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Introduction

The instrument producing the famous “song™ or noise of the mainly exotic
ciendas, or the species of the Tamity Cicadidae, has heen deseribed and re-
produced by many authors, amony these scienlists such as BERLESE and
YnoDGRASS, No doubt it may he maintained that this organ has been very
well investigated regarding strueture, morphology and funetion.

Just as well as this organ s known, just as slight is the altention that has
beenn shown to the sound-producing organ of the remaining Homoptera
Auchenorrhyncha. We are aware ol the fact, however, that a sound-produc-

ing organ ol some kind exists in certain forms. On this matter, WEBER (1930}

having given an account of the stridulation of certain Cicadidae (Tettigades
Ve o . \ icad g
and other ;.;enm'n] — makes only the following communcation (p. 81} “Im

{ibrigen scheinen die Zikaden sowoh! wie die anderen Homopteren, mit Aus-
nahme eciniger Kleinzikaden {nueh Kirkaldy 1907), kein Stridulationsver-
mbgen zu besitzen” Tt is worthy ol remark that WERER defines “stridula-
tion” as a sound-production by an apparatus consisting of a “pars stridens”
and a “plectrum”. Thus, the tymbal apparalus of cicadas is not a stridulatory
organ in this sense of the word, The “Kleinzikuden” alluded to, on the other
hand, are regarded as possessing a true stridulalory apparatus. In “Lehrbuch
der Entomologie” (1933), too, Weser makes clear that the “Trommelorgan”
in his opinion is peculiar 1o the Cicadidae, while gewisse Kleinzikaden”
POSSCSS QL steidubiiory apparatus in the sense above precised,

In [MMS (1925), p. 336, we read the lotlowing:

“pong Homoptera, the sound-producing organs of the Cieadidae are complex slruc-
fures peculinr to {he family, and situated one on cither side of the ventral aspeet of the
hase of the abdomen . . . The remaining Auchenorrbyncha are usuaily regarded as being
silent, but Kirkaldy (1907) states that several leaf-hoppers possess the power of stridutation.”

In ScurGper’s “Ilandbuch der Entomologie”, Band I, ProCHNOW (1912)
gives an account of the sound-organs of cicadas and their function but
mentions nothing whatever about any sound-production in the remaining
Auchenorrhyncha.

In Part 1T of SCHRODER’s “Iandbueh”, HanpLirscH (1925) divides the
suborder Cieadariae into the family Cicadidae with “Zirporgan™ and, on the
other hand, the remaining families without this organ.

In the standard works above cited, thus, no information on the sound-
pm(luciion or on the sound-producing organ of anchenorrhynchous Homo-
ptera other than the Cicadidae is presented, except the reference to KIRKALDY
1907,

As the paper of KIRKALDY above cited was published in a periodical not
available in this country, the passage treating of the sound-production of
leaf-hoppers (pp. 7-—8) is here reproduced in extenso:
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“BIOLOGIC NOTES.

Stridulation.

In my first memoir (p. 283) it was stated that though Perkinsiella saccharicida had
often been heard to stridulate distinely, by the Entomologists of this Station, researches
on the phenomenon had not yet been made. ‘

On his return from Fiji, Mr. Muir handed me the following notes, upon which it js
scarcely necessary to enlarge:

“One hat, slill morning, when collecting in Fiji, my attention was altracted to a small
palm, from which a distinet noise ol insecls stridulating procecded. I found the underside
of the leaves covered with hundreds of a smatl red leathopper (Muirie stridale Pl 20
figs. 10—13). Their tegmina and wings were ereeted ubove the buck wikl oeeasionally gave
one or two rapid movenents; somelimes the abdomen was jerked vp and down, I ore-
cognized it as similar to one I had taken in Nafal sonie years ugo, in whiich the wings
were exccedingly small and used entirely as stridulating organs. Upon examination T Found
the wings in the present species were likewise used for that purpose. The tegmina are
about 6 mill. long, whilst the wings are only hulf a millimetre, the anal lobe being larger
than the rest of the wing, thickened and corrugated on the hind murgin of the upper side.

“Phe costal margin is turned over and calehes into a fold along the margin ol the
fegmina; by this means it moves with the tegmina, The corrugated surface is opposed
lo the anterior augles of the abdonen where there are seveeal white bristles situated.

“In another, (Prowtiste moesfa PL 20 figs, 8—9) from Java, the tegmina are about
5 s mill. loog and the wings 3 mill, the anal area larger in proportion to the rest of
the wing and corrugated on the upper side.

“In another {Pyrritoneara succharicide P10 20 figs, 6-=7}, {from I7iji, the lepmina are
ahout 4 mill. long and the wings 3 mill, the broad edge of the anal area bring corrugated.
The corrugations thin out gradually on cuch side, and one can sce that they are only a
prolongation and intensification of the minute corrugations that horder the hind margin
of the wing from the end of the costal margin 1o the base of the wing.

“In another (Lyricer imthurni, Pl 20 figs. 3—3), from Iiji, the proportional size of the
tegmina to the wings is more normal, about 7 Yy to 5 Ve, and the anal arcas of the Jatter
are normal, hearing a strongly corrugated patch near the hasal cdge.

“Upon examining the anal area of the wing of DPerkinsielln saecharicida, an enlarging
of the corrugalion along the basal portion of the edge can be seen. [ am in doubt if this
could be the means by which 1hey produce the sound.”

I have examined a eonsiderable samount of material and find the stridulatory uwrea
developed as follows:

In most of the Derbidac and in some Asiracidae, this structure is present, in both sexes.
1 cannot find it in any other Auchenorhynchi, nor in those Asiracids in which the wings
are rudimentary.

Since my last memoir, Froggatt has published “Australian Inseets” {1907}, in which
therc are short biologic notes on several omoptera.”

[ have not been able to find any account of any speeial investigations on the
sound-producing organ of the Auchenorrhyncha (except the Cieadidae) in the
literature. In taxonemic or faunistic papers on the duchenorrhyncha, a pair
of intraabdominal apedemes observed by the authors in certain typhlocybids
is sometimes mentioned, Some {function for sound-production is often
ascribed to these apodemes. For example, Glarp (1889, pp. 709—710} men-
tions their presence in Typhlocyba and conjectures that they are homologous
with the sound-producing apparatus of male cicadas. He erroncously stales
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that they arise from the first abdominal segment, however. He describes their
reduction in specimens parasitized by Ateleneura spuria (Dipt.) and Aphe-
lopus melaleuwcus (Hym.).

The Form of these apodemes is used by 1P00s (1933), PaoLr {1930, 1931,
1932, 1936), and OMAN-WHEELER (1938} as a characler for the separation
of species of Empoasca. PaoL1 (1930) mentions that two great musele bundles
are attached o these apodemes and guesses that these muscles have some-
thing to do with the malke sexual function, as they are lacking in the females,

In 2 paper entitled “A Suspeeted Sound-Producing Organ in Empoasca
Jevastans” (1933), GEORGE has bestowed four pages including four figures
on this organ. He deseribes the plales and the corresponding muscles -— not
quite corrcetly, however, as he states that the largest of these muscles is
anleriorly attached to “the junetion of the metathoracie and the first ahdo-
minal sterna’”’. He believes that “the contraction of the obligue muscle, al-
tuched 1o the coneave side of the plate, will turn the plate convex inside and
concave outside” and that “if the plate is thus turned suddenly from concave
1o convex, and convex to coneave, from the nature of the chitin a smart elick-
ing sound onght to result”™. As we may learn {rom this account, GEORGE re-
gards the apodemes of Empoasea as Tunctionally analogous lo the “tymbal”
ol cicadas. Of course, as [he laller is afergal organ, 1o homology with the
apodemes of IZmpoasca is possible; nevertheless, GRORGE in his explanations
of figures designates these apodemes as “timbal plates”.

Rigavr (1936) includes the possession of an “apparedl stridulatoire” in the
male among the five characlers sepuarating typhlocybids from jassids. He
deseribes {p. 30) briefly the apodemes of the seeond abdominal sternum in
Typhlocybids and the muscles attached 1o them. He states correctly that the
anterior insertion of the largest ol these muscles is found on the first ab-
dominal sternum, which he belicves serves as the vibratory membrane.

Evans (1946) found a pair of “ridged hosses” on the first abdominal
tergum ol Derthada and Aetalion. Tie compares lhese with the tymbals of
cleadas and wriles: “Whether hese struetnres are smmdqn'()(lllcil}g organs,
and whether funetional or noi, cannol he determined from the dried speci-
mmens which have been available for study.”

I have not been able Lo Jind any additional first-hand inlormation on the
sowd-producing organ and its funetions in the leaf-hoppers in the literature
available to me. Ilowever, this subjeet has scemed to me well worth the
trouble of a closer investigation. 1 have summarized the results ol my studies
very briefly in three arlier papers (1946, 1046/1947, 1948 b). A full account
of these results is now presented helow,

Chapter 1 comprises deseriplions of the sound-producing organ in a serics
of Swedish species. The purpose of this paper is mainly to determine whether
the sound-organ of ecicadas is in reality peculiar to them. Deseriptions of the
integument and the museles in the corresponding part of the body of re-
presentalives of as many different groups as possible are an indispensable
part of such an analvsis, of course. With the intention of arriving at an
understanding of the struetural variation of the sound-producing organ in the
groups represented, as many speeies ag possible have been examined and
deserihed. In fact, I have examined all the species of which I was able to
get a sufficient material. In cieadids, as we know, the males only are in
possession of a functional sound-organ of the kind here intended. If it is
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assumed that this is the case in the remaining groups of Auchenorrhyncha
too, an investigation of the corresponding parts of the body of the females
may be expeeted to throw light on the question of what parts of the male are
cssential as constituents of the organ in question. Therefore, the females of
soveral Forms have ilso been studied. Ifowever, the sound-organ of the cicadas
has not been created from nothing; it is the result of a reconstruction
and specialization of parts originally present in all insects. Thus, the hig
sound-producing tymbal-muscle is only a common segmental dorsoventral
muscle fef, WEBER 1933}, Therefore, it is only to be expected that the cor-
responding muscles and other parts will be found in other Auchenorrhyncha
too, and, if this is the case, it does not prove that they have the eapacity of
working as a sound-producing organ, Tence the morphological investigation
alone is not sntficienl. It must be completed by u study on the sound-pro-
duction. My observalions on ihe latter in a number of species are presented
in Chapter 2, The descriptions of the different ealls 1 hiave tried to recon-
striret in this chapter may be of some interest even in relation to other
questions, but the prineipal aim of these studies has been to. determine
whether @ power of sound-production is present at all, and whether dif-
ferences in e sound produced may be connected with differences in the
struelure of the sound-organ, All the observations thal would contribute to
hrow some light on the funclion of this organ are prescented in this chapter,
Further, several biological observations are reluted here. The biology of
the sound-production is only a secondary subject of this paper, but T have
found it hest 1o publish in ihe present connection all the observations that 1
have hitherto made on the sound-production of our Anchenorrhyncha. When
possible 1 have tried o discover whether the females are capable of any
sound-production, in order to he able to combine the facts aequired in this
wav with the morphologieal conditions of the females.

The firsl two chaplers together form the special part of this paper, In
Chapter 3 the morphological results are stmmed up. The next chapter deals
with the funetion of the sound-producing organ. The facl that the sound-
organ exists even in Auchenorrhyncha other than the Cicadidae will modify
onr views on e tuxonomy of the group. For the present, however, too mueh
theorizing on the significance of the differences in the various genera would
be premature until the studies have been extended even to families not
represented in Sweden. Chapter 5, bheing an account of my speculations in
this connection. contains but a few general conclusions and noles on certain
points concerning native genera.

In Chapler 6 the results of a few experiments concerning the influence
of exlernal conditions on the sound-production are presented, and some
hiological aspects in this connection are considered. 1t is obvious, of course,
that the question of the biological significance of the sound-production is
oo extensive and complex a problem to he diseussed thoreughly on the basis
of the observations hitherto made by me. 1 hope to be able to study the
Liology of the sound-production of the Auchenorrhyncha more closely in the
future. The present observations are only a small contribution,




Material and Methods

The specimens examined have as a rule been collected by me in loculitics
precised in the text in connection with the species. For my morphological
studics 1 have used material fixed in 70 % aleohol and subsequently em-
bedded in paraffin wax in the ordinary way. for this material I have mainly
used the method of dissection of halved specimens in paraifin under xylol
described by WEBER (1928). Further, thick longitudinal and transverse sec-
tions have been made with the aid of o razor or scalpel. For eomparison,
microtome scctions have been made of material {ixed in Carnoy of a few
species. These sections were stained with haematoxyline (Heidenhain) and
cosin. For the study of the integument and the endoskeletal parts, longitudin-
ally halved specimens were treated with KOIL The muscle preparations as
well as the macerated animals were mounted in balsam. In some eases Ber-
lese mixture replaced the halsam, Specimens fixed in aleohal were not avail-
able of a few important speeies: in these cases I had to be content with
studying the sclerotic parts after trealing dried specimens from my own
collection with KOH. My drawings were made with the atd of an Abbe draw-
ing camera,

For studying the sound-production, several methods have heen used. The
first time I heard a spontancous sound-production from a leaf-hopper (Aphro-
des bifasciatus &), 1 had enclosed the animal in a glass tube measuring
1 X 8 centimetres with some parts of a plant, and pul the open end of this
tabe in my car. By this method T have heard most of the calls described in
this paper, and several species caught during my travels I have heen able to
study in this way only. For certain purposes the simultaneous seeing and
hearing of the animal has been desirable. Certain observations could be made
with the tube with the insects in the ear and a mirror. Some calls are so
strong that they can be heard very distinetly if the tube with the animal is
placed on a suitable sound-board; in most cases 1 used for this purpose the
belly of my violin, Another simple method employed in a few cases consists
of a metal wire some decimetres in length, one end of which is rolled spir-
ally round the tube with the animals, while the other end, also spirally wound,
is stuck in another glass tube, the closed end of which is kept in the ear of
the observer. In this way ihe insects in the first tnbe could be watched through
the binocular magnifier. The metal wire conducted the sounds but produced
in addition some disturbing noise. During the summer of 1947 1 used a so-
ealled American stethoscope. This instrument consists of a metal funnel, the
wider opening of which is closed by a eelluloid membrane, while the narrow
end by means of a pair of rubber tubes is connected with two metal tubes
inserted in the ears of the listener. The insects were kept in small cages made
of celluloid and silk bolling-cloth a few millimetres in height and 2—4 centi-
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melres in diameter. These cages were placed directly on the membrane of
the stethoscope. By this arrangement 1 could walch the inscets under the
binocular magnifier.

To enable me to see the sound-producing apparatus or at least its membrane
in function and simultancously hear the sound produced I used the method
of eutting off the wings of the living animal with a pointed pair of scissors
and subsequently fixing it in a small pat of plastiline directly on the mem-
brane of the stethoscope or microphone. This method was successful only
with species having a “call of distress”, which is used it they are kept in con-
finement. For a corresponding study of species not having this kind of sound-
production, it is sometimes possible o benefit by the fact that many species
during their death-struggle emit a shorter or longer call. For this purpose the
wings are cut off and the animal is killed by a press on the thorax not toa
hard nor too light, Then the animal lving on the membrane ol the stelthoscope
or microphone is studied under the binoculur magnifier. Sometimes the
emission ot the “dying yell” will be delayed Tor o minute or lwo,

From the autumn of 196 on 1 had at my disposal an apparatus consisting
of microphones and an amplifier. T used two different microphones. One
of them {Plate 1, figs, 1—2), made at the instrument makers laboratory of
the University of Lund, eonsists of a erystal under a mica membrane walled
in a lead hox, When using this microphone the celluloid cage with the inseets
is put directly on the membrane (PL 1, fig. 2). Over the latter a semiglobular
metal lid may be placed, if desired (P 1, fig. 1). This lid is closed at the top
by a metal stopper, If the lid with the stopper is placed on the microphone,
light is completely exeluded. The stopper may be exchanged for a cork with
a thermometer, The weight of this microphone is about 3.6 kg, that of ihe
lid 0.85 kg. The microphone may be connected up to a three-valve-amplifier
for alternating current. This amplifier (Pl 1, fig. 5) was made by Mr. G.
CRONHAGE, engineer, of Riksby. Then the insect calls may be listened to
with the aid of a pair of ordinary ear-phones connected to the amplifier, or
the Iatter may be conneeted to an ordinary radio reeciver by the gramophone
inpul terminals, the calls then heing audible from the loud speaker of the
receiver, If the latler arrangement is adopted, so-called acoustical feed-back
will readily set in, if the microphone withoul its lid is placed in the same
room as the reeeiver. To prevent this 1 kept the microphone in i vibration
isolating box of iron-plate 3 mm thick (Plate 1, fig. 3}, lined on the inside
with so-called stenite (A.-B. Arki, Stockholm). The lid of this hox consists
of three plates of glass of two different thicknesses separated by thin air
layers, and a wooden frame. This box [ kept on a substratum of cotton.

The microphone above described was used for making the gramophone
records. These records were made with the assistance of the record depart-
ment of Radiotjinst (the Swedish Broadeasting Corporation) and of the firm
of WesTIN & Co. in Stockholm.

My second microphone was made by Mr. CRONHAGE and is of the electro-
magnetic kind. This microphone was at my disposal from the middle of the
summer of 19047 and was used for certain temperature experiments in a
thermostat. During these experiments the cages with the insects were placed
directly on the membrane of the microphone, while the thermometer was
resting on the margin of the latter. A cylinder of thick glass, above and helow
plugged with cotton (Plate 1, fig. 4), enclosed the microphone in order to avoid
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too great losses of heat by the opening of the doorlof ghe tl'lern.lostat at the
reading off of the temperature, and to effect a certain vibration ‘msulatwn.

For registering the rhythm of the calls 1 used a so-called radiograph {Bo-
linder, Pl 1, fig. 6). This apparatus, by the courtesy of the Board of Manage-
ment of the Royal Telegraph Service, was at my disposal during July, August
and September 1947. The radiograph is made for the automatic registration
of Morse marconigrams and wriles with a special ink on a strip of paper set
rnunning at an adjustable speed by an electromotor, a so-called puller. The
writing nib reacls by means of a vibrating movement with a f.'rcquency. of
200 periods per second to impulses received. Higher frequencies theretore
ecannot be studied with the aid of this apparatus, but the drununing sounds
emitted by many species of Auchenorrhyncha may be registered very satis-
factorily, it they are not too weak. T used the radiograph connected to my
amiphifier mentioned above, At the same time the sounds may be heard il a
pair of car-phones is connecled to the radiograph. A series of calls of a
pumber of speeies registered in this way is reproduced on Plate 13.

For determining piteh T made use of comparison with the violin, when
possible. During my travels T was compelled to be content with eomparing
withh a tuning-fork. Of course these determinations ol the pitech are but
approximate, and when L used the tuning-fork enly, a certain canse of un-
certainty was present, viz. the ditficulty ol finding out the correct octave.
As pointed out by Sotavalta (1147, male ohservers, for reasons analysed by
Ihis author, have i tenddeney to overestimate by one octave the pitch of sounds
which they compare with their own singing-voice. The acoustic colour of the
calls, too, is often very different from that of our ordinuary musical instru-
ments or our own voice. My estimations of piteh, therefore, must be taken
witll some reserve in many cases. One determination of frequency at least
Lhas been made with certainty by sound film recording (page 131; PL 12,
figs. 1—1). This recording  was made  with a  standard  microphone
1){' the Studio 1aMBERG in Stockholm, and by Mr. WALDERSTEN of A.-B. Iilm-
Teknik, Solna. Other sound film recordings were made {rom gramophone
records. The system of sound film used was the so-called transversal one. From
the sound film strips the piteh ol the sonnd may be determined by counting
the number of vertical marks per unil lengih ot the “sound-track” and con-
verting this lengtl into seconds. Enlarged copies of parts of the sound-track
of the Doratura film are reproduced on Plate 12, Fhe speed of this film was
97.36 metres per minute. The height of the vertical hars of the sound-tfrack
illustrates the amplitude of the vibrations recorded,

Nomenclature and Terminology

Following Evans (1946), T am here applying the division of the duchenor-
rhgnche into three groups: Fulgoromorpha, Cicadomorpha, and Jussido-
morpha. No speeies representing the Cicadomorplue has been deseribed in
the present paper, The Jussidomorpha are subdivided into two superfamilies:
Cercopaidea and Jassoidea, For the forms belonging to the Jassoidea 1 am
applying, from reasons ol convenience, the same system of families as 1
used i “Svensk insektfauna” (1946—47) and in “Catalogus inscctorum
Succine” [1948), not that proposed by Evans {1947).

For an understanding of the morphology T have used the works of
SNODGRASS {1927, 1931, 19351 and WEBER {1028, 1943). In the desceriptions
and drawings of the museles [ Tollow the system of denominations proposed
by Wegpik, The numbering ol the muscles, however, should not he under-
stond ns 2 homologizing with the muscles with the same numbers in {he sehieme
of WEBER (1933 pp. 83 t1.). For example, if several dorsal longitudinal
museles are present in the first abdominal segment, the notation I « dim,
will refer to the most medial of these, [« dim, being the most medial but one,
andd so on. Muscles are not necessarily homologous with those with the
sme numbers in difterent superfamilies or higher taxonomic unils. On
the other hand, [ have tried o keep the same notalions for homologous
museles within the same superfamily, as the Jassoidea, Thus, I a dvm, is
the same musele in all representatives of the Jassoidea, and if this musele
is not present in a speeies of this group, as in Cicadella, the notation f « dom,
is not used, even though several dorsoventral museles are present in the
first abdominal segment.

In recording the songs of some species, a modified system of musieal
notation has been used. The time value of the noles only approximately
corresponds to the actual duration of the sounds. The rhythm of the calls
could not easily bhe filted into the musical bar system; barring has there-
fore been left out. As a substitute for barring, rhythm has been marked by
the accent sign (‘). A rapid drumming is indicated by “TREM”. In many
species the songs contain a gradually gliding falling or rising in pitch; this
is indicated by the term “gliss” (glissando), a zigzag line connecting the notes
marking the initial and the ferminal pitch {see for instance the note examples
on page 59).

The endeavours made lo represent the sounds by letters must be taken for
what they arc: at hest they will give an idea of my individual conception of
sounds produced by an instrument totally different from the human organ
of speech, However, this will be the case with similar endeavours made by
numerous other authers to imitate sounds emitted by insects, frogs or birds.

The terms “tone”, “note” and “phrase” are used approximately in ac-
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cordance with the definitions of BAIER (1930), with the modifications
necessary because this author, in formulating his definitions, had his atten-
tion directed to stridulation (in the sense of WEBER, ¢f. p. 4 supra). A “note”,
then, is a monosyllabic sound {(not necessarily one produced by a single move-
ment of the tymbal, which is termed a “beal”’); the corresponding term for the
drumming or rolling ealls is “roll”. By the term “song” is intended a fairly
constant combination of notes {tones, rolls} and {or) phrases characteristic for
the species and as a rule of a limited, not too variable length. A “song” may
consist of one single phrase, tone, note or roll, or of aseries of such of the same
kind; if so, it is termed “simple”. A “complicated” song consists of at least
two “parts”’, one of which is a phrase, tone, note or roll or a series of
phrases (tones ete.} of the same kind, the other a note {roll etc.) or a scries
of uotes (rolls, phrases etc.} of another kind. Cerlain terms referring to the
biological sense of the sounds emitted are derived from 1TABER (1932},
“Dying yell” is the sound emitted by certain species during the death-
struggle.

The expressions “main tone” and “piteh” are used by me, in the present
paper, for what my car apprehended as a tone in the different ealls. In some
cases it is concluded that this tone represents the contraction frequency of the
tymbal muscle. This terminology does not agree with that of Pierce (The
Songs of Insects, Cambridge, Mass.,, 1948] according to which these ex-
pressions would always correspond to lhe speeific vibration of the swinging
membrane (tymlml] of the singing insect, while my “main tone”, in the cases
just referred 1o, corresp_onds 1o a “modulalion frequency” of Piercr. I had
no opportunity of studying PIERCE’s interesting work unlil my present paper
was already in proof, but, even though his terminotogy, from a purely phy-
sical standpoint, is doubtless more correct than mine, ! could not very well
apply it without starting from my own conclusions on Page 112.

Special Part



CIIAPTLER 1

Descriptions of the Structure of the
Sound-Producing Organ in a Number of Species

FULGOROMORPILIA
Family Araecopidae
Dicranotropts humeala (Boh.)

Male. In the aracopids, the sound-producing organ is composed of parls
belonging to the metapostnotum, the first abdominal segment and the sceond
abdominal segment. The metapostnotum of Dicranotropis ¢ is a com-
paratively large, strongly scierotized transverse bridge (PL. 2, figs. 1, 2, PL 3,
fig. 1, mpn), strengthened at the inside by a strong transverse phragma {phr).
The Iatter carries on each side a narrow, strongly sclerotized process or arm
directed obliquely downward, medially and orally {PL 2, fig. 2, PL. 3, fig. 1,
phra). Posteriorly, the melapostnolum touches in this region lateral parts
of the first abdominal tergum. The metepimeron, on its hind border, earries
the first abdominal spiracle (Pl 2, figs. 1 and 2, sps). As in the Cicadidae,
this spiracle is displaced forward to the metathoracie region, while the second
abdominal spiracle topographically belongs to the first abdominal segment
(see below; cf. HANDLIRSCH 1899, VOGEL 1923). Ventrally the metepimeron
passes into a narrow bridge, which fuses together with that of the other
side to a longitudinal beam orally again divided into the shape of a Y {(PL 3,
fig. 1, f).

The first abdominal tergum is medially rather narrow, laterally a little
broader {PL 2, figs. 1, 2, 4, I). The posterior segmental membrane is on the
whole transversely vertical, as is also the case with the strongly defiexed
anterior border of the second tergum, The lateral part of the first abdominal
tergum is apparently in an articulaling connection with the metapostnotum.
Behind this connection on the inside of the lateral part of this tergum is a
longitudinal fold or list {PL 2, figs. 3, 2 and 4, fo). The posterior lateral
angle of the first abdominal terguin carries the second abdominal spiracle
(spa).

The first abdominal Sternum (I ast) is a very narrow transverse strip
carrying five stronger sclerotized parts: one median single hook-like lump
(P1. 2, figs. 2 and 4, h), and on each side 2 thickenings, one in the lateral
end of the sternum, the other half-way between the latter and the median
lump (matt). This is the most important musele attachment in this region;
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It is transversely longish, apparently hollow and very rough on its posterior
surface.

The sccond abdominal tergum is a medially broad, convex, laterally
narrowing plate (PL 2, figs. 1, 2, 4, JI). Medially, as scen from above, it
shows a pair of arched furrows divergent anteriorly and posteriorly (Pl. 2,
fig. 1, ¢); a transverse curved furrow behind their middle connects them.
The longitudinal furrows are represented on the inside by strong longitudinal
semilunar lists (PL 2, fig. 2, fo,). More laterally there is a low lr:ulslversc list
{e,). The fore horder of the sccond abdominal tergum is strongly deflexed,
forming together with the intersegmental membrane a well marked transverse
toid (pf). The deflexed fore border carries on ecach side in the region of
the anlerior ends of the longitudinal furrows a transverse row of 3—5 short
hairs, probably sense hairs (br).

The second abdominal sternum is a comparatively broad and strong, in its
major part darkly pigmenled transverse plate (PLo2, fig, 4, 1 ast). The
fore border is strongly {hickened, forming a solid transverse heam (Pl 2,
fig. 2, 11 ast). Laterally this beam carries on cach side an upright pole-like
apodeme (L 2, fig. 2, apod), the free end of which is about spatulate.

The most important museles in the region of interest in this conneetion
may be studicd in figs. 3 and 4 on Plate 2. A strong evlindrical muscle [ a dlm,
runs from the end of the arm of the metapostphragma of each side to the
second abdominal tergum, attaching itself medially and laterally of the
semilunar list foy. More laterally a weaker flat muscle I « dim. connects
the hind horder of the metaposinotum and the fore border of the second

abdominal tergum. This muscle passes a little medially of the longitudinal

list fo of the first abdominal tergum. In the second abdominal tergum u cor-
responding muscle I« dim runs from the lateral transverse list of this
tergum to the antecosta of the third abdominal segment,

In the ventral region the thickening mafd of the first abdominal slernum
is the attachment of no fewer than & muscles on each side. The largest of these
1 a vim. extends to the spatulate end of the apodeme of the second ab-
dominal sternum. The musele is nearly parallel to the apodeme. A smaller
muscle I a ofm, extends in a posterior and somewhat lateral direction to
the seeond abdominal sternum medially of the basis of the apodemne. A
rather narrow muscle I oim attaches itself on the metendosternum. A
tolerably strong muscle 7« demy has its dorsal allachment on a point on
the first abdominal tergum situated medially and in front of the second
abdominal spiracle, in the region of the hind end of the longitudinal list
fo. A fifth musele a lithe weaker than the preceding, I a dvm,, is inserted
immediately laterally of the second abdominal spiracle. Slightly in front
of the dorsal insertion point of [« dpmn, is that of a shorter muscle [ « dom,,
arising on the lateral end of the first abdominal sternum. An oblique muscle
JI « isim connects the lateral part of the second abdominal sternum with
the lateral end of the third segment’s antecosta. This musele is parallel
to a lateral longitudinal semilunar list foy,; of the third abdominal tergum.

Female. The structure of the first two abdominal segments is much simpli-
fied if compared with that of the male. Muscle [ a dim,, so strong in the male,
is present in the female too, but is very much weaker. The arm of the meta-
postphragma is lost, and the second abdominal tergum is a simple trans-
verse plate quite like the following terga; no furrows are present (Pl. 3, fig. 2).

|
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Museles 1 a dim., 1 « dlm, and 1 pim, being small even in the male, are
present in the same dimensions, and so is /I « ism. The apodeme of the se-
cond abdominal sternum is absent and is represented by a low transverse
list on the inside of this sternum. To muscles I « vim, and I a vlm. together
corresponds a short, {an-like, backwards diverging muscle fascia bhetween
the median part of the first and the transverse list of the second abdominal
Jdernum. A short and weak musele arising on the lateral part of the first
abdominal sternum and extending to the region just in front of the fourth
spiracle probably represents I o dontg or perhaps all the muscles 1 a dvm,,
I« dvm, and [ a dom, of the male together, since 1 have not been able to
find any independent equivalent of T e dem, or ol I adom..

Materiad: about 50 males and 10 femaldes {hrachypterous and maceropterous)
from Upland, Solna.

Criomorphus moestus {Boh.)

Male, The sound-producing apparatus agrees in all essential parts so well
with the same ovrgan in Dicranotropis that T find a particular deseriplion
wmecessary. All the muscles deseribed in connection with this organ in
Dicranofropis are present in Cr. moestus, too, in the snme degree of pertection,
Even the apodemes and other musele altuchments, shrengthening lists, ete,
mentioned in Dieranotropis are found in the corresponding places in Crio-
morphis moestus,

Female. As the female of Dicranotropis.

Material: 0 ¢f¢f and 2 Q0 from Uplund, Djursholm, all of them
hrachypterous,

Criomorphus albomarginatus Curt.

Male. 1 found no difference whatever in the structure of the sound-
producing organ between this species and the preceding one,
Material: 5 brachyplerous males from Upland, LExperimentalfiiltet.

Criomorphus bicarinatus (.- S.)

Male, Lxactly as in Dicranofropis hamata.
Material: 4 brachyplerous males {from Sodermanland, Nacka.

Achorotile albosignatu (Dahlb.)

Male. In his species the sound-producing organ is construcled as in
Dicranotropis Ihamata but with one important difference: the apodeme of
the seeond abdominal sternum is absent. It is represented hy an insignificant
fransverse clevation on the inside of each side of the sceond abdominal
sternum. This elevation is the posterior attachment of a muscle homologous
with f « olm. in Dicranotropis and arising from the inside of the first
abdominal sternum haif-way between its middle and lateral end. This muscle
is here weak and difficult to distinguish from [ « vim,. In other particulars,
as far as 1 could find, the structure of the sound-producing apparatus agrees
with that of Dicranotropis.

Material: 14 brachypterous males from Sodermanland, Nacka.




13 OPUSCULA ENTOMOLOGICA 191, SUPPLEMENTUM X

Calligypona excisa {Mel.)

Male. The sound-producing organ is construcied of the same parts in the
same arrangement as in Dicranotropis hamata. 1 found but onc difference
worth noting: muscle I a vim, in C. excisa is proportionately a good deal
stronger. While this muscle in Dicranotropis is considerably weaker than
I a dim, (sec PL 2, fig. 3}, that of the present species is certainly somewhat
shorter but in return almost twice as thick as the latter. Even if the magnitude
of the museles is estimated in relation to that of the body, the difference
depends without any doubt on the larger volume of I a vim, of C. cxcisa if
compared with the same muscle in Dicranotropis.

Material: 7 Drachypterous males from Halland, near Halmstad.

Calligypona elegantula (Boh.)

Male. As in Dicranotropis. Muscle T « plm. is about as thick as I a dim,
but is as usual considerably shorter than this muscle.
Material: 9 macropterous males from Upland, Danderyd, Kevinge.

Calligypona dubia (Kbhm.)

Male. 1 have been able to examine but one male thal was in rather a bad
state of preservation. However, it may be established that the sound-produc-
ing apparatus in its essential parts is similar to that of other species of this
genus and of Dicranotropis. .

Material: one brachypterous male from Upland, Danderyd.

Calligyponn angulesa Rib, in litt.

Male. As in Dicranotropis hamata, Muscle I o plm, is as thick as I a diny,
or perhaps a trifle thicker.
Material: 7 hrachypterous males from Ostrogothia, Rystad, Irostad.

Calligypona pallens (Stal)

Male. 1 could examine only two specimens. The sound-producing organ is
of the same type as in Dicranotropis. Muscle I a pim. is about as thick as
[ a dim,, and as the latier scems to be relatively shorter than usual, the
two muscles are of approximately the same fength.

Material: 2 brachypterous males from Ostrogothia, Rystad, Frostad.
Calligypona aubei (Perr.)
Male. In all essential parts exactly as in €. pallens.
Material: two brachypterous males from Gotland, Visby.
Calligypona albocarinata {Stal)

Male. As in C. pallens.
Material: 6 brachypterous males from Sédermanland, Nacka.
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Calligypona obscurella (Boh.)

Maie. In all essenlial parls as in Dicranotropis. Muscle I « vlm. is as
thick as I a dlm, but considerably shorter.

Material: 4 Dbrachyplerous and 1 macropterous males from Osirogothia,
Rystad, Bjursholmen.
Calligypona forcipata (Boh.)

Male and female. As in Dicrunotropis hamata,
Malerial: 1 ¢ and 2 @9, all hrachypterous, from the south of Sweden.

5

Calligypona flaveole (171).
Male. In all essential particulars as in Dicranotropis.
Material: 1 brachyplerous male from Upland, Spanga.
Calligypona denticauda (Bol.)

