,




134.

SCHWANAWITSCH, B.N., 1924, On the ground plan of wing pattern in Nymphalids
and certain other families of Rhopalocerous Lepidoptera.
Proc, zool, Soc, Lond. 1924: 508-528.

- - 1926, On the modes of Evolution of the Wing Pattern
in Nymphalids and certain other families of Rhopalocerous
Lepidoptera, Ibid, 1926: 493-508,

- - 1935, On some general principles observed in the
- evolution of the Wing-pattern of Palaearctic Satyridae.
Gth COl’lgI‘. into Ento Madrid. 1935: 1"'80

- - 1943, Stereomorphism in Cryptic Colouration of
Lepidoptera, Nature, Lond, 152: p. 508.

- = 1949, Evolution of the Wing-pattern of the Lycaerid
Lepidoptera., Proc, zool, Soc, Lond. 119: 189-263.

SHEPARD, H.H,, 1930, The pleural and sternal Sclerites of the lepidopterous
Thorax. - Ann, ent. Soc. Amer, 23: 237-260.

SINGER, M., 1952, Factors which control the staining of Tissue Sections with
Acid and Basic Dyes - Int, Rev., Cytol. 1: 211-255,

- - 1954, The Staining of Basophilic Components. .
Je Histochem, and Cytochem, 23 322-33l.

SNODGRASS, R.E., 1909a, The Thorax of Insects and the articulation of the
Winos, Smithsonian Inst, U.S.Nation, Mus, Proc. 36: 511-595,

- - 1909%. The thoracic Tergum of Insects.
Ent, News Philadelphia. 20s 97-104.

- - 1927, Morphology and Mechanism of the Insect Thorax.
Smithsonian Misc. Coll, 80: 1-108.

- - 1929, The Thoracic Mechanism of a grasshopper and its
antecedents., Smithsonian Misc, Coll. 82: 1-54,

.- - 1930. How Insects fly. Structure of insect wings. Annu,
Rep. Smithsonian Inst, 1929-30: 383-421,

- - 1935, Principles of Insect Morphology. New York 667 pp.

SOUTH, R., 1939, The Moths of the British Isles, London., Pt. 1. 360 pp.;
Pt., 2., 399 pp.

STAUDER, H., 1917. Die Wahl n¥chtlicher Ruhepl¥tze und andere Gewohnheiten
der Schmetterlinge - Z, wiss, InsektBiol. Berlin, 13:15-19,

" 7
STRAUS-DURCKHEIM, H., 1828, Considerationes génerales sur 1'anatomie

comparée des animaux articules. Pariss 435 pp.

STRIDE, G.I., 1956, On the courtship behaviour of Hypolimnas missippus L.
(Lepidoptera, Nymphalidae) with notes on the mimetic
relationship to Danais chrysippus L. (Danaidae).

Brit, J. anim, Behav, 4: 52-68,




135.

STRIDE, G,0, 1957, Investigations into the courtship behav1our of the

male of Hypolimnas misippus L. (Nymphalidae) with special
reference to the role of visual stimuli. Ibid, 5: 153-167,

‘THORSTEINSONs AsJey 1953, The role of Host Selection in the ecology of
Phytophagous Insects., Canad, Ent, B85: (8): 276-282,

TILLYARD, R.J., 1918, The Panorpoid Complex. Pt. 1. The wing-coupling
Appazatus with special reference to Lepidoptera,
PI‘OO. LinnL SOC. N.SQWQ ig‘ 286"319. v

- - 1918a, The Micropterygldae not of the Jugate type.
Ent, News. 29: p. 90.
.- - 1919. On the Morphology and Systematic Position of the

Family Micropterygidae (Sgns. Lat.) Introduction and pt.l.
(The Winga) Proc, Linn, Soc, N.S.W, 44: 95-136,

" o= 1919a, A further note on the Wing-coupling Apparatus in the
Family Micropterygidae. Ent. News,.30: p.l168.

S 1919k, The Panorpoid Complex. pt. III, The Wing Venation,
Proc, Linn, Soc, N,S,w, 44: 533~718,

TINBERGEN, N., MEEUSE, B,J,, BOEREMA, L.K. & VAROSSIEAU, W, 1942, Die Balz des
Samfalters Eumenis (satyrus) semele L.

TONGE, A.E, 1909, Resting Attitudes of Lepidoptera -
Prac, S, Lond, ent, nat. hist, Soc. 10: 5-8.