Male. Essentially as in Dicranotropis. Muscle I « vim. is about as thick
as I a din, but somewhat shorter, I a dem, is rather strong.

Material: 6 brachypterous males from Ostrogothia, Rystad, Frostad,

Calligypone clypealis (J. Sahlb.)

Male. No appreciable difference from the Dicranotropis pattern. Muscle
P a plm. is at least as thick as I « dlm, hut much shorter,
Material: 2 brachypterous males from Upland, Djursholm, Osbysjon Lake.

Calliyypona exigua (Bol.)

Male. As in Dicranotropis.
Material: 8 brachypierous males from Ostrogothia, Rystad.

Calligypona breoipennis (Boh.)

Male. Muscle T « viny, is butl half as long as and considerably thinner than
I a dlm,. In other respects nothing noteworthy.

Material: 3 brachypterous and 1 macropterous male.

Chloriona smaragdula (S1al)

Male. In all essential parts as in Dicranotropis hamata.
Material: b macropterous males from Upland, Solna, Rastasjon lake.

Megamelus notula (Germ.)

Male. In this species muscle I ¢ vlm; is only one third of the length of
I a dlm, and considerably thinner. Here in its upper part it is uniform in
thickness or thickest at its top, as the apodeme of the second abdominal
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sternum is more dilated than in Dicranotropts and the species of Calligypona
examined by me, In conjunclion with the small dimensions of I a vlmn, the
apodeme is much shorter than in Dicrunofropis and Calligypona. In other
details the apparatus is constructed as usual.

Material: 8 brachypterous males from Upland, Djursholm.

Megamelus venosus {Germ.)

Male. The structure of the sound-producing organ is in complele agree-
ment with what is usual in Dicranotropis and Calligypona. Muscle I« vlm.,
thus, is as thick as I« dbim, and almost as long. In regard to this organ,
Megamelus penosus s apparently not especially closely related to M. notula.

Material: 2 brachypterous males from Upland, Solna.

Stenocranns minutus {F))

Male. The apodeme of e second abdominal sternmm has quite o different
form trom that in Dicranotropis and Cedliggponn, 1t is short, relatively much
shorter Dan in these gener, and hroad Gaboul three times as long as Droad),
approximalely uniform in width, obliquely tongue-shaped, and directed
more backwards thum upwards, Musele T oa plm. is. weulk, shorter than
| « dom, and T a done and aboul one fourth of the length of [ e dlm,. In
other respects the organ adrees with that of IHeranotropis.

Material: 4 males from Upland, Danderyd.

Kelisia scotti (FFieh.) Scott

Male, The apodeme of the second abdominal sternum is shaped like a
broad and short plate direcled backwards, at which the short fan-like I a vlm,
attaches itsell. T a plms is considerably shorter than [ a dvnn and I «a dons,
while [ « dint is two and a hall times as long ns any of these muscles.

Material: 2 males from Upland, Djursholm.

Conomelus limbatus (I°)

Male. The sound-producing apparalus recalls most closely that of Mege-
melus notala. Muscle T« vlin, is considerahly shorter than I « dom, '.illd
I o dvm.: ils apodeme is short and narrow, distally strongly hroadened.

Material: 8 brachypterous males from Upland, Djursholin,

Euidella speciosa (Boh.)

Male, The apodeme of the seeond abdominal sternum is a low lransverse
Johe directed upwards and backwards and is, then, mueh reduced if compared
with the species of Calligyporna. Muscle f a nlm, is very short, fan-shaped.
In other respects the apparatus has the usual structure.

Material: 10 males from Upland, Solna.
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Family Cizxiidac
Cirius nervosus (1)

Male. Owing to lack of material T am not able to give any thorough des- '
cription of the structure of the sound-producing organ in this species. This
organ is more weakly develeped than that of the aracopids, il the size of
the animal! js taken into consideration. Musele I« dli, i1s very short,
relatively much shorter than in the aracopids, and almost vertical, 1 have
not been able to {ind any apodeme on the second abdominal sternum or
muscle I « olm..

Material: 3 males from Upland, Solna.

Family Issidae
Ommatidiotus dissimilis (Fall)

Male. Of this species T have studied dried malerial only, and in conse-
quence I am not able to deseribe the muscalature. 3t is apparenl, however,
that a sound-producing apparatus is present in Onunatidiofus. 'T'his apparatus
seems to agree with thal of the a eopids, at least inits principal features,
The metapostphragma is laminate. The second abdominal sternum is
furnished with a pair of upright apodenmies.

Material: 2 brachypterous males from Smiland, Annerstad.

JASSIDOMORDPITA

CERCOPOIDEA
Family Cercopidae
Neophilaenus campestris (17ull.)

Male. (Plaie 3, figs. 3—6). The metapostnofum (mpn) is o rather narrow
transverse strip, laterally first somewhat hroadened, then again narrowing
towards the region of the (irst ahdominal spiracle. Behind the metapostnotum,
the dorsum of the first abdominal segment is medially membranous. The
tergum of this segment, then, is divided into a pair of lateral plates (fig. 4, D),
each sublrapezoidal in shape, the most acute angle heing directed towards
the middle line. Especially along its fore border this plate is strongly con-
vex. Halt-way towards its lateral end the tergal plate is strengthened on ils
inside by a longitudinal list tfig. 4, fo). More laterally there is an unpigmenied
convex surface (¢b), which is striated in a characteristic way by about
twenty approximately parallel transverse lines with a different refraction
from that of the spaces between them. Probably these lines are thickened
sclerotic bars, I term this surface the striated fymbal by analogy with the
tymbal in the Cicadidae. The lines of the tymbal are crossed by a longi-
tudinal fold dividing them into a lateral and a medial part. Both parts of
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the tymbal are convex. Laterally the first abdominal tergal plate carries
the second abdominal spiracle (sp 4).

The first abdominal sternum, in spite of a considerable reduction if com-
pared with the more normal {3rd and following) sterna, is very distinctly
developed as a transverse, normally sclerotized plate and very little spe-
cialized (figs. 3, 4, [ ast}. Along the hind border this plate carries a low trans-
verse list, which on each side considerably laterally of the middle is furnished
with an inconspicuous semi-circular lobe (matt). Between this lobe and the
lateral end of the list is a smaller tubercular elevation.

The second abdominal tergum is little specialized. There is a distinet
antecosta, The precosta is dilated in the middle.

The second abdominal sternum (fig, 3, 11 ast) is similar to the first butl has
a larger extension in the laleral direction. Along the hind border there is
a transverse list carrving on each side laterally of the middle a muscle
attachment in the form of a semilunar lobe. This lobe is placed a litlle
more lateratly than that of the first abdominal sternum,

Between the posterior border of the metapostnotum and the anfecosta of
the seeond abdominal tergum there streteh two longitudinal museles (fig. 5
I a dim, and I « dim,). These musceles are situated rather close to each oaler
and the median line. More laterally there runs a third longitudinal muscle
! a dlm, between the fore border of the first abdominal tergum and the
antecosta of the second abdominal tergum; it is siluated belween the longi-
tudinal fold of the first tergum and the lvmbal, From the semilunar lohe ?m
the Hst of the first abdominal sternum a relatively strong muscle extends
to the coaudal end of the longitudinal fold of the striated tymbal (fig. b
| « domy). Two weaker muscles, f o dom, and T a demy, arise from the first
abdominal sternum somewhat laterally of the origin of I a dom. I a dom,
goes to Uhe hind border of the metapostnolum in front of the tymbal. In its
ventral */; it is comparatively thick but suddenly becomes much thinner
dorsally. I a dving is very thin and probably reduced. A shorl muscle I ¢ dvm,
attachies itselt by both ends to membranous parts of the bhody wall near the
fourth spiracle.

The ventral longiludinal musculature is weak but distinet. IFrom the
semilunar lobe ot the second abdominal sternum there stretehes o musele
H o« dom to the lateral end of the second abdominal terguni Its dorsal ut-
tachment has a considerably more ventral {Iateral) position than the tvmbal
for which reason I« dpmr is almost horizontal. Of the remaining muscles il;
this region the longitudinal muscle I « dfm; may be mentioned. This muscle
arises just behind the dorsal insertion point of I a dom and dilates in its
extension 1o the lateral parls of the antecosta of the third abdominal tergum.
In this sl)l'gios this muscle is not espeeially strong and not stronger than the
corresponding muscles in e following segments, bul considering its robust
development in Lepyronia {see helow}, T think I had better mention it here.

Female. In the female, the sound-producing organ consists of the same
parts as in the male but is more weakly developed. This is especially true
of muscles I a dom, and H « dem. The strengthening list on the inside of the
first abdominal tergum is rudimentary and is represenled by a more
strongly pigmented longitudinal line, and 1he striation of the tymbal is in-
distinet.

Material: 18 males and 9 females from Scania.
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Neophilaenus lineatus (L.}

Male, As in the preceding species. Muscles I a dom, and I a dvm, how-
ever, are relatively stronger than in campestris.
Material; 6 males from Upland, Djursholm.

Philaenus spumarius (L.)

Male. On the whole as in Neophilaenus campestris, f, but muscles I a
dom,, 1 « dom and 11 a dim, are somewhat stronger, especially 11 a dum.

Material: 9 males from the soulh of Sweden,

Aphrophora forneri Hpt.

Male. The sound-producing apparatus is constructed according to the same
scheme as in Neoplilaenus  campesiris, Muscles [ e« dhiny and I «a dimg
are hroad fascine bordering immediately on each other. Muscle I a dom 1
have not been able to find in Aphrophora forneri. Muscle [« dom, is rather
strong, much stronger than the other muscles in this region. Dorsally it torks
into two muscles, the larger of these inserting itself immedialely behind the
strinfed tymbal, the other a little hehind and laterally of this point hut
within the region of the first terguwm, Muscles T oo dom, and I a dom, are
represented by one single weak musele, as far as U could find; I« domy, is
small but distinet. Musele I a dimy is not stronger than the corresponding
muscles in the following abdominal segments.

Female. Avrees with the corresponding parts in the male and is almost
as well developed as in this sex.

Material: 8§ males and 2 females from Upland,

Aphrophora alni (1all.)

Male and female. As in the preceding speeies. Muscle [« dom, is dorsally
bifureate. It is as strong in the female as in the male. The tymbal of the
mele of this species is represented in Plate 3, fig. 7 (th).

Material: 4 males and 2 females from Upland, Solna.

Lepyronia coleoptrata (1.)

Male, The sound-producing organ is more strongly developed than in the
other cercopids [ have examined. It is composed of the same parls as in
Neophilaenus campestris. The tymbal has about 18 distinet arched furrows
with a muainly transverse extension, At the lateral and caudal end of the
tymbal muscle I « dvm, is inserled. The muscle is very thick and strong,
not forked. The dorsal longitudinal muscles in the region of the first ab-
dominal segment are well developed, and so ts [I a dim,. Muscles T a dvom,,
[ « dom, and If « dom are weak. In return, the muscle corresponding to
I a dim, in Neophilaenus is enormous. From its origin on the lateral part
of the second abdominal tergum it dilates in the shape of a fan over the
major part of the inside of the second abdominal tergum uand attaches it-
self on the third abdominal lergum along an arched line stretehing con-
siderably behind the fore horder of this tergum.
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Female. In this sex the sound-producing organ is a good deal weaker than
in the male, but it is nevertheless not relatively weaker than for example
in the species of Aphrophora, Muscle I a dvm, is fairly strong but con-
siderably weaker than that of the muale. II @ dim; is not especially well
developed.

Material: 11 males and 4 females from Upland, Danderyd and Djursholm.

JASSOIDIEA

Family Membracidue
Centrotus cormutus {1..)

During my investigations on the sound-producing organ 1 unfortunately
had no living or alcoholic material of this species, nor have I heard its sound-
production. There is no doubt, however, that this only representative of ours of
the family Membracidae has a sound-producing organ homologous with that
of other Auchenorrhyncha, In dried material it may be established that the
first and second ahdominal sterna in the males cach have one pair of interior
transverse  dilataiions analogous to the apodemes of many other jassoid
forms. No doubt these dilatations (IMate 4, figs. [ and 2, Faapod and H v apod)
serve as attachments of muscles belonging to the sound-producing organ,
These dilatations are lacking in the female, Further, the male has on the
lateral part of the first abdominal tergum a convex surface finely transversely
striated. There are at least twenty furrows erossed by o longitudinal fold, in
the posterior end of which there is a thickening which is prabably the insertion
point of the sound-producing muscle. The major part of the first abdominal
tergum with the tymbatl above mentioned is concealed hehind a laminate
process from the metatergum, A striated tymbal similar to that of the muale
is present ine the female 1oo, but it is less convex and a little smaller.

Family FEnacanthidae

Fuacanthus interruptus (L))

Mdle. This male has a very strongly developed sound-producing apparalus
(P1. 4, figs. 3 7). In the region of the first ahdominal dorsum there are se-
veral more strongly selerotized and pigmented tergiles (fig. ). There is no stri-
ated tymbal as in the cercopids. The melapostnotum is a pair of transversally
longish, convex plates (mpr), only laterally standing in a narrow connce-
tion with the metepimeron. Behind the metapostnotum in the middle is a
single roundish plate I a tg,, laterally the paired tergites [ a tg., I « ty,
and pil. Of these tergites I a tg, is convex and divided straight across by an
oblique fold. Laterally I @ fgs stands in an articulate-like connection with
the scecond abdominal fergum. Plate pil is armed with numerous short
hairs, especially on ils anterior border. The second abdominal tergum has a
precosta rather broad in the middle but otherwise presents nothing note-
worthy, In a distinet pleural plate laterally of pil there is the fourth
spiracle (spir 4), while the third spiracle (spir 3) is situated in a weakly
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sclerolized part of the integument just in front of the fourth a little hehind
the posterior border of the metepimeron.

The first abdominal sternum {(fig. 5, T ast) is a transverse plate. Lalerally
it is forked into a parietal shorter branch passing into the membranous body
wall, and an interior longer apophysis (fig. 3, apoplt.). More medially the
first abdominal sternum carries a pair of apodemes (I @ apod), each consist-
ing of one anterior and one posterior tongue-shaped sub-horizontal lobe.
The posterior lobe veaches considerably behind the fore border of the second
abdominal segment. A small backwards directed lobe is placed on the hind
border of the first abdominal sternum just laterally of the apodeme.

The second abdominal sternum is a transverse plate (I7 ast) earrying on
the inside laterally of the apedeme of the first abdominal sternum a short
lobe or apodeme I« apod. :

In the dorsum of the first abdominal segment several muscle bundles
{I ¢ dim) run from the fore or hind horder of the metapostnotum to the
antecosta of the sceond abdominad tergum. Arising on the metathoracal endo-
sternum, lwo longitudinal muscles [ olmy and HI plm. extend to the
anterior and lower surfuce of the anterior lobe of T« apod. OfF these museles
HI vlm, is strong, [T vlm, insigaiticant, From the upper surface ol T« apod
there stretehes a musele [« dom, to the metapostnotum. This musele con-
sists of two parts, one upper, shorter and thicker, and one lower, longer and
narrower. The fwo parts are separated by a fibrous plate connected with
the metendosternum by a thin ligament. The narrower part ol the musele
below the plale is more fibrous bul stitl dislinetly striated. The Fargest muscle
of the first abdominal segment I o dom, arises on the posterior lobe of 1he
apoedeme and is inserted on I « tgy, by a short funnel-shaped tendon. Maore
laterally are the weaker dorsoventral museles [ a domy and I« domy, the
former arising on an insignificant sclerite «¢ on the metepimeron (fig. 3},
further the oblique musele I« ism from the apex of the lateral apophysis of
the first ahdominal sternum to the region of the lateral end of the second
ahdominal anteeosta, and a musele 7 « vm from the under side of the distal
part of the apophysis to the pleural region ventrally of the fourth spiracle,
From the postertor surface of the first abdominal sternum extends on each side
a longitudinal musele I g vim to I a apod. The next muscele in the same series
runs from the second ahdominal sternum skipping the third abdominal
sternum to the fore border of the fourth abdominal sternum,

Femede, In the female the apparatus of the male is much reduced. The
first abdominal dorsum does not diverge so much from that of the male at a
superficial examination, but the fergites are larger and coarser. The meta-
postnotumy is laterally united with the melepimeron. The first abdominal
sternum is stronger and broader than in the male, and the apophysis is
present here too. Only weak rudiments, however, represent the apodemes
of the first and second abdominal sterna in the male. The longitudinal
musculature has about the same degree of development as in the male, and
so has I « ism. Museles I a dom, and I a dvm, are much reduced and very
thin, the latter of uniform thickness, the former still with a distinct tendon.

Material: 20 males and 6 lemales from different localities in the south
of Sweden.
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Family Proconiidae
Tettigella viridis (L.)

Male. The sound-producing organ recalls in certain respects that of
Euacanthus, but presents several differences too (PL 3, figs. 1—>). The first

abdominal tergum is much reduced {figs. 1, 3). Medially the dorsum 1s mem-

branous. The metapostnotum {mpn) A -
epimeron and carries on the inside a phragma (phr). The latter is a roundish

plate

is laterally connected with the met-

situated in a plane parallel with the integument in the vicinity.

Laterally and a little behind the metapostnotum there is a striated tymbal .

consisting

(pil). Laterally of this surface we tind spiracles 3 and 4, the former imme-
diately

of n econvex surface with 6 approximately concentric curved .
furrows (fig. 3, tb, fig. 3). Still more laterally there is a convex pilose surface .

behind the hind border of the metepimeron. On the latter below '

spiracle 3 there is a medially dirccted triangular lobe o ‘I'he second ab-

dominal tergum is a rather narrow transverse plate {iig. 1, 1), Its antecosta

carries a phragma-like dilation (1Y on cach side ahout at the level of the

tymbhal.

The tirst abdominal sternum is a fransverse plate (fig. 2 I ast) bearing on !

the inside an apodeme, consisting on each side of {wo horizontal l(\bes,.(me
direeted forwards and the other with a medial and somewhat eaudal direc-
tion. This apodeme is considerably smaller than that of Enacanthus (I a apod).
Laterally there is a finger-like apophysis
second abdominal sternum carries on each side |
directed  tongue-shaped and IMack-pigmented apodeme (Il a upod). This
apodeme is compa atively very large and reaches far behind the hind border
of the third abdominal steroumm.

From the metascutum an oblique longitudinal muscle fig. 4 I dim)

(apoph) as in Euacanthus. The
a horizontal backwards’

stretches to the suture between the metepimeron and the metapostnotum. .

From a ridge on the inside of the metapostnotun there extends a longitudinal

muscle ([ « dlm) to dilation [ on the antecosta of the sccond tergum, From -

the hind surtace of the same dilatation the corresponding muscle IT a dim

runs to the antecosia of the third abdominal segment. Lobe { is very thin, for,

which reason the two museles I a dim and 1 a dlm on a longitudinal seclion

through this lobe seem to be immediately united, The apodeme of the first |

abdominal sternum serves as an altachment of five muscles, in fig. 4 marked .

1T olm,, HI vlns, T a domy, I a done, and Tavim, The two ficst-mentioned
muscles arise on the melendosternum. I« domy, arising i'mm. l]?c medial lobe
of the apodeme, is here fusiform and is inserted without a distinctly marked
tendon immediately behind  the tymbal. This muscle is well developed.
I« dvm,,

arising from the anterior lobe of the apodeme, consists as in

Fuacanthus of one narrower ventral and one thicker dorsal part, the latter .

here being longer than the former, and aitaches itself on the metapost-
phragma. The two parls of this IHllSCIL: are svpnr.nted by a transverse {lat
black-pigmented sclerite without a solid conneetion with the integument
but united with the coudal and latera! part of the mctcr_ldr)stcrnum by a
ligament. This ligament is very difficult o see in mosi of my muscle pre-
parations but stands boiling with KOTIL In 11151C(-r:110(1 .proparah(_)ns, therefore,
only the black-pigmented sclerite and the ligament just lpelltlo_rled are left
of musele I @ dvm,. Muscle I' @ vlm runs from the hind surface of I a apod to
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the upper surface of /I a apod. From the lobiform sclerite a on the inner
margin of the metepimeron there arises a weaker fusiform muscle I a dvin,
inserted by a distinct tendon on the first ahdominal tergum in front of the
tymbal. The apex of the apophysis of the first abdominal sternum is the
atlachment of a muscle (not drawn in the figures) corresponding to I a vm
in Euacanthus, Museles I « dvm, and I «ism of the latter T have not found
in Tettigella. ¥From the hind border of the second abdominal sternum under
the apodeme there arises a longitudinal muscle not differing from the cor-
responding muscles in the following segments except by the fact that the third
sternum is skipped, the muscle heing inserted on the fore border of the fourth
abdominal sternum.

Female. The apparatus is rudimentary in the female, In the first abdominal
dorsum there is o trace of a median tergite missing in the male, The meta-
postnotal phragma is reduced to an inconspicuous transverse ridge. The
tymbal and the pilose surface are present. On the antecosta of the second
abdominal tergum, the phragma-like dilatation ! is lacking, The apodemes
of the first and second abdominal sterna are reduced to insignificant eleva-
tions. Concerning the musculalure, the longitudinal musele HI dim is similar
to that of the male, while I« dlm and I « dim have more modest dimensions,
1 vimy s small, I vim, being about as large as in {he male. The longi-
tudinal museles I « vlm and [ a vim are arranged on the whole as the
corresponding muscles in the following segments, bhut I « olm is only half
as long as any of these, {I a vlm runs, as in the male, directly to the fore
border of the fourth sternum, Strikingly small if compared with the male
are the dorsovential museles [ e doenyy, T a dom., and T a dirmg, all of them
being so thin that it is difficull to find them in the preparations, I a dom;
is still divided into a lower thinner and an upper slightly thicker part, and
from the point of division there stretches, as in the male, a thin ligament
to the melendosternum; ihe dividing plate, however, is quite thin and un-
pigmented.

Material: 16 males and 9 females from Upland, Djursholm, and Smiland,
Annerstad.

Family FEupelicidae
Pupeliz depressa (1), f. cuspidata (F.)

Male, The sound-producing apparatus may be compared with that of
Fuacanthus interruptus. The metapostnolum is a narrow transverse lergite
laterally united with the melepimeron. On the inside the metapostnotum
carries a short stump-like process or phragma. Most of the dorsum of the
first abdominal tergum is sclerotized, There is a distinet striated tymbal. In
front of this there is a transverse sickle-shaped interior strengthening. Im-
mediately hehind the striated tymbal there is the point of attachment of
muscle / « dvm, (the designations of Fuacanthus being used here). More
laterally there is the convex, pilose surface (pif) of EFuacanthus and Tettigella.
Still more laterally, at the hind horder of the metepimeron, is the third
spiracle, and a little behind the latter, the fourth spiracle. The antecosta of
the second abdominal tergum is on each side dilatated into a semilunar
phragma-like lohe as in Tettigella. The first abdominal sternum (PL. 5, fig. 6,
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I ast) carrics on the inside on each side immediately laterally of the middle
an apodeme consisting of a short foerward directed tobe (al) and a much
longer obliquely tongue-shaped one directed backwards (I « apod). The
latter reaches behind the hind border of the second abdominal sternum,
Laterally the first abdominal sternum carrics on each side a vertical, pole-
shaped, apically broadening apophysis (apoph) representing that of Teltti-
gella and FEuacanthus. The second abdominal sternum carries on the inside
on each side more laterally than that of the first sternum a tongue-shaped,
backwards directed apodeme (Il « apod). This apodeme is considerably
larger than that of the first abdominal sternum and reaches a little behind
the fore border of the fourth abdominal sternum. The strong development of
this apodeme is the most conspicuous difference between the sound-producing
organs of Fupeliz and Euacanthus.,

1 had only one male ol 1his species preserved in alcohol at my disposal for
disseetion, unfortunately, and therefore T am unable 1o describe the muscu-
lature in detail. On the apodeme of the first abdominal sternum there arises
a strong muscle that is inserted Lehind the tymbul, This muscle is homo-
logous with I « dvm, in Buacanthus and is of the same {ype as in this form,
ending dorsally in a funnel-shaped tendon. Bul in the male of Eupeliz this

muscle has attained an enormous size and is the largest muscle of the
abdoment. Large and strong is also the muscle corresponding Lo [« ofm in

Irpacanthus, extending from the [irst abdominal sternum to the morpho-
logical anlerior surface of the apodeme of the second abdominal sternum, The
muscle homologous with I« dom. in Funecanthus has about the same appea-
ranee as in this form, consisting of a dorsal thicker and a ventral thinner
part, separated Dby a membranous transverse plate united with the met-
endosternum by a thin lignment, Between the metendosternum and the an-
terior lobe of the apodeme ol the first abdominal sternum, there strelch
a few bundles of muscles. [ the first abdominal segment, further, arc found a
muscle corresponding to [« dony, in Euacanthus and Tettigella but slronger
than in thesc species, and a evlindrieal dorsal Tongitudinal mwuscle cor-
responding to I «a dim in Tettigelle,

Female. The striated tymbal is present in the female tro. In the ventral
region, the apodemes of the first and second abdominal slerna in the male
are represented by more modest substitutes (P15, fig. 7). The apodeme of
the first abdominal sternum (I ¢ apod) is a roundish lobe direcled forward-
medially; the lobe directed backwards is almost entirely absent. The lateral
upophy;is of the first abdominal sternum is represented by an insignificant
knob-like clevation. The apodeme of the second abdominal sternum is re-
presented by a very short bul broad backwards directed lobe.

Of the female I have, unfortunately, but one rather bad muscle-prepara-
tion, for which reason 1 must here content myself with mentioning that
the muscles corresponding to I a dem. and I a dvem, in Fuacanthus, have
about the same degree ol development in the female of FEupeliz as in the
male, I a dom, thus consists of the same two parts as in the male, and the
fibrous plate separating the two parts is connected with the metendosternum
by a thin ligament. The muscles running from the latter to the anterior
lobe of the apodeme of the first abdominal sternum are normally developed.

Material: 5 males and 2 females from Ostrogothia, Askeby, Oland, Firje-
staden, and Gotland, Tingstide. ;
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Family Ledridae
Ledra aurita (L)

Male. From Iack ol a larger mualerial 1 am not able to give an accurate
account of ibe sound-producing organ ol this very rare species. However,
it does not differ in any important respeet from that of cuscelids, for example.
There is no striated tvinbal, instead the tergum of the first abdominal seg-
ment is furnished with list-shaped strengthenings on the inside. The first ab-
dominal slernum possesses a medial pair of apodemes and on cach side a
lateral, veriical, apically disciform apophysis, both moderately developed.
Muscle I « dpm, is strong, voluminous, barrel-shaped, at the middle about
as thick as hall its length, Tts tergal insertion is brought about by a funnel-
shaped lendon, The remaining dorsoventral muscles are weak. Special interest
is afforded by muscle I e dom.. 1t s very thin and but indistinetly striated.
As usual it is inserted tergally on the metapostnotum. Near its lower end,
however, the musele is divided inlo two fibre-bundles, one of which, being
muel thinner than the other, stretehes hackwards and attaches itself to the
first abdominal sternum, the other extending to the metendosternum. The
entire musele but especially the lalter part is richly interfused with non-
fibrous eells and is apparenlly degenerating. In the anterior branch near to
the point of ramilication there Is a brownish accumulation of pigment —
perhaps a sclerite probably represenling the transverse plate dividing
in manv olher jassoid forms musele I « dem, into o dorsal and a ventral
part. The dorsal and ventral longitudinal musewlature is not stronger than
in normual abdominal segments.

Female, Muscle [« dom, and the apodemes and the apophysis ol the
first abdominal sternum are poorly developed, the musele yet being quite
distinet and considerably stronger than the remaining dorsoventral muscles.
Whether it is functional for sound-production T am unable to tell. Muscle
I« doms has the same degree of development as in the muale.

Materinl: 2 males and 2 females from Ostrogothia, Tornevalla.

Family [dioceridae
fdiocerus lituratas (Fall.)

Male, 'The sound-prodneing  organ has much in common with that of
Euacanthus, Tettigelin and Eapelic. In the first abdominal dorsum imme-
diately behind ihe posterior horder of the metasculellum there is a single
small tergite (PL b, fig. 9, I« ty,). Laterally of this on cach side there is a
somewhat Iarger transverse plate, the melapostnotum (mpn], laterally united
with the metepimeron. Behind the melapostnotum there is a region in ils
major parl weakly pigmented, thin-walled, in which, however, is found
the obliquely transverse oblong fergite I a 1y, carrying a low transverse list
on the inside. There is no striated tymbal. On the corresponding place we
find instead a thickening in the integument (IP1. 5, fig. 10, I « tg:}. Later-
ally of this is the convex tergite pil, well developed and strongly pigmented,
provided anteriorly as usual with a number of short hairs. Laterally of pil
is the third spiracle, caudally of the latter the fourth spiracle. The second
abdominal dorsum consists medially of a transversely oblong plate with a
well developed precosta. Behind the antecosta a short medial longitudinal
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ridge 1s suspended (Pl 5, fig. 10, ¢). Laterally the antecosta carries on each
side n small-sized phragma-like process ({1 a phr). The second tergum is
laterally more thin-walled and more weakly pigmented. Laterally it is de-
fined by a longitudinal interior list (fo) or rather by two lists united at a
very obtuse angle. The anterior of these lists runs immediately medially
of the fourth spiracle. At the apex of the angle belween the two lists there
is a sclerotic lump (cl). The third abdominal tergum is a plate of about
normal dimensions. Laterally it protrudes forwards in a broad lobe ap-
proaching tergite pil of the first abdominal dorsuni Medially the pre-
costa of the third abdominal tergum is rather broad, attaining about one
third of the width of this tergum aleng the middle line, The antecosla of
{he third abdominal tergum is developed on each side inlo a conspicuous,
phragma-like, backwards directed plate (Pl 5, fig. 10, 1] « phr), laterally
reaching the vicinity of the lateral end of the tergum. This phragma is
broadest just laterally of its medial end near the middle line of the lergum
(see fig. 9, the dashed line), beeomes laterally still narrower and then again
broader, then narrower again. Thus this phragma has a B-like formn.
Where broadest it reaches about half-way from the anlecosta to the hind
horder of the third tergum,

The first abdominal sternum carries on the inside a strongly sclerotized
black-pigmented transverse bar and on each side jusl laterally of the middle
an apodeme (P15, figs. 8 and 10, f @ apod) consisling of a broad, on the an-
terior surface somewlhat concave plate. Medially this plate is placed in an al-
most vertical plane perpendicular to the longitudinal axis of the body; luterally
and auleriorly it turns into a more horizontal position and gives off a lateral,
narrow, horizontal, forwards directed, strongly sclerolized process (figs. 8, 10,
proc). More taterally the first sternum earries on the inside a short dentiform
process, Laleralty of the apodeme we {ind on cach side two small sclerifes
without a solid connection with the first abdominal sternum but instead
fixed to the metepimeron (fig. 10, « and b}. This conneetion, 1 believe, is
secondary, and the two selerites will probably belong to the first abdominal
segment.

The second abdominal sternum is rather narrow bul has a normal lenglh
in the mediolateral direction. A Tittle laterally of the middle it carries on
weh side a large, longue-shaped, backwards directed, on the morphological
anterior surface somewhat concave apodeme (figs. 8 and 10, IT « apod).
Caudally this apodeme reaches a little behind the fore border of ihe fourth
ﬂbdomifml sternum. Laterally the sccond abdominal slernum cuarries a Jobi-
form, transversely upright apophysis (I1 a apopl). ‘

Two thin muscles connect the metapostnotum with the metathorax. 1'rom
the metapostnolum a rather strong longitudinal musecle [ «a dim (Plate 6,
fig. 1) stretches to the phragma of the second abdominal segment. I'rom the
posterior surface of this phragma a longitudinal muscle If « dling runs to
the phragma of the third abdommal tergum, while a still more voluminous
muscle or bundle of museles I a dim, medially of II @ dim. extends from
the medial longitudinal ridge of the second abdominal tergum and the an-
tecosta of the latter to the phragma of the third abdominal tergum. In the
ventral region a strong longitudina! muscle III »lm arising on the metendo-
slernum runs to the anterior surface of the first abdominal apodeme. From |
the posterior surface of this apodeme a voluminous muscle [ a vimy
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stretches to the morphological anterior surface of Il a apod. On the anterior
end of the lateral process {proc) of I @ apod there arises a rather strong
muscle I a dvm,, attaching itself on the metaposinotum without a lendon.
The ventral half of this muscle is much thinner than the dorsal and not
distinetly striated. A samewhat pigmented transverse plate separates ihe
two parts. The remaining dorsoventral muscles in the first abdominal seg-
ment are the much weaker I a demy, T a domy and [ o dem,, all altaching
themselves at the dorsal integument by a distinet tendon. I a domy arises
on sclerite b and attuches itself on a point in the vicinity of I « tys. The
fusiform [ « dom, extends from the lateral and basal part of [ a apod to a
point rather a long distance medially of the fourth spiracle, while the short
and thick ! ¢ dom, arising on the lateral end of the first abdominal sternum
runs 1o a point between the fourlh spiracle and the insertion of [« dvm,.
From the lateral apophysis of the second abdominal sternum’™ a muscle
I « dom extends lo its insertion at the longitudinal interior list laterally
defining the second abdominal tergum, and from the Iateral puart of 1he
second abdominal sternum a musele bundle If « ism runs to the lateral
lobe of 11 a phr. From the seecond abdominal sternum under I« apod there
stretches a strong longitudinal musele in a caudal and lateral direction to
the fore border of the fourth abdominal sternum,

Female. Tn the female [ a phr and 11 o phr are Incking (however, a small
lobe of the mosl lateral part of the latter remains), and the corresponding
longitudinal museles have dimensions more normal tor dorsal longitudinal
abdominal museles. Especially 1 o dim, is muell smadler than in the male,
I a apod and 11 « apod are absent but are represented by rather pronounced
elevations. The longitudinal musele HI ol is still rather powerful, while
I a olm and {1 a vim are much weaker, the former being far shorter than
in the male. The dorsoveniral museles of the first two ahdominal segments
are very thin and dilficult 1o see in the preparations.

Materinl: 8 males and 4 females from Upland, Solna and Bondkyrka, and
from Ostrogothia and Smdland.

[diocerus albicans Khm.

Mate. From luck of material T am not able to give a detailed account of
the sound-prodiicing organ of this species. However, the organ is very well
developed. The phragma of the third abdominal segment consists as in
fituralus of a medial and a lateral lobe on each side. The medial lobe in
albicans has altained a much stronger development than in lituratus, reach-
ing where it is broadest far behind the hind horder of the third abdominal
segment. On the other hand, the lateral lobe is less developed than in
lituratus and very insignificant if compared with the medial one. The pre-
costa of the third abdominal tergum is medially rather broad, for which
reason muscle I/ « dim, is very long; morcover, it is broad and powerful.
Muscles 7 a dom, and I a dom, are considerably stronger than in Nturatus.
The apodeme of the second abdominal sternum does not reach the hind
border of the third sternum,

Female, In the female, the apparatus of the male is not developed, all
parts of it being represented by traces only.

Materiai: 2 males and 1 female from Blekinge, Lyckeby.
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Idiocerus elegans Tlor.

Male. 1 have only examined one single dried male of this species. The
sound-producing apparatus seems to be well developed. The phragma of
the second abdominal tergum is indistinet; that of the third tergum reaches
i/, of the total width of this tergum, ineluding the precosta. The lateral part
of the phragma is insignificant. The apodemes of the first and sceond sterna
are well developed. The anterior process of the former is indistinet, how-
ever; the latter reaches to about the middle of the fourth sternum. The la-
teral apophysis of the sccond abdominal sternum is small.

Aaterial: 1 male from the south of Sweden,

Idiocerns stigmedicalis Lew,

Meale. T have examined but one single dried male. The phragma ol the
second abdominal tergum is well developed; that of the third tergum has
only '/, of the width of the fatter, its lateral part being insignificant. The
apodemes of the first and second sternn are well developed, the anterior
process of the former being short and not pigmented; the apodeme of the
secondd abdominal sternum reaches to about the middie of the fourth sternum.

Malerial: 1 male from Smaland, Annerstad,

Family Macropsidae
Oncopsis flavicollis (L.)

Male. {Plate 6, ligs. 9 1), The integument i the region of ihe first ab-
dominal dorsum is partly concealed under a pair ol short, hroad, Iaminate
processes (rom the metaseutellum and is in its major part laintly pigmented
and thin but apparently rather sclerotized. Foremost on cach side 1s a tergite
laterally connected with the melepimeron and represenling a metapost-
notum. From the inside of the metapostnotum issues a forwards directed
auriform phragma (£ a phr). The part ol the first abdominal tergum situated be-
hind the metapostnotum is very umbonated and partly thickened, and equipped
on the inside with several strengthening folds and lists extending in dif-
ferent dircetions. Laterally ol the metapostnotum there is a pilose convex
selerite corresponding to that deseribed in the preceding genera {pil), and
of similar appearance. In front and a litte laterally ol pil is the third
spiracle, hehind and laterally of this the fourth spiracle in a perilreme. Be-
hind and somewhat medially of pil there is a Jump-shaped thickening of the
integument (scl). Immediately in front of this thickening there is an S-shaped
strengthening in the integument. The upper {medial) half of this § enframes
a strongly convex, clastie bladder (bt]. Behind the thickening sel a small
number of concentric curved furrows suggestive of the tymbal of Tettigelia,
Eupeliz and the cercopids may be perceived with some difficulty. [mme-
diately behind this “pseudo-lymbal” the second abdominal tergum hegins
and is without a distinet delimitation lowards the first tergum in this region.
Laterally of the *“pscudo-tymbal” lies a more strongly pigmented plate be-
Jonging 1o the second tergum. For the rest, the second abdominal tergum is
rather uniform and little reduced. On the inside along the fore border iti

|
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carries on each side a backwards directed auricular phragma II a phr,
which is on the whole a mirror-image of the metapostphragma. More
laterally the delimitation between the first two abdominal terga is in-
distinet, as menlioned above. There is no phragma on the third tergum, and
the precosta of the latter is very narrow.

The first abdominal sternum is much reduced and consists essentially of
a strongly sclerotized transverse bar that is situated in the preparations
dorsally of the somewhat broader and less strongly specialized second
sternum. The first sternum carries one pair of apodemes (figs. 2 and 3,
I @ apod), each consisting of an obliquely tongue-shaped, horizontal lobe
dirceted medially and backwards, Laterally there is an apophysis lapoph),
an upright, slender column with its distal end reaching the lump-shaped
thickening of the first abdominal tergum. Behind the apodeme of the first
abdominal sternum, the second sternum possesses on each side a considerably
smaller, obliquely transverse triangular apodeme (I «a apod),

From the metaseaium a not very conspicuous longitudinal muscle extends
on each side to the anterior surface of the metapostphragma. I'rom the
posterior surface of this phragma a very powerful muscle (1, 6, fig. 4,
! « dim) extends to the phragma of the sccond abdominal segment. The
dorsal longitudinal musculature in the second and third abdominal segments
is normally developed. On I a apod there arises a powerful eylindrical
muscle I « dom, inserted by a distinet funnel-shaped tendon on a point
immediately in front of the superior part of the S-shaped strengthening of
the first abdominal tergum. A short and not very conspicuous muscle (not
visible in fig. 4) runs from the apex of the apophysis of the first abdominal
sternum to a point just medially of the tergal insertion ol II « dvm; this is
apparently an oblique intersegmental muscle, A rather strong muscle [ « dom
ta Liftle weaker than [ «@ drm,) arises on the apodeme of the second abdominal
sternum and is inserted without a distinet tendon on the ahove-mentioned
pigmented plate of the second abdominal tergum. Muscle /J1 vlm extends
from the metathoracie endosternum to a lateral membranous part of {he
first abdominal sternum; it is not large. The latier is also the case with
musele I « plm extending from the first abdominal sternum behind I a apod
to the anterior surface of II a apod.

Female. The apparatus is much less developed than in the male; however,
it may still be supposed to be capable of function. f « phr is represented
by a low transverse list on the inside of the metapostnotum. ‘The phragma of
the second abdominal lergum exists as a thin sickle-shaped rim. The first
abdominal tergum is less umbonated than in the male and lacks the system
of interior strengthening lists present in thal sex; on the contrary, the
strinted tymbal is far more distinet than in the male and possesses about
16 concentrie curved lines concave backwards. The apodemes of the first
and second abdominal sterna and the laleral apophysis of the former are
lacking. Muscles I « dim, I a demy and I « dvm are much weaker than in
the male. I a dom, is inserted without a distinet tendon immediately behind
the tymbal. The “pscudotymbal” of the male is apparently not cquivalent
to the tymbal of the female, as muscle [ « dvm, in the male is inserted in
front of the pseudotymbal; in this respect the female agrees with conditions
in Tettigetla and the cercopids,

Material: 13 males and 7 females from Upland, Solna.

3
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Oncopsis tristis (Zett.)

Male. The apparatus has the same structure as in flavicollis. llowever, lhe

lateral apophysis of the first abdominal sternum is considerably stouter and
broader, and the apodeme of the second sternum is much larger than in
flavicollis, The same is the case with muscle IT a dom.

Material: 14 males from Upland, Djursholm.

Oncopsis alni {Schrnk.)

Male. The sounc'l-producing.npparalus agrees with that of Oncopsis tristis.
Muscle I a dom is comparatively less strong, however.

Material: 4 males from Upland, Solna.

Macropsis tiliae (Germ.)

Male. The sound-producing organ agrees with that of the species of on-|
copsis. As in these, the most powerful muscle in the region in question is,
I a dvm;, In the next place I ¢ dim and II a dvm should he mentinncd.i
H a apod is about as well developed as in Oncopsis alni, |

Material: 6 males from Upland, Solna. i

Macropsis planicollis (Thoms.)

Male. As in the preceding species. Muscle T ¢ dlm is comparatively \\'eakly;
developed.

Material: 3 males from the south of Sweden. |

Macropsis fuscinervis (Bol.)

Male. Agrees in all essential parts with the conditions in M. planicollis,
but muscle ! a dim is considerably longer and more powerful.

Material: 1 male from Ostrogothia, Rystad.

Family Agelliidae
Agallia brachyptera {Boh.)

Male, (Plate 6, figs. 5—7). The melaposinotum is a narrow, transversely
oblong plate (fig. 6, mpn) medially concealed under the metascutellum and
laterally connected with the metepimeron, The metapostphragma is small
and semilunar {I a phr). Behind the metapostnotum there is on each side a
triangular tergite, in which the integument is medially thickened but later-"
ally consists of a striated tymbal (th), viz. a convex surface with seven arched,
concentric furrows. Each of these arched lines forms about a quarter of:
an ellipse, the centre of which is situated caudally-medially; in other words,
one end of cach line is directed backwards, the other towards the middle
line. A little in front of and laterally of the tymbal we find as usual a con-
vex surface (pil) anteriorly fringed with short hairs. Just laterally (ventrally)
of pil is the third spiracle, placed in close connection with the hind border
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of the metepimeron. On this border still more ventrally there is an incon-
spicuous lobiform sclerite, the origin of musecle I ¢ dvm,. {Neither the
sclerite nor the muscle are visible in the figures.) The second abdominal
tergum is weakly pigmented but apparently rather well sclerotized. Its pre-
costa carries on the inside a thickening suggestive of the back of a bird with
the wings outstretched. The antecosta of the second tergum is developed
on each side into a rather large, vertically dependent, transverse phragma
(II a phr). More laterally on the sccond abdominal tergum there 1s a sclerotic
thickening irregular in form (/I « cf). The fourth spiracle is in the usual
position {fig. 6, spir,). The third tergum carries on each side an obliquely
tongue-shaped, apically somewhat broader phragma directed backwards and
a littlle medially (/I « phr}, posteriorly reaching just to the hind horder of
the third tergum or somewhat behind it. The first and second abdominal
sterna each possess one pair of short semilunar apodemes directed back-
wards, and one pair of lateral, narrow, crect apophyses {figs. 5 and 6).

The muscles in the region in question are much the same as in Idiocerus.
A small muscle from the metascutum attaches itself on the metapostiphragina.
Several thin muscles (Fig. 7, I a dim) extend from the metapostnotum to
the aniecosta of the second abdominal fergum. From the phragma ol the
second tergum two muscles extend on each side to I a phr, viz. one
medial 11 a dim, to the apex of the third phragma, and one lateral IT a dim,
to its basis. A third longitudinal musele If a dim; extends from the base of
the hind surface of I a phr to the fore border of the third abdominal tergum.
Of these muscles I ¢ dim, is thick and powerful. The ventral longitudinal
muscles HI vlin, { a vlm and 1l « vlm are rather weak. Two strong dorso-
ventral muscles arise on / « apod: [ a dvm, extending to a point on the first ab-
dominal fergum approximaltely representing the centre of the concentric
arched lines of the tymbal and attaching itself by a funnel-shaped tendon,
and 7 « dvm, to the metapostnotum, The latter muscle consists of two parts
separated by a transverse tendinous plate: one ventral, thinner and a little
shorter, and one dorsal, thicker. Bolh of these parts are distinctly striated; in
the ventral part, however, the striation is considerably coarser and sparser.
Muscle [ a dvm, is not cylindrical in its dorsal part, its thickness in the
mediolateral direction being much greater than in the craniocaudal direction,
greatest at its attachment on the metapostnotum. This attachment is direct,
there being no tendon. On the lobiform sclerite of the metepimeron above
mentioned arises the rather thin muscle I a dom, inserted by a tendon on a
point immediately in front of the tymbal. From the base of the apophysis of
the first abdominal sternum there extends a short and comparatively thick
musele { « dom, to a point just laterally of the tergal point of insertion of
! a devm,. Muscles I « dom,; and 1 a dvm, are not visible in fig. 7 but are
equivalent to the muscles with the same numbers in Plate 4, fig. 7 {Ena-
canthus), for example. From the apodeme of the second ahdominal sternum
a dorsoventral muscle 7/ a dom extends on each side to II ¢ cl, at whose
lateral corner it is attached by a long, thin tendon, From the lateral apo-
physis of the second abdominal sternum a short muscle II a ism extends
to the anterior lateral angle of the third abdominal tergum.

Female, In the female all the phragmata and apodemes of the male are
represented by insignificant lists or tuberculiform elevations. In spite of this,
the sound-producing organ is probably capable of function even in the
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female, as the dorsoventral musculature in the first abdominal segment is
tolerably well developed. Thus, muscle [ a dem, is as strong as in the male;
{ a dvm, is thinner than in the male but is still composed of two distinct parts,
The tymbal is distinetly striated as in the male. The dorsal longitudinal
musculature, on ithe other hand, is much reduced.

Malerial: 16 males and 8 females from Upland, Danderyd.

Agallic venosa (Fall)

Male. The sound-producing organ agrees essentially with that of brachy-
ptera, hut the details are rather ditferent, The tvmbal has about 20 concentrie
curved lines. The second and espeeially the thivd abdominal phragmata are
considerably smaller than those of brachyptera. The length of the third
phragma is little more than one sixth of that of the third abdominal tergum.
On the contrary, the apodeme qand the lateral apophysis of the first abdominal
stermum are larger than in brachyptera, while the apodeme of the sccond
abdominal sternum is very large, tongue-shaped and directed backwards,
and reaches to the middle of the fifth abdominal sternum, Muscle 7 a olin,
extending from (he posterior surface of 7 a apod 1o the upper (morphologie-
ally anterior) surfuace of I e apod, is the most powerful muscele of the abdo-
men. Very strong, too, is muscle I a dom,. I a dvm, is also stronger than in
brachyptera, while I« dom,, on the conlrary, is somewhat weaker than in
that speeies, The second tergum is pigmented and apparently less specialized
than in brachyptera, The thickening 11« ol of the latter is represented in
penosa by a {olded structure of a totally different aspeet, Muscle If a dom
seems to be weaker than in brachyptera. The dorsal longiludinal musculature
is far weaker than in that species and but little stronger than normal.

Material: 4 males from Ostrogothin and Upland,

Family Megophthalmidae
Paropia seanica (Fall.)

Male, (Dlate 7, figs. 1—2). The metaposinolum is a relatively large, pairved
selerite, the medial part of which is tree along its [ore horder, while the
lateral part is connected with the melepimeron. On the inside the metapost-
notum earries a rather strong fransverse phragma (P17, fig. 1, I a phr),
For the rest, the first abdominal tergum is weakly pigmented and lacks
conspicuous structures, There is no striated tymbal apart from some indi-
stinet traces. Behind the lateral part of the metaposinotuim runs an oblique
interior list (). The pitose surlace {pit) is small and carries only ahout 9
hairs. The third and fourth spiracles are in the usual position. The precosta
of the second abdominal tergum is medially rather broad. This tergum
carvies on each side a lransverse phragma (I e phr). At the lateral end of
the second abdominal tergum there is an irregular thickening (ef). The third
abdominal tergum has a strong antecosta that is not parallel with the fore
border of the tergum but is curved in and out, by which the width of the
precosta is varied; on each side of the middle there is a trace of a phragma.

The metepimeron carries below on each side a triangular lobe (a); it is
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firmly attached to the metepimeron but is, 1 believe, of abdominal origin,
and represents sclerites @ and b ol Tdiocerus (p. 30). The first abdominal
sternum carries on each side a medial apodeme and a lateral apophysis. The
apodeme (I a (Jpod) has ils largest extension in the medial and oral direction
and is laminate and horizontal. The lateral apophysis (I a apoph) is narrow
and erect. The second abdominal sternum has a pair of medial, vertically
transverse apodemes (Il « apod) and on cach side a lateral, biuntly lobiform
apophysis (II a apoph).

From the inside of the metasculum there extends on ecach side a small
musele I dim to I a phr. In the first abdominal tergum three pairs of
longitudinal muscles I a dimy, I e dim, and [ e dim, may be observed. I a din,
running from [ «a phr to I « phr is rather strong (Fig. 2). A fairly hroad
muscle bundte I a dim, exiends from the hind surface ol I «a phr to the
medial dilated part of the antecosta of the third abdominal tergum. ‘The
ventral longitudinal muscles are rather weak. The largest muscle of the
abdomen is I « dem,, consisting as in Idiocerus, Agallia, Euacanthis and
Tettigella of two parts, one dorsal and one ventral, of which the dorsal
and somewhat longer part here is not thicker than the veniral, The latter
arises on (he apodeme of the first abdominal sternum, the former being
attached on the melapostnotum and metapostphragma. A fusitorm muscle
I a dvm, extends {rom sclerite o to a point in iront of the middle of the
oblique list 1 of the first abdominal tergum. The musele is much weaker
than f a dem,. lts tergal insertion is effected by a tendon. TFrom lack of ma-
terial I have not been able to follow and to identify with any certainty the
weaker museles of the first and second ahdominal segments. Thus I have
failed to find the muscle representing I a domy of the female and of species
deseribed above. A musele I a dom running from the apophysis of the second
abdominal sternum or from this sternum laterally of the apophysis is also
very 1hin and has not been reproduced in figure 2. A weak muscle I a ism
extends from the lateral part of the second abdominal sternum 1o a lateral
part of the antecosta of the third abdominal lergum,

Female. 'The female of this species differs in several respeets in a remark-
able way from the male. I« phr and 1« phr are litlle developed bul remain
as well-marked transverse lists, There is a distinel striated tymbal (P 7,
fig. 4). 1t is ornamented with 7 distinet concentric curved lines, The pilose
surface {pil) is larger than in the male and is armed wilth a mueh larger
number of hairs, Sclerite « on the hind border of the metepimeron is smaller
than in the male; the apodenie and apophysis of the first abdominal sternun,
however, are as well developed as in that sex, and [ « apod has a free border
posteriorly as well as anteriorly. I a apod is weaker than in the mule, The
tergal longitudinal musculature is also considerably weaker than in the
male, and the same is the ease with muscle ' a dom,. The latter stll consisls
of two parts, the ventral of which is yet thinner than the dorsal. Muscle
I e dom; is very thin and might casily be overlooked. On the contrary, muscle
I « dom, is thick and powerful though less powerful than I « dom, in the
male. Tt arises on the apodeme of the tirst abdominal sternum and occupies
almost the whole of the upper surface of this apodeme; it is inserted by a
funnel-shaped tendon on a point representing the centre of the concentric
curved lines of the tymbal,

Material: 8 males and 5 females from Ostrogothia and Upland.
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Family Fuscelidae
Doratura stylata {Boh.)

Male. {PL. 7, tigs. 5—06). The melapostnotum is only laterally united with
the metepimeron; it is a narrow, medially inlt’rruptf;d, lulera]]y somewhat
broader transverse bridge without a phragma. Behind the metapostnotum
there lies in the middle a small single sclerite I a ;. For the rest, the first
tergum is in its major part brown-pigmented and rather thick-walled. Later-
ally there is a distincet strinted tymbal (th) with a dozen fine, parallel furrows.
These are atmost straight and direcled obliquely forwards-upwards. The
furrows are crossed by a shallow fold. Laterally of the metaposinolum there
is a convex field armed with short hairs ipil). Spiracles 3 and 4 are placed
as ustal. Ventrally of the third spiracle, adjacent to the metepimeron, there
is a narrow black-pigmented selerite (@) apparently atlached to th(’! met-
epimeron by a ligament only. The antecosta of the second abdominal tergum
is on e¢ach side in two places dilated into a phragma-like but rather small
semilunar lobe (PL 7, fig. 5, Il a phr). The third‘tcrqum lacks a phragma
The {irst abdominal sternum carries on each side ‘ziiher laterally a fairly;
small, in [{ront vertical and transverse, posteriorly horizontal’ apodeme
(1 « apod). Behind this and somewhat more lalerally the second stcrn'um‘
carries at the hind border a small, semilunar u]mdonic (II a apod).

A long, thin muscle HI dim extends on each side from the metascutum to
the fore border of the metapostnotum, Bebween the posterior border of the
melapostnotum and the phragma-like dilatations of the antecosta of the se-
cond ahdominal tergum there streteh 3 bundles of longitudinal muscles
(I a dlm), all relatively strong. Musele [« dem, arises as usLuul from [ « (1;)0&
and extends to a point immediaiely behind the tymbal in the transverse
fold. This muscle is powerful and is inserted by a funnel-shaped tend'otn
On the other hand, muscles f e dony, and T «a rlrj‘mu are very thin and dif-‘
ficult 1o see fistinctly in the preparations. As uwsual, the former consists
of two parts, the vendral of which is somewhal thinner than the (I()I‘S}ﬂ.
i is inserted on the metapostnotum laterally of the anterior attachment oi;
the lateral T a dlm. [ donyg is fusiform, arises on the narrow sclerite 'a
and is inserted by a long and thin tendon at the antertor border of the
tvmbal, Muscle Il a dvm, arising from Il a apod and inserted by a long and
narrow tendon on the second ahdominal tergum near the Jateral onfl (?f the
antecosta, is weak, The ventral fongitudinal musecles I vim and I « vim are
moderately well developed.

Female. The sound-producing apparatus is in all essentials practically
identical with that of the male. The phragma-like dilatations of the second
fergum and the apodemes of the first and second sterna are as well developed
as in the other sex. This is true of the muscles teo. Perhaps I @ dom, is a
trifle weaker than in the male, but the difference is insignificant. ‘

Material: 30 mates and 5 females from Upland, Solna.

Doratura homophyla F1.

Male and female. The sound-praduneing apparalus agrees in all essenlial
details with that of sfylata.
Material: 1 male and 2 females from Seania.
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Graphocraerus ventralis (Fall.)

Male. The sound-producing organ may be compared most closely to that
of Doratura, especially regarding the development of the musculature. How-
ever, there are certain differences, particularly in the sclerotized parts. The
metapostnotum is interrupted in the middle. On the inside it carries a low
phragma shaped like a semilunar lisi. There is no striated tymbal. On the
corresponding place there is a pair of strengthening lists forming an angle
with each other. One of these lists is semilunar. The second abdominal
fergum possesses a small semilunar phragma. The first abhdominal sternum
has a pair of apodemes larger than in Doratura, They are horizontal, tongue-
shaped, direeted backwards and reaching a little behind the hind border
of the second abdominal sternum: their medial borders are sccondarily
coalescent from the base to near the apex. The first abdominal sternum
has laterally an erect, apically somewhat dilated apophysis. The second
abdominal stermum carries a pair of apodemes corresponding to those of the
first sternum; they are separaled by a broad interspace and are much
shorter than the apodemes of the first abdominal sternum but are relatively
somewhat larger than the corresponding parts in Doratura. As 1 mentioned
above, the museulature on the whole agrees with that of Doratura. Thus,
muscle o dom, is the most powerful and is tergally inserted by 2 funnel-
shaped tendon, while I a dom, and I « dvm, are very weak, the latter being
furnished at both ends with distinet tendons. The longitudinal musculature
approximately as in Doratura.

Female. The apparatus resembles that of the male hut is less developed.
1ts tergal selerolized parts ave as in the male, but the apodemes and apophyses
of the first sternum are poorly developed, the former being represented only
by a pair ol small, triangular lobes separated by a broad interspace. Musele
1o dont, is aboul half as thick as in the male, while the remaining muscles
are aboul as much reduced. Muscle I a dony is inserted tergally by a funnel-
shaped tendon,

Material: 9 males and 7 females from Upland, Solna.

Aphrodes Dicinctus Schrnk.

Male (Plate 7. figs, 7—8, P18, figs. 1_-2}. The metapostnotum is a pair
of sclerites laterally firmly united with the metepimeron and medially
meeting that of the other side {mpn). Behind the metapostnotum in the
median line there is a single longish sclerite (fig. 8, I «a tg,). For the rest,
the first abdominal tergum is thin-walled but strongly sclerotized and
furnished with several folds or lists running in various directions. Behind
I a tg, there is a transverse strengthening bar {tr). There is no striated tymbal,
but the integument is strongly convex in the corresponding place {conv).
Laterally of the metapostnotum lies the strongly convex surface anteriorly
armed with short hairs corresponding to pil of Eunacanthus and others.
Spiractes 3 and 4 are in the usual positions. There is no distinct phragma
on the metapostnotum, only a strong, low transverse list on the inside. The
second abdominal tergum is shorter in the middle than laterally. On the
inside this tergum carries two broadly tongue-shaped phragmata directed
obliquely caudally and ventrally, laterally reaching just over the hind border
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of the second tergum. Anterolaterally the second tergum ends in an anteriorly
concave semilunar thickening.

The metepimeron carries on its posterior border below the middle a small
triangular backwards directed tobe (Pl. B, fig. 1, a). The first abdominal
sternum (Pl 7, fig. 7) is medially considerably narrower than laterally but
is strenglhened by a strong transverse bridge and carries one pzfir of
apodemes and one pair of lateral apophyses. The apodemes are 2 broad,
horizontal plates projecting heyond the fore and the hind margin respectively
of the medial part of the first sternum anteriorly as well as posteriorly. At
the back. these apodemes reach somewhat hehind the hind border of the
second abdominal sternum. The medial margin of each of these apodemes is
free in front but is posteriorly secondarily coaleseenl with that of the other
side. The lateral margin of the posterior apodemal lobe is laterally prolonged
in a ridge-shaped strengthening on the inside of the first stermun. Laterally
the first abdominal sternum earries o large, distally broadly dilated npophvsils
{apoph). The second abdominal sternum has one pair of apodemes, which
is placed laterally of the apodemes of the first abdominal sternum and is
ereet, transverse and laminate [fig. 7 /I « apod).

A pair of long, thin muscles I dim stretch [rom the metascutum {o a
medial part of the metapostnolum. From the hind surface of the metapost-
notal antecosta a little more laterally on each side two thin longitndinal
museles I a dim, and I a dlm, extend to the fore side of IT a phr. Muscle
IT a dim is fairly thick and has, in consequence of the oblique position of
the phragma, an almost vertical direction. The largest muscle of the abdomen
is I a dom,, arising on the posterior lohe of I a apod and inserted dorsally
on a point at the hind margin of the convex surface cone of the first ab-
dominal tergum. Its insertion is effected by a funnel-shaped tendon. From
the anlerior part of I« apod muscle I o dom, extends lo the metapostnotum
laterally of the point of insertion of 1 a dvm,. I a dom, is much narrower
than [ « dom,, but, like that of several forms described above, i1 is divided
into a dorsal thicker and a ventral thinner part. From the boundary between
the two parts a ligament runs lo the metendosternum. On proccssv «a on the
metepimeron arises the still thinner I « dem,, which is inserled by a long
tendon on a point at the fore border of the convex surluce cono ol the first
tergum at the level of the point ol insertion of I « dvin,. From the first
abdominal tergum katerally of the place of origin of [ a dem, the smail, thin
1 « dom, extends to a point laterally of the point of insertion of that muscle,
and between The dilated part of the apophysis of the first ahdominal sternum
and the inside of the second tergum at the same level runs the short but
thick [ «a ism with a broad attachment in both direclions but especially
on the apophysal side. Trom I « apod the fairly powertul H o« dom extends
to a lateral part of the second abdominal fergum laterally of and near the
tergal surface of altachment of I« ism. The venlral longitudinal musculature
in this region is rather weakly developed,

Female. There is no phragma on the second abdominal tergum. The
apodemes of the first and second abdominal sterna are poorly developed,
In the first abdominal tergum there is a distinet striated tymbal on the
usual place with 9 medio-lateral furrows. The dorsal longitudinal muscu-
lature is weak. Muscle I @ dvmy is much weaker than in the male but is still ;
somewhat stronger than I ¢ dem., The laller, on the other hand, has the |
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same dimensions us in the male. Muscles [ a ism and [l « dom are con-

siderably weaker than in the other sex.
Material; 17 males and 4 females from Solna.

Aphrodes bifasciatus (1..)

Male and female. In all essential details as in the corresponding sexes of
bicinctus.

Material: 10 males and 6 females from Upland, Solna.

Aphrodes trifasciatus Fourer,

.
Male and Jemuale. As in bicincfus,
Material: 4 males and 1 female from Upland, kers.

Aphrodes flavostriatus (Don.)

Male. The sound-producing apparatus consists of the same parls as in
bicinctus, but the details are remarkably different. The metaposinotm
carrics on each side a rather large, suspended and somewhat forwards
direcied, posteriorly coneave phragma. Between the hind surface ol this
phragma and the fore surface of the phragma of the second abdominal
tergum, which is well developed like that of bicinctus, and is of about the
length of the second lergum at the corresponding place but, unlike that of
bicinctus, is almast horizontal, extends a tong and powerful longitudinal
muscle. More laterally, from the hind border of the metapostnotum, a pair
of muscle bundles relatively considerably stronger than [« dlmy, and [« dhm,
in bicinctus exiends to the antecosla of the second tergum. On the conlrary,
muscle I @ dlm is here much less important than in bicinetus. The apodemes
of the first and second abdominal sterna are rather large, and transversely
vertical. However, the apodenies of the first abdominal sternum are essenti-
ally smaller than in bicinctus with an interspace about as broad as one
apodeme. The lateral apophysis of the first abdominal sternum is stump-
like, vertical and small it compared with that of bicinctus. The apodemes of
the second abdominal sternum are also separated by a broad interspace
but are broader and larger than those of the first sternum and relatively
much larger than in bicinctus. The lateral apophysis of the second abdominat

sternum is insignificant. Among the dorsoventral museles, I a dom. is
largest, relatively considerably stronger than in bicinctus. It is inserted

on the metaposinotum laterally of its phragma and consists ol the same
two parts as in the above-mentioned species. Muscle 1 « dom, has relatively
the same development as in bicinctus and arises as usual on a backwards
direcled triangular lobe on the hind border of the metlepimeron. On the
other hand, T have not been able to {ind any trace of [ a dvm,. This muscle,
so strongly developed in  bicinctus, must at least be much reduced in
flavostrivtus. 1I « dom is about as strong (relatively) as in bicinctus. I a ism
is insigniticant. Much larger than any of the muscles above mentioned s
HI vim, extending from the anterior part of the metendosternum to the
fore surface of the apodeme of the first abdominal sternum. This muscle
is about as long as I @ dvm. but several times thicker. From the first ab-
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domina!l sternum behind and laterally of the apodeme several short muscles‘i
extend to the fore surface of the apodeme of the second sternum.

Material: 11 males from Upland, Danderyd. |
:

Opsius stactogalus Fieb. i

Male. (Plate 8, figs. 3—6). The metapostnotum (mpn) is a narrow, trans-
verse, sclerotized strip on each side, medially not reaching that of the
other side. DBehind the medial ends of the metaposinotal tergites in the
region of the first ahdominal dorsum there is an anteriorly three-lobed,
posteriorly rounded, thick, lump-shaped sclerite I a tg,, behind which is a;
transverse  clamp-like  strengthening  fr. Laterally in the first abdominal °
tergum comes an umbonated area strengthened on the inside by narrow .
lists and folds running in dillerent directions and together forming an ir-
regular figure {conp). Laterally of this area there is as usual a pilose surface ;
(pil). The precosta of the second ahdominal tergum is broad, its antecosta
strong. However, there are no distinet phragmata in the dorsal region of
Opsius. Laterally of antecosta Il a list-shaped, obtusely angular strengthen-
ing runs in the mediolateral direction as a prolongation of the antecosta
{II a ae.). Just behind its lateral end is the second abdominal spiracle {spird,
but between this end and the spiracle the tergal integument is thinner along
a short mediolateral distance. The first abdominal sternum consists of a
thickened transverse plate (I ast). A liltle laterally of the middle this sternum
carries on each side & broad, backwards directed apodeme {I a apod), near
its lateral end a pole-like, nearly vertical, terminally laminate apophysis
{Ia (lpoph). The second abdominal sternum also carries one pair of apodemes
longer than those of the first sternum, and one pair of lateral, pole-like,
vertical apophyses smaller than those of the first abdominal sternum.

The strongest musele is I a dony, which is quite halt as thick as its length
and inserted by a conical tendon near the hind margin of the umbonated
aren conp. Powerful, too, is 1T a dem extending from the upper, lateral sur-:
face of Il « apod to a point on the lateral part of the sccond abdominal '
tereum in front of the spiracle. In this region the short but thick [ a ism |
arising on the exterior surface of I a apopliis also inserted. Muscle I @ dvin,
is thin and rather difficult to find in the preparations; il is not distinctly |
divided into two parts and is inserted on the lateral end of the metapost- !
notunt. The dorsal longitudinal musculature is rather weak, the veniral:
not espeeially well developed, excepl I« vim extending from the underside:
of I « apod to the upper surface of I « apod. {

Female. The apparatus is much reduced or not developed. The dorsal
region is less spectalized than in the male, the sternal apodemes are re-;
presented by faint traces, and all museles well developed in the male are very
thin and insignificant in the female. Musele ! « dom. has about the same
dimensions as in the male.

Material: 12 males and 4 females from Scania, Lund.

1
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Meacrosteles cristatus (Rib.)

Male. (Plate 8, fig. 7, PL 9, figs. 1-—3). The development of the first ab-
dominal tergum may be compared to that of Opsius. Thus, the metapost-
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notum (mpn) is represented by a pair of narrow, transverse strips laterally
united to the metepimeron and medially not reaching each other. Behind
the metapostnotum there is in the middle a single anteriorly trilobed, posteri-
orly rounded, lamp-shaped sclerite I a ty, behind which comes the trans-
verse, five-radiated strengthening tr. The lalter is connected with the second
abdominal antecosta by a longitudinal inner list. Laterally of these sclerites
the integumenl is more thin-walled hut strengthened by irregularly running
folds and lists. At the lateral end of this tergum there is a semilunar list (1},
As usual we find at the Iateral end of the metaposinotum the pilose area
pil. The second abdominal lergum carries on the inside a strong antecosta,
and, in front of this, on each side a semilunar transverse list {sem). This
list does nol serve as an allachment for muscles but as 2 strengthening. The
precosta has a strong longitudinal median list on the inside. The first ab-
dominal sternum is a strongly sclerotized transverse bridge. It carries a pair
of apodemes and a pair of lateral apophyses. The apodemes {I « apod) are
abliquely tongue-shaped, horizontal and backwards directed; the apophyses
diverge in the mediolateral direction, The sceond abdominal sternum is
posteriarly strengthened on the inside by a transverse list, dilated laterally
of the apodemes of the first sternum into an auricular apodeme Il « apod.
More laterally the transverse list is elevated into a thin, sharp, vertically
transverse lobe.

The strongest muscle is T o dom,, extending as usual from I « apod, 10 a
point on the lateral part of the first abdominal dorsum, on which it is
inserted by a funnel-shaped tendon. The remaining muscles are the usual
ones and may he studied on Plate 9, tig. 3. It may be pointed out that
muscle { « dom.,, here divided into two parts, is angularly bent in conse-
quence of the ligament conneeting this muscle with the metendosternum
being uncommonly short (P19, fig. 8, lig). The ventral part of I a dom,
is also much shorter than the dorsal parl.

Female. There is only an insignilicant brown-pigmented sclerite re-
presenting the  a tgy ol the male. The strengthening ¢r is lacking. The dif-
ferentintions in the shape of folds and lists characterizing the lateral region
of the first abdominal tergum in the male are lacking in the female, and in
the corresponding region there is instead on each side a large, hrown pig-
menled plate of about the same structure as in the normal terga. On the
preeosta of the second abdominal tergum near the middle we find two in-
significant forwards dirceted points presumably representing the two an-
terior radii of strengthening {r of the male. The antecosta of the second
tergum is much weaker than in the male, the semilunar lists are absent,
There is a rudimentary trace of I @ apod more laterally than that of the
male. I « apod, being of small size already in the male, has about the same
dimensions in the female too, while the transverse lobiform elevation of
the sceond abdominal sternum in the male is lacking in the female. Muscles
I a dom, and 1 « dom., especially the former, are strongly reduced to very
thin strings. The longitudinal musculature, not being very well developed
in the male, has about the same dimensions or is a trifle weaker in the
female.