TURNER, A.Js 1918, Observations on the Lepidopterous family Cossidae, and on
the classificaotion of the Lepidoptera.
Trans, ent, Soc, Lond, 1918: 155=190,

LI 1947, A Review of the Phylogeny and Classification of the
Lepidoptera. Proc, Linn, Soc. N.S.W. 71: 303-338,

VOGEL, R, 1911, Ueber die Innervierung der Schmetterlingsflligel und tiber
den Bau und die Verbreitung der Sinnesorgane auf den
selban., Z, wiss, Zool, 98: 68-134,

-~ = 1912, Ueber die Chordotonalorgane in der Wurzel der Schmetterlings-
fllgel. 2, wiss, Zool, 100: 210-244,

1]
VOSS, F.p 1908, Uber den Thorax von Gryllus domesticus.
Z. wiss, Zool 78: 645096,

WAY, M. J. 1950, The Structure and Development of the Larval Cuticle of

Diataraxia elerseea (Lepidoptera).
Quart, J, micr, Sci. 91: 145-182,

WEBER, H., 1924. Das Thorakalskelett der Lepidoptera. Ein Beitrag zur
vergleichenden morphologie des Insektenthorex.
Zo Anat, u, Entwickl. 73: 277-331,




136,

WEBER, H., 1928, Die Gliederung der Sternopleuralregion des Lepidopteren-
thorax. Eine vergleichende morphologische Studie zur
Subcoxaltheorie, Z, wiss, Zool, 131: 181-254.

WEIS~FOGH., T. 1959. Elasticity in Arthropod locomotion: A neglected
subject, illustrated by the wing system of insects,
pI‘OG. lnt. Conq' 209_1._..3 393-3950

WEISS, P., 1922, Mitteilungen aus der Biologischen Versuchsanstalt no. 71,
Richtung-bestimmende Einfllsse Huszerer Faktoren: Die
Ruhestellungen der Vanessiden,
Anz. akad, Wiss., Wein. 59: 19-20,

- = 1925, Tierisches Verhalten als Systemreaktion, Die Orientierung
der Ruhestellungen von Schmetterlingen (Vanessa) gegen |
Licht und Schwerkraft. Biol. gen, Vienna I: 167-248,

WENZEL, G., 1936, Flight of Moths. Ent, Z. 50: 165-169.

WIGGLESWORTH, V.B., 1948, The Insect Cuticle. Biol, Rev., Cambridge 23: 408-45]

- - 1950. A new method for injecting the Tracheae and
Tracheoles of Insects, Quart, J. micr, Sci. 91: 217-224,

- - 1953, The Principles of Insect Physiology. London: 546 pp.

- - 1954, Growth and Regeneration in the Tracheal System of

an Insect, Rhodnius prolixus (Hemiptera).
Quart, J, micr, Sci. 95: 115-137.

- - 1956, The Haemocytes and Connective Tissue Formation
in an Insect. Rhodnius prolixus (Hemiptera).
Quart., J, micr, Sci. 97: 89-98,

- - 1957, The Physiology of Insect Cuticle.
Ann. Rev, Ent. 2: 37-54.,

WILLIAMS, C.B., 1940, An analysis of four years' coptures of insects in a
light trap. Pt. 2. The effect of Weather conditions on
Insecct activitys; and the estimation and forecasting of
changes in insect population.
Trans- Rc ento SOC- JI__.Ol’\d. 22 227“‘306.

WINN, A.F. 1916, Heliotropism in Butterflies. Canad. Ent. 48: 6-9.

WOOD, J.He, 1913. The wingless Geometer. Ent. mon. Mag. 49s 59-61.

WOOTTEN, N.W,, & SAWYER, K.F,, 1954, The pick-up of Spray Droplets by
Flying Locusts. Bull, ent, Res. 45 (1): 177-198,

YAGI, M., 1951. The taxonomic position of the Hesperiidae as derived
from the morphology of the Compound Eye.
Trans, 9th int. Congr. Ent. 1952: 76-78,




APPENDIX 5.

Page No.
p. 147

Pe 148

Pe l4-9¢

p. 180,

p. 15}

Fig. la.
1b.
ic,

Fig. 2a.
2b.

Fig. 3.

Fig. 4a.
4b,
4c.

Fig. 5a.
5b,
5¢ce

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9a.
9b,

Fig.10a,

10b,
Fig.ll.
Fig.l2,
Fig.13.
Fig.1l42.
14b,
l4c.
Fig.15a,
15b,
15¢,
Fig.l68,
16b,
Fig.l7a,
17b,

137,

LIST OF FIGURES.

Micropteryx calthella - Resting Attitudej Dorsal,
M. gcalthella =~ Folded Hind Wings.

M, calthella - Resting Attitude; Lateral.
Hepialus lupulinus ~ Resting Attitude; Dorsal.

H. lupulinus - Resting Attitude; Lateral.

Tortrix viridana - Resting Attitude; Dorsal,
Scoparia ambiqualis - Resting Attitude; Lateral,
S. ambiqualis - Resting Attitude; Dorsal,

S. ambiqualis - Folded Hind Wing.

Crambus hortuellus - Folded Hind Wing.

C. hortuellus -~ Resting Attitude; Latsral.

C. hortuellus - Resting Attitude; Dorsal.
Stenoptilla pterodactyla - Resting Attitude; Dorsal,
Drepana binaria - Resting Attitude; Dorsal,

Biston betularia - Resting Attitude; Dorsal,
Operophtera brumata - Wings Down; Dorsal.

0. brumata - Wings Up; Lateral.

Pieris brassicae ~ Walking, Fore Wing in Free Resting
position,

P. brassicae - Resting Attitude,
Deilephila elpenor - Resting Attitude; Dorsal,
Saturnia pavonia - Resting Attitude; Dorsal.

Poecilocampa populi - Resting Attitude; Dorsal,
Plusia gamma - Resting Attitude; Dorsal.

Plusia gamma - Resting Attitude; Lateral.

P. gamma - Folded Hind Wing.

Hydraecia micacea = Resting Attitude; Lateral,
H. micacea - Resting Attitude; Dorsal,

H. micacea =~ Folded Hind Wing..

Meristis‘tr;grammic - Resting Attitude; Dorsal.
M. trigrammica - Resting Attitude; Lateral.
Euproctis chrysorrhoea - Resting Attitude; Lateral,.

E. chrysorrhoea = Reé%ing Attitude; Dorsal,

i )‘2;;’
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Fig. 28.
Fig. 29.

Fig. 30.
Fig. 31,

Fig. 32,

“Fig, 33.
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‘Fig. 34.
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Phlogophora meticulosa - Resting Attitude, Dorsal.

P. meticulosa ~ Resting Attitude; Lateral,
Agrotis ypsilon - Resting Attitude; Lateral,

A. ypsilon - Resting Attitude; Dorsal,
A. ypsilon - Folded Hind Wing.
Orthosia gothica ~ Resting Attitude; Loteral,

0. gothica - Resting Attitude; Dorsal.
0. gothica - Folded Hind Wing.
Anchoscelis lunosa - Resting Attitudesy Dorsal.

Amphipyra pyramidea - Resting Attitude; Latersl,

&+ pyramidea = Resting Attitude; Dorsal.

Eilema lurideola - Resting Attitudes Lateral,
E. lurideola - Resting Attitude; Dorsal,

E. luridecla - Folded Hind Wing.

Lophopteryx capucina - Resting Attitude; Dorsal,

L. copucina - Resting Attitude; Lateral.
L. copucina - Folded Hind Wing.

Laothoe populi = Photo, of section of Bending
cuticle,

L. populi - Photo., of Section of Bending Cuticle to
‘show exocuticular canals.

Spilosoma lutea - Surface view of Bending
Cuticle, Mallory's Triple Stain.

Spilosoma lubricipeda " "

Euproctis chrysorrhcea ™ "

Spilosoma lubricipeda - Photo, of 7 section of Notum.

Laothoe populi - Photo., of 5 section of Bending
Cuticle, Stained in Mallory after treatment in 2% KOH.

Poeciloca mpa_popu11 - Photo. of Bending Cuticle in l Ax
of Fore Wing.

Laothoe populi ~ Photo. of section of intersegmentai
membrane of pupal abdomen.

Aglais urticae ~ Photo, of section of Galea.

Biston betularia - Photo. of Bending Cuticle in Notal
Incision of Fore Wing,

Zygaena filipendulae - Photo. of Mallory stained
Bending Cuticle; surface view,
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.
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Diagrammatic vertical section of Bending Cuticle,

Laocthoe populi =~ Hand cut section of Bending Cuticles
Photograph taken with Polarized light.

Photograph of Bending Cuticle twisted in Torsion
Apparatus,

Photograph of Torsion Apparatus,

Plan of Tortion Apparatus,

Detail of Base of Torsion Apparatus.
Graph of Results of Torsion Apparatus,

Limnephilus lunatus - First Axillary Sclerite of
Right Fore Wing.

1" L

Mnemonica subpurpurella -

Micropteryx calthella -
Stigmella basalella - oo "

Adela reaumurella -

Hepialus lupulinus = v "

Zeuzera pyrina -

Tineola bisselliella -

Evetria bucliana -~

Plusia gamma - " "

P. gamma ~ Section of 1 Ax through anterior arm,

Pieris brassicae -~ 1 Ax,, Right Fore Wing.

Micropteryx calthella - Thorax, Dorsal.
M. calthella - Thorax, Lateral,

Biston betulsria - Thorax, Dorsal.

B. betularia - Thorax, Lateral,

Operophtera brumata - Thorax, Dorssi,

Pieris brassicae - Thorax, Lateral.

P. brassicae - Thorax, Dorsal.

Graph illustrating the change in shape of the
thorax and 1 Ax in Lepidoptera,

Graph illustrating the Development of the lateral
Emargination.

Diagram illustrating the action of the Median Notal
Wing Process.

Graph illustrating the relationship between the slope
of 1 Ax, overlap of Pleuron and Notum, and Wing
Attitude,
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76.

77.
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79.

80.
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82,
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84.
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Graph 1llustrating the change of shape of the
Thorax in Lepidoptera,

Diagram illustrating the difference between the
Thorox of a moth and a butterfly.