Material: 22 males and 11 females from the south of Sweden,
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Platymetopius guttatus TFieb.

Male. The development of the tergal parls may be compared with the

conditions in Macrosteles. The metapostnotum is medially open. Sclerite -

[ a tg, is small, trapezoidal, while the transverse strengthening tr is fused
with the anterior border of the precosta of the second abdominal tergum,
which is hroad and furnished with o medial longitudinal list on the inside.
Strengthening {r and the antecosta of the second abdominal tergum have
each a strong transverse lst on the inside. Laterally on the inside of the
tirst abdominal dorsum there is on each side a pair of semilunar, trans-
verse strengthening lists, the one on fhe lateral prolongation of the other.
Musecle I a dom, is inserted in the area behind these lists, The sternal endo-

skeleton agrees on the whole with the conditions in Macrosteles with the |
difference that the apodemes of the first abdominal steenum are fused by
their medial borders, The lateral apophyses of the lirst sternum are rather

large. The musculature exhibits nothing extraordinary. The dorsal longitu- '

dinal musculature of the first segment is tolerably powerful. The largest
musele is 1 a dvom, ending dorsally by a funnel-shaped tendon, ! a dvm, is
thin and difficult to prepare. There is also a small, thin [ « dom, arising
on a small, dark-pigmented selerite attached to the melepimeron.

Female, In the tergal region all the parls above deseribed in the male are
present but are slightly less developed. Thus, { a tg, here is bul a thin, brown-
pigmented plate. In the ventral area the apodemes of the fiest abdominal
sternum and the lateral apophyses are reduced, the apodeme being more
laterally placed than in the male. Muscle [« dem, is considerably weaker
than in the male, but its tergal insertion is still effected by a funnel-shaped
tendon. This apparalus may very well be functional,

Material: 8 males and 4 females from Sodermanland, Botkyvrka.

Maenstus grisescens (Zell,)

Male. (Plate 9, ligs. 4—7}. The metaposinolum (mpn) consists of a pair
of transverse bridges narrowly separated in the middle. Lateralty they are -~

connected with the metepimeron. On Lhe inside there is a low list but no

distinet phragnia. Behind the metapostnotum medially we find a small but |

thick simple sclerite [ « tg,. Behind this tergite there is a broadly T-shaped
strengthening  in the integument  {r), the short, simple stem of which is
posteriorly connected with the antecosta ol the second abdominal tergum.
L.aterally of these parts the integument of the dorsum of the first segment
consists anteriorly of the usual convex, short-haired surface pil, posteriorly
of a large, partly strongly sclerolized area, Medially this area carries on the
inside a T-shaped strengthening list (fig. 6, T). There is no distinet striated
tymhal. The antecosta of the second abdominal tergum is strongly thickened
and is continued laterally in two semilunar phragma-like lists, one medial
and one lateral {I;, 1;). The first abdominal sternum earries medially a pair
of rounded, on the whole horizonlal apodemes (fig. 4, T « apod). These are
tixed on the sternum at their lateral margins, their free border being directed
forwards-medially-backwards. The posterior part, heing longest, is laterally
continued in a thin but rather broad list along the hind border of the first
sternum; this list reaches the lateral apophysis of the first abdominal sternum
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(apopht), a thin plate parallel with the integument in the corresponding region.
The second abdominal sternum, loo, is furnished with a pair of apodemes
more lateral than I ¢ apod; they are broadly tongue-shaped, directed Dback-
wards and laterally armed with a free, upwards directed point (figs. 4, 5,
I « apod).

The musculature presents nothing  remarkable itig. 7). I « dom, is
powerful. 1t is inserted tergally at the posterior end of the T-shaped list on
the inside of the first abdominal dorswmn. I a dom, is very thin but is still
composed of lwo parts, the dorsal being slightly thicker. A ligament (lig)
stretehes  from  1he bhoundary  helween both parts lo the metathoracic
endosternum. From the lateral end of the first abdominal sternum and its
apophysis arise several short muscles (nol all reproduced in fig. 7) extend-
ing to 1he region round the fourth spiracle.

Female. The apparatus is considerably weaker than in the male. Ay in
that sex, o distinet strinted tymbal is lacking, but the T-shaped list on the
corresponding place is present. The apodeme and the apophysis of the first
abdominal sternum are poorly developed. Musele [« dom, is considerably
thinner than in the male but is stitl no doubt functional. It is tergally inserted
by a fnmel-shaped tendon. In the remaining details the musculature agrees
with that of the muale.

Material: 18 males and ¢ females from Upland.

Euscelis plebeius {1°all)

Meale, On the whele, the apparatus is composed as in Macustus, but the
metapostnotum carries on each side a small suspended phragma. The second
abdominal tergum, too, has a phragma, which is here backwards directed,
horizontal and about as long as the second lergum. In correspondence with
this, the dorsal longitudinal musculature is betier developed than in Macustus,
The apodemes of the first and second abdominal sterna and the lateral
apophysis of the former (I « apod, 11 « apod and I « apoph) are relatively
larger than in Macuostus, Muscle I a dem, has about the same development
as in that species, but I e don is slightly thicker than in Mecustus.

Female, Phraginain, apodemes and muscles are more weakly developed
than in the male, but no doubt the apparatus is functional. Muscle [ @ dony
is tergally inserted by a funnel-shaped tendon.

Malterial: & males and 2 females from the south ol Sweden.

Streptanus muryinattas {Khm.)

Made. Distinet phragmata on the metaposinotum and the second abdominal
tergum are absent, butl the anlecosta of the latter is very strong. The first
and sccond abdominal apodemes are larger than those of Macustus. The
dorsal Iongitndinal musculature is no stronger than in that speeies. I a dem,
has about the same development as in Macnstus grisescens, I a dvm: being
thin but relatively somewhat thicker than in grisescens. The ventral longi-
tudinal musculature is stronger than in that species; this is true especially
of the musecle running from the hind surface of the first abdominal sternum
to J1 « apod. This muscle is rather short but thick.

Female. The organ is relatively weaker than in the female of Euscelis
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plebeius. This is especially true of the rather thin muscle I ¢ dovmy; however,
this muscle is still inserted dorsally by a funnel-shaped tendon.

Material: 15 males and 7 females from Ostrogothia and Upland.

Streptanus aemulans (Kbm.)

Mate. The organ is on the whole similar to that of Macustus grisescens.
The metapostnotum has a strong interior list on each side. The second!
abdominal lergum ecarries a rather considerable phragma on each side..
The first and second abdominal sterna each with a pair of apodemes, those:
of the second slernum being longest, sub-reciangular, tongue-shaped andj
reaching to the fore border of the fourth sternum. Musculature about as in
grisescens, but the dorsal muscles are stronger. i

Female. The apparatus is considerably weaker than in the male with |
shorter apodemes and thinner muscles, hut i3 possibly still functional. '

Material: 7 males and 1 female from Upland, Solna.

Diplocolenus abdominalis {r.) |

i
Mule. The apparatus is of the same type as in Macustus but is weaker. The
simple sclerite I @ ty, is indistinet, There are no phragmata on the metapost-
notum and the second abdominal tergum; the latter, however, has a relatively
strong antecosta. There is no striated lymbal; on the corresponding place we
find a T-shaped strengthening consisting of a transverse anterior and a shorter
longitudinal posterior list, the latter starting near the middle of the former.
A transverse interior list occupies the fore border of the sccond ahdominal
tergum, being connected with the latter by a short longitudinal list. The!
convex arca pil on the dorsum of the first abdominal segment medially of
the third spiracle is small but distinet, The number of hairs is small. The:
apodemes of the first abdominal sternum are small, backwards dirccted,:
and separated by a broad interspace. A small, narrow, erect lateral apophysis |
is present. The apodemes of the second abdominal sternum are situated be-:
bind those of the first sternum; they are small but considerably larger than ;
the latter. I
The musculature is of quite the same structure as in Macustus but weaker,!
even relatively. As usual, I « dvm, is largest; this muscle, however, does not
reach the relative size of that of Macustns. It is inserted tergally by an in-
distinctly funnel-shaped tendon. { « dom, is weak; its division into two
parts is indistinet, the dorsal part being considerably longer than the ventral. i
The longitudinal musculature is moderately developed.
Female. The apparatus has about the same degree of development as in
the male; the largest muscle I a dem,, however, is still somewhat weaker,

Material: 18 males and 5 females from Upland, Solna.

Psammotettix cephalotes {H.-S)

Male and female. In all essential parts as in Diplocolenus abdominalis. Thcé

apparatus of the female is only slightly weaker than that of the male.
Material: 9 males and 6 females from Gotland,
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Speudotettir subfusculus {Fall.)

Male. The apparatus is of the same type as in Macustus. Distincl phrag-
mata on the metapostnotum and the second abdominal tergum are lacking,
but the antecosta of the latter is strong. There is no striated tymbal; the
pilose area pil is moderately developed. The apodeme of the first abdominal
sternum is about half as long as the second abdominal sternum, the lateral
apophysis about as in Mecustus; the apodeme of the second abdominal
sternum is relatively large and broad but does not nearly reach the hind
border of the third abdominal sternum. As in Meacustus, muscle I « donn
is powerful and is tergally inserted by a funnel-shaped tendon. I « dom.
is weak but somewhat thicker than in Macustus. It consists ol a dorsal
thicker and longer and a ventral thinner and shorter part: the former is
here not of uniform thickness, being thickest in its lower part. The dorsal
longitudinal musculature shows nothing extraordinary and is weak, ihe
ventral being slightly stronger.

Female. As in the mate, but the apodemes of the first and second ab-
dominal sterna are much less developed. Muscle I « dom, is less than half
as thick as in the male but is inserted tergally by a funnel-shaped tendeon.
I @ dvm, and the remaining muscles are also somewhat weaker than in ihe
male.

Material: 5 males and 2 females from Upland, Solna.

Athysanus argentatus (I7.)

Male. The organ has the same structure as in Macustus grisescens. In
relation to the size of the animal, however, the musculature is considerably
less powerful than in that species.

Female. Although the same muscles are present as in the male, they are
much weaker. Whether they have any sound-producing function is doubtful.

Material: 1 male and 3 females from Solna.

Limotettix striatulus {IFall))

Male. The organ is similar to that of Euscelis plebeius. Thus, there is a
distinet suspended phragma on the second abdominal tergum, and the
dorsal longitudinal musculature is well developed. The ventral musculature
and the apodemes reflect the conditions in Fuscelis and others.

Female. Phragmata, apodemes and museles as usual much less developed
than in the male

Material: 4 males and 2 females from Upland.

Thamnoteitix confinis (Zett))
Male. T found no difference from the conditions in Spendotetiix sub-
fusculus.
Material: 3 males from Upland. I have not examined the female of this
species.
Solenopyx sulphurellus (Zeit.)

Male. The struclure of the dorsal region agrees in all essential details with
the conditions in Macustus grisescens and Streptanus marginatus. The trans-
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verse strengthening fr is fused with the fore border of the second abdominal
precosta, In the ventral region we find the usual apodemes and apophyses;
of which I a apod is thin, unpigmented, moderately large and connecte{j
medially with that of the other side. II @ apod is somewhat larger and
thicker, rounded. The musculature is the same as in the forms above mcn-)
tioned and others.

Femuale. The tergites are smaller and less differentinted but have the same
appearance as in the male if viewed from above. The ventral apodemes are
poorly developed; I« apod has a more tateral position and does not touch
that of the other side. The museulature is considerably weaker than in the
male, but I « dvm, has still its funnel-shaped tendon.

Material: 7 males and 7 females from Upland, Solna,

Family Typhlocybidae
Empoasca virgator Rib.,

Made. (Plale 10, ligs. 1—1]). The dorsum of the first abdominal segment
is medially thin, membranous. An insignificant sclerite T a tg, is visiblel
in the middle. More Iaterally there is a larger, weakly piqmc‘llled, elastic;
tergal plate including a metapostnotum (mpn} visible from the surface
as an oblique list anteriorly and laterally united with the metepimeron, on
the inside of which it is prolonged as a list-shaped musecle-attachment. Be-
hind the laleral part of this melapostnotum there is a convex, thin-walled
area armed anteriorly on the oulside with some small spines (pil). The
second abdominal tergum consists of a broadly T-shaped sclerotized surface
merging laterally and in front into the sclerotized part of the first abdominal
dorsum. It has a stronyg anlecosta and a relatively broad precosta. Laterally
this tergum ts defined by two thicker sclerites, one anterior sickle-shaped in
front of the fourth spirxcle, and one posterior hook-like (fig. 3 e!). Laler
ally of these parts the integument is membranous, in the living animal
usually convex. Behind the second abdominal tergum there is a broad inter-
segmental membrane, The third ahdominal tergum has a strong antecosta; !
the precosta is medially produeced in a lobe nearly touching the poslvrim:}
medial lobe of the second tergum. ’ ) ;

In the intersegmental membrane belween the metasternum and the first:
abdominal sternum there is a transverse, narrow sclerite (fig. 2, frsct). The
first uhdominal sternum is a transverse, narrow, strongly sclerotized beam .
curved il scen from the front. On the upper side this ‘sternum carrics a;
transverse ridge laterally terminated by a tubercular muscle attachment !
{matt). Laterally the first sternum is bifureate with somewhat curved ends |
apparently forming a sort of articulation with the lateral part of the second |
abdominal sternum. The latter is a strongly sclerotized transverse plate.
Laterally there is on this plate a cavity and a hook-like process for the!
articulation (urf) with the first ahdominal sternum. Still more laterally the
second sternum carries a pair of lobes (IT « apoph) for the attachment of |
muscles. Posteriorly this sternum gives off a pair of large, parallel, tongue- |
shaped, buckwards directed apodemes {IT @t apod), each being about t:rice
as long as its width and reaching to the middle of the fifth abdominal
sternum,
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The longitudinal musculature of the dorsal region is rather well developed
(fig. 4). Of the dorsoventral muscles in the first abdominal segment, I« dom,
is the strongest without being especially powerful. Its dorsal part is several
times longer but a little thinner than the ventral, somewhat bulbiform part.
This muscle is inserted in the lateral region of the metapostnotum, just
medially and in front of the pilose area pil. The two muscles I a dvm, diverge
uncommonly strongly upwards and form together a rather broad V-shaped
figure. Arising from the first abdominal sternum, muscle I « dvm, runs
to a point near the lateral parl of the second abdominal precosta; this
muscle has small dimensions but is not rudimentary. It is fusiform without
a distinet tendon. Some weaker muscles extend from the first abdominal
sternum to the region of the second abdominal spiracle (spir,}, and one
musele from this sternum (f @ ism) is inserted on the posterior sclerite (e}
of the lateral parl of the second abdominal sternum. The longitudinal mus-
culature from the metaslernum to the first abdominal sternum is normally
developed. From the transverse ridge of the first abdominal sternum a long,
thick muscle [ a vim extends to the posterior part of the apodeme of the
second abdominal sternum. This is the largest muscle of the abdomen. From
the lateral musecle attachments of the second abdominal sternum, broad
muscle bundles spread out to the lateral part of the antecosta of the third
abdominal tergum and over the rvegion behind that part.

Female. The dorsal region is similar to that ol the male, but the ante-
eoslae of the first and second segments are weaker. In the ventral region,
there is no arliculation between the first and second sterna, both being less
sclerotized than in the male, The transverse ridge of the first sternum is
weak., On 1he second sternum, the tongue-shaped apodemes so conspicuous
in the male are abseni, insignificant transverse ridges alone offering at-
{achments for muscles. The dorsal longitudinal musculature has about the
same development as in the succeeding non-specialized segments and s,
thus, considerably weaker than in the male. This is especially true of muscle
H a dim. Muscle I a dvom, is very weak and difficult to find in the pre-
parations. Like that of the male it consists of a dorsal longer and a ventral
shorter part; here these parts are of about the same thickness and are con-
nected by a still narrower, fibrous ligament. On the contrary, muscle
! « dom, is quite perceptibly stronger than in the male. In addition, it is
longer than in the male, its origin being more medially placed on the first
abdominal sternum than in that sex. It is inserted just hehind the con-
vex area pil, medially and in front of the fourth spiracle. Muscle Il »lm
has the sume degree of development as in the mate; the ventral musculature
in the region of the first abdominal segment does not differ from that in
the sueceeding segments except by the shorter length of the muscles. The
oblique museles If a ism are weak,

Mafertal: 18 males and 15 females from Upland, Uppsala, Ultuna.

Empoasca smaragdula (Fall.)

Male. As the male of virgaior; the metapostnotum, however, has a small
but distinet phragma on each side. Even the antecosta of the third abdominal
tergum is sirongly developed and medially dilated into a small phragma on
cach side. The dorsal longitudinal musculature is stronger than in virgator.
4
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Muscle I a dvm. is more powerful than that of the latter, its ventral part
being short but thicker than the dorsal and with a finer striation. The
apodeme of the second abdominal siernum is shorter than in virgator and
does not reach to the middle of the fourth abdominal sternum. In con-;
junction with this, muscle I a vlm is weaker.

I have not examined the female of this species.

Material: 4 males from Upland, Solna. |

Empoasca strigilifera Oss.

Male. On the whole as in smaragdule . Metaposinolum and the third
abdominal tergum have each a small but distinet pair of phragmata. The
dorsal longitudinal musculature is well developed, and so is I a dram,, this
being thickest in the ventral, shorter part. The apodeme of the second ab-
dominal sternum reaches a tritfle behind the middle of the fourth ahdominal ‘
sternuim.

Female. As the female of wvirgator. Muscle I a dem, is very thin but
distinctly striated. A ligament from the houndary between the dorsal and |
the ventral part of this muscle conneets it with the metendosternum. The
two parts of the muscle are equally thick. Muscle [ a dom, is somewhat
weaker than in virgator ¢ :

Material: 1 male and 2 females from Sméland.

Fmpoasca sordidula Oss,

Male. The metaposinotum earries a small but distinct phragma. The an- 5
tecosta of the second tergum, too, is dilated into a small phragma on each |
side. In front of the latter, the precosta carries on the inside near its fore
border a transverse antecosta-like ridge. Lalerally this ridge is fused with
the true antecosta. The phragmata of the metaposinotum and the second ab-
dominal tergum are directed forwards. Lalerally there is bul one thick
selerite, which instead is much larger than either of the two in pirgator: it has
its largest extension i the longitudinal direction of the body. The
phragmata of the third abdominal tergum are very large and strong as
in certain species of Idiocerus. They are broadly tongue-shaped, broader
{han their length, directed backwards, and reach just past the middle of the
fourth abdominal tergum, Muscle IJ « dim has attained a corresponding
stout development. I a dvm. is about as strong as in smaragdula; its ventral
part is somewhat thicker than the dorsal. The transverse ridge of the first
abdeminal sternum is here represented by a pair of distinct apodemes. The
apodemes of the second sternum reach about to the hind border of the fourth
sternum. Musele I ¢ olm has a corresponding development.

Female. As in the same sex of wvirgafor.

Material: 8 males and 4 females from Jamtland, Froson,

Empoasca rufescens Mel.

Male. Comes nearesl 1o sordidula. The metapostnoium and the second ab-
domina! tergum, however, are devoid of distinct phragmata. The phragmata
of the third abdominal tergum are obliquely tongue-shaped, somewhat l
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diverging backwards, almost as long as broad, and reach nearly to the hind
border of the fourth tergum. The second abdominal tergum is weakly
developed. Posteriorly it merges gradually into the equally thin-walled pre-
costa of the third abdominal tergum. Laterally in the region of the fourlh
spiracle there is but one thick sclerite, which is smaller than in sordidulu
and apparently represents the auterior sclerite in virgator. The apodemes of
the second abdominal sternum are rather narrowly tongue-shaped and reach
about to the middle of the fifth sternum. Of the dorsal muscles, I a dlm is
perhaps a trifle weaker than in the above deseribed species of Empoasca.
I « dim is powerful as in sordidula, I « don, is well developed. 1ts ventral
part is here thinner than the dorsal and nearly as long as the latter. Muscle
I a vim s powerful.

Female. As the female of pirgator. As in the male, however, there is bul
one lateral thick selerile in 1he region of the fourth spiracle. Morvover, this
selerite is smaller than in the male.

Material: 10 males and 5 females from Upland, Solna.

Cicadella atropunclatu (Goeze)

Male, (Plate 11, ligs. 1—4). The metapostnotum (mpn} is reduced o a
rongh muscle attachment on each side ot the metepimeron near its upper
end. The first abdominal dorsum is membranous in its major part. Medi-
ally there is a small tergite I « {g,, laterally of that a convex membranous
area (fig. 1, ma). Still more laterally there is a sclerotized, elastic surface
(conp) containing an oblique interior list extending from the metapostnotum
to a laleral part of {he precosla of the second abdominal tergum (fig. 1, 1}
Laterally of this surface is the usual convex, anteriorly pilose surface pil.
The second abdominal tergum (7 « tg) has a moderately developed antecosta
and a narrow precosta. The precosta carries laterally on each side an an-
tecosta-like interior strengthening (str) reaching laterally to the posterior
end of the oblique list I. From the lateral end of the antecosta runs a second
narrow, obliquely transverse list f.. This represents the anterior boundary of
a convex, clastic nrea of the integument. In the same region there is a thick,
club-shaped sclerite (¢f) stretching forwards to the vicinily of the hind border
of the pilose surfuce pil. The area behind the antecosta of the second ah-
dominal tergum is convex, thin-walled and clastic except in the middle,
where there js a narrow membranous zone (mz). Laterally and anteriorly
this elastic area descends sharply towards the elastic area just mentioned;
its lateral houndary is a semilunar, somewhat thicker surface carrving medi-
ally a short interior longitudinal Tist {1,). Laterallv of this area the integu-
ment is membranous.

On the metepimeron there is below on each side o narrow triangular
sclerite (figs. 2, 3, a} pointing towards the middle. The first abdominal
sternum consists of a transverse, broadly U-shaped, strongly sclerotized plate
{(f ast). In the intersegmental membrane in front of this plate there is a
longish, posteriorly broader sclerite (sel} articulating against the under side
of the first abdominal siernum. In front of this seclerite the integument is
rather thick along a median line and constitutes a firm longitudinal bridge.
If seen in a lateral view on a longitudinal section (figs. 3, 4}, this bridge
forms a salient angle with sclerite sel. Probably this part of the veniral
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integument offers an elastic resistance to the movements of the first ab-i
dominal sternum. Laterally the first sternum consists on ecach side of ai
wing-like process (apoph) reaching rather far upwards on the sides of the;j
body. The posterior border of this process is strongly sclerotized; the proxi-
mal transition of the process into the body of the first sternum is more thin!
and flexible. In. tlw. posterior part of this region the first abdominal sternum
forms a sort 0_1 articulation with n short, strong, horn-like process from the |
lateral part of the second abdominal sternum. This process (fig. 2, h) lies !
on the underside of the lirst sternum and has a ligamentous collllecti(nl with
the latter. The second abdominal sternum is posteriorly in the middle fusedi
with the third abdominal steenum. IF'rom its upper side there arises a pairi
of tongue-shaped, backwards direcled apodemes wilh somewhat e!cvated!
borders ifigs. 2, 3, I « apod). These apodemes reach a little behind the hind|
border of the [lifth abdominal sternum. Each apodeme is about half as
broad as long. At the basis each of them earries on the medial side a vertical
trinngular process (proc). Lalerally {he second sternum carries an almost
vertical apophysis (I« apoph) reaching about to the level of the apc:x
of the apophysis of 1he first abdominal sternum. At the hasis of this
apophysis the second sternum gives off the horn-like process It above mcn;
iloned.

The longitudinal museulature ol the dorsal region is moderately str(mg.l
In the first abdominal segment it is divided into two muscle bundles on
each side (1 a dim,, I a dlim.). On the process @ on the metepimeron there
arises a fusiform musele [ a dem; — which s probably homologous with thé
I @ dvm, of Aphrodes bicinctns and others — inserted by a rather long
tendon on a point behind the pilese surface pil near the fore end of the
thick sclerite cf. More laterally and caudally a thin cylindrieal muscle I ¢ dem
extends from the first sternum to a point hehind the insertion point of
I « dom,. On the first sternum at the basis of the wing-like process there
arises a relatively powerful fusiform muscle I « ism inserted near the lateral
end of the second abdominal antecosta. Behind and somewhat laterally of
this muscle there is a long but thin cylindrieal muscle II « dom I'llllflilig
from a lateral point on the basal part of the second abdominal sternum to
the middle of the descending surface on the lateral part of the second ab-
dominal tergum, A similar long and very thin muscle /f a ism, extends to a
point on the antecosta of the third abdominal tergum. I'rom the metendoster-
num {wo muscles extend on each side to the fore surface of the first ab-
dominal sternum. These longitudinal muscles are normally developed
Trom the bind surface of the first abdominal sternum three pairs of muscle;
extend to the apodemes of the second abdominal sternum. Of these, on caclzl
side two medial muscles, one lower and one upper, are inserle;l on the
medial process prac on the basis of the apodeme; the third, much stronger
muscle (fig. 4, I a vimy) runs from lateral surfaces on the hind side of the
first sternum to the posterior end of the apodeme. rom the extreme end of
the lateral apophysis of the second abdominal sternum a broad, fan-like
muscle bundle I a ism, dilales to the lateral part of the antecosta of the
third abdominal tergum,

Female, The dorsal region is similar to that of the male but is less spe-
cialized. The dorsum of the first segment has about the same appearance as
in the male, the convex membranous areas mna being present here also.
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Laterally of these there is on each side an clastic, weakly pigmented area
with an oblique interior list as in the male, more laterally the usual pilose
surface pil is present. The antecosta and precosta of the second tergum are
reduced in comparison to those of the male and are more strongly pigmented.
The medial membranous part of the integument behind the antecosia is
broader lhan in the male, the lateral sclerotized area is more strongly pig-
mented than in the opposile sex and shows only traces of the lists described
above. Sclerile ¢f is also redueed and is represented merely by a longitudinal
asperity on the inside of the integument. The metepimeral muscle attach-
ment « is rudimentary. The intersegmental membrane between the meta-
sternum and the first abdominal sternim is membranous even in the middle.
The first and second abdominal sterna are transverse, narrow plates with
tracks for the attachment of museles but without apodemes. The wing-like
processes on the first sternum are absent. The second and third abdominal
sterna are separated.

The dorsal and ventral longitudinal musculature is normally developed,
corresponding to that of the remaining abdominal segments. Museles I doms
and 1 « ism are very weak, thin as threads. The strongest dorsoventral
musele is [ a dpm,, which is lacking in the male. This muscle arises on the
first abdominal sternum somewhat laterally of the middle and is inserted
on the first abdominal tergum just in front of the lateral end of the anfecosta
of the second tergum. Tt is almost cylindrical, rather long and not quite as
thick as ! « dems; in the male. The remaining dorsoveniral muscles as in
the male.

Material: 48 males and 12 females from Upland, Solna.

Other typhlocybids

In T'yphlocybea ulmi (L), the apparatus is composed, broadly speaking,
as in Cieadella, There are certain differences, but as my material is defective,
I shall not enter upon these. In Ergthroneura hyperici (If.-8.), on the other
hand, the apparatus is of the same type as in Empoasca with a powerful
I a dvm, and powerful dorsal longitudinal muscles, Muscle I ¢ vfm, on the
contrary, has much more modest dimensions than in the typhlocybids des-
cribed above, and the apedeme of the second abdominal sternum does not
reach 1o the middle of the third sternum.




CHAPTER 2

Descriplions of the Sound-Production in a Number|

of Species, with Biological Remarks

FULGOROMORPIIA
Family Arcecopidae
Dieranotropis hamata (Boh.)

Mate. 1 listened to the sound-producti " this species 9t
production of this species on 22 June, 1045,

. noan ' o < Ttelyes H . . . . R '
at 5.35 p.an Cluckings pitched in about ¢, emiited singly or in an ar-

regular rapid sueceession, are often heard. These ealls sound like a plucking

on rubber strings, or a rapping on hollow wood. Sometimes a dull “hooooh”

or “biiiiir” pitched in g are heard, The latter sound lasts for two or three se-

conds. 1 heard these calls even in the dark on 23 June, 1945, at five mirllule‘s

past midnight. ’
Dving-yell of the male: a short buzz pitehed in 7

Material from Upland, Solna.

Criomorphus athomarginatus Curt,

Male. A sound-production from this male was studied on 10 July, 1945
at 3 p.m. outdoors in good weather. Females were presenl. The son’g cmlxZ
sisted of a series of alternating rolls of two different kinds one'ol‘ which
sounded like the winding up of an alarum or a toy motor, car, the other
recalling the hammering of a woodpecker. The Jast-mentioned roll lﬁav be
changed to a still more qapid buzzing. This song may be vocalized thus: 4

o e —

= . ——

' Te— — ———
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“.rrm — TITECE = TITR s FIPTPT =TT - - rrreerr”, and so on. On one oc-
casion the song cousisted of seven rolls of each of these two kinds together last-
ing during a period 01’_10 seconds, after which {followed 10 more sccondQ ulf an
irregular, sometimes interrupted buzzing slowly decreasing in intensity of
sound. Sometimes single clackings ar knocking; or longer or shorter series
of such may be heard. ° ‘

Material from Upland, Experimentalfiltet.

Criomorphus moestus (Boh.)

Male. A sound-production was heard from a few newly caught males on 3
June, 1945, at 2 p.m. ouldoors. Females were not present. The calls con-

sisted of short gruntings like those of a pig. Each of the gruntings lasted
not quite a second. I heard the same sort of calls from the same males in the
presence of two females indoors at 10.10 p.m. on the same day, the males
having then been in confinement for several hours. On this occasion the
electrie light was on. Later in the night in darkness no sound-production
ras heard. The animals werc sitting motionless on their grass straws in the
tube. Even in the cases where a sound-produetion was heard it was sparse.

Sometimes a more lengthy, irregular cr saking sound (intervals between the
single beals varying in length) may be heard. [ heard it for example on 11
June, 1947, at about 10 p.m. indoors.

Material from Upland, Djurshelm.

Criomorpluis picarinatus (H.-S.)

Male. 1 studied the sound-production of this male on 23 June, 1945, Irom
7 to 8 o’cluck in the evening and on 24 June, 1945, at about seven o’clock
in the morning. The species is very willing to give its calls, and these are
loud enough to be heard if the tube with the animal is placed on a sound-
board like the belly of a violin, The sound most often heard consists of a
low-pitehed humming or a rapid drumming. The pitch wus in some cases
estimated as 1. In other specimens the piteh was somewhat higher. Often
very short ealls repeated  al rather regular intervals are heard. But still
oftener the animal emits a humming prolonged for several minutes. During
this humming the inlensity of sound decreases and inereases and the fre-
queney of the drum-heats is varied in a way somelimes tolerably regular
_in one case with one rise and one fall of intensity per second —, but as
often or oftener quile irregular. A male who was busy emitiing this kind
of song seemed to he very combative. Now and then he went hunting for
his male fellow-prisoners in the tube apparently intending to drive them
away, trying to push them with his fore legs. The abdomen of this humming
male was distinetly vibrating vertically. In another case 1 observed 1wo males
apparently trying to sing cach other down. They were sitling motionless
opposite cach other, with an interspace of about 2 millimetre only between
their faces, rapidly vibraiing with their abdomens. This competition lasted
for several minutes withoul interruption. Now and then some other male
approached from hehind. The singing male with his hind end directed to-
wards the pew-comer apparently woticed the approach of the latter ot a
distance of a few millimetres and to parry him stretched out his hind legs
hackwards without interrupting his singing. This gesture of the hind legs
scemed, in fact, to have the offect intended, as it stopped the potential
aggressor or even made him retire,

Besides 1his monotonous humming, the male has the power of emitling
a somewhat more complicated call (the common song), in which a similar
but quite short drumming is one part alternating with a series of hammer-
ing notes in a higher piteh:

Shyrerr - - fu - - - - brerr - tu - tu - tu - breer - tu - tu - tu”, and so on.

Material from Upland, Solna.
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Achorotile albosignata (Dahlh.)

Muale. Specimens of this species were captured on 23 June, 1945, at about
3 p.m. [ heard the calls of the species immediately after collection and studied
them more closely on the same day at 5.50 p.m., from 7 to 8 on the same
evening and at 7 o’clock on the following morning. The males were often
perceived vibrating with their abdomens in the vertical direction, Several
kinds of calls were heard:

1) An often repeated clacking sound pitched in a', ¢’ or g,

2) A short rawcous vibrating “chaigh” in ¢', sometimes prolonged for

several seconds: “chaigh-aigh-uigh - - aigh”. Apparently this call was emitted

mainly in connection with the rows common among the males of this species

as well as those of Criomorphus bicarinatus. This is, then, a call of rivalry,
?

——

3) A lnw’ buzzing in e' willk regular interruptions: “zzzzzzzzaigh! -
— T
zzzzrzzzzzaigh!” cach of these notes lasting a couple of seconds.

4) The sound just described is often combined with a woody hammering
sound as a rule consisting of six beats pitched in 4%
Y2RLLT LRI LL LI LLLL L R LR LLTLL L AL 2 nigh”
€O - CO - CO - CO - €O - CO
5) This song may be still more perfected by the buzzing being prolonged
for several minutes, during which the hammerings are repealed in regular
turns:

€0-CO-CO-co-co-co-aigh!

€0-CO-C0-C0-CO-co-nigh!
6) A woody drumming in d' may be prolonged for several minutes with
insignificant interruptions or with a lower frequency now and then, This
kind of sound-production I heard on 24 June, 1945, at seven a.m.
The dying-yell of the male is a short drumming pitched in f*.

Calligypona dubia (Kbm.)

Male. T listened to the song of this speeies from a single brachypterous
male indoors in good weather on 9 June, 1945, at 5.25 p.m. and for a while
after this time. The song consists of a rolling sound, as from some sort of
machine, regularly rising and falling in intensity:

“rrrrreereecceeccerrreerrerrrr L 7 and so on.

This song may be prolonged for a longer or shorter time, a lew scconds
as a rule.

This song was registered on the radiograph on 18 July, 1947, at 8.40 p.m.
{(Plate 13, fig. 7).

Material from Upland, Danderyd, Kevinge.

Calligypona pellucida (F.)

Male. 1 listened to the sonnd-production of a few macropterous males of
this species together with some females on 9 June, 1945, from 5.25 p.m.
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indoors in good weather. The song consists as a rule of a rolling sound
falling in pitch, immediately followed by a series of clackings: “rrrrrooooh -
-t-t-t-t”. Sometimes the sequence of the two parts of this song is reversed:
“t -t-t-t-rreereerr” (radiograph record on 17 July, 1947, at 147 p.m.:
Plate 13, fig. 9). This song lasts about three seconds.

Semetimes only a shorter or longer series of clackings is heard: “t-1-t-t-t-t-
t-t-t . ..” (radiograph record, Plate 13, tig. 8). Finaily, a single note “rrrrroh”
or “airrrrrrr’” is sometimes emitied. A call of Lhis latter sort I have heard even
late in the night, on 9 June, at 11.30 o’clock by electric light.