Micropteryx calthella - Right third Axillary sclerite
of Fore VWing, Dorsal,

Mnemonica subpurpurella -
Stigmella basalella - w "

Adela reaumurella =~ " "

n L

Zeuzera pyrina -

Zyagacna filipendulae =~ "

Sitotroga cerealella - n "

Euproctis chrysorrhoea - v

Drepana binaria -~

Augiades sylvanus - " u

Hepialus lupulinus - 3 Ax, unfolded position, Fore Wing.

H. lupulinus - 3 Ax, folded position.
H. lupulinus - Diagrammatic Section of felded 3 Ax.

Poecilocampa populi ~ 3 Ax, extended position.

P. populi., = 3 Ax, folded position.

Crambus hortuellus ~ Left Fore Wing Base and Pleural
Wing Process; Ventral side,

Biston betularia - Photograph of third and fourth
Axillary sclerite.

Colotois pennaria - Right Fore Wing Base., Photo-
micrographg top lighting.

Panorpa communis - Left second Axillary Sclerite of
Fore Wing; outer lateral view.

Micropteryx‘calthella - " "

Stigmella basalella -
Hepialus lupulinus - "

n "

o

Deilephila elpenor =~ " "

Biston betularia - Photograph of Left Second Axillary
Sclerite, Outer Lateral view.

Micropteryx calthella - Second Axillary Complex, Median
Plates and adjacent parts of the Right Fore Wing; Dorsal.

Stigmella basaleila - " "

Hepialus lupulinus = " "

Adela reaumurella -~ n "

Zygaena filipendulae - " "
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Fig.108,
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Z. filipendulae - Postero-Lateral view of the junction
between the Second Median Plate and the Radial Plate.

Plusia gamma - Secend Axillary Complex, Median Plates
and adjacent parts of the Right Fore Wing, Dorsal.

Picris brassicae - " " "

Biston betularia - Drawing of the anterior half of the
Left Fore Wing Base, in Postero-Dorsal view,

B. betularia - Diagram of the above,

Operophtera brumata - Photograph taken by polarized
light of the bending cuticle of R, and Cu 2, with the
Radial Plate, Right Fore Wing; Dorsal.

Triphaena pronuba - Photograph taken by polarized light
of the bending cuticle junctions of R. and Cu 2 with
the Radial Plate, Right Fore Wing; Antero-Dorsal view,

Micropteryx calthella - Ventral Fore Wing Base ond
pleural #ing Process; Laternal View of Left Side,

Hepialus lupulinus - Pleural Wing Process, Second
Baszlar Sclerite, and adjacent parts of Left Fore Wing,

Zeuzera pyrina - " " "

Pieris brassicae - " " “

Triphaena pronuba = Ventral Fore Wing Base, Left
pleuron and Subtegula.

I. pronuba - Diagrammatic vertical section of the
junction of the subtegula (Prescutal /podeme) and
the Notum,

I. pronuba - Left pleural Wing Process, ventral Radius
and Second Axillary of Fore Wing.

Plodia interpunctella - Dissection of the "Direct"
flight muscles of the Right side of the Mesothorax.

P, interpunctella - Photograph of the Fifth and Sixth
tergopleural Muscles of the Fore Wing,

Limnephilus lunatus - Dissection of the anterior
Tergopleural Muscles of the Mesothorax, Right Side.

Pieris brassicac - Dissection of the "Direct" Flight
Muscles of the Mesothorax, Right side,

Hepialus lupulinus - Photomicrograph of the anterior
Tergopleural Muscles of the left side of the
Mesothorax, dark ground illumination.

Tortrix viridana - Firest, Second and Third Left Tergo-
pleural Muscles and two fasciculi of the Seventh,
Left Tergopleural Muscle; Mesothorax.

T. viridons - The Third and all three parts of the
Seventh tergopleural Muscles; Mesothorax; Right side.
Photomicrographs, Dark ground illumination,
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116,

117a.
117b.
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121.
122,

127¢,
127d.

128,

129,
130.

142,

Pleris brassicae =~ Diagram of Right Fore Wing

retracted in the Resting position,

Colotois pennaria = Dissection of Thoracic muscles to

show the Lateral Oblique Dorsal Muscles; Right side.

Tortrix viridana - Diagram illustrating the movement

of the Median Platesjy Right Fore Wing.

T. viridana - Radius and Median Plates of the Right
Fore Wing in folded position.

T. viridana - Photomicrograph of Median Plates of

Left Fore Wing; Dorsal,
Scoparia ambiqualis -~ Right Fore Wing, Extendeds

Dorsal view,

S. ambiguslis = Folded Right Fore Wing.

Micropteryx calthella ~ Right Fore Wing with Folding

points indicated; Dorsal,
Agrotis ypsilon - Folded Right Fore Wings; Dorsal,

A. ypsilon = Third-Axillary Sclerite,
Tholera popularis - " "

Phalera bucephala - " n

Triphaena pronuba =~ Before stlmulation of Left,

Mesothoracic Basalar Muscles.

TI. pronuba - During stimulation of above muscles.

Photograph of the Electodes used for stimulation
of muscles.

Micropteryx calthella ~ Postalare of Mesothorax and

ajdacent partssy Left side,

Zygaena filipendulae - "

Triphoena pronuba - "

Pieris brassicae - "

P. brassicse ~ Position of Second Axillary Complex
when n Aing is UP.

P. brassicae - Position of 2 Ax, when Wing is 45°

from vertical,

P. brassicae - Position of 2 Ax, when wing is Horizonta

P+ brassicae ~ Position of 2 Ax. when wing is at

bottom of Downstroke.
Micropteryx calthella -~ First 4Axillary Sclerite of

Right Hand Wing; Dorsal,

Stigmella basalella - "

Hepialus lunulinus - "
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146,
147,

148,
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150.

151.
152,
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155,

156.

157,

143,

Spilosoma lubricipeda - First Axillary Sclerite of
Right Hand Wing; Dorsal.

Pieris brassicae -

M;c;ogteryx calthella ~ Axillary Sclerites and bases
of Veins of Right Hind Wing; Dorsal.

Mnemonica subpurpurella - " "
Stigmella basalella = Left Hind Wing Base.

Hepialus lupulinus - Right Hind Wing Base.

" Ll

Adela reaumurella - " "

Tortrix viridana - " w

Drepana binariz - "

Spilosoma lubricipeda -
Operophtera brumata - "

Polyommatus icarus - "

Mnemonica subpurpurella - Ventral Hind Wing Base and
Antero~Lateral Metathorax; Left side.

Crambus hortuellus - Left third Axillary Sclerite of
Hind Wing; Postero-Dorsal view,

Zeuzera pyrina - "

Triphaena pronuba "

Micropterye calthella - Prescutal Apodeme and adjagent
parts of Metathorax; Lateral view; Left side.

Hepialus lupulinus - Prescutal Apocdeme and Basalar
Sclerites of Left side of Metathorax.

Zeuzera pyrina - "

Operophtera brumata - Basalar region of Left side of
Metathorax,

Plodia interpunctella - "

———

Sitotroga cerealella - Fourth, Fifth and Sixth Tergo-
pleural Muscles of Metathoraxy Right side.

Saturnia pavonia - Second, Third and Seventh Tergo-
pleural Muscles of Metathorax; Right side.

Colotois pennaria - Seventh Tergopleural Muscle of
Metathorax; Right side,

Evetria buoliana - Junction of Second Axillary Arm
of Right Hind Wings Dorsal.

Poecilocampa populi =~ Photomicrograph of the Fourth,
Fifth and Sixth Tergopleural Muscles; Metathorax,

Triphaena pronuba = Diagram illustroting the folding
of the Left Hind Wing,
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144,

Plodia interpunctella - Right Hind Wing, Folded.
P. intorpunctella - Anal Fold of Right Hind Wing.

Biston betularia - Formation of Anal and Cubital
folds of Right Hind Wing.

Choice Chamber used in Expts. to test Thigmotaxis
in Noctuoids,

Position of a Moth in a Crack scoring 4 points.

Moth scoring 3 points.

Graph illustrating the Thigmotactic Responses of
Noctuoids with Various Resting Attitudes,

Choice Chamber for testing Phototaxis 1ln Noctuoids,

Choice Chamber for testing the interaction between
Thigmotaxis ond Phototaxis in Noctuoids.

Diagram illustrating the distribution of Recaptured,
Marked Operophtera brumata in the grass around Apple
Trees,

167 and 168, Graphs illustroting the relation between the

169,
170.

171,

number of Moths found in the grass and their Distonce
from the tree,

Choice Chamber used to test Hydrotaxis in Q. brumata.

One of two sets of muslin-covered microscope slides
used to test the relationship between Hydrotaxis
and Wing Attitude in Q, brumata.

Three common positions of Q. brumata settled in o
crack,

Figs. 172 and 173. Choice Chamber used to test Thigmotaxis

in O. brumata,

Figs. 174 and 175, Graphs illustrating Thigmotactic responses

in Q. brumata.
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LIST of ABBREVIATTIONS USED IN FIGURES

A = Anal vein
a = anterior
'Act. = Acrotergite
Ad, = Apodeme

Aeps.= Anepisternum

an, = anal (adjective),

at., = atrophied

Ax, = Axillary sclerite

ax. = axillary (adjective)

B = Bridge
Ba, = Basalare
ba. = basalar

c = Costa
c = costal
Cd., = Cord

Ct. = Cuticle

Cu. =-Cubitus

cu, = cubital

Cx. = Coxs

¢cxX, = coxal

a = dorsal

B = Emargination

Ex x
MR oct,.= Eocuticle

Endoct,= Endocuticle

Epn, = Epimeron
Bps. = Episternum
ex, = external
P = Fold
i = folding
Fs, = Furcasternum
H = Hinge
Ht:, = Heigh't‘ o

hu, = humeral

I = Insertion
In. = Incision
int. = internal

interseg, = intersegmental

Iv., = Invagination
Ju, = Jugum

Ju. = Jugal

Keps. = Katepisternum
1 = lateral

Li, = Ligament

Lg. = Length

1lg. = longitudinal
Lo. = Lobe,

M = Media

m = median

b, = Membrane

mb, = membranous.
Me, = Meron

Mu, = Muscle

N = Notunm

n = notal

0
obl,

Pse,

psc,

Ri,

Sa,
sa,
- Se,
Sel,
Sct,
S1,
sl.