Material from Upland, Danderyd, Kevinge.

Calligypona obscurella (Boh.)

Male. The sound-production of this male was studied in good weather on
21 May, 1945, at about 2 p.m., and on 8 June, 1948, from 10 a.m. to 2 p.m.
The song consisted usnally of a series of the same raucous note rather low
in pitch: “vovovovovovovevove” (3 seconds) or ‘“rorororororo” (2 se-
conds)., Sometimes this series of notes was succeeded by a few clacking
sounds, sometimes by a buzzing tone lasting one or two seconds. This tone
was lower in intensity but considerably higher in piteh than the first part
of this call.

On 8 June, 1948, two singing males were studied through the binocular
magnifier, their wings having becn cut off, The sounds were simultancously
heard with the aid of microphone and ear-phones. During the {irst part of the
song, the abdomen of the male was vigorously jerked up and down and
vibrated simultancously with a much smaller amplitude, cach of the notes
of this part of the song corresponding to onc sinking and one raising of
the abdomen. During the second, buzzing part of the call, the abdomen was
not perceptibly moved, but the lateral part of the first abdominal tergum
vibrated distinetly. The vibration and the sound ceased simultaneously.

Material from Ostrogothia, Rystad, and Upland, Solna.

Calligypona elegantula {Boh.)

Male, The first time I listened to the sound-production of this species was
on 20 May, 1945, at about ten a.m. The weather was nice and warm. The
song was rather faint. It began with a couple of short croaking nofes
“cha-cha->* followed by a rhythmical buzzing as from a sewing-machine. This
song lasts for about ten seconds.

In the night (about 11.30), the light in the room having been switched
off, I heard more irregular chirping sounds from this species.

From a macropterous male kept in a celluloid cage in the company of a
male of Achoretile ulbosignata 1 heard on 24 June, 1947, from 9.30 to 9.44
p.m. a continuous concert of the following character:

“ffffo-ffffo-ftffo-fiffo-flo-ffffflo-flffo-trrr-tr-trrrr-te-trerr-trree-treer-trr-tree

Arer-trer-trer-tree-trree-te-treee-tree-tere-fffffo-fff€fo . . .7, and so on. Thus:

first a series of about seven “fffffo”:s lasting about 4 seconds. Then
immediately 19—20 “trrr™:s or drummings irregular in length, then a fresh
series of “ffffo’:s, ete. During the first, hissing part of the “ffffo”, the ab-
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domen of the animal was sunk rather slowly while vibrating distinctly. Then
it was rapidly raised and the “o” was heard. During the rolls “trrr” Lhe
abdomen vibrated with a smaller amplitude, Al the same time the wings
were kept somewhat obliquely elevated over the abdomen and vibrated with
the same rate. Each “drum-beat” corresponded to one movement up and
down of the abdomen. As soon as the Calliggpona male had finished s
song, the Achorotile male immediately gave a concert ol one minute. After
that both kept silent.

Material from Ostrogothia, Rystad, Frislad (1945), and Upland, Soina
(1947). ;

Crlligypona angulosa Rib. {(in litt.)

Made. 1 listened to the sound-production of this species in nice warm
weather at about 3 p.am. on 20 May, 1045, The song consists of two parts:

{irst a series of raucous croakings, and then a prolonged tone m a low pilch‘
falling towards the end of it. The whole song lasts for about three seconds:.

st

. et g S e
“cha-cha-cha-cha-cha-cha- |

N — . ~ et ~
“chu—chn-clm-clul-clm-chn-muuo(munoonoh" or
miiiiiiii”.

Radiograph recordings of this eall were made on 19 July, 1947, from
7.29—7.35 p.m. The radiograph reacted only to the first part of the song
(Plate 13, fig. 11). 5 notes of this parl take a time of 0.53 sccond, A gramo-
phone record of this song has been made, and this record has been trans-
ferred lo sound-film. According to this film, the eroakings of the first part
of the song have a main tone frequency of aboul 490 cycles per second.
This tone is richly accompanied by high overtones. The tone of the latter-
part falls in frequency from about 180 to about 160 cycles per second. It
is also richly intermingled with overtones.

Somelimes single ciackings are heard, ‘The piieh is varied individually.

This species [ heard singing even at night {about 11 o’clock), the light.
in the room having been put out.

Material from Ostrogothia, Rystad, Fristad (1943), and from Upland, |
Stockholm, Skuggan (1947). ’

Calligypona albocarinata (Stl)

Male. I heard a sound-production {rom the male of this species on 24 June,
1945, at +.50 and 850 p.m. The common song consists of two parts. The
first part is a rapid woody hammering, the sccond being a voiced sound
in a falling pitch. The latter may be vocalized as “hiiiiiir”’. This song takes
a lime of four seconds:

a  TREM plous
= " )i |
1 I n
H——= ! —
P G 1] o«..“é

“

Sometimes only the tremolo is heard, which is then as a rule prolonged
up to half a minute and decreases in rale towards the end.

Material from Sodermanland, Nacka, Erstavik. . i

LRicd OSSLANNILAIDUND ENDLLLE LSO ALMILED

Calligypona cxcisa (Mel)

Male, The sound-production of this male was studied on 3 August, 1945,
at 3 p.m. outdoors and on the following day at 7.15 a.m. and 10 pn. A
simple song consisting of a tone falling in pitch is often cmitted, for
example:

p I

s
CER
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'&J;UW:

9

ot

o
oo’

This sound is often heard as the second part of a song consisting of iwo
parts, the first being a longer or shorler series of 1 more or less irregular
g p—4 = N
croaking sound in some cases pitched at el “ca-ca-cn-ca L .7 or “corr-corr-
corr-corr . . .7, ete. T usually counted 4—5 of these croakings per second, but
towards the end of the series the rate generally increased.
Another call is a hoarse eroaking sound of about one second: “eranah”. An
unrhythmically repeated smacking in at is often heard.

Material from the seashore in the vicinity of Halmstad.

Calligypona vubei (Perr.)

Male, The song of the male of this species was heard on 22 July, 1945, at
8.30 and 8.50 p.n. I have tried to reproduce it in the following way:

il l | ! ] Il ]
[&.]v - I
L b - A Db . ovovovorvh '

This song lasts for about 3 scconds. It consists, then, of two parts: first a
series of usually 3—7 more voiceless drum-beats or rattlings, then a lengthy
tone falling in pitch. Sometimes the first part is prolonged, occasionally it
is produced singly as a simple call.

Material from Gotland, Vishy,

Calligypona exigua {Boh.)

Male. This small species has an unrhythmical smacking call, louder than
in elegantula, alternating with a raucous buzzing or wailing “aaaigh-aaaigh”,
This eall lakes a time of a few seconds, Another call reminds one of den-
ticaudea: “t-l-t-t-te-trrrerr” {3 seconds). [ heard these calls in nice warm

weather at about ten o’clock on 20 May, 1945,
Materia! from Ostrogothia, Rystad.

Calligypona denticauda (Bolh.)

Male. My observations on the sound-production of this male were made
on 20 May, 1945, at about I p.m. It is rather variable. Sometimes single
short creakings or tappings are emitted. On other occasions you hear several
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such creakings in rapid succession: “tr-tr-tr-tr-tr-tr”  or “p-t-t-t-t-t7 or

syprrrrrrr’”. Each of these series can last for a couple of scconds. Another

, .
call may be vocalized thus: “trrrrra treer, irrrera trree . . .7, and so on, Lach

“lrrrrrf'l trrr” lasts a couple of seeonds. A longer song of up to half a minute
or so may be composed in the following way: “t - t - t -t - trrer - ITITIT -
mmmmmim - {rrrrerr - mmmmmm - {rrrrr - mmminm . ” and so on.
One syerrrre-mmminm’” lasts for aboul 2 scconds. By “mmmm’”’ I have tried
to vocalize a low-pitched nasal tone suggestive of the voiced “humming”
which may be produccd by a persen with his mouth closed.

Malerial from Ostrogothia, Rystad.

Calligypona stramined {Stal)

Male. 1 heard the sound-production of this species and made radiograph

records of it on 19 July, 1947, from 743—7.46 p.m. I only heard one kind

of song: ,
’ “rrr—rrr-rrr-rrr-rrr-rrr-rrr—rrr-rrr-rrH'rr-rrr-rrr-rrr-rrmh’.”

Thus, a series of (as a rule 13—-14) rolls is immediately followed by a
short, more accenluated rolling (Plate 13, fig. 10). Usually the male emits
several such series in succession, one series of 13 - 1 rolls taking a time of
about 2.5 seconds, six consecutive series 18,3 sceonds. During these ohserva-
tions, several males were kept in a cage without the company of females.

Material from Upland, Stockholm, Skuggan.

Calligypona clypealis (J. Sahll.)

Male. On 3 June, 1945, at about four o’clock in the afternoon [ collected

in good weather two brachypterous males and a few females of C. clypealis.

Immediately after collecting them ! tried to hear the calls of the animals,

put in vain, The insects werce kept in a glass tube with some straws of

Calamagrostis lanceolata. Al 8.30 the same evening T resumed my study of

the animals indoors. The two males were then engaged In a lively singing
competition, Practically without interruption they sang poccilochronously

till 9.35, when 1 stopped listening, IVive minutes later, when | wanted to start
again, the song had ceased. Later during the evening 1 only heuard single
short buzzes.

One of the males carried an acarid larva which had attached itself on ihe
left side of the dorsum of its host in the region of the first and second ab-

dominal segments. This apparently did not prevent the Calligypona male |

from singing. The song consisted of a purring buzz interrupted once in 25
seconds or sometimes considerably more often by a short, low-pitched tone:
t: ppFLTFIT-ZZU -TTITPT T TE TP IT - 220 - I FPTIT 2201
in the two specimens.

Material from Upland, Djursholm,

Chioriona smaragdula (Stal)

Male. The male of this species has a low, clacking call, repeated with
single clackings now and then. Further, I have often heard an unvoiced

. . The pitch was different

|
|

creaking or drumming call Jasting about a second. This was also included
as a part in a longer complicated song T heard on 25 June, 1945, at 9 a.m.
{(indoors): “errrrrrr - k - k . crrerr - cheigh - crrrer - che-igh - errrrer -
che--—-igh - crrrror - k- I - k”. The sound here vocalized as “cheigh’ is
pitched at f' or sometimes 4. The drumming, on the other hand, is rather
slow with a rate of about six beats per second, while the cheighing appears
to consist of much more rapid rolls.

Malerial from Upland, Solna.

Chloriona vasconica Rib.

Male. T have heard the following sounds from this male:
1) Low, single clackings as in smaragdala,
2) A dull “brrrm” or “hooooooh™ pitched very low.

3) On 24 June, 1945, at about 10 p.m. in a dark room I heard a song
mainfy in ' lasting a couple of minutes:

'ﬁ}é-dnﬁ-&l-%d-w;sﬁd-cﬁd.w-Mu‘ T hadohal - AT - chat-chal-chod LhT

)
T

4) On 24 June, 1945, at 2 pm. I heard a call that may be compared to
the purring of a cat or to a diserele snore. In other words, this call con-
sisted of a rolling sound lasting a few seconds and repeated several times
with pauses of the same length.

Material from Upland, Solna.

Megamelus notula (Germ.)

Male. A sound-production from a few males withoutl the company of
females on Carex sp. in a cage was heard on 96 July, 1947, from 7—7.30 p.m.
The calls consisted of short {0.11—0.17 seconds) voiced notes: “hrrrr”’ or
“horrr” in a low bass. For a while two males sang alternately, but the in-
tervals Detween the individual noles were very unequal. This alternating
song was registered on the radiograph {Plate 13, fig. 3).

Material from Upland, Laduviken.

Megeamelus venosus {Germ.)

Male. The sound-production of this speeies was studied on a dozen males
without the company of females in a celluloid cage containing some grass
hiades on 21 September, 1947, from 11 a.am. to 1.30 p.m. Temperature on
the occasion: 23°—24° C. There are several different calls.

1. The common song consists of two or three parts. The first part, which
is often lacking, may be compared to a nasal tone with the pitch somewhere
in the small octave. As a rtule this tone lasis f,—*s second. Then begins
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immediately the second part, which is the first in @he cases \\'herfe tlul: part
above mentioned is lacking. It consists of a bleating 'sounc.l lasting /2__ se-
cond or a little longer, The third part is ol the same (}Llalliy as the first,
consisting of a bellowing tone. The piteh of the latter is not' constz‘mt but
usually rises somewhat (a semilone, a l(_mc or scvu‘rul tones) in a glissando
only to fall again towards the end. The intensity of sound also deercases at
the end. This third part varies much from case to case and individually in
the interval of the scale as well as in duration, the pitch moves in the small
octave. I often estimated the pitch as g or thereabouts. The duration is as a
rule a little more than lwo seconds hul is sometines considerably longer,
. This song might be vocalized as a “mmmbrrrmmmmmmmmim’’ or
<y prrmmmmmmmmmmmmmmm’” or “brrracgdhmmmmmmmmmm?”, Radio-
graph: sece Plale 13, figs. 4—>. Synchronous singing of this song by lwo
males is not rare.

9 The second part {the Dleating) of the song above described is some-
times produced isolatedly. It is somewhat more uncommon o hear the
bellowing (third part) separately.

4 1 often heard a call consisting of a series ol more or less regularly
repeated tapping seunds which might have heen I)l'udl}ccq by striking on a
board willh a piece of wood. In other specimens, the individual notes may
be compared to short croakings: “er - ¢r - v - €F - Y - cr:’. In some cases,
such series of croakings may be short; in one case they consisted of 13 croak-
ings in a period of a little more than three seconds {radiograph rom}rd, see
Plate 13, fig. 6). In olher eases they may be considerably longer, lasling one
or several minutes. I sometimes heard this call from a male while other
males in the cage were singing the common song {1, above) stmultancously.

4. The species has at least one additional characteristic call, but as 1
have heard it once only, T am not able to deseribe il.

Material from Upland, Djurshobm,

Stenocranus minutus {1°))

Male. 1 have heard a sound-production only twice: indoors on 27 May,
1945, at 3.22 p.m., the weather heing good, and on 30 March, 146, at 1.55
p.m. The animals were kept in glass tubes, in the latter case on a small
twig of spruce (Picea excelsa). The call consisted of a short, quick chatter-
ing like that of a magpic.

Material from Upland, Djursholin and Solna.

Euidella speciosa (Boh.)

Male. The sound-production of this male was studied indoors on 3 Junc.
1945, at 8.25 p.m. and at 11 am. the following day. The sound consisted
of a repeated irregular (non-rhythmical} clucking or clacking. In 5 seconds
I counted 10 clackings. T first heard 10—15 consecutive clackings, then a
pause of varying length, then a new series of elackings, and so on. Females
were not present.

On 22 June. 1945, at 6.05 p.m. I heard from a single male a song con-
sisting of a not very rapid drumming as on wood, sueceeded by a shorl
croaking: “trrreerr - craah”.

Material from Upland, Solna and Djurshoim.
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Family Ciriidae

Cizius nervosus (L.,)

Male. 1 have had an opportunity of hearing the sound-production of this
species only lwice, the first timie from onc single male captured wwith
three females on Tilic on 11 July, 1945, The male emilled his call only
sparsely. I heard it for example at the following times of the day: 2.30, 6.00,
8.22 and 9.20 p.m., and at about 2.30 aan. during the following night. The
call consisted of a roll lasting for one sccond or somewhat longer. The tonal
quality was rather dully voiced. In some case 1 estimated the pitch at 11,
in another al I. As may be expected from a species of this size, the intensily
of sound is relatively considerable. When the tube with the animal had
been placed on my violin, the roll could he heard at a distance of 70 cm from
the edge of the violin nearest to the observer. These observations were
made on the isolated male. If females were present, he secmed troubled and
tried to escape, frequently by making a vigorous leap.

Radiograph records were made on 21 July, 1947, between 8.21 and 8.33
p.m. by eleetric light. A single male on a small twig of birch (Befula) in a
cage was used. According to the version of the radiograph (Plate 13, figs. 1
and 2), the first half of the call has a greater intensity of sound or a higher
frequency than the latter. This was naot appreciable during the listening.

Malerial from Upland, Solna,

Cixius similis (Kbm.)

Male. Sound-production heard on 8 June, 1947, at about 1 pm. from a
single male just captured. The call consisted of a short, low-pitched roll or
creaking tone of about one second.

Material from Sodermanland, Nacka, Lrstavik,

JASSIDOMORPITA

CERCOPOIDIEA

Family Cercopidae

Neophilacnus lineatus (L.)

Male. The sound-production of this species was studied on 14 July, 1945,
during the afternoon. Now and then the male emitted an irregular laughing

o NS N -

- -
call pitched in d*: “ho - ho - hoho - ho - hoho - ho - ho”. Such a series takes
a time of 3—4 seconds.

From a couple in copula [ heard a somewhat diverging variant of this
call. After collection the animals were brought home in a glass tube, and at
4.35 o'clock I found that one male and one femule were occupied in co-
pulation, As soon as I started to listen I heard a laughing call in a' from

s N )
the couple, probably the male: “hahahahahaha . . .. This laugh was more
regular in rhythm than that above described and consisted of 6—7 noles
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per second. Each call continued for 2—3 seconds. The external genitalia of
the members of the pair remained united till about 9 o’clock in the evening,
and during this time the laughing call was heard now and then, I have
since heard this call even from males without female company.

At 7.37 p.m. the same day [ heard from my males a tone falling in pitch
lasting about a second:

=" o ?éim
e rrvreeh
(kw)

Material from Upland, Djursholm.

Philaenus spumarius (L.)

Male. 1 first heard the sound-production of this species in 1944 and made
a closer sludy of it on 20 July, 1945, for example at 6.11 and 7.15 p.m. It

consists mostly of a regular eroaking in ¢! In b scconds I heard 12—15 such
4 r ’ ! s r r ! ’ ! !’ 14 4

s ~ s R S A [ ) R s p—y A s
croakings: “q11a-qua~qua-qua-qua-qua-qua-quu-quu-qua-qua-qua” or “wa-

’ ’
~wa-wa . . 0. Each song lasts a few seconds (Radiograph record, Plate 13,
fig. 14). If several males are kept together in the same tube, they readily
strike up a chorus or an alternating song (poccilochronous singing), some-
times one male singing singly, sometimes several singing simultaneously. In
this way they will croak for several minules. Il is quite clear that these males
do apprehend each other’s calls: if several males are together, the calls of
one of them is a signal for the others to join in, Between the choruses there
arc long pauses in which no one sings. If only one male is in the tube, how-
ever, he does not allow his solitude lo prevenl him from emitting his call
now and then.

One of the males 1 had under observation on this occasion accompanied
his croakings by a lower creaking sound sometimes beginning a few seconds
before the croaking started and ceasing a few seconds after it had ended.
The quality of sound of the croaking is somewhat raucous but not unmusical.

I'rom a copulating couple I heard the sume day at 6 o’clock and for a while

afterwards a similar croaking sound repeated in rapid succession but without
4 ’ \/ ’ 4 ’ ’ ’ \C

any rhythm and pitched at ¢" or d': “ya - ya - ya-ya-ya - - ya - yaya - ya -
!’ ’ 4

- ya - yaya . ..". The diverging pitch was no peculiarity of this male {if the
male and not the female was responsible for these calls): as soon as copul-
ation had ceased he emitted the same eall in ¢! above described.

Material from Upland, Solna.

Aphrophora alni (Tall.)

Male. As a sign of apprehension or dissatisfaction this male emils a
smacking sound usually repeated in rapid succession and at intervals of
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trregular length. The same sound js emitted if the animal is held fast by a
wing or a leg. The pitch is difficult to make out.

The common song of the male is a raucous *‘corr, corr, corr’”. A series
of eight such croakings may take a lime of 5 seconds. 1 heard this call
for example on 12 July, 1945, at 8.35 p.m. I made radiograph records of
this call on 21 July, 1947, from 8.48 to 9.00 p.m. A single male on a birch
twig in a celluloid cage was used; the cage was illuminated by an clectric
lamp. This male was rather liberal with his croakings. He emitted them
in a series of 7—72 in succession. Fach of these croakings seemed to con-
sist ol 4—0 vibrations, each croaking lasting for about Yy of a second, the
intervals being of 0.5—1.3 scconds (see Plate 13, fig. 12).

Female. oven the female has the capacity of emitting the call of distress or
dissatisfaclion described above Jor the male.

Materinl from Upland, Solna,

Aphrophara forneri (Hpt.)

Mede and femnale. Both sexes are able to emit a smacking sound expressing
dissatislaction or distress. Often this call is produced in very rapid succession:
Spel-terr-trrr-ttt-teee-teeet- - teee teer-teeee-t-1-1 270 T heard it for example
on 12 August, 1846, at 1.30, 11.00 and 11.45 p.m.

Material from Upland, Bondkyrka.

Lepyronia coleopirata (L.

Male. 1) This species has a smacking call like Aphrophora alni. Here it
is less hard, however, and consists essentially of high overtones. Sometimes it
might he compared Lo the “chip-chip” of the common house-sparrow (Passer
domesticus). At all events, however, the sound expresses distress and is
emitted if the animal is held firmly or if it has, for example, stuck fast by
its wings in condensed mwisture on the inside of the glass tube. In such
cases of obvious distress, the rale of this sound-production is very high with
several smackings a second, I Lhe cause of the discontent is more vague,
the intervals between ihe single smackings are longer.

Thanks 10 the proneness of the animal to emit this eall if held fast, 1 have
been able to study the method of its production. I cut off the wings of a
specimen on the right side with the aid of a fine pair of scissors and fixed
the animal on a small plastiline pad, after which 1 studied it through a
hinocular magnifier. This examination showed that the lateral parts of the
dorsum in the region of the first abdominal segment vibrated vigorously;
these parts, being convex in a position of repose, were turned from concave
to convex in rapid succession. The movements were at about the same rate as
the smackings just heard from the same specimen. The whole abdomen, too,
assumed a vibrating movement, which scemed to Le secondary, however,

9} TFurther, the male has a drumming or langhing call “hahahaba” (7—8
notes per sccond). The rhythm is most regular, so that this call reminds
one of the fire of a distant machine-gun. Iach call consists of only 4—6
“shots”, as a rule. I have heard this kind of sound-production for example
on 13 July, 1945, at 5.00, 7.15 and 10.40 p.m.. in the fast-mentioned case
by clectric light. For these observalions two males were kept together in a
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tube, no females being present. They performed this call as an amoebo-
chronous song. The “fire” of the “gun” of one male was immediately re-
turned by the other without any perceptible pause and without overlapping.
However, each of the males performed only three or four calls of this kind,
then both of them were silent. I was able to separate the “voices” of the two
individuals thanks to the fact that one of them was seated a longer distance
from my car than the other, which made the calls of the former sound
weaker. In intensity of sound this call agrees approximately with that of
the call deseribed below. Perhaps this is a “call of rivalry”.

3) During the same evening at 8.58 o'clock 1 heard a loud buzzing or
drumming sound pitched at A (or perhaps A,) lasting for eleven minutes
without interruptions longer than about a sceond. The followed an amocho-
chronous singing of the kind above described lasting for about one mi-
nute, and after that the drumming continued for a few minutes but wiih
somewhat Jonger pauses now and then, The tube with the inseccts having
heen placed on the belly of my violin, lhe sound could be heard al a distance
of one vard. Through a magnifier 1 could easily see that the abdomen of
one of the males vibrated verfieally, though with a much smaller amplitude
than might have been expected with regard to the intensity of sound.

On 19 July, 1947, I tried to determine the frequency of these drummings
with the aid of the radiograph. This, however, did not succeed entirely. On
some oceasions a riate of 30—40 periods a second could be established (Plate
13, fig. 13), but as a rule it was considerably higher, the radiograph giving
a record consisting of an almost even band without distinet peaks even at
the maximum speed of the puller.

I have heard no “dying-yell” from this male. If the animals are put in
alcohol, they soon emit the call of distress as in (1} above, but the sound he-
comes rapidly weaker and ceases tolally after a few scconds.

Female. The female, too, is able to emit the smacking “sound of distress”
above described and makes use of this power as assiduously as the male.
The method of producing this call is also quite the same as in the male.

Materiat from Upland, Djursholm and Danderyd, Kevinge.

JASSOIDEA

Family Fuacanthidae
Fuacanthus interruptus (L.)

Male. When in captivity, this male is rather parsimonious with his sound-
production. In spite of many endeavours | had not heard it until 2 August,
1947, when I kept two males in a cage without the company of females. The
sound-production was heard a few times hetween 6 p.m. and 8 p.m. The
song consists of two parts: first comes a lengthy tone beginning rather high
in the treble and continuously falling in pitch towards the end; then a series
of usually 2—4 shorl cooing notes, cach rising in pitch towards the end.
Somelimes the second part is omitted. Plate 13, fig. 17, gives but an in-
complete rendering of this call, as the radiograph did not react to the be-
ginning of the first part. I have not been able to determine the pitch. An
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attempt at reproducing this call by musical notation and letters looks like

this:
OWO J\,HJ J\,.,JJ\ 'L,J jﬂ'J\
- srp oD rOTOTOvh - WO - WOU - Wov- woe

The first part lasts 3—¢ seconds, the second part taking for a scries of
3—4 notes one second or somewhat longer.
Material from Upland, Solna.

Family Proconiidae
Tettigella viridis (L))

Male. A sound-production [rom this male was heard in 1944 and on 14
July, 1945, at 5.0 o’clock and several times on the same cvening, partly
by clectric light, and also just after 11 p.m., the light having been put
out. The species has a deep bellowing, very low-pitched voiced call. The
pitch varies round D. Often the call begins pitched at D sharp or siill
somewhat higher only to glide down to I} or somewhal lower, At times the
sound is more raucous. Each of these bellowing notes conlinues about one
second.

Material from Upland, Djursholm.

Family Eupeliciduae
Eupelix depressa (F.), f. cuspidata (1.}

Male, On 22 May, 1945, I found one make and one female of this species
and put them together in a glass tube with a few stalks of grass. Very soon
1 was able to listen to the sound-production of the male, The calls consisted
of two alternating parts: a rather strong raucous voiced note, that could

L

be voealized as “eea”, and a series of a few low smackings “t”. This song
seemed to be a call of courtship and was emitted only when the male was
near the female. It was composed of the two parts above described i the
following way: “eea - eea - cea -eca-t-cea-t-t-eea-t-t-t-eea-1-
t-t-cea-t-t-t-cea...”. Thus, the song consisted of repeated “eea’:s —
exaclly one note of this kind per second — cach followed by as a rule three
stackings: at the beginning of the song this smacking was absent and did
not begin until the singing had got well started. In 45 seconds 1 counted 45
such series of one “cea” and at most three “t":s. During the singing the ab-
domen vibeated vertically. Soon Lhis vibration became rather strong and set
the whole body in such agitated motion that the male was forced (?} to shift
his foothold once a sceond in pace with the music. In this way a sort of
dance or marking time was exccuted, interrupted, however, now and then
by short, rapid movements in the direction of the female. The latter often
tried to cscape by running or by a leap. Sometimes the male made a short
pause in his music but recommenced it if he found himself near the female.
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Having mounted the female and being busy trying to connect his genitalia
to hers, the male continued his singing. During copulation he kept silcnt.
The act of copulation took in the case observed a time of 15 minutes. When
it was over, the male again performed a short song of the same kind as
that ahove described. These observations were made by the light of an
electric balh at about 10 p.an. Next day the music could be listened to in
davlight but only in the presence of ibhe female.

The same male emitied a similar bul more irregular call when he found
himself in distress. Observations on these matters were made on the morning
of the 24 May. If the animal was seized by a leg or one of the fore wings
with the aid of fine tweezers, I was able to see through the binocular
imagnilier thalt it made vigorous vibrating movements with its abdomen.
By pressing the handle of the tweezers lo the tragus of my ear so that the
auditory duct was closed, the inseet's eall of distress was heard. (This method
for hearing the calls of very small insects was indicated by SANTSCHU in
1909.)

{ then cut oft the wings of the male near their buse with a pair of
seissors and stuck the animal by some of ils legs on a pad ol plastiline,
after which 1 studied it through the hinocular magnifier. My specimen,
however, now seenied very exhausled. Nevertheless on a couple of oceasions
1 observed vibrating movements in the lateral parts of the first abdominal
dorsim. At the same lime the entire abdomen vibraled in the vertical di-
yeetion. 1 conclude that the lateral parts of the first abdominal tergum are
the vibrating membrane of the sound-producing apparatus of Fupeliz O\
The vibrations of the abdomen will be secondary or have a modifyving cffect
on the sound,

Material from Ostrogothia, Askeby.

Family Ledridae
Ledra aurita (L))

VMale. T have hieard the call of this male twice, namely on 7 July, 1946,
at 10.55 am. just after capturing the animals, and at 7.13 on the following
morning (single male), The calt consisted ol a tone falling in pitch and
repeated once per second:

plss  ples gl

0
"
13 k b [ « VRN | v PO
X o ©r o
4 - . . .
Y 77 Hiacsa

On the first occasion I heard 18 “tuuings’ In succession taking, then, a
time of 18 seconds. On the second oceasion only 5 notes were apprehended.
Two males were al my disposat for listening, but they did not scem very
talkative, the above mentioned heing the total result of repeated listening
during one day and the following morning. The presence of females ap-
parently did not have anv stimulating effect on the males in this respect.
Nothing was heard from the males during the night.

Material: two males and two females Irom Ostrogothia, Tornevalla, Elve-
stad.
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Family Idioceridae
Idiocerus laminatus 171

Male, The sound-produciion of this male was studied on 13 July,
1947, from 2.28 to 7.45 p.m. The call consists of a buzzing of somewhat
more than half a second, succeeded by a series of, as a rule, three clackings:
“hrerr - £ - - U7, Radiograph record, see Plate 13, fig. 23. As the figure shows,
the first, buzzing part consists of 10—15 beats, emitted at a rate of twenlty
per second. The cluckings ol the second part sound like pluckings on the
tecth of a comb. T have made a gramophone record of this call, and this
record has heen transmitted to sound-film. By this method the piteh ol the
beats of both parls of the seng has been determined as 1120 cycles per
second.

As a rule, these calls are emilled in regolar succession: 4 calls in 6 se-
conds. If twe males are togelher, they almost alwiys perform a regalar
allernating song. Then each of the males extends the pausces between his
calls a litlle, so that room is made for those of the other male. By this ar-
rangement five calls are emilted in six seconds, two from one male and
three from the other. (See PLO13, fig. 23, In this figare six calls from each
male are recorded, the records of one of the specimens heing miuch more
distinetlly marked than those of the other, because the former was sealed
closer to the membrane of the microphone than the latter.) The alternating
singing usually ends with a row, one of the males trying lo push the other
away. This alternating singing  may, then, be inderpreied as a call of
rivalry, even though females were not present during these observations.

During the first, drumming part ot this call, the abdomen of the male
vibrates vigorously. T did mot pereeive any movement of the abdomen cor-
responding to the clackings of the second part.

Material from Upland, Solna.

Idiocerus populi [L.)

Male. 1 studied the ecall of this male on the evening of 14 July,
1947, from 9 to 10 o’clock. 1t is very similar to that of laminatus. it con-
sists, then, of two parts: first a drumming for somewhat more than half
a sccond, then a series of clackings of the same kind as in laminatus. The
drununing, however, is considerably slower with, as a rule, only six distinct
beats. at a rate. then, of about 11 beats per second (see Plate 13, figs. 24 and
25}, The gramophone-sound-film record, however, reveals that each of these
beats consists of two consecutive groups of vibrations separated by a
distingt pause, the vibrations of the first group having a much smaller
amplitude than those of the second group. It secms to me that this suggests
that the sound-producing membrane is here first made coneave, whicli, by
the resistance of the contracted muscle, will result in a swinging with a
smaller amplitude, and then by the relaxing of the muscle regains ils con-
vexity and is able to vibrale more freely. This is mere guesswork, of
course. The phenomenon in question might perhaps also be cxplained as
the result of an alternaling action of two different muscles. The main tone
of these beats has a frequency of about 312 c.p.s. (== cycles per second)};
it is accompanied by a high overtone. This overtone has a greater amplitude
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in the clackings of the second part of the call, where it has a frequency
of about 3750 c.p.s.

If two males were kept together, they performed an alternating song
less distinctly amoebochronous, however, than in laminatus. More often
than in the latter species (in cases observed by me), one of the males had
{o repeat his call without receiving an answer from the other, and in the
heat of the compelition a certain tendency of passing on to poecilochronous
singing was noticcable.

Material from Upland, Solna.

Idiocerus fulgidus (F.}

Male. The sound-produclion of this species was studied on 16 July,
1947, from 7.30 to 9 pm. The call is very similar to those of populi
and laminatus described above. Thus, it consists of lwo parts: a drumming
apparently rather low-pitched, and a subsequent series of clackings with a con-
siderably higher pitch. If compared with that of populi, the rate of the call
is much more rapid, and the call takes a shorter time (Plate 13, figs. 20—22).
The initial part is very sitnilar to that of leminatus, having a rate of abeut
30 heats per sccond, but the latter part consists of a greater number of
clackings and takes a longer time than in that species. According to a gra-
mophone record subsequently transferred to sound-film, the main tone
frequency of the single beals of the drumming is about 378 c.p.s. There is a
high overtone with a small amplitude. The tone frequency of the clackings
of the second part of the call is 1300—1400 c.p.s.

In the six males studied by me, which were kepl together in pairs, no
tendency of alternating or poecilochronous singing was noticed.

Material from Upland, Stockholm, Hortus Bergianus.

Iliocerus confusns Il

Male. T studied and made a radiograph record of the common call of
this species on o4 July, 1947, from about 8 to 9 in the cvening. I kept
two males in a cage with twigs of Saliz sp. This male has a call reminding
one of those of [ populi, laminatus and falyidus, consisting, then, of a
cerics ol _clackings and a  drumming, but with the difference  that
the clacking part, which is suggestive of the fire from a machine-gun,
here precedes the drumming {Plate 13, fig. 27). The first part consists of
10— 15, the sccond of 6—7 beats, the call taking a lime of about 1.8 seconds.
The call of this species, however, varies much more than those of the
relatives mentioned. Now and then a call consisting of three parts instead
of two is heard: first the two deseribed above, the “machine-gun’” and the
voll of drum, then immediately afterwards a slower series of weaker clack-
ings — ahout ten clackings during a sceond or so — more high-pitched.
A song of this kind with three parts in one case took a time of 2.2 seconds.
Radiograph record, sce Plate 13, fig. 26. On the other hand, a male of this
species in the presence of another, in the heat of competition, often emits
a prolonged “machinc-gun fire” of several seconds omilting the other iwo
parts of the common song. This male is inclined to sing amoebochronously
Lut oftener poecilochronously.

Material from Upland, Solna.
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Idiocerus elegans Fl.

Male. Heard and recorded on the radiograph on 26 July, 1947,
from 8—8.30 p.m. Two males were kept on Salix sp. in a cage, no females
present. The male has 1) a cackling call apparenily expressing distress or
dissatisfaction, 2) a barking or sharp croaking, very short, distinctly vibrat-
ing call. Each of these croakings lakes a time of about 0.1 second. Ofien
a series of a few such croakings with tolerably regular intervals is cmilfed
(Plate 13, fig. 28). As the figure shows, a series of six croakings takes a time
of two seconds.

Material from Upland, Lake Laduviken,

Family Macropsidae
Oncopsis flavicollis (L..)

Male. 1t was a long time before I suceeeded in hearing the sound-produclion
of this species. If a few specimens are put together in a tube or cage, one
or two ol the lively animals always run abeut disturbing the others. They
often jump or try to fly. Both the jumping and the ftlying manocuvres
produce sounds considerably stronger than those emitted with the aid of
the tymbal apparatus. Agitated animals running about often get involved
in what reminds one of involuntary wrestling and then often emit short
whining sounds.

On 21 June, 1945, at 843 in the morning 1 heard a call lasting for about
three sceonds resembling the sound made by lelting a finger-nail glide rather
slowly over the teeth of a comb (1he teeth being of uniform length). After a
little while the same call was again heard but prolonged to about 20 seconds
with short interruptions. At these observations, both sexes were kept to-
gether in the same tube.

At 8.40 p.m. on 20 June a call consisling of two alternating, rather pro-
longed tones was heard: “aaaah-oovoh-unanh-ooooh-aaaah-coooh . 0 LEach
pair of notes (“axaah-ooooh”) continues for about one second. This song lasted
for about half a minute. The Ialer noles were longer than the carlier ones.

The piteh of the two tones was difficult to determine. The lower tone
could scarcely be apprehended as a tone: I distinetly heard the single vibra-
tions bul was not able to count them. T had the impression that the main tone
was a Jow-pitched G, perhaps in the great oclave or still lower, The higher
tone reealled the raucous, flat sound produced on a violin by pressing the
hair of the bow rather hard against the string and moving the bow very
slowly. A sound of indeterminable pitch appearing to be rather high-pitched
will be obtained, as the main tone is drowned among the raucous overtones.
I estimated the main lone at d* or perhaps d°

in the afternoon and evening of 21 June, both sexes were studied se-
parately, Thus I had a few males in one tube and some females in another
and devoted my attention to the two tubes in turn. From the males 1 heard
at 5.16 p.m. a song of about half a minute, beginning by two alternating,
buzzing tones, one low, the other much higher in pitch:
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(5 seconds), after which the call passed into a more irregular drumming of
varying pitch and decreasing intensity. In another similar song both tones
were considerably lower in pitch. On another occasion this song continued
for 70 seconds,

At about 11.30 p.m. in darkness 1 heard from the males a sound con-
sisting of a regular rapping. I have heard this sound from the females too,
but I am uncertain if it is produced by the tymbal apparatus,

Female. I°'rom the females the song described above has not been heard.
Iowever, the female often emits a raucous call sounding as though produced
on the violin by pressing the hair of the how hard against the string and
bowing slowly f{ef. the male abovel. Often this call ralher gives the im-
pression ol & voiceless hissing. As mentioned above, the male also cmils
this call now and then, but it is heard much more often from the female.
Each ol these sounds lasts about a second. Sometimes it is frequently re-
peated. The pitch is variable —if this expression can be used in this conneelion.
On one occasion it seemed 1o be d') on another a, and in a third il was con-
siderably lower. The female often produces this sound while running about
in the tube. Apparently it is a sign of distress or animation.

In one case I have heard from the female a series of regular rappings
fabout 6 per second) during a period of about 10 secords. This observation
was made at 10.53 p.m. by electric light. Whether this sound was produced
by the tymbal apparatus or by the moving of the extremities or in some
third way [ could not tell.

The eall of distress of this female is not emitled if she is kept felttered by
a wing or a leg. In this case only the sounds which resull from the flounder-
ing and fluttering of the animal are heard, The dying insect, however, cmits
at times a sound quite similar to that compared above to the sound produced
by stroking the teeth of a comb. This “dying-yell” 1 have heard from hoth
sexes, O 22 males and 15 females pul in alecohol, one male and three females
cmitted this vell within one or Lwo minhules. Lach “dying-vell” lasted about
two scconds. The animals had then sunk to the bottom of the tube and had
ceased struggling with their legs. Further, four specimens of ecuch sex were
Killed in a tube containing a few small pieces of polassium eyanide. Then
one male and one female emitted the “dving-yell”.

Material from Upland, Solna.

Oncopsis alni (Schrok.)

Male and female. Both sexes of this species are able o emil a call usually
consisting of a raucous hissing sound; sometimes it is harder and reealls
the sound produced il a finger-nail is moved over the teeth of a comb. This
cadl is heard oftener from the female than from the male and seems to be
a sign of distress or dissatisfaction, Ench note has a length of Yo—1 second
and is usually repeated at short intervals. Somelimes the noles and the
intervals are still shorter, this sound-production then resembling Morse
signalling. On one occasion the “piteh” was estimated at h'. The same call
from the male, heard on July, 1945, | estimated at gl

A still harder, short, vibrating note from the male, heard on 5 July, 1945,
at 10,45 pon., was pitched at A, a moment later at G.
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At 11.03 on the same night I heard from a single male a short call also
resembling the “comb-sound” alluded to above:

gl s

_¥ 1

T TR AR

The above observalions were made on males or females isolated from the
opposite sex. Onee when a female and a male were kept together, the male
made several attempls to start copulation. When he had mounted the dorsum
of the female, T heard some calls consisting of a rather dull droning sound
and of varying length. Whether this call was emitted by the male or by the
female 1 conld not tell.

Material from Upland, Selna.

Oncopsis tristis (Zeit.)

Male. A sound-produetion of this male was heard on {4 July, 1945, al 6.04
pan. 1 consisted of a voiceless rolling sound ot aboul 4 sceonds: “trrrrrreer”.
Material from Upland, Djursholm.

Macropsis tilice (Germ.)

Mele. This male has several different calls.

1) A bricf whining or chirping sound pitched at ¢!, d* or d' sharp. Sometimes
the high overtones dominate and the sound bheconwes much more high-pitched.
These notes are frequently repealed at irregular intervals. Sotnetimes the
notes wre produced in such rapid succession that in its rhythm this sound-
production resembles Morse telegraphy {Plate 13, fig. 19]). This impression
is strengthened by the individual notes heing of varying length. — This
kind of sound-production is apparently emitted when the muale is agitated
— often while in lively movement — or when he bas got into trouble of
some sort. I he is seized with a pair of tweezers by a leg or a wing, he
emits this call. Tt is quite similar to the call of distress described above for
Oncopsis flavicollis and alni, especially the females. But 1 have not heurd
it from the females of ¢ifiae. If the tube with the tiliac male is placed on the
belly of the violin, the sound is heard at a distance of one decimetre,

9) On a few occasions I have heard a short “zzee” pitched at ¢® sharp.

3) Sometimes single, short, cocing or croaking, low-pitched sounds are
heard.

4) On some occasions — for example on 11 July, 1945, at 8.30 p.m. and
at 9.58 in eleetric light a prolonged, more voiceless, woody drumming
of two or three seconds or longer was heard. The pitch seemed to be d’,
sometimes a little higher or lower.

5) Sometimes I heard a cutting but simultancously vibrating, prolonged,
high-pitched sound. It might be compared to the sound produced by cutting
glass with a diamond, but it is distinctly vibrating as when a fine file is
rubbed with the point of a knife at a uniform speed. The duration of this
sound is about one second each time.
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6} The sounds described as 4) and 5) are often combined, the former
suddenly changing into the latter.

7) From a single male in a celiuloid cage I heard on 10 July, 1947, from
8 51—9.06 a call consisting of a continuous, prolonged drumming varying
in rate, Often the rate was only one or iwo beals per second, somctimes,
however, the frequency was much increased; moreover short strong rolls
were delivered at tolerably regular intervals. Once or twice these rolls were
prolonged to a length of several seconds. (Plate 13, fig. 18). When the listen-
ing and the record-making were discontinued at 9.06, the male had not
vet finished his drumming.

8) The common song of this male consists of two parts. The first of these
is n low buzzing and simultaneously a series of clacking sounds emilted
at intervals of more or less regular length. These clackings are much louder
than the buzzing. The second part immediately succeeding the first usually
consists of the cutting and vibrating sound described above under 5). In
a very imperfect way the whole of this song may be vocalized thus (the

clackings represented by the letter a):
' ' ' . ,
4 8 g 4 g ’
,
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ln a variant of this song the second part consisted of a prolonged, low-
pitehed, rapid drumming. This song lasts 3—7 seconds. The variation in
length is dependent on the number of clackings and on the length of the
second part. which may be varied. — 1 have heard this song even in the
night at about one a.m., the light in the room having been put out i'/; hour
hefore.

Female. From the female Macropsis tiliae 1 have heard the “dying yell”
onlv. It consisted of a short rattling buzz.

Material from Upland, Solna.

Macropsis planicollis {Thoms.)

Male. 1) From this male T often heard “morse telegraphy™ varying in
pitch, the latter being for example {* or g'. The rate is very rapid and the
individual notes are short. Sometlimes T have heard a more continuous call
consisting of such noles emitled in extremely rapid succession. The tonal
qualily is often britile and thin. On other occasions, however, it may be
considerably deeper and more voiced. On the other hand, the main tone is
often drowned among high-pitehed overtones. Sounds of this kind were
also heard after 11 p.m. in darkness.

2} On 12 July, 1945, at 640 p.an. I heard from two males without female
company a sharp “zeep” pitched at a’; at 9.54 on the same cvening [ heard
several such notes in succession.

3) At 6.36 p.m. of the same day I heard from the same males a tone fall.
ing in pitch (from {* to ¢') in a glissando: “cheeew”,

4) At 9.27 and at 9.54 p.m. on the same evening I heard from the two
males in the tube a somewhat more complicated sound that in a very im-
perfect way might be vocalized thus: “errrrrvaaaceec”. The call begins,
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then, with a rather noisy buzzing, continuously passing into a brittle, needle-
sharp tone (estimated as a' richly accompanied by high overtones).

5) As a call of distress I have heard a continuous regular drumming froin
the male.

Material from Upland, Solna, Risunda.

Macropsis virescens (F.)

Male. 1 heard a sound-production from the male of this species on 20
July, 1945, for example at 7.40 and 8.19 p.m. It consisted of a prolonged
voiced drumming in a piteh estimated as g', somelimes irregular and rela-
tively slow, sometimes with a high rate as from a speedy Morse telegraphist
or lypist. The lenglh of the single notes was varying. The sound qualily
is suggestive of a plucking on taully stretched rubber sirings or on the
tecth of a comb. Further, a more swishing buzz (high overtones) is olten
heard, These calls may be emitted during several minutes at a stretch. The
male often emits these sounds while briskly running about in the eage.

Material from Upland, Solna, Rasunda.

Macropsis fuscinervis (Boh. )

Male. The sound-production of 1his male was studied on 29 July,
1945, at 2.20 and at 3.20 p.m. Somclimes a short eroaking with irregular
intervals was heard: “crah, c¢rah” or “chah, chah”, somelimes a chirping:
“cheerrr - chee-chee” or “cheerrr-cheerr-chrr-chee-cheerrr . . .7, The latter
call has the estimated piteh of ¢ or {* with a rich admixture of high over-
tones, and seems {o express distress or displensure. These observations were
made on a single male,

Material from Ostrogothia, Rystad.

Family Agalliidae
Agallia brachyptera (Boh.)

Male. This small speeies has a comparalively mighty “voice” and uses it
willingly. T have heard several dilferent calls irrespeclive of whether fe-
males were present or nol,

1) A prolonged drumming as hy a pencil on a sheet of paper is often
heard. These rolls may last a few seconds or considerably longer. The
intervals hetween the single heats vary in length, Radiograph record (made
on 7 July, 1947) on Plate 13, fig. 30.

9) Another call very often emitted is a vibrating tone falling i pitch,
for example:

plisa
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This call varies very much in length — it is a question of about one se-
cond — as well as in pitch and in interval of piteh. Usually it is combined
with call 1), the latter e¢ither immediately preceding or concluding call 2)
or both.

3) Another more characteristic call 1 have heard many times, for example
on 10 July, 1945, immediately afler collecting the specimens at 4.30
p-m., and later on the same day from the same specimens al 5.15 and
from 7.15 to 10.1H parily in clectric hight, and finally at about 11 o'clack
after the light had been put out in the room. On the following morning 1
heard it at 6.22 and 9.12. This call consisls ol two parts, the first heing a
short roll of undecided pitch, the second immediately following heing a
still shorter, usually relatively pure musical tone arying very much in piteh.
The call may be vocalized thus: “trrrrec-aigh™. The tone of the seeond
part might he compared 1o one produced on a violin plaved with the mute
on, or to tonces produced by singing or humming with the mouth pressed
against a comb, on the back of which a strip of paper is stretehed. {An
winstrument” of this kind is often “played™ by chitdren.) In other words,
the tone is very thin and rather shrill. By the gramophone-sound-film
methad the piteh has heen defermined in one case. It was 1100—1136 c.p.s.
in both parts of the call, corresponding to a pileh at ¢® sharp — d° But as
the rate of the drumming in the first part is not less than 45 beals per
second {determined in the same way). which would in itself give the im-
pression ol a tone to the hiunan car, this first part appears to be much more
low-pitched to the listener. — This eall, consisting of a roll followed by a
tone, may he emilted singly, but just as often o longer or shorter series of
several consccutive calls of this kind is heard. (Radiograph record: PPl 13,
fig. 29.)

Now and then 1 have also heard characteristic variants of this call.
One such variant was heard on 10 July, 1945, al 9.50 p.n. in clectric
light: wrrrr-cluck-rrrr-cluck-rrer-cluck-vrrr-cluck-rrrr-cluek-rrrr-cluck-rrrr-
cluck-rrrr-cluck”™. Such a series of 8 phrases (“rrrr-cluek™:s) ook time of
about 10 seconds, The clucking sound was estimaled at the piteh of ¢,

Anolher variant heard on the same evening comsisted of a similar series,
but each of the calls comprised three parts instead of two: first a sheort roll
as ubove, then two short differently pitched toues. Unfortunately the whole
of it passed too fast to allow me to make a closer study.

A third variant was heard once during the same evening, It was through-

A
out more unvoiced and may be vocalized thus: “rrrr-letede-rrre-tetede-rrrr-

PRI

[N

R N
totede . . .". The sound vocalized as “tetede” resembles three short sharp beats
of a pencil on a sheet of paper.

Material from Upland, Solna and Danderyd.

Agullia venosa (Fall.)

Male. From two males kept together in a tube wilhout the company of
females 1 heard on 10 July, 1945, at 830 pm. a call consisting of
2 series of two or more clackings followed by a prolonged high-pitched
sound reminding one of that produced if a metal point is rasped against a
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s fg
file. This call takes a time of one or two seconds: “ke - ke - trzzzzzzrzzzzzzzz''.
Often this call is emitted several times in immediate succession. ‘
A buzzing of two or several seconds is sometimes heard (PL 13, fig. 31).

Material from Upland, Soina.

Family Jassidae

Jassus lanio (L.)

Male. This large species might reasonably be expected to have a loud,
distinet call, However, this is not the case. The sound cerfainly appears to
be emitted by a voluminous apparatus, but il is so muffled and diffuse that
it becomes bul poorly audible. I have distinguished three somewhat different
forms of the sound-prodiciion of this male.

1) The sound most often heard from this male consists of an unrhythmieal
drununing or “puffing” of a character very difficult to describe. It might
be compared to the sound produced by rubbing or drunmuming with the lingers
on an ordinary rubber toy balloon. This will result in a toneless sound which
might he voealized as “pft”. This sound 1s oflen emiited in such rapid suc-
cession Lhat one could speak of a drumming, hut il is quite unrhythmical.
Sometimes a lower hut more rapid and more distinet unrhythmical clacking
sound is simullaneously emitted. Biologically this call is related to or
identical with those deseribed above from both sexes of Oncopsis alni and
wnder 1) from the male of Macropsis tilice. Thus, it is apparently produced
as a sign of distress or dissatisfaction, Two males kept in the same tube
apparently did not like each other’s company, aud one of them continualily
repeated this eall. The abdomen of the male jerks vertically synchronously
with this sound-produclion, as I have observed by the aid of a mirror. The
single male Irving to cseape from lhe narrow tube also emits this cail. 1
studied it during the afternoon and evening of 19 July, 1945. The presence
of females did not affect this sound-production of the males,

It in more obvious distress, the male emits a somewhat harder drumming.
If the wings of the male are cut off and if he is stuck fast by the legs in a
pad of plastiline, it is casy to see through the binocular magnifier that the
Jateral, convex parts of Llhe first abdominal tergum occasionally vibrate
rather vigoronsly.

2) On the same afterncon al 5.08 and 7.38 { heard from the male a some-
what harder and more regular drumming beginning unrhythmically, how-
ever. Each time it lasted '/—1 minute with interruptions now and then.
During this sound-production the inscet was sitting quictly with the point
of ils rostrum pressed against an oak-twig which had been placed in the
tube. Apparently the animal was absorbed in sucking. The abdomen was
vibrating vertically.

3) At 8.53 on the same evening I heard a similar drumming lasting aboul
a minute. This time, however, the drumming was concluded by five or
six more rapid rolls, each of about three seconds, in a more hissing quality
of sound. Each of these rolls inereased in strength towards the end.

I have not heard any “dying-yell” from this male, but as the female has
been heard emitting such a yell, this is probably only accidental.
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Female. From the female of Jassus lanio 1 have heard a spontaneous
sound-production once only, namely on 19 July, 1945, at 7.45 p.m.
The call consisted of a short drumming “korrrrr” of about one second.
Several females were together in the tube. From females just put in alcohol
I have two or three times heard a “dying-yell” consisting of a short buzz.

Material from Upland, Solna,

Family Megophthalmidae

Paropia scanica {Fall)

Male. 1 heard the call of this male the fiest time in (he summer ol 1944, |
studied it more closely on 13 July, 1945, at 9.00 and 9.2> p.m., and al 6.30
on the following morning. The call consists of 2 low but very distinet and
regular drumming accompanied by a stronger, much sparser but equally
distinet and regular hammering sound like that made by beating on wood
with a pencil. This sall may last a varying lenglh of time, a few seconds.
In 3 scconds 1 counted 10—15 beats of the “hammer”. The call may be
reproduced thus:

click click click click click
“l'I'T'l‘l'['I'I'l'l‘l'l'l‘I'I'l'l'I‘l'l‘I'l'I‘]'l'rl'l‘l'l‘l'l'i‘l‘['l'l'l'l']'l'l'['l'l’ .o .”,

the rate of the drumming, however, being slower than that of the tip of the
human longue while pronouncing the rolling r. Females were not present
on these occasions.

A gramaophone record has been made of this call, and this record has
been transferred to sound-film. According to this record, the weaker drumm-
ing consists of beals emilted at a rate of 40—50 per second and with a tone
frequency of about 1000 c.p.s. The hammerings, on the other hand, seem
el to consist of two parts separated by a very short pause: the first with
a tone frequency of about 1000 and a sialier amplitude (greater, however,
than that of the beats of the weaker drumming), the second 1/70th of a se-
cond later with a much greater amplitude and a tone frequency of about
3700 c.p.s. 1 believe that the first part of the hammering beat corresponds
to the tymbal membrane being made concave, the second to its returning
{o the convex state.

On 17 July, 1947, two females were kept in a cage on a twig of Galium
poreale. Al about 9.30 p.m. onc male was introduced into this cage. By
listening with microphone and ear-phones I found that a lively concert
was in progress. The calls were of exactly the same kind as those
emitted by single males or by several males without the company of fe-
males, but they were now produced much more frequently. The radiograph
was kept connected to the amplifier during six minutes, and in this time
75 reiterations of the little tune of the male were registered, cach lasting
9__3 seconds (Plate 13, figs. 15 and 16). The pauses were about as long as
the calls or sometimes slightly longer. During the pauses a weaker, un-
rhythmical noise was heard in the car-phones, originating from the “dm}ce"
of the male, as T found later. By the aid of the stethoscope and the bino-
cular magnifier T established, afler finishing the radiograph recording, that
the male performed between the calls a sort of dance consisting of rapid
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jerks of the foot-hold of the extremities and spasmodic movements with
the body. Regarding the vivacity of these movements, the animal moved
very short distances now forwards, now backwards, now sideways, some-
times practically not altering its position at all. During these movements
the male, as it seemed, happened to mount the body of one of the females,
and for a fraction of a second he apparently made an attemipt to start co-
pulation. This did not succeed, however, and the male continued his sing-
ing and dancing on the hody of the female for about a minute, after which
he, still singing and dancing, left her Lbehind him only to continue the
same kind of aclivity in other parts of the little cage (the diameter of which
did not exceed iwo centimetres). At 10 p.m. the observations were inter-
rupted, unfortunately, for which reason the end of the performance was not
seen. Next morning the song and dance had ceased, the male was seated on
one spot in the cage, while the females now and then moved to and fro.

On 18 July a1 10.52 a.m. I put ene additional male and one female in the little
cage.Tts inhabitants were now observed during an hour. The performance of the
preceding day was now repeated, but tlie entertainment was performed by the
male newecomer alone, the other male emitling his call only occasionally
and doing no dancing. The new male made several attempts to start copula-
tion wilh one or other of the females present, but none of these altempls were
successful. He preceded each attempt hy singing and dancing for a while
in the manner above described. The females now and then went ahout in the
cage and scemed,”in {act, lo seek the company of the singing male. Often,
however, they passed him by. When the male had mounled the dorsum of
a female, the latter did nothing to facilitate his underlaking cven though
he seemed to intensify his dancing very much on these occasions and in
spite of his vigorous cndeavours to start the act of copulation, If the male
had reached the venter of the female, he deflected the tip of his abdowen
under hers and tried to unite his genitalia with hers: to facilitate this he
raised his fore wings obliquely upwards-backwards. Bul in all the cases
observed, his cfforts failed owing to the female at this phase beginning
to move and walking away. Then the male usually conlinued his singing
and dancing for a minute or so, after which he made a pause fo suck at
the parts of plants placed in the eage. The singing often continued during the
sucking, but the daucing was suspended. Sometimes he apparently lost all
interest in the females and stopped hunting for them and ceased singing
and dancing. Then he sometimes kept still, sometimes ran about, now and
then getting into fouch with some of the females also running about, At
such meetings the inlerrupted courting was often recommenced.

During singing the abdomen of the male vibrated distinctly in the vertical
direction. The “hammerings” seemed to correspond to pronounced, rapid
movements of the abdomen.

Female. 1 listened 1o the sound-production of the female on 25 August,
1946, immediately after capturing her at about 3 p.m. and later in the after-
noon. This sound-production consists of an unrhythmical, rapid series of
clackings. The number of clackings per second may be 15 or more or less.
The length of these series is also very variable. This call apparently ex-
presses discontent or distress and is produced, for example, when the animal
is held fast, but also while it is walking about. As the sound was seldom
emitted except when the female was walking, 1 was uncertain whether it
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was really produced by the tymbal apparatus. This problem was solved in
the following way. One female was fixed by plastiline on the membrane of
{he microphone, the wings being deflected, so that the entire dorsum of the
abdomen was visible. The animal was observed through the binocular
magnifier. It was established that the clackings heard in the car-phones
were exactly synchronous with rapid movements of the lateral parts of the
{irst abdominal tergum.

Materinl from Upland, Solna, Danderyd, and Viirmdo.

Family Ulopidae

Ulopa reticulata (F.)

Male and female. Both sexes have the power of cmitting o weak clacking
sound 1n unrhythmical, often rapid suceession. This sound reminds one
of the call of distress of Aphrophora and Oncopsis spp. 1 heard it on 23
June, 1945, at about 2 o'clock and at 9 p.m., and on 30 September, 1946,
from 1.30 to 2.00 p.m. Alter removing one fore wing and fixing the animal
with plastiline on the microphone membrane 1 established through the
binocular magnifier that cach of these clackings corresponds to a rapid mo-
vement in ihe lateral part of the first abdominal tergumn.

Further, the species has another call consisting of short bhul rather strong
rolls. Each of these begins with single clackings and lasts two or three se-
conds. 1 heard a few such rolls in succession from a male and a female
seated elose to cach other on a twig of heather (Calluna valgaris) on 30 Sep-
tember, 1946, at about 1.30 p.m. Both were quile moltionless, and it was im-
possible to see if the sound was produced by the male or by the female.
Soon, however, the male moved a short distance away, and this kind of
sound-produclion was heard no more.

Materiad from Sédermanland, Nacka (1945), and Upland, LEkero (1946).

Family Euscelidae
Doratura stylata (Boh.}

Male and female. Both sexes have the power of emilting calls of two lolally
different types. 1) A rather hard, woody drumming buzz of varying length.
Onee this call (from the male) lasted aboul three seconds, in another case
half a minute, in both cases with irregular short interruptions now and
then. 1 have heard this call many times at different hours of the day and
night. At the production of these sonnds, the whole abdomen vibrales
vigorously in a vertieal direclion synchronously with the beals of the call.
This call scems to express agitation. The inscels are often running about
very briskly while producing these sounds. It is difficult to tell whether
the tymbal apparatus alone is the origin of the sounds or if they are pro-
duced by a sort of rattling with the whole abdomen.

2) Both sexes, further, are able to produce calls consisling of a raucous
tone pitched at A—g, depending on the temperature (see below page 130).

The male now and then emits a call consisting of a longer and a shorter
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tone of that kind: “tooooor-to” or “tiiiiir-ter”. Usually the male emits this
call a few times in succession with short pauses. As Platc 13, fig. 40, shows,
this call takes a time of about 0.8 second. If several males are kept together,
this call is heard now and then whether females are present or not. Sun-
Jhine stimulates this kind of sound-production. [ have not cstablished
whether light or heat is most important in this connection. Further, the
call is stimulated by the presence of other singing males, a call from one
male often being answered by his neighbours ol the same sex. But I have not
heard any more continuous alternating singing with this call from males
without female company.

From single males or from males in the company of other males a song
resembling the invitation call of the female (see below) is sometimes heard.
Rut white the latter consists of notes of a fairly constant length, this song
of the male is more irregular, consisting of a mixture of long and short
notes, ¢ven though the longer notes may very often be produced in an un-
broken snecession. The longer noles are shorler than the longer tone of the
“loooooor-to” call but longer than the sccond tone of the latter. The piltch
of this call is about a semilone lower than that of the “tovoooor-to” call
emitted Dby the same individual at the same tempe ature. This kind of
singing may last several minutes at a streleh. It might be vocalized thus:

t()()orvhmm‘—t()()01‘-{0-10()()1’-tumn'-l()nm'—lu-lnm)1'-tumu‘-ln—lo()()l‘ DA
similar song or a modification of it is cmitted as an accompaniment o lhe
invitation call of the female,

The female has the power of emitting a call of the same quality of sound
hut consisting of notes of a tolerably constant length longer than the second
but somewhat shorter than the first part of the “toocooor-to” call of the
male (see Plate 13, fig. 41). On one occasion I counted 100 notes of Lhis
kind per minute. The female often continues this sound-production for
several minutes. This call is somelimes emitted even by females without
the company of males. ITowever, this eall is of sexual signification. Having
emitted this call, the female does nol offer any resistance to eventual attempts
at copulation made by a male, T studied this call during several successive
days in August 1947, The following observations made on 256 August may
serve as an example.

13

Al 6.50 p.n., six females and two males of Doratura stylata were pul inlo
a celluloid cage. This cage was approximately circular, having a diameter
of 3 centimetres and a height of 5 millimetres. A long leaf of grass was
coiled along the walls of the cage on its inside. After about two minutes
one of the males emitted his “toooooor-to”. Immediately one of the fe-
males fook up her above deseribed song. Then the male began his similar
song, so that the two songs, the regular one of the female and the more
irregular one of the male, proceeded simultancously. The pitch of the
female’s song was a semitone lower than that of the male, a singular musical
effect thus being produced. A fragment of this duet may be vocalized thus:

Q: t()oor-tunor-looor—tooor-tooor-looortonor-tooor-tooor-looor-tooor-toom‘. ..
' toftooor-to-to-looortooor'looor-to—to—to-tooor-tooor-to-tooor-tooor-to—to N

(In another similar duet heard a few dayvs carlier, the male showed a tend-




82 OPUSCULA ENTOMOLOGICA 1949, SUPPLEMENTUM X

ency towards prolonging his longer notes to a length of several seconds, so
that the structure of the duel became about as follows:

Q: tooor- l()oor-tooor-lo()c)r«lonor»lnoor-luuur-loonr-lo()(mlouu1'40001‘-looor ..
d: 10()0()()0000000000001’-lo-to-tooor-l()-t()-t()ooo()0oU()Uooon()Uooour-to )

At the beginning of the song both singers were sitling on ihe grass leaf
but in opposite parts of the cage. After a few minufes the female moved
down on lo the floor of the cage, which brought her a trifle nearer to the
male. She remained on this spot during the rest of her singing. At about
7 p.m. the male censed singing, but the female conlinued. During the sub-
sequent minules hoth males moved in very shoert marches along the grass
leal to a spot just behind the female. They seemed to be in no hurry, sitling
still (or fong periods. Now and then one of them emitted a short note of the
usual kind. The fact that the female was sitting on 1he floor seemed to
confuse their searching for her. In the meanwhile the remaining five females
were restlessty running about in the cage. One of them happened to land
on the back of one of the males. A vigorous leap removed the Jatter to the
(loor. Then he went at a slow pace towards the singing female. Having
reached her, he made ancattempt to connect his genitalin with her head,
then he made a right-about lurn and now succeeded in starting copulation.
The femade then ceased singing (at 7.12 p.m.), having sung conlinuously
for twenly minutes. During coputalion  both  parties kept silent. They
were lving on their sides, their ventral surfaces turned towards each other
and with their legs parlly drawn together, After 5 minutes one of the other
fomales in the cage happened 1o treacd on the copulaling pair, at which
a vigorous leap of one of the parties broke off the copulation, During the
following minules no sound-production was heard from the cage, for which
reason 1 ceased listening for this time.

I have had the oppertunily of making similar observations several times.
The procedure may be complicated by a number of specimens greater than
two taking part in the singing, in which case cither males or females may
be nvor-rcpres('nl(‘(l. Sometimes bwo females may be singing a duct, and
then the song may be perfectly synchronous for long periods; however,
this is not always the case, Normally the prelude of the pairing, then, consists
of the following four phases:

1) The male emits is “toovooor-to”, which is a sort of enticing call
directed to females in the vicinity.

2} The female answers with her call of invitalion, accompanied by the
courling song of the male.

4) The male ceases singing and begins to search for the female, guided,
no doubt, by her singing.

4) Copulation starts and the female ceases singing.

Females not emitting and not having just emitted this invitation call are un-
willing to copulate. At least all attempts 1 have seen made by males to begin
pairing with females not having answered their ealls were rejeeted by these
females.

Ai this kind of sound-production, the abdomen does not vibrale visibly
at a low magnification. By intent watching I have found that the abdomen
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is raised a little during the notes of the calis only to sink back immediately
at the beginning of the pauses.
Material from Upland, Solna.

Doratura homophyla (Fl.)

Male. From the male of this species 1 have only heard {on 1 August, 1945,
at 5.05 p.m.) a call in a pitch estimated at a “caw-caw’’,

Material from Seania.

Graphocracrus veniralis (Fall.)

Male. This male is very willing to emit his calls. 1 heard its sound-pro-
duction for example on 7 July, 1945, at 2.00, 3.30 and 11.30 pm, on the
morning of the following day, and on 9 July at five minutes past
midnight, the light in the room having heen put out about one hour before,

The call consists of a series of about 30 raucous hammering sounds. The
pitch was in one case estimated at 11, in another at d, in a third case at d’
These sounds might have been produced on a violin by bowing at a very
rapid staccato rate. The last H—8 beats are more rattling and appear o be
pitchied higher. This ecall takes a time of about 4 seconds. The sound is
rather slrong and gives an audible resonance if the tube with the animals iy
placed on the belly of the violin. These observations were made on males
without the company of females. T have not heard any call of distress from
this specics, nor any “dying-yell”.

Material from Upland, Solna.

Aphrodes bifasciatus (L.)

Male. This species was the first from which 1 ever heard any sponlancous
sound-production. If a few males are kept together in a tube, their calls will
he heard now and then. T have dislinguished four different calls from the
male.

1) Single, short, raucous, whining sounds, the piteh estimated at g, nt
or c”.

2] On several occasions 1 have heard a call in a pitch estimaled at a’
or h', sounding as if it had been produced by plucking on a taut rubber
string. The single clackings vary somewhat in length and are usually pro-
duced in serics in rapid succession, so that in some respects this sound-
production reminds one of Morse telegraphy. Apparently this is a call of
distress. I[ a male is held fast by a leg with the aid of a pair of twcezers, he
emits this call. Thanks to this fact 1 have been able to study its origin
through the binocular magnifier, the wings having been removed and the
animal stuck fast on a pad of plastiline on the membrane of the microphone.
Vigorous vibrations were occasionally observed in the lateral parls of ihe
first abdominal tergum. These vibrations were exactly synchronous with
the clackings simultaneously heard in the ear-phones. If the abdomen of
the animal is free, it joins in the vibration: if not, the vibrations of the
lateral parts of the first abdominal lergum will nevertheless take place. This
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seems to show that the latter vibrations are the primary phenomenon, the
movement of the abdomen the sccondary one.

3) I have heard the “common song” of the male on several occasions,
for example on 7 July, 1945, at 5.50 p.u., the next day at 9.50 am.,
coveral times between 6.30 and 10.45 pan. (partly by electric light), and on
9 July at twelve minutes  past midnight, the light in the room having
been put out over an hour before. This song consists of three parts in un-
broken succession. The first part | am not able to vocalize. Tt resenbles the
wound aof a heavy, somewhat badly oiled rotlory machine of some kind,
for example the engine of an old motor car, which someone is trying to
dlart with the aid of a crank. This first part consists of 3—b6 “revolutions”
(phrases), cach consisling in its turn of 4—6 whizzing or rattling beats, one
of which 1s always more strongly aceentuated than the others. This part
lakes a time of 4-—6 seconds. It is immediately succeeded by the second part,
a strong drumming sound. The engine has begun running! This part lasts
a1 seconds. The third pary, too, consists of a regular drumming at the
wame rale as the second part hul much weaker and appareatly pitched lower.
It may coulinue somewhat longer than the second part, 5 —7 seconds. Radio-
graph record, see Plate 13, figs. 33 34, In musical notation this song may
he reproduced thus:

1. . } Moy
o

Y

As Figure 34 shows, the force and tempo of the firsl part are often con-
siderably  increased towards its end, The pitch varies individually very
much: the above is only estimated. The accentuated noles of the first part
and the whole of the second part give an audible resonance it the tube with
the insects is placed on the belly of a violin. In view of this fact I have been
able o study the animals through a magnifier while listening lo their sing-
ing. During the singing. the abdomen vibrates in the verlical direction,
dislinetly more strongly in ihe sccond part of the song. The accentuated
notes of the first part correspond to a more distinet jerk of the whole ab-
domen towards the substratum. The abdomen, however, is kept well
clevated over the latter; it is not a question of a knocking of the abdomen on
the substratum. As a rule the males sit still while singing. I have never heard
more than one male singing simultancously, nor have 1 heard any alternat-
ing singing, even if so many as ten males are kept together in the same tube.
After the conclusion of a song of this kind, the same male may immediately
slart a new one, or he may make a shorter or longer pause. This song is
heard independently of the presence or absence of females. If females are
present, they do not scem noliceably interested in the song. The males, on
the other hand, often get agitated and start running about, apparently in-
tending to find and disturb the singing male. However, [ have not seen any
such «istinct rows in this species as in certain aracopids {Criomorphus
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bicarinatus, Achorotile), nor does the singing Aphrodes bifasciatus appear to
take any notice of the activity of his comrades.