8.
18,

Tn,

Va

va

w

wd.

II
ITT

Spl,

il

il

n

i

i

ft

i

i

il

Origin

oblique

Pleuron
pleural
Postalare
postalar
Phragma
Plate
Postnotum
postnotal
posterior
Process
Prescutum

prescutal

Radius

radial

Ridge

Sternum
sternal
Subalare
subalar
Subcosta
Scutellum
Scutum
Scale
scale (adjective)
Spiracle

Split

Tergum
tergal
Tegula
tegular

Trochanter

Wing
wing (adjective)
Width, |

Mesothorax

Metathorax.




147

RESTING ATTITUDE

1
- Micropteryx
calthellg

e £l
Tectiform

——2mm.
2
Hepialus lupulinus
“Lateral tectiform’
b.

TORTRIX VIRIDANA

“Flattened  tectiform.

04 Cm.




5

Crambus hortuellus

& N »
Lateral linear

5 mm.

3
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4

Scoparia ambigualis

3 il
Flgt narrow

Stenoptilia___pterodactyla_

5 mm.
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7

Drepana  binaria.

lcm

Biston betularia

lcm.

IO

Pieris _brassicae

1cm.

Q. Walking b. Resting



Deilephila _elpenor

1cm

e e ed

13
Poecilocampa __populi. «ﬁ%
) "" “

1cm,

—_—

- -’
......

N

zZ
T
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)

A

<>

12

Saturnia_pavonid.

lem.

"Wide flat’

14

”
Plusia__gamma Wide declivous”
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15 |

Hydraecia micacea

k] "
Medium.

Meristis _trigrammica,

"wide"

Euproctis chrysorrhoea.

" “
Wide

18

Phiogophora meticulosa

—_
”~ »
Leot Mimic

1Cm




153

19

Agrotis _ ypsilon.

"

. ”
Linear

NOCTUOIDEA.

1Cm

Orthosia gothica 20

—

"

L
Narrow

21

Anchoscelis lunosa.

—_—

L »
Ngrrow

22

Amphipyra _pyramidea.

“Elat
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P23 Uilema  lurideola

Flat narrow”

Smm. \}

24

Lophopteryx capucing I w.

7mm.
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TORSION APPARATUS.

39

Plan

K - A3°
twist in cuticle

-]
/3 Angle of
rotation of
top of cuticle.

o Angle ot rotatio

of bottom of cuticle,

.
Scale  on which the position
of the pointer was measured
*
after every rotation of 15

40

Diagram of bese in section.

e——_Torsion fibre

"‘__‘_ . _--_ﬂ ____——pointer

Rotating si\uge.

Ringer's solution
surrounding cuticle.
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RESULTS of TORSION APPARATUS.
41

Angle through which ~  {ength
Cuticle 15 twisted. Breadth

51@)(!)

1124

«seee Bending Cuticle,

..... Notal Cuticle,
1064 *

104
1004
96 *
924
86+
84 *

/0 . .

72+ M °

o8 .

50+ .

564 .

52+ : s . *
T 48 . .

44

404 ne

A6

32+ . .

284 i *

.
2494 * .
204 » .

164 o+

AT S . T, . .
o » i >

L L) ¥ R \J \J A .3 Y ] T LS L L3 7
(o} 10 20 0 40 SO 60 TO 80 9'0 100 |I'0 1'20 130 140 150 {60 170 180

Force in -degrees-——
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FIRST AXILLARY and MEDIAN NOIAL WING
< PROCESS

FORE WING

1 n-axLl

2nax.Li,

a.3 n-ax, Li,

......

po. 3 n.axLi.

43

Mnemanice sbuirosselic.

42

Limnephilus lunatus

a,arr Ay,

m.nw.Fr

44

Micreoteryr calthella,

a.arm 1Ax,

bd.Ct,

45 ' 46

Stigmello_basalellg Adela regumurelia.
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st. AXILLARY & MEDIAN NOTALWING PROCESS.

FORE WING

47

_Hepialus lupulinus.

Tineola bissellielia

n-mnw.Pr. Li.

nlIn,

51a

50 T bdCt. &%
Evetria buoliana .
Plusia gammg
Sc.
Q AN

51b.

Plusia —transverse section of 1AX. a.arm 1Ax.
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Pleris brassicae — Median Notal Wing Process a First Axillary, FORE WING

52

a.nw. Pr.

n~mnw.pr.Li.

a.armiAx.

bd.Ct.
(begining of line of weakness

|AX.
n.In,

Secondary Line
of weakness
mnw.Pr.

SHAPE _OF _THORAX.

Dorsal. Meso. and Metathorax. Lateral.

53

Micropteryx caithella.

—_ 0-313 mm.




2l mm. ) Biston betularia,

-

™ 55
% Operophtera brumata

’

1-36mm.

prmemrme————1



168

'MESOTHORAX.
(O Papilionoidea & Hesperioldea x Wide Noctuoidea

SHAPE of NOTUM and FIRST AXILLARY.

(O Monotrysia

Ix

Narrow Noctuoidea

I Geometroidea, — Joins those that can sit with
their Wings Up.

{7 Ditrysia Microlepldoptera.

Tax.Lg.
2464 1ax.wd.

@

g m
0'8' @
al B

024

o2 04 O6 OB ) 12 4 16 8 = 20
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| Op { LATERAL EMARGINATION
58 MESOTHORAX.

MESOTHORAX.

%ﬂ.ﬂ.

25

20

Lines enclose all species that do
not have o secondary line of weakness.

o

Dlagrammatic  Longitudinal Section of Wing.

59 \
Amplitude of

F-taxtg- Wing Length—wlg. .
—, Wing
2Ax. Movement .

Amplitude of movement of mnwPr.
(indicated by tength )9
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SLOPE of |AX AT

RELATIONSHIP BETWEEN SLOPE o
REST, QVERLAP, and WING ATTITUDE. rose wie.
60

26-
25
24+
234

Vertical Distance
between p.w.Pr. &

a.nw.Pr. devided b
wig. v Y

20

W AN e X

27

25

12846291123,

-
o

—

g I T
80 90 100

Angle of 1Ax cbove Horizontal.




1204

1104

40+

304

204

TREND

171

e —————

Horizontal distance
between pw.Pr. and
a.nw.Pr. devided by
n.wd.

28

IN_SHAPE OF THORAX.IL_

25\
20

1)
22 3

62

MOTH

% BUTTERFLY.
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THIRD AXILLARY SCLERITE and JUGUM.

FORE WING }

63

Micropteryx calthella

. .
-
———

Part of 3Ax,

associated
with Jugum,
Ju,
3Ax.a 4Ax,
Mnemonica subpurpurelia.
po.nw.Pr.— 4 Ax. Li
Stigmelia_basalella.
40x, -ju.Li.

ax.Cd. bd.Ct.
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THIRD AXILLARY SCLERITE and JUGUM. erone wie
66 .
Adela reaumurella. T

71-p Mu.

67

Zeuzerg pytina

Ju.

68
Zygaeng filipendulae.

po.3n-ax.li. I
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THIRD and FOURTH AXILLARY SCLERITES

FORE WING

69

Sltotroga cerealelia

70

Ev

proctis chrysorrhoea,

x
<
<

7

pang

re
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THIRD and FOURTH AXILLARY SCLERITES.

FORE WING.
A\
72 V.

-3AX,

_Aygiades_ sylvanus.

3Ax,

73

Hepialus lugulinus

-----

Section of Angl Fold of
H. lupulinus

74a
74b

H. lupulinus — folded.
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POECILOCAMPA POPULI.. THIRD & FOURTH AXILLARY SCLERITES. FORE___ WING.

Poecilocampa _populi.

Section through 3Ax.4Axa

/ 7t-pMu. paniPe

extended.

75(]. /onw.Pr.

Wing_extended.

75b.

folded.
Wing_folded
/

CRAMBUS HORTUELLUS. FORE WING BASE — VENTRAL VIEW & LATERAL PLEURON.

pw.Pe.

76

n-subtg.Li

Subtg.

Psc

2Ba.





































































POSTALAR APODEME ™

(viewed from outside)

123

Micropteryx  caithella.

124 ~

Zygaena filipendulae

125

Triphaena pronuba

X = Postalar apodeme,
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126

Pieris brassicae

internal view of median and

posterior notal wing processes

1 and Postalare.
Postero-lateral view of pleural

wing process In PR brassicae.

a.
Wing UP
C.

wing HORIZONTAL
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FIRST AXILLARY SCLERITE-HIND WING
128 129 |

Micropteryx caithella Stigmella _basalella

\3n ax b1

130

Hepiatus  lupulinus

131

a.arm1Ax.

Pierts  _brausicee.

_Spilosoma__lubricipeda
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HIND WING BASE

133

Micropteryx calthella .

O-i16mm.
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Mnemonica  subpurpurella.

Dorsal Hind Wing Base

m.Arm.

O-123mm.

ponw.Pr

135
Stigmelia basalelia
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DORSAL HIND WING BASES

1 36 tHepiafus  lupulic s

=56 mm.

an.Pl.