4) On 7 July, 1945, at 525 pm. I heard a song lasting for several
minutes consisting of a rather voiceless rattling in a pitch estimated at c:
“potrr-tere-trrr-trre-t-tter . .70 T have heard this call only once.

Female. The female has the power of emilling a weak, clacking “call of
distress”. Each of these clackings corresponds o a rapid jerk in the region
of the striated tymbal. The amplitude of these jerks is very small.

Material from Upland, Solna.

Aphrodes trifasciatus {FFourer.)

Male. 1 heard the call of this male on 15 July, 1945, on a few oe-
easions, for example at 543, 8.28, 0.17, 3.30 and 9.0 pm. I made a
gramophone record of it on 31 July, 1947, at about midday, radiograph
records having been made one evening earlier, The song resembles that of
Aphrodes bifascintus deseribed above as No. 3. bulis neverlheless very distinet.
It consists of two or three parts, the part deseribed below as the second
being sometimes missing. The {irsl part may be compared to the correspond-
ing part of the common song of A, bifusciatus but varies much more in

length and in structure, Tt consists of a longer or shorter - — in one case
lasting for 30 seconds, in anolher for only 5 seconds -— series of clacking

sounds, The single clackings are rather toneless hut contain a distinet roll-
ing sound. Some of these cluckings are much more accentuated than others
in an often tolerubly regular rhylthm, This part, then, begins with a Tew
relatively strong hul sparse clackings. Soon comes a phase in which every
second clacking is accentuated, then the accent is laid on every third or
every fourth note, the tempo of the whole incr qasing. Thus this part may
resemble the sonnd produced by a person tryving to starl a heavy, rolatory
machine of some kind with a crank. Often, however, it is so far [rom
regular that this association is obscured. In one ecase 1 counted 12 ac-
centuated clackings in 10 seconds. The second part is a rapid drumming
of a few seconds. The third part consists of a series of trilling notes higher
in pitch. In one case the third part took a lime of 10 seconds and consisted
of 25 notes. in another case I counted 26 notes. The last trilling note is more
prolonged than the others and falls towards the end in intensity of sound,
finally fading away altogether. A very imperfect endeavour to vocalize 1his
song js ihe following:

“kr - kr - kr - krrr - kr - keer - kv - kro- kl"rr - kr - kr - Iu:rr - kr - kr - ktt!‘l‘ -
- kr - kr - ](I‘I‘l‘k[‘-kl‘—kl“k['I‘l‘—kl‘-kl‘-kl'-kl”l’[‘fk1'-1{1'-]{1‘-1{1"l'l‘-kl‘~kf-kl’-kl"l‘[‘-kl‘-k]‘-
kr-krrr-kr-Kr-kr-Krrrr eI TT T I TIT LTI F- 4 TCe0-greeo-greeo-greeo- greco-greco-

-greeo- greco-greeo-greeo-greco-greco-greco-greeo-greeo-greco-greco-greeo-
e
-greeo-greeo-greeo-greeo-greececeeee”, Radiograph record, sec Plate 13, fig.
35. By the gramophone-sound-film method, the tone frequency of the beats
of the first two parts was determined at 274—293 c.p.s., that of the trillings
in the third part at about 1170 c.p.s.
If the first part of this song is a more irregular version of the correspond-
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ing onc of A. bifasciatus, the rest of it is different in a very characteristic
way in both species.

During this song the abdomen of the male vibrates at the rate of the
single heats. During the third part, the abdomen moves besides indepen-
dently ol the vibrations at a slower rate: upwards at cach “gree” aund then
downwards at the sound reproduced as “o”.

FFrom the male of trifasciatus are somelimes heard shorter, less well-de-
fincd calls, as once & “lirr” {estimated piteh &%), in another case a “kr-krer™.

\iaterial from Upland, Ekero.

Aphrodes bicinctus (Schrnk.)

Vele. From this male [ have often heard short raucous tones or bleatings
rather high in pitch lasting for one second or less.

On 18 July, 1945, at 8 pan. I heard from a tube with a few males but
without females a dull voiced drumming of a few seconds with the estimaled
pitch of 19,

A more characteristic call was heard from this muale in 1944 and on
18 July, 1945, at 7.45, 8.20, and 958 pn. In my notes from 1944 1
deseribed this call as consisling of a raucous tone regularly alternating with

’ ’ I
4 duller sound, and tricd to voealize it thus: “ehah-um-chal-um-chah-um-

’
cchah-um”™. A call like this takes about two seeonds, but the calls may also
be longer. The raucous note sounded as if produced by seratching with a
finger-natl over the teethh of a comb, While singing the male kept still on
one spot.

The male T heard in 1945 sounded somewhat different. His call consisted,
Iike that of the 194 male, of a longer or shorter series of raucous notes
sounding as if produced by rasping over the teeth of a comb. The pitch was
estimated at ¢ The sound alternating with these raucous notes consisted,
however, in this case of a low — somehow remole — clacking. Once the
cong was conunenced by a short drumming “trerr”, in the remaining cases
observed by a vague scraping sound like thal made Dby a chair being
dragged across the floor. The song may be vocalized very imperfectly thus:

I4 4 4 ’

“prr - cha - ¢k - cha - ¢k - e¢ha - ¢k - cha - ck .. .7 The duration of this song
varies. Once this music first Tasted 25 scconds at a streich. After a pause of
a few scconds it was continued during about one minute with short inler-
ruplions now and then. The rate of the noles varies. In one case three

!
“eha-ck’s were emitted in a second, bul the rate may be slower or more
rapid.

On 20 July, 1947, another call was heard from iwo males kept together
in a cage. The time was somewhere between 2,45 and 3.30 p.m. The cage
having heen placed in the sunshine entering through the window, one of the
males now and then cmitted a call that cannot he voealized. It consisled of
two parts, the first Deing a rolling sound as from some machine; the first
“revolution' of this machine was powerful, the subsequent ones weaker but
increasing in intensity towards lhe end of this part. The second part con-
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sisted of a short, squeaking, high-pitched note rising in pitch towards its
end and followed by a short, weaker roll Jower in pitch. The whole of it
look a time of 1.25—1.5 seconds. Plate 13, fig. 37, gives the radiograph re-
cord of this call; as appears from it, the squeaking mentioned above is re-
presented by a particularly strongly marked hand, the following weaker
sound by a series of closer transverse lines. The animals stopped cmitting
sounds of this kindd when the sunshine had left the cage bul recommenced
as soon as the microphone with the cage was again placed in the sun.
In the evening 1 starled listening againg now the other male gave the concert:
at least the eall had changed somewhat, the initial roll not heing especially
strong (Plate 13, fig. 36).
Material from Upland, Solna,

Aphrodes flavostriatus (Don.)

[N '

Male. 1) This male often emils a short whining eall: “chew” or “chewchew™

or “chacha’. .

2) T heard a more characleristic eall on 13 July, 1945, at 7.49 p.m. und
several times later during the evening, further at about 6.30 on the follow-
ing morning. Tt consists of two parts, the first often being a series ol a lew

s s )
weak, sighing sounds, the second 2—5 croaking rolls: “hu-hu-hu-krrair-
Jkrrair-krrair”. Instead of the sighings, the first part may consist of a rolling
buzz: “krrrer-krrair-krraic-kreair”. This call lasted 2—1 seconds. Females
were not present.

A radiograph record of the latler call was made on 21 July, 1947, at
about 9.30 p.m. in electric light, using three males in a cage with twigs of
Galium boreale (see Plate 13, Tig. 38). As the first part of the call {the sigh-
ing) is very weak, the radiograph reacted to this part only by a small number
of transverse lines. — By the gramophone-sound-film method, the tone [re-
quency of the single beats has been determined at about 1150 eycles per
second. There are, however, slill higher overtones in addition. Each of the
“sighings” in the first part of the call consists of a beat with this (requency.
Each of the croakings of the latter part consists of 5—6 beats, which are
closer in the latter part of the croaking, corresponding, then, to a rise in
frequency. The frequency of the [main tone rises from 18 to 40 c.p.s. But this
low “main tone” is quite drowned by the overtone being the specific tone
of the swinging membrane (1150 c.p.s. as mentioned above}, owing to which
the piteh of the tone heard will be estimated much higher.

No “eall of distress” has been heard from this male, nor any “dying yell”.

Material from Upland, Danderyd, Kevinge.

Aphrodes fuscofasciatus (Goeze)

Male. The call of this species was studicd on 17 July, 1947, from four males
kept together with one female in a cage with Galium boreale by electric
light. The call was cmitted sparsely: from 8.45 to 9.30 p.m. I heard it 4 or
5 times. It consisted of a sound like ihat emitted by a rotatory, somewhat
rattling machine such as a wooden toy cart, for example. Each call lasted
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7_8 seconds with a frequency of 7.7—7.8 beats per second (radiograph re-
cord, see Plate 13, fig. 39).
Material from Upland, Seolna,

Opsius stactogalus Fich,

Male. 1 heard the call of this male on 30 July, 1945, at 8 p.n. Il con-
sisted of a few short, raucous, consecutive notes (three noles in 2 seconds):
“chirr-chirr-chirr”™. The pitch was estimated at o’

Materia! from Scania, Lund,

Macrosteles cristatus (Rib.)

Male. The sound-production of this male was heard on 24 August, 1946,
a few times between 5 and 7 pan, The weather was warm and sunny, hut the
call was yet heard only a few times. IL consislied of a grating or clucking
sound sometimes recalling the erowing of a young cock though lower in pitch,
usually however considerably shorter.

Material from Upland, Solna, Risunda,

Baleluthe punetata (Thunh.)

Mate. Sound-production heard on 11 August, 1945, at 5.42 and 545 pan.
from a single male, and on 1 April, 1946, from one male with three females
(cf. helow page 133). I tried to vocalize it in the following way: “t-t - trerr -
Ctrrr- L. t-drerrr - tor -t U= trer .7 In other words, this call consisted of
a series of raucous noles varying in length, sometimes being quile short
clackings, sometimes longer raucous buzzes. In one case the call lasted about
four minutes. The pitch was estimaled at a'.

Material from Upland, Uppsala, Ultuna, and from Upland, Solna,

Platymetopius guitatus Fieb.

Male, A sound-production was heard from this male immediafely after col-
lection on 21 July, 1946, at 4.43 p.m. ouldoors (warm, sunny weather), and in-
doors on the evening of the same day at about 8.30, and further on 16 August,
1947, at 6.30—7 p.m. The call is emitted rather fvequently and consists of
a raucous chattering like that of a magpie. Euch call consisls of 3—6 noles
emitted at an estimated rale of 10—15 per second. Piteh is difficult to
estimate, as the sound quality is so very raucous,

Female. T heard the call of the female on 21 July, 1946, at 9.20 and 9.50
pan. in the light of an e¢lectric lamp, and on 16 August, 1947, from 6.30 to
7 p.m. It is similar to that of the male but appears lower in pilch.

Material from Sodermanland, Botkyrka, Ahlby {1946), and from Upland,

Lkerd (1947).

Psammotettic cephalotes (11.-8.)

Male. Heard on 23 July, 1945, at 6 p.m. The call consisted of a repealed
croaking, each nole lasting 'y second or so and with short pauses: “cuh-cuh-
.cuh-cuh”. The pitch was estimated at d', a or still lower.

Material from Gotland.
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Psammotettix confinis (Dahib.)

Male. Sound-preduction heard on 22 August, 1947, at 7.20 p.m. from two
males indoors in electric light. The call consisted, like that of cephalotes,
of a repeated croaking or clucking: “cul - cuh - cuh - euh”. About two such
croakings are heard in a second, the intervals heing irregular. I have not had
the opportunity of making a closer comparison with the call of cephalotes.

Material from Upland, Solna.

Diplocolenus abdominalis (I.)

Male. T heard a sound-production of this species on 17 June, 145, at 3
p.m. outdoors and at 7.25 indoors from two males withont the company of
females. The call consisted of a low woody buzzing or creaking with ir-
regular interruptions now and then. No “call of distress™.

Maiterial from Upland, Solna.

Mocuellus collinus {Boh.)

Male. A call ol this male was heard a few times on 17 August, 1947, be-
tween 8.30 and 9 pam. from two males in a cage in clectric light. It con-
sisted of a tone of a fraction of a second falling in pitch in a glissando from
f' to d' (pitch estimated).

Material from Upland, Solna, Bergshamra.

Streptanus acnudans (Kbm.)

Male. After several unsuceessful endeavours, I heard the sound-produetion
of this male for the first time on 4 October, 1945. From 1.40 p.m. and
during the following two hours I heard the call a few times, first once from
a single male, then several times after a female had been put into the tube.
The eall consisted of a rather strong dull rolling alternating with another
similar yet stronger, more raucous and toneless onc: “RRERRrrrrRRRRrrrr
RRRRrrrrRRRRrrrer |, . .70 Usually the alternating parts are produced very
regularly so that both are held for an equal time, one part of cach taking
logether about a sccond; sometimes, however, the song may be more ir-
regular. In one case the duration of the song was 12 seconds with seven rolls
of each kind, in another more representative one aboutl 20 seconds with 20
pairs of rolls, In most cases the song is concluded by a somewhat more
prolonged roll of the more voiced kind.

During this singing 1the abdomen of the male vibrated vertically, periods
of stronger and weaker vibrations alternating at the same rate as the alternat-
ing parts of the song. In fact, the periods of vibrations with the greater
amplitude correspond to the stronger and more toneless parts of the call.

This male always kept still while singing. Often he emitted his call while
sucking on the blade of grass in his tube. During his endcavours to ap-
proach the female — who was always demurring — he was quite silent,
as well as during his walking in the tube. But having stopped he often very
soon emitted his call. Somectimes the latler was repeated with very short
intervals (a few — some twenty or thirty seconds), but as a rule the pauses
lasted a few minutes.
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Later in the evening [ again lislened to the sound-prodgcli_on of this
male. 1 heard it at 8, 9.10, 9.40, 9.50 and 11.03 p.m. in clectric light. If the
tube with the animal was placed on the belly of my violin, ‘thc soqnd be-
came audible at a distance of two decimetres. Now I again slllfllqd tl}e
correlation between the alternating parts of the sound and the variation In
the vibrations of the abdomen, As mentioned above, the amplltudg of th.e
vibrations is smaller during the more voiced part of the call. During _tlns
phase the abdomen is kept more raised over the substratunm. As the less Ymced
part suceeeds the other, the abdomen sinks towards the substratum, while the
amplitude of the vibrations increases. . »

Finally T heard this song on 5 Oclober at 1.05 o, the light in the room
having been put out an hour and ten minutes. . )

In the morning the observations were continued. To begin with, the ma!e
kept quite silent. The tube was then placed in 11.1(3 light f’l a strong electric
bulb, with the result thal the animal already after a minute struck up its
song. buring haif an hour (9.30—10 a.m.) the male was kcpt. now in the light
of the bulb, now in the sunlight, and continued ils singing in the same way
as on the preceding day — with pauses of one or a 1]_-\?' n_nnutc.s. He was
oven not restrained by my culting off his wings on the left side \\.'1th a small
pair ol scissors. Thanks to this T was able to establish that the !'11'51 and se-
cond abdominal terga, especially the lateral part of the [first tergum,
vibraled vigorously during the sound-production. These vibrations were
svnchronous with those of the whole abdomen but were as strong during
{he phases of the latter vibrating with the smalier nmpl:l_udc. Apparontly the
vibrations of the first abdominal tergum were the primary cause ol !he
vibrations of the abdomen, the amplitude of the latter vibrations heing
influenced by the alternating raising and lowering of the :11)r1<m1‘e!1 doubt-
less brought about by the action of speeial muscles. By these raisings and
lowerings Lhe conditions of tension in the region of the dorsum of the ab-
dominal basis are varied, the quality of the sound produced being thercby
maodilied. . ‘

Radiograph record {made on 6 July, 1‘.)47): sce Plate 13, fig. 43, ]}y the
gr:lmophonc-sound-l'ilm melthod, 1h_c tone frequency of the beats in the
voiced parts of the song was delermined at 1092 c.p.s.

See further Chapter 6.

Malerial from Upland, Selna.

Streptanus marginatus (Kbm.)

Male. 1 listened to the sound-production of this species for example on 20
May, 1945, at 8.18 am., and on 22 May, 1945, at 10,30 p.m,, _anc} further
on 17 June, 1945, at 9.47 p.m,, in the latier two cases by electric light. The
common song consists of 1wo parts: first a prolonged lo_w-pxtchcd raucous
tone, then a series of short notes higher in pitch and recalling the croaking of
a frog. This song may he vocalized thus: “koooooooooooch (or korrrerrrrerr)

o N o

- kw; Ckwa - kwa - kwa - kwa - kwa - kwa - kwa - kwa” (about 4 seconds).
Often the song is concluded by a weaker rattling noise. Radiograph recﬁord,
see Plate 13, figs. 44, 45. The pitch of the individual notes was determined
by the gramophone-sound-film method at 732—805 c.p.s. .

The sound-producing male was studied on 12 .June, 1947, with the aid of a
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stethoscope, During the first part of the call, the abdomen is stretched a
little and lowered lowards the substrabwm while vibrating vertically in a
small amplitude. The croakings of the latter part of the song correspond to
movementls of the abdomen with a much greater amplitude, During the sing-
ing, the male was often observed sucking on the grass blades in the cage.
However, 1 have also heard it singing while sitting on the wall of the
celluloid cage. .
Material from Osirogothia, Rystad, and Upland, Solna.

Streptanus  sordidus (Zett.)

Male. The sound-production of one male of this specics in a celluloid
cage was studied on 7 Seplember, 1947, from 3.22 to 4.30 p.m., and from
9.-10 on the fellowing morning. The sound-production is stimulated Dby
sunshine or the rays from an eleetric lamp. The common song usually con-
sisls of Ihree parts, the first being a uniform buzzing or drumming, during
which the abdomen vibrales vertically. This part may last for 1—5 seconds.
Somelimes it is accompanicd by a sparser smacking sowmud produced by
movemenls with the wings. These are then ratsed in a direction obliquely
hackwards-upwards-laterally and are immediately rapidly clapped down
again inlo the posiion of repose. These smackings may oceur in a number
of 1—1 during the first part, Then hegins immediafely the second part,
consisting ol the same drumming as hefore but stronger and not uniform
although with rhyllynieally alternating variation in strength. The frequency
of the beats in this parl was in one case 35 per second, the rate of the ac-
centualion 10 per 13 sceonds. This part varied in length from 5.5 to 14 se-
conds, The aceenls in this part correspond to a more marked rapid lower-
ing of the abdomen towards the substratum. Then follows the third part,
which is similar 1o the sccond but uniform and decreasing in [requency
and strength towards the end, This part may last a second or 1wo or may be
indistinet. The whole song may be vocalized thus: “rrtrrrrrrrrrorrorrorrorro-
rrorrorrorrorrorrorrorrorrorrorrrerr”. Sce further the radiograph record on
Plate 13, fig. 46.

Material from Upland, Djursholm,

Macuastus griscscens (ZotL)

Male. The sound-production was studied on 10 June, 1945, at 6.30 p.mn. in-

doors in the presence of females. The call consisted of longer or shorter series
’ ’ r Is 4 4

s e . e [

N
of a barking sound: “wa - wa- wa - wa - wa- wa”, In one case I counted
12 notes in three seconds. The pitch was estimated at ¢'. The sound was
strong enough to he audible if the tube with the animals was placed on the
belly of my violin.

Material from Upland, Experimentalfiiltet.

Athysanus argentatus (I

Male. On 23 July, 1945, at 1147 p.m. [ heard indoors from this male a
’ ’

clacking or woody knocking sound: “ko ko™, The sound recalled the clack-
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ing produced by the base of thc'longllle and the spft palate wlilh the‘ mouth
closed and the teeth clenched, The pitch was eslmu'xtcd at ¢’ ‘On 24 July
at 6.40 a.m. 1 heard a call consisting of three croaking notes like thosq of
a4 Crow: “kaah-kaah-kaah”. This call lasted about Ifour se'conds. The pitch
was estimated at ¢, falling, however, by about half a semilone towards the
end of each note,

Further, this male has a call rcscmbliglg u-snmcwhut lm:u'sq and any-
thing but sonorous trumpet-blast or a series of such. I heard this cull'and
made a radiograph record of it on 29 July, 147, at {lhf)l]l 9 p.m. from
three males in a cage with some grass by eleetrie light. The sound recalls
the “toooooor-to” of Doratura stylate 7 (see above page 81). ‘ln Athgsanus
it is slronger, however. Somelimes only a single note lasting /s .01 a scc_ond
or so is heard. Often, however, T heard first a longer tone [alling in piteh
towards the end, then a small number {1-—5) of much shorter notes 1.ogulher
lasting ahout one second, the whole song thereby somewhat recalling the

cackling of a hen: “koooor-ko-ko-ko-ko™ {radiograph record, see Plate 13,
fig, 47).
Material from Upland, Jake Laduviken.

Athysanus quadrum (Boh.)

Male. 1 listened to and made a radiograph record of the call of this male
on 18 July, 1947, from 8.55 p.m. on indoors. The eall consisted of a series
of hammering sounds. The rate was 8 beats per second (Plate 13, fig. 48).
The length of these series varied from 2 to 3 seconds.

Material from Upland, Stockholm, Fiskarlorpshacken.

Doliotettix pallens (Zelt)

Male. The call of this species was heard on 28 May, 1945, at 4.15 p.m,
and on 17 June, 1945, at 9.15 p.m, indoors. 1L consisted of two parls: first
a voiced sound falling in pitch, then na raftling as from a harestop. The
rattling consists of a smal! number (4—7) of beats. Sometimes the sequence
of these parls is reversed. This call my be voealized thus: “anaooh - L -t -t -
it or “t-t-t-t-t-aaanooh”. The duralion of this call is about two
seconds. Females were not present when these observations were made.

Short, vowel-like sounds are often emitled.

Material from Upland, Djursholm.

Laburrus impictifrons (Boh.)

Male. On 1 August, 1945, al 1.30 pan. I heard from this male a croaking
¢call in the estimated pitch of d': “korr-korr-korr” or “quarr-quarr-quarr’.
A call consisting of three such croakings lasts about two seconds. The call
is often commenced by a short ereaking sound. Another call I heard on the
same day ten minutes later consisted of an unvoiced low-frequent drumming.

Material from Scania.
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Limotettix striatulus (IFall.)

Male. 1 heard a call of this male on 15 July, 1945, at 6.22 p.m. and several
times during the same evening, for example at 9.04 and 9.22. It consisted
usually of a jarring or buzzing biealing of about one second: “vaaaaair™
or “buunuumur”, and pitched (estimated) at G, H or e¢. Sometimes the pitch
appeared to be much higher, the main tone being drowned in the mass of
overtones, The pitch usually falls somewhat towards the end. As a rule this
call is heard singly now and then. Sometimes however several calls of this
kind may be emitted in rather close succession.

At 9.25 on the same evening T heard from the same males a spitting sound
in combinalion with the bleating above deseribed: “sput - vaair - sput - vaair -
- sput - vaair”. This spilting sound is more wnvoiced and appears more
highly pitched. Tt is stronger than the hleating.

Material from Upland, Ekerd.

Rhopalopyx preyssteri (1.-5.)

Male, This male often emils single short clacking or croaking sounds in
a pitch eslimated at a' or a' sharp. Sometimes such clackings are emilled
in rapid succession.

From a male withoul the company of femules I heard on 7 September,
1945, a more regular call. IL consisted of three or four series of a rattling
noise like that made, by a toy engine with wooden trucks. Each of thesc
series consisted of 4 or H beals and then one more in a much higher piich
as if the engine needed oiling. Lach sevies lasted about one second, ihe
series following immediately upon each other,

Material from Upland, Solna.

Rhopalopyx [laveolus (Boh.)

Male. The sound-produclion of this species was studied on 14 July, 1945,
At 2.30 and at 5,22 p.m. I heard from my males a prolonged screaming call
in the estimaled pitech of d* “Kkrrrrreccee” or “krrrrrraaaai”’. This seream
lasted each time about one and a half seconds,

At 5.19 and later on the same cvening | heard from the males a short
clacking call much varying in pitch: “tick, tick” or “teck, teck” or “ko, ko™.
These clackings are emitted in unrhythmical, sometimes rapid succession.

Material from Upland, Djursholm,

Allygus mixtus (F.)

Male. The call of this male was heard twice on 11 July, 1947, between
10 and 10.30 p.m. The male was on this occasion sitting alone in a cage in
the light of an electric lamp hanging from the ceiling of the room. The call
began with a weaker, undecided drumming and then continued with three
strong croaking rolls: “korrr-korrr-korrr”. (Sec Plate 13, fig. 49.) Then
followed a pause of a few seconds succeeded by a weak buzzing of about
two seconds. This last buzzing was heard in the ear-phones but was too
weak Lo e registered by the radiograph,

Material from Upland, Solna.
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Allygus commutatus Scoit.

Male. From a single male in a cage | hcardlon 12 July, ‘1947, between n'inc
and ten p.n. now and then single slxo!'t clacking or croakmg §ounds. Du‘rmg
the same period 1 heard four tnn('s.hls COMION SONg consisting of.a strong
raucous voiced croaking or dromming low in pitch and with the lollow"lng
composition {cf. Plate 13, fig. 50): “brrr-bree-brer - bree-brrre-brrer - brre-brrr-
brrr - brrr-brrr-brrr - brre-brre-brer - berr-Lrrr-brer - bree-brer-booooooooooh -
brrr-brrr-boocoocoooooh - brrr-brer-boooooooooooh - hrrr-brrr-hoooooooooooh
_ })]‘l'l‘-l)I'l'l'-l)()()()OOO()OOOﬂOOh - brrr-brre-booooocooovooooh - brrr-brir-
boooovocooooooh - 11rrr-ln‘rr»lntmoooo(mumm-nh - l)rrrAb1'1'1‘-].)000‘0000000()()11‘ -
hrrrvl)rrr—l)no00()00000000}1". This eall consisled, t]‘wn, of a series of rf)lls in
groups of three with regular intervals: the rolls of each group were f11's't‘ol
ihe same length, then the third roll of each group was much prolonged. The
series above voealized consisting of 16 groups lasled 17 seconds.

Malerial from Upland, Solna.

Hesium biguttatum (Fall)

Mate. The sound-production of this male was studied on a sp‘ecimcn alone
in a tube on 16 July, 1945, The call was heard several times during ﬂl'(: Zlf[CI‘-.
noon and evening, for example at 5.37, and at 8.26 and later. It consisted _ol
a prolonged low-pitched voiced drumming immediately followed by a quu?
short sound of the same character of sound, and after a short pause by 1—5
short clackings in rapid succession, This eall lasts about 2 seconds: “trrererer -

tr - - - - - totototo”. . ‘

The male emitted this call with rather long intervals. Iaving put a female
into his tube, I imagined that the call was emilted somewhat more readily,
often twice in almost immediate succession.

Material from Upland, Solna,

Thamnotettix confinis (Zelt.)

Male, Sound-production studied on 17 June, 1945, from 5 to 6.15 p.m. in-
doors, and aflter 10 during the same night. The ecall is rather weak fgr a
species of this size and consists of a cooing sound: “koooooh-koooooh™. A
call like this consisting of two notes lasted about one sccond. Pitch varied
much. In one case it was estimated at a sharp, in nn(.)ther at d'. Females
were présent, I was not able to establish any *call of distress”.

Material from Upland, Solna.

Speudotettix subfusculus (Fall)

Male, 1 studied the sound-production of this species on 26 May, 194.’3,
between 12 and 1 p.m. The call resembles the croaking of & Crow. 'I‘lnrl‘s it
begins with a rolling sound and ends with a short vowel-like sound. !hxs
note is repeated after a pause of about one second. 310 such croal.ungs
are heard in succession. During the time of ten seconds I counted six or

. . . ; '
seven notes with their intervals: “krroh - krroh - krroh - krroh - krroh -
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krroh”. FFemales were not present, I have heard this eall even at night, on
27 May, 1945, at five minutes past twelve, the light in the room having bheen
put out at twelve, and at 1.40 during the same night, the room having bheen
in darkness for one hour and forty minutes.

Material from Upland, Solna.

Solenopyx sulphurellus (Zett.)

Male, A call from this speeies was heard on 6 August, 1045, between 10,40
am. and 1225 pm. It consisted of a rather unvoiced croaking ol about
onc and a half seeonds: “krrrr” or “krrooh”, repeated now and then, In
addition I heard from Hme to time a clacking sound,

Material from Vestrogothia, vieinity ol Bords.

Solenopyx kozhevnikovi (Zachv.)

Male. Sound-production heard from two males on 7 September, 1947, [rom
250 to 3 p.m, It resembles that of S. sulphurellus, consisting sometimes of
single clackings, somelimes of a short croaking repeated in irregular suc-
cession, Somctimes the latter is emitted in rapid suecession with 4—5
croakings per sccond, usually however only one or two noles per second and
in all only 3—>5 each time are heard,

Material from Upland, Djursholm.

Cicadula quinguenotata (Boh.)

Male. From the male of this species [ heard on 26 August, 1945, at 7,20
p. m. indoors a shorl croaking estimated at h? repeated in unrhythunieal suc-
I 4 r ’
cession: “yeh - yeh - veh - yeh .. ") and so on. An instant later I heard from
the same males a more prolonged violin tone of about one second in a piich
once estimated at ¢, in another case at d*: “aaaair”. Females were not
prescnt.

Material from Upland, Djursholm,

Family Typhlocybidace

Dikraneura aurcola (Fall.)

Male. This male seems to be little inclined 1o sing in captivity. In spite
of my assiduous listening I have heard a sound-production from this male
only once, on 15 July, 1945, at 10.19 p.m., namely a single raucous tone
in an estimated pitch of d' lasting not quite a second. Whether the species
normally has only this call and what the biological significance of it may
be I could not tell

Material from Upland, Ekero.
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Dikraneura citrinella (Zett.)

Male. I heard a call of the male of this species on 23 July, 1945, at 11 p.m,
and on the following morning at 4.30. Il consisted of a fine, flexible violin
tone falling in pitch, for example:

n ‘9‘_\‘5
¥ s .
s _— {2 seconds.)

J ‘etzaaacorh”

The interval hetween the highest and lowesl tone varies in individual
cases. Sometimes the tone is prolonged and may rest {for some fime on some
intermcediate tone. Sometimes the piteh rises somewhat towards the end,

Immediately before this eall a regular series of clacking sounds is oflen
heard.

Materinl from Gotland.

Notus flavipennis (Zett.)

Male. The call of this species wus heard on 5 August, 1944, in the middle
of the day outdoors, and on 24 June, 1945, belween 9 and 10 p.m. indoors.
The call is very weak but is not destitute of a certain clang. As a rule only

’

short single sounds that could be voecalized as “kolo” or “klo” are heard. The
pitch 1 usually estimated at g*. Only once have I heard a more continuous
little tune (on 24 June, 1945, al 9.50 p.m.}:

—_—

¢ ks ki AG AE AE kG AT
Material from Dalsland, Amal (1944} and Sodermantand, Nacka (1945},

Empoasca viridula (Fall.)

Male. This small specics is very vivacious and unwilling to keep quict in
caplivity. The sound produced by its altempts at flight in the tube or cage is
much louder than those due to its sound-producing organ. I heard its com-
mon song for the first lime on 20 June, 1945, at about 3 p.m. from speci-
mens just captured. The weather was fine. On Lhis occasion I had not time
to study the call more closely. Later I heard it at 11.45 on the same day in
electric Hght. It lasted aboul 4 sceonds: “we-we-we-we-we-we-we-we-we-we-
we.we”. The rate, then, was three notes per second. The sound was very
weak and appeared as if it were whispered. Thus [ have heard this call only
twice in spite of repeated listenings on several occasions. The pitch I have
not been able to determine, Females were present on both oceasions.

This specics often emits another call consisting of a short laughing

sound: “hahahaha”. This call is heard immediately after the moving (by
flight, ctc.) of a male. I have not heard any call of distress from this species.

Material from Upland, Solna.
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Empoasca virgator Rib.

Male, On 12 July, 1945, I heard two different calls from this male: 1) A
short, fine, thin tone in the estimated pitch of a' or h' lasting a fraclion
of a second: “cheigh”. This call is heard now and then, sometimes with
intervals of several minutes, sometimes however much more often. I heard
it for example at 9.27 p.m. and in darkness just after 11 p.m.

9) At 9.42 I heard a call consisting of an unvoiced drumming immediately
followed by a hard, sharp, prolonged high-pitched tone. This call lasted
aboul 4 seconds. As [ have heard this call only onee 1 have not been able
to determine ihe pitch.

The above observations were made on one single nialc.

M:derial from Upland, Solna, Risunda.

Empoasea smuragdula (Fall.)

Male. On 8 July, 1947, a sound-production wus heard from 4 males a few
times belween 8 and 9 p.m. The call consisted of a drumining lasting 1—2
seconds. {See Plate 13, fig. 32.) The rate increases strongly towards the end,
then the roll ceases abruptly.

Material from Upland, Solna.

Cicadella notuta (Curt.)

Made. T studied the sound-production of this species indoors lirsl on 9
June, 1945, at 11.32 p.m., then on 11 June, 1945, (rom 5 to 10.40 pan., and
on the following morning from 8.45 to 9.30. This male sings, then, during
the darkest part of the night as well as during the day, his inclination for
singing being perhaps somewhat greater in the morning. The call of the
species consists of a rolling sound immediately continued by a tone rapidly
rising in pitch. The call, then, begins as a tremolo and ends with a glissando:

. TREM gt
74
i res
AU P bl
d ©O__O
- .

This call lasts about one second. It is often emitted singly but is equally
often preceded or coneluded or hoth by a short, more aceentuated sound;

p TREM gls ,
S —— ——
g O © L\ Tk —
‘G AL bmovuwen L
! TREM giesd
—A 1 n )
ot T o —
T B .
‘T o Garappuuuee 45T
9 TREM gltd
'
v o —t T et
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This call lasts at most 2 seconds.

Late in the evening of the 11 June I heard several times repeated short
tones: “ail”, lasting a fraction of a second. The piteh was estimated at gl
or a'. The common song above deseribed was then performed very sparsely.

As would be expeeted of this small species, the sound is rather weak.

The observalions were made on one or two males without female company.

Material from Upland, Solna,

Typhlocyba tersa LEdw,

Maie. The sound-production of this male was studied on 12 September,
1946, al 3.45 p.m. and at 9.49 on the following morning. It consisted of a
short, raucous note: “charr”, Jasting a fraction of a second. Piich not deter-
mined but apparently rather high, with a mixfure of overtones.

Material from Upland, Stockholm, Horfus Bergianus.

Typhloegba rosae (L.)

Male. I heard a call from one male kept in a cage together with two olhers
on a rose leaf on 25 October, 1947, at 11.50 a.m. It consisted of a series of
seven voiced notes: “tor - tor - tor - tor - tor - tor - trrr’”. The pitch secmed
to he somewhere in the great octave, the last two notes being two tones lower
than the others,

Material from Upland, Solna, Bergshamra.

Erythroncura hyperiei (H.-S.)

Male. The call of this male consists of a short weak note sounding as if
produced by a strong lash in the air with a hard flexible switch. Each nole
was abruptly finished as if the switch had been arrested in its movement.
Sometimes, however, the sound recalls sooner a plucking on the tecth of a
comb. The pitch was in some cases estimated at a’, in others at h' or c? The
calls were cmitted rather often without any rhythm, with three notes per
second or so: “chuchut - chut - chul - chuchut - chut - chut . . .”. This
concert could last many minutes at a stretch. Sometimes the miusic is com-
posed of two tones, for example:

a.— N | I R |
—f—R— 1  Ew—

T @ Vchuchul - chul - chid o thuchnl . "

Not infrequently an alternating singing is heard from two males. On one
occasion 1 observed two singing males sitting close to each other on a leaf of
Hypericum perforatum. They made rapid movements with their abdomens
in the tempo of the music. For one “chuchut” the abdomen moves twice up
and down. Little by litlle three additional males gathered near to the two
singers on the same leaf but without taking part in the singing. The females
present in the tube appeared indifferent. The song of one of the males was
estimated at a*, that of the other at ¢”.
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/) N 1 k ’ I i A, 1 b | l [ I
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¥ huckat - Al L ohachat - chet cARX ..

These observations were made on 11 June, 1945, at 2.30 indoors. 1 have
also heard the eall of this species in darkness, for example on 23 June, 1945,
at 12,15 am,

Material from Upland, Dandervd, Kevinge.




CHAPTER 3

The Morphology of the Sound-Producing Organ

In all male forms examined by me the integument in the region of the first
abdominal dorsum is partly strongly sclerolized in such a manner that a thin
but elastic membrane is present. In eerlain genera, such as Idiocerus, Agallia,
Cicadelle and Empoasca, the second abdominal tergum is partly of this
nalure, too. In the cercopids, Centrotus, Tettigella, Agallia, Lupelix, Paropia
Q, Oncopsis @, Dorature and Aphrodes Q, the first abdominal dorsum con-
tains laterally a convex, hyaline and thin but well selerotized, elastie surface
adorned by a number of parallel or concentric lines of deviating refraction
{Plate 3, figs. 4 and 7, Plate 5, figs. 1 and 3, Plate 6, fig. 6, Plate 7, fig. 5,
th; Plate 7, figs. 3 and 4]. I suppose that the integument in these lines 15
thinner than in the interspaces, the latter corresponding to the ridges of the
tymbal of the Cicadidae. In the present paper 1 am therefore terming this
striated surface the “striated tymbal”. This striated tymbal is present, though
less developed, also in the females of the genera mentioned, while, on the
other hand, in Paropia, Oncopsis and Aphrodes it is well developed only in the
female sex. Evans (1946, p. 42} mentions in Darthula and Actalion (family
Aetalionidae) “u ridged boss on cach side of the first abdominal tergite”.
Evans himself conjeciures that this boss may be a part of a sound-producing
organ. In Ledra, Fucanthus, Idiocerus, the cuscelids {except Aphrodes Q and
Doratara), the typhlocybids and aracopids, Cixius and Ommatidiotus, a
strinted tymbal is absent. In these forms there is instead a system of streng-
thening inner lists and often clump-shaped sclerites in the same region and
sometimes in the adjacent part of the second abdominal tergum, too. More
laterally there is in the first abdominal dorsum a convex, thin-walled and
often membranous surface anteriorly armed with a varying number of short
hairs, This surface is small in the cercopids and is absent in all representatives
of Fulgoromorpha examined by me. I assume that this is a sense organ. In
the figures it is indicated by the abbreviation “pil” (pilosc surface). In the
araeopids there are instead a few short hairs on each side of the fore border
of the second abdominal tergum (Plate 2, figs. 1 and 4, br). In the Ful-
goromorpha, the metapostnotum is rather large and has a well developed
phragma. The metaposinotum is considerably smaller in the cercopids and
much reduced in the remaining forms. Phragma-like processes are however
present on the metapostnotum even in the males of Paropia, Oncopsis,
Tettigella, Fupelix, Agallia, Aphrodes [lavostriatus, Graphocraerus, Euscelis
and several species of Empoasca. The second and third abdominal terga, too,
possess in some forms phragma-like dilations owing to the strong develop-
ment of the dorsal lengitudinal musculature. Thus the antecosta of the sccond
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abdominal tergum has phragma-like processes in ihe males of Tettigella,
Eupelix, Idiocerus, Oncopsis, Macropsis, Agallina, Aphrodes, Doratura, Ma-
custus, Euscelis, Streptanus, Limotetliz, and Empoasca sordidula. The third
abdominal tergum has phragma-like dilations in the males of Idiocerus,
Agallia and several species of Empoasca. These phragmata are lacking in the
females except in Doratura and the Fulyoromorpha, the latter possessing a less
developed metapostphragma even in the female sex. In the aracopids and
cixiids there are, indecd, in the metathorax well developed lateral dorsal
longitudinal muscles serving the flight, these being lacking in brachypterous
aracopids, In aracopids and cixiids the second abdominal tergum is devoid
of phragmata in spite of the dorsal longitudinal musculature of the first ab-
dominal scgment being strongly developed. In these the second tergum is
instead strongly vanlted into a convex, shield-like surface with inner streng-
thening lists. This shield is the posterior attachment of the longitudinal
muscles from the metapostnotum,

The first abdominal sternum in all forms cxamined by me has a small
extension in the longitudinal direction of the body but stretches oflen rather
widely in the lateral direction. In the males and in the females possessing a
funciional sound-producing organ, this sternum is strongly sclerotized. In
many forms there are paired apodemes for the allachment of muscles. The
development of these apodemes is dependent on that of the muscles; in fe-
males without a funetional sound-producing organ the apodemes are lacking.
If seen from the front the first abdominal sternum is usually more or less
broadly U-shaped. Laterally there are often pole-like or faminate inner pro-
cesses (apophyses). Sometimes these seem o be lateral prolongations of he
medial apodemes, often however they are — as MYERS (1928} points out for
the cicadids — not endoskeletal parts but differentiations of the lateral part
of the first sternun. These apophyses are atiachments of certain museles. The
second abdominal sternum also in many male forms carries apodemes of a
varying length in relation to the development of the ventral longitudinal
museles of the first abdominal segment. In Tettigella, Idiocerus, Opsins and
most typhlocybids, these apodemes are more or less concave, longue-shaped
and direeted horizontally backwards. Here they distinetly consist of two la-
meliae, one anterior (upper) and one posterior (lower). In the aracopids they
arc in most cases pole-like and almost vertical. In the females of all these
forms {except Doratura) they are lacking or rudimentary.

Amony the dorsoventiral muscles in the region of the first abdominal seg-
ment, the muscle described and reproduced as I a dom, will first and foremost
atiract our atlention, This muscle arises on the first abdominal sternum more
medially the better it is developed, and is inserted at the hind border of the
striated tymbal if such is present or, if there is no striated tymbal, on the cor-
responding spot somewhat anteriorly of the antecosta of the second abdo-
minal terguin. I believe that this muscle is homologous in all forms examined
by me where it is present and homologous with the tymbal muscle of the
cicadas, teo. This might be uncertain only for the Fulyoromorphea, as the
conditions in this group are so deviating, but I am inclined to assume that it
is a question of the same muscle even here. This muscle is generally much
weaker in the females. In the female of Doratura stylate it is as well developed
as in the male. In the female of Paropia, the male of which lacks this muscle,
it is also well developed. It is of small size in the males of Empoasca but is
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somewhat stronger in the females of this genus. In lhe male of Cicuadella
atropunctata 1 have not been able to find it, while it is relatively well de-
veloped in the female of the same species. When I a dom, is well developed
it often ends dorsally in a tendinous plate and its tergal insertion is brought
about by a short tendon.

Among the remaining dorsoventral muscles, the peculiar composite muscle
present in Ledra, Euacanthus, Tettigella, Eupelix, ldiocerus, Agallia, Paropia
and the euscelids and in Empoasca and Ergthroneura hyperici indieated as
[ @ dvm; in these forms must be noted. It is lacking in the cixiids and
aracopids; wlicther the muscle in the cercopids also designated as I a dvn.
may be homologous with the former is dubious, even though it is inserted on
the metapostnotum in the cercopids, too. Further it is lacking in Oncopsis and
Macropsis and in Cicadella atropunctata. The muscle arises on the first ab-
dominal sternimm or on its apodeme usually somewhat in front ol T« dom,
and is atlached dorsally on the melapostnotum or its phragma without a
tendon. Iis tergal attachment usually has a more medial position than the
insertion point of { ¢ dvm,. In most cases the tergal altachment is more
lateral than the sternal, muscles I a don, of the two sides diverging upwards
into the shapeof a V. In Erythroneura hyperici, in which these muscles are very
powerful, they converge somewhat upwards on the contrary, as the dislance
between lheir dorsal attachments is smaller than that between the ventral.
This muscle consists of two parts, one dorsal and one ventral, separated by a
transverse tendinous plate that is thin in most forms, rather thick and black-
pigmented in Tettigella. This plate is connected with the metendosternum
by a more or less long figamont. As a rule this ligament is very thin and
difficult to follow in the preparations. In Ledra and Macrosteles it is relatively
short, thick and richly interfused with cells. In most cases the dorsal part
of the muscle is thicker than the ventral. In Paropia ¢ both parls are about
equally Tong, but in Ledra, Mucrosteles and Empoasca the ventral parl is
much shorter than the dorsal. When this muscle is well developed in the male,
as is the case in Paropia, Tettigella, Euacanthus, Ayallia, Idiocerus, IKmpoasca
and Ergthroneura hyperici, it is always much weaker in the female, There-
fore I do not hesitate about regarding this muscle as belonging to the sound-
producing organ.

Evans (1941, p. 47) has found muscle [ « dom; in Lurymela (family
Eurymelidae). He stales that “they are attached dorsally to the hind margin
of the metanotum”, He conjectures that these muscles in the Cicadidae have
“migrated for a short distance posteriorly” and apparently belicves that they
are homologous with the tymbat muscles of cicadas. According to my opinion
this cannol be the case, as my muscle [ a dom, is doubtless homologous with
the tymbal muscle of cicadas, and as I « dvm; and I a dom, are coexisient in
many forms. In all forms examined by me that possess the muscle in queslion
{I a dvm, of the Jassoidea), it is dorsally attached on the metaposinotum,
which is primarily at least in its major part a constituent of the first
abdominal segment,

Regarding its origin ihis muscle is enigmatic. It appears to be composed
of two muscles, one ventral and one dorsal. We might conjecture that the ven-
tral part was primarily a ventral longitudinal muscle between the metasternum
and the first abdominal siernum, the dorsal an intersegmental dorsoventral
one extending between the metasternum and the metapostnotum, or, if the
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statement of EvaNs on the altach'menl of this muscle on the metanotum in
Eurgmela is correct, a metathoracie dors.ovenlral muscle. The transverse pla‘te
sepzirating the two parts of I a dvmg ml_ghl be a detach.ed Part o_f ’thc meta-}
sternum, which is, as we have seen, sl}ll_COllnccled with its origin by tlu;
ligament above mentioned. Of course this is fn}ly g‘uesswork, there are othexI
possible cxplanations. I}y a stu’dy of'lhc conditions in groups pot represenlec
in the present papcer this question will no d()ul)l.be 'dl]sWC]"Cd in the ft‘l't.gre.

Among the remaining dorspvcnlml muscles' in the region of the tuft ali-
dominal scgment, that denominated T a dvimis in the Jassoidea shuul.d finallv
he mentioned. This musele arises from a sclerite 115}:;111)' nol very firmly al-
(ached to the posterior horder of the ventral pu[:'l of the nu;tc;umcron, and is
inserted by an usually long, thin tendon on the lu'slr. fl])kl()ll]ll]al‘ lol'gllln soDic
whal in front of the insertion point of I « dvm,_l The Lll!l}()l]ll]]i\‘tloll.()1 ll.ns'
musche is based on the assumption that the sclerite 111@11[1(_)11(‘,(1 is primarily
a part of the first alulmnin_nl sternum that has sccon(l.unly Ql)een altached
to the metepimeron. If this 1s not the case, lhc' ‘mu_sclc is an m_terscgmcnl::l
dorsoventral one. It is present in I;‘uumr.ati}ux, Iettrqf.’!lu, I::.qf(’lm“,_ Idiocerus,
Agallia, Paropiu, Dorature and the remaimng .cuscchds. and in Cl(‘(ld(?“ﬂ. In
most eases it 18 small and not or little st.r(mgor in the m;\l(z than in the femallf-.
In Paropia and (icadella, this musc}u is much str()‘ngcr i !ho male than n
the female, and as £« dom, is absent in these males, itis pnsm])l(\ that I a denz,
in these [orims serves the soum.l—pr(.)(luchnn as 2 su])stlu}lv for 1 a dom,. An
oblique muscle [ ism, cxlvn(lln.g from the h_l'st ahdominal sternum to a la-
teral part of the second abdominal tergum, 1s more or lvss. well (lcvqlopvrl
i many  jassoid forms. In (,‘r'cm!ell(z' utr(_)pﬂnc{utu ¢ this muscle IS.fh(‘
strongest dorsoventral lnu‘?'clu in the region of the first and second abdominal
segments. Neither this oblique muscle nor ﬂu:_dm’snvt'n.tml muscle of 1110. sy
cond ahdominal sepment, I a dvm, present in cvrcn[?uls zm(l' the J(lS.S'()l('Irfl
and especially well developed in the males of ()n('o,rf.s'rs, _Agullm an(.l Opsius,
raise any difficulties in respect of their morphological ml(!rpr('tatlo}?.

The longitudinal musculature in the (.lm'snl and V(.‘]l'll"{!] areas E)“Ul's 1o
morplmlugicul problems. I is :l[_)pnr}‘nt from lh("(lcscn]){wns in Chapter 1
that ihe dorsal and ventral longitudinal musc.lcs in the males may be very
trongly developed, those of the females .!mvmg more .n()rmal. proportions.
The size of thesc muscles may be very .dlfferenl even in species belonginy
to the same genus. These matters are of importance cspccu}lly for an under-
anding of the function of the sound-pmdpcmg uppamtus in thcst_: cases, for
which reason these muscles will not be discussed in greater detail until the

next chapler.

CIHHAPTER 4

Discussion of the Function of the Sound-Producing
Apparatus

Before proceeding to discuss the function of the different types of sound-
producing organs in our small Auchenorrhgncha T think it appropriate to
touch bricfly upon what we know about the corresponding organ of the
Cicadidae.

This is not the proper place for presenting any complete list of the workers
who have occupied themselves with this upparatus. The reader who is especi-
ally interested in the comprehensive literature on this subject is referred to the
voluminous bibliography in MyERS (1929). The honour of being the origi-
nator of the prevalent opinion on the origin of the calls of cicadas and on the
structure and function of the sound-producing organ is generally ascribed to

REAUMUR (1740). According 16 MyERs, however, CASSERIO, PONTEDERA, I'ELICT

and LAURENTI has each independently, earlier than REAUMUR, described the
tymbal apparalus of the cicadas and explained its funetion. The interprelalion
of REAUMUR was purcly theoretical, as Uhis naturalist had never seen a living
cicada, but it has been confirmed by several authors, who by experiments
and morphological studies have shown that the sound is produced by a pair
of powerful dorsoveniral muscles in the first abdominal segment by their
contractions sctting a pair of so-called tymbals {“Schallplatien” WEBER) in
vibration. These tymbals consist of specialized Iateral parts of the first ab-
dominal tergum. They are traversed by a number of mainly parallel ribs
giving them steadiness and elasticity. A short but clear account of the structure
of this organ in Melampsalta mute and sericea and of its function is to be
found in MyYgERs (1924, pp. 7478}, from which I take the liberty to cite the
following:

“We are reduced then lo ihe iymbals and their muscles. The former arc convex, and
il they be pulled inwards and released by manipulation of the musecles i a moist speci-
men, they will regain their former convexily by the clasticity residing especially in the
strongly bowed ribs. This is accompaniced by a sharp click like that emitted by a tin can
sitnilarly indented — and these clicks, rapidly repeated, constilute the song of the cicada.”

The above account is representative of the current interpretation of the
manner of funclion of the tymbal apparaius of the cicada. Below I designate
this interpretalion “the tin can theory”. Only for the sake of completeness 1
think I had better mention a couple of variants deviating to a certain extent
from this interpretation.’ GRABER (1876) suggesied that the sound was pro-

L There is no reason for discussing here the theory of Laxpors i1867) on the third
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duced by the rubbing of the ribs of the tymbal ugnipsl sach other. The same
hypothesis was adopted by Lucas (1887‘). According to HINGSTON (1929),
one of the ribs on the tymbal of Platylomia bretis is on one side a_rmed W'llh
a tooth fitting into a cavily on the nearest si(lp of one of l]_le n'CIghll)ourmg
ribs. By the contraction of the lymlm.l muscle this tooth is set in vibration and
strikes against the rib with the cavity. the §mmd bmng t'hus gencr?te(l (ac-
cording to this author). As MyERrs (1928) points out, this 1ntcrprclat1qu, cven
it valid for the species examined by IllN(.‘.ST()N, cannot be gonc-ahz‘cd, as
these spcciulizutirms cert:“linly do not e’_xl.sl _in most other cicadas, _SOUEH
{1837} helieved that the fibre hundles of \\"hl(:h.lh(_‘. tymbal muscle is com-
poscd contract alternately, the ehitinous plate with the tendon t‘lms making
a tilting movement. [IASWELL (1886) launches o similar conceplion:

“Under ordinary circumslances the sounds follow one anothier with sufficient quickpess
to produce n conlinuous note, and this is effecled, not by the contraction of the muscle
as a whole, but by the successive contractions of the individual fasciculi, all of which act
on the horny plate, and thus the movements of the muscle on the tendon during the
produclion of the note resemble those of the hammer-hoard of a piano when a number

of the keys are being struck in quick succession.”

Most authors, however, explain the origin of the sound in conformily with
the above-cited account of MYERS: the tymbal muscle by its contraction
makes the tymbat concave; when this muscle is relaxed, the tymbal by means
of its elasticity regains its convex shape, and a “click” is heard. “By a rapid
succession of such clicks” (Monrcan 1886) the song of the cicada is produced.
Although the popular comparison with “a tin can” would suggest that there
is one click when the tymbal is made concave and a fresh elick when it
springs back to the convex slate, it scems as though the a!nhnrs do ot
count more than one click for cach contraction with the lollowing relaxation.

The *“tin can theory”, however, does not reign supreme. ProcaNow (1907)
CXPresses himself in the following manner (p. 529):

“Wenn die Verbicgung der Membran nach Kontraktion des Muskels cingelrelen ist,
so bewirkl dic Elastizitit der Membran, die durch die Verdickungslisten wic durch die
Krimmung vergrossert wird, einen schoellen Ausgleich der Yerbicgung in entgegengesetzter
Richtung und ein Pendeln um die Gleichgewichislage der Membran, solange, bis dic ur-
springliche Stellung wieder cingetreten ist oder von neuem eine Verbiegung cinsetzt. Jeder
stirkeren Verbiegung der Membran entspricht offenbar cin Anschwellen des Tones, dem
altmihlichen Nachlassen cin Abflauen des Tones.”

This author mentions nothing about the tyibal being made concave or
about any “clicking”. This interpretation does not suggest a comparison with
a tin c:m- but ruther with the plucking on the strings of a mandoline with a
plectrum or & finger. This “mandoline string theory”, however, has at least
one essential constituent in common with the tin can theory: the pitch of
the sounds produced is independent of the frequency of the muscle contrae-
tions. Apparently it is assumed that this frequency is loo low.to correspond
to what is apprehended as a tone by the human car, If a tone is heard at all,

sp;raclc as the gencrater of the sound. This theary has been exhaustively refuled by GRARER
{1876), LEPORI (186%), Lucas (1887), MAYER (1876, 1877), MORGAN {1886}, van HASSELT

(1882}, and others.
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therefore, it will be identical with the so-called specific tone of the vibrating
membrane.

CARLET (1877) stated that the tymbal of the cicada was not made concave
during normal singing, both the tymbal and the muscle vibrating with a very
small amplitude. . mais la membrane clleeméme conserve toujours sa
forme convexe el ne se renverse jamais, pendant Ie chant, chez les Cigales
adultes.” This observatien could be interpreted in favour of the mandoline
string theory; however, there is a third theorctical possibility. If the muscle
vibrated rapidly enough, a tone corresponding to the frequency of its con-
tractions would be produced. At the same time the membrane would produce,
by vibrations of a smaller amplitude, its specific tone, which wonild decide the
character of the sound.

Several authors, by experiments and other observations, have conlirmed
that the tymbal of cicadas may be made concave and then convex and that
a “click” is heard as a resull of this. Others express themselves so vaguely
that it is not clear how they do conccive the origin of the sound in detail,
There is no doubt that in many cases the ealls are produeed either aceording
to the tin ean theory or to the mandoline string theory. But it is indubitable
that the whole truth of the sound-preduction of cicadas is not covered solely
by this explanation.

Text-figure 1 is an endeavour to make the most important explanations
of the sound-production of cieadas clear by a schematized reproduction. The
simple figures of the sound-organ will be understood without long-winded
explanations. When the curved figure reproducing the membrane (tymbal}

“is dotted, this indicales that the membrane is thought {o be vibrating. The

horizontal line under each series of figures represents time, the vertical marks
each representing one vibration of the tymbal {and of the air), The frequency
of the vibrations, then, may be established by dividing the horizontal length
of a second {not marked in the figure) by the horizontal length of the inter-
space helween the marks, Thus, if the Iength of a second is abbreviated to s,

g 3 . S v . g
the frequency of muscie contractions will be e the frequency of the specific

. s )
tone of the membrane --. The vertical length of the marks represents the

b

amplitude of Lhe vibrations. Further, the figures are drawn on the assump-
tion that the interval hetween one contraction and the following relaxation (r)
is the same as the interval between one relaxation and the subsequent con-
traction (¢}, though 1 am awuare that this is not necessarily — perhaps sel-
dom — the case, r probably olten being much smaller than ¢. The figures are
given, as the indulgent reader will realize, in order lo facilitale a comparison
between four theoretical possibilities (A—D) in cerlain respeets, not to pro-
duce exhaustive explanations, which the present writer is not capable of
doing.

Fig. 1 A reproduces the “lin can” explanation. It is assumed that the
contraction of the musele does not prevent the membrane from continuing its

'g . -
swinging. If s too small a value to correspond to a tone pereeplible to the

8
human ear, the pilch will correspond 1o the frequency . The calls produced
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Text-figure 1.

will consist of trilling or drumming sounds. --— The figure does not pay
regard to the possihility that one “click” is produced at each contraction, an-

s .
other at each relaxation, giving a “click™ [requency of e Even if this be

sometimes the case, it is not probable that the vibrations in the contraction
click have the same amplitude as those in the relaxation click, as the mem.
brane in the latter phase must be able to vibrate more freelv than in the

former. . . .
Fig. I B gives the “mandoline string’” explanation with the same assumption

'S . . .
as that made for the ahove case. 1t PRt not high enough to give a lone audible

FREJ OSSIANNILSSON: INSECT DRUMMERS 111

§ .
In the human ear, the piteh is delermined by the frequency % In this casc

ihe sound will be a trilling or drumiing sound or a quavering tone.

IYig. 1 C reproduces the possibility that the frequency of the vibration of
the membrane (and the tone frequeney) is identical with the frequency of
the muscle contractions, the latter heing great enough to give an audible tone.
This version is doubtless exclusively theoretical, as every elastic membrane
et in motion will always get into vibration with its specific frequency. The
eorresponding reality is represented by fig. 1 D. This alternative is ap-
parently nearly related to the “mandoline string” explanation, the crucial
difference being that, in alternative D, the frequency of muscle contractions

8 s ..
is high enough to decide the pitch of the main tone, the frequency L, 8iving
"

the sound its specific character (acoustic colour).

Returning to our small Auchenorrhyncha 1 ask myself: Which of these
explanations is (or are) valid for the sound-production of our species?

In Lepyronia, Eupeliz and Streptanus aemulans 1T have observed vigorous
vibrations in the lateral parts of the {irst abdominal tergum, these being made
eoncave and convex in alternation. In these species T have not simultancously
heard the sounds produced, bui the rate of the movements agreed
with that of the calls just heard from the amimals. In Aphrodes
hifasciatus, Ulopa reticulata and the female of Paropia scanica 1 have simul-
taneously seen the movements and heard the sounds and established an exact
synchronism. In these cases the movements were low-frequent (with a small

‘number of vibrations per second or less). In Aplirodes the amplitude of the

vibration was small, the membrane apparently not being made concave, 1
think it is quite certain that the clacking and drunming noises made by
these species and many others are produced in accordance either with the
“tin can theory” or with the “mandoline string theory”. And how would this
be effected if not by the contractions of muscle I a dvm,, which is well de-
veloped in these forms and is inserted in the region in question? Probably
I a dvm, in all cases where it is well developed has the function of the most
important sound-preducing muscle. Bul on the other hand I believe that in
many species this muscle is capable of a higher frequency of contractions
producing a tone corresponding to the alternative reproduced in fig. 1 D.

In studying Chapter 2 the reader has doubtless observed that the calls of
our Auchenorrhynche may be divided into three groups: 1) single clackings
or beats are emitted by most species; 2) more prolonged drumming or trilling
ealls are the most important constituents of the common songs of Cixius,
Lepyronia, Parepia, Idiocerus, Aphrodes, Graphocracrus, Streptanus and
Hesium, only to mention some characleristic examples: 3) more even tones as
from a flute or violin or the human voice are produced for example by Dora-
fura, Athysanus argentatus, Dikraneura citrinelle and Cicadella notata. In
Agallia and many araeopids we find calls that form a combination of the
ivpe of sound last mentioned and the others. The single clackings and the
calls of type 2} will be produced in accordance with the tin ean theory and
the mandoline string theory, and the sounds of lype 3) 1 conjecture corres-
pond to the fig. 1 I} alternative.

As to the tin can theory I wish to draw the reader’s attention to whatl has
heen said on pages 78 (Paropia 7} and 69 (Idiocerus populi ) with regard
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to certain observations on the sound-film records. It scems as if the con-
traction of the muscle in these cases produced a sound distinct from that of
the relaxation but with a much smaller amplitude of the vibrations. Of coursc
it cannot be proved that this explanation is correct, but it is not improbable, 1
helieve. o

[ am now going to discuss alternative D as an explanation of the origin of

the sounds of type 3. In Doratura the pitch of the common tooting call has ap-
peared to rise with the temperature {within the temperature interval repres-
ented in my experiments, cf. Chapter 3, pp. 130131 ). This is easy o under-
oland if it is assumed thal the tone frequency is identical with the frequency
of the muscle contraclions, making the phenomenon a {resh example among
several earlier established of the frequency of eontraction of inscct muscles
rising with the temperature. Thus, SOTAVALTA {1947) found a corrclation
between the lemperature within certain inlervals and the “wing-stroke fre-
queney” of Hemaris [uciformis and certain Dipterea. According to l\'R,ﬂ_\HMER
(1), “die Zuckungszeit” of eertain nuscles in Dytiscus marginalis and
Lucamis cerpus {alls wilh a rising temperature within a certain inferval. If
the tone frequency in the case of Doratura were not identieal with the fre-
quency of the muscle contractions, a periodical variation in the amplitude of
the single vibrations would he expected, visible for example on the sound-
film reeord (Plate 12, ligs. 1—3), which is not the case. On Plate 12, fig. 4,
a picee of sound-fitm of the call of Doratuara stylata G s reproduced; this
strip, by a different technical arrangement when the 1‘cg01'd was made, ren-
ders possible a finer analysis of the sound than that which could be cfffzcted
by figures 1—3, (hough made on the same oceasion using the same individual
insect, Each of the high marks ol the records in figs. 1—3 is represented in
fig. 4 by a group of finer marks. Apparently these correspond to the specific
vibration ' of the sound-producing membrane. wach group representing one
contraction with the subsequent relaxation of the muscle. The resemblance of
this sound film record to the theoretical fig. 11 is striking, at least. It this
interpretation s assiimed to be correct, the frequency of the contractions of
the musele would rise from about 115 to aboul 200 per second at a tem-
perature rising from -F 237 to + 417 C,

The “dying yell” of Typllocyba ulmi consisls of an even tone with a piteh,
according to my observations, of about ® {at room lemperature), correspond-
ing to a frequency of about 580 c.p.s. For the frequency of contraction of an
insect muscle this is certainly a very high value, but it is by far exceeded by
the wing-stroke frequency of certain Diptera (SOTAVALTA 1947). In Forci-
pomyiu'sp., SOTAVALTA found a wing stroke frequency of up to 1046 per
second. Then there is nothing improbable in the assumption that the sound-
producing muscle of Typhlocyba would he capable of producing contractions
with the frequency of 580 per second,

In cerlain forms, such as fhe males of Aphrodss flavostriatus, Paropia,
Cicadella, Empoasca and other typhloeybids, muscle [ « dvm, is weak or
even absent. In these, other dorsoventral muscles (I i dvmy and T « ism {in
Cicadella)t are hetter developed. Prabably these muscles have undertaken the
functions of I« dom,in the other forms. However, whether muscle [ a dom,
is present or not. ihe structure of the sound-producing organ is complicated

! Frequency: 3630 c.ps.
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by the presence of several other muscles. As these are as a rule much weaker
in mute females, they must play some part in the sound-production. Even
in cicadas there are in the same region several other muscles in addition to
the tymbal muscles, though most authors have not mentioned them. SNOD-
GRASS (1925) gives a reproduction of the musculature in the first and second
abdominal segments in Magicicada septendecim (Le. p. 446, fig. 31. I have
also examined this species). It appears from this figure that there are dorsal
as well as ventral longitudinal muscles, In many of our small Auchenor-
rhyncha, as we have seen from Chapler 1, these longitudinal muscles — dorsal
or ventral or both are very well developed.

According to my opinion, these muscles deviate only by their stronger
development from the corresponding longitudinal muscles in the “normal”
abdominal segments, This stronger development meels increased demands
on the force and amplitude of the movements executed by these muscles.
The purpose of the dorsal longitudinal muscles is the concertina-like com-
pression of the dorsum in the region in question. The veniral longitudinal
muscles will shorten the venter in the same way. By this shoriening of the
venter the abdomen is lowered and the dorsum is stretehed, Thus the ventral
fongitudinat museles are the antagonists of the dorsal. In many species a
stretching of the tergum is perhaps a condition precedent for the action of
the dorsoventral muscles resuiting in a sound-production. In others, an al-
ternating contraction of the dorsal and ventral longitudinal muscles will effect
a varying extent of tension in the dorsum of the abdominal basis with its
elastic sound-producing membrances. By this varying tension a differentiation
of the qualily of sound is arrived at. In the species the calls of which consist
of drumming rolls, this is casy to understand. Take the common song
of Streptanus aemulans, for example. This song consists of a prolonged
roll that, however, is not uniform but is composed of a regular
alternation of stronger and weaker series of beats with the same frequency.
During the singing the abdomen is alternately -aised and lowered synchro-
nously with the alternation of the strength and quality of the sound. Prob-
ably muscle I ¢ dom, in this case as well as in most others is the primary
generator of the sound, the longiludinal muscles by the raising and lowering
of the abdomen modifying the character of the sound. Similar raisings and
lowerings of the abdomen have heen observed also in cicadas {cf. CARLET
1877, MORGAN 1886 ¢t al.) and it has been stated that these movements cven
here correspond to variations in the quality of the sound. It has been supposed
ihat these variations were due to the altering of the space between the abdomen
and the venlral opercula by the lifting and sinking of the abdomen. Even if
this may be true for the cicadas, this explanation cannot be valid for the re-
maining Auchenorrhyncha, as the opercula are absent in these. It is con-
ceivable, however, that the varying of the space between the abdomen and the
wings effected by the movements of the former may play a similar part in
this connection.

I do not a priori deny the possibility that the longitudinal muscles in cer-
lain cases may have a more direet sound-producing function. The membranes
in ihe first and second abdominal terga might be buckled not only by the
direct pulling of a dorsoventral muscle inserted on them as [ a dvm;: a
buckling of that kind might he effected also by a rapid contraction of the
dorsal longitudinal muscles. In cerlain cases when the abdomen is perceived
8
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vibrating at the rate of the single beats of the sound in a very great amplitude,
this explanation is perhaps conceivable, This might for example be the case
with the call of agitation of Doratura. Further, this manner of function might
be possible for the mightly dorsal longitudinal muscles of the first abdominal
segment in the aracopids. However, in the first-mentioned case the pheno-
menon is as casily explained as the result of vigorous, low-frequent contrac-
tions of muscle I« dom;, a rapid pull in the first abdominal tergum effecting
a jerk upwards of e whole abdomen. And the powerful longitudinal
muscles of the aracopids as well as those of other Auchenorrhynchea may
very well have the sole task of changing the state of buckling and tension
of the tymbal membranes, by which the action of musele I« dem, will result
in sounds of varving quality. At all events 1 do not believe that these mitscles
act by high-lrequent conlractions,

Of course | am not able to offer a complete explanation of the function of
the sound-producing organ for all cases. 1 will suggest the possibitities imagin-
able in broad outline only. I shall dwell briefly upon three special problems
apparently offering difficulties of interpretation. These are: 1) the strongly
developed ventral longitudinal muscles in the {irst abdominal segment of 1he
typhlocybids; 9) muscle I a dem, in the Jassoidea; and 3} the aracopids with
the almost vertical muscle I a olm:,

1. The most striking feature i the typhloeybids, for example the spueeies
of Empoasca, Cicadella atropunctata and Typhlocyba ulmi, is the relatively
colossal development of one of the ventral longitudinal muscles in the first
ahdominal segment (I a vim