137

Adela reaumurelia.

Q-56mm




205

DORSAL HIND WING BASES

138

Tortrix viridana

ponw.Pr

0-28mm.

139

Drepana bingria
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140
pilosoma

S

lubricipeda

O-56 mm.

brumata.

_Operophtera

O-34mm.

142

icarys.

Polyommatus

O:34mm
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Mnemonica subpurpurelia - hind wing ventral.

O-32mm,

psc.Ad

psc.Arm.
2Ba.

1Ba.

Postero —dorsatl 3Ax.II

/
144

Crambus hortuellys

bd.Ct.Guim.PL—v.2AxD).

145 Zeuzera pyring T

146

Iriphaenga bpronu ba
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BASALAR REGION & TERGOPLEURAL MU'S
147

Micropteryx caithello.

___O08mm |

+

Ph

mb. Act. I
l’/ o] Q‘dga‘ et T

Li.
LEse
Joined
by short
Lt
Psc. I 7 p?c.Arm,
psc.Ad. \ pw.Pr.
psc.Arm,

it-pMu /
2t-p. Mu./

1Ba.

t-p Ad.

3t-p.Mu/
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148

Hepialus fupulinus.

O-52mm.

Psc.- Psc.AdLi

Psc>

t-p. Ad.

3t-p.Mu.

psc. Arm.

149

Zeuzera pyrina

1Ba-2Bali

ba.sl. PL,

Li.to Psc.

31-p.Mu.

Li.to Pa.

psc.Ad:

pa.Ad.
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151

150

Basalar region of

hind wing.

2Ba
2Ba.

1Ba
ba.sl. P

bo.Ad.
ba.sl.PL
_Operophtera  brumato. _Plodia__interpunctella_

152 Sitotroga_cerealella — 4,586 tergopleural muscles.

L.oblMu,

6t-pMu.
1ax. Ad.
Scl,
interseq. Mu.
pa.Ad.
po.cx.B. I )
-p.Mu
//‘H p-Mu.
AN
p-fs.Mu.
s-ba.Mu.
cx-50.Mu.
to.-baMu’
cx.~- ba.Mu /
0-26mm.

—— et
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TERGOPLEURAL MUSCLES.

71-p.Mu.

153

Saturnig pavonia_

T,

pw.Pr.

1Ba Upper part ot 7t-p.Mu,

ba.sl.Pl.

154

7t-p.Mu, Colotois _pennarig

74 mm

Eps.

St-p.Mu.

p-fs.Ad.
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HIND WING FOLDING.
157

"NARROW” NOCTUID— Triphaena _pronubg

- — — —circles centre X,
1]




214

FOLDING

WING

HIND

158
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Crack choice chamber tor Noctuoids

161

PRs —6-Sure, -y

5-5ins.

Glcvss tank.

2sets of Windowlite”
cracks

105
ins.

. Score 4

162

b. score 3
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THIGMOTAXIS IN NOCTUOQIDS

Medium Cryptic - = — =Wide Aposematic ...... Narrow Aposematic

.Ncrrow Cryptic

/Lintar Cryptic

40— JENEN \

20 B R N

_J - .\"{ P . Flat Cryptic

Score
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PHOTOTAXIS IN_NOCTUOIDS
164 |

“Windowlite” painted
black.

white —painted “Windowlite”

165

Windowlite cracks.
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Frequency _
of 1 Moths |
19 DISTRIBUTION OF = O BRUMATA

AROUND APPLE TPEES

171
157
131

1

-—
L]
*
L]

[
. — g —— & -
LAy S8 ... AN .

O T T T L r, Ul ~Y —T T v A N v
O B8 16 24 32 40 48 56 64 72 80 88 96 104

167 Distance
from Tree
in inches.

168

1

Frequency

267

2-2; . .

1.81 L] L ] -

1'4. b S . ®

1OJ . e : * .

o .t | |

o 0 ‘ Distance
02i/"'“ i in ms )

0 10 20 30 40 50 60 70
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169

"Durotix’ continuing the cellulose acetate
partion between weland dry sides. Muslin lining walls

Foam plastic OSins. thick.

N.5ins.

170

1x2 Muslin - covered
microscope slides.

Plaster
of
Paris Zocm.

e e e e e -
& MHem. )‘/

Rim of tin

171 c

Positions of Q.brumata

in cracks.
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Crack choice chamber for O.brumata

172 P

Internal crack
opening

20mm. 0

Muslin ~covered slides

173

Side view « 20.2am

—Muslin ~lining

Cellulose acetate
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174 THIGMOTAXIS IN O.BRUMATA

Corrected No.
Moths.

801

/.Dry down
70} //,-Wet down
o

50 ,
40! |
30:
20: //"Wet up
101

Crack width
mm.

>

175

No.Moths
per mm. of
crack width

281

20

12

04{

Crack width in
mm.

o0
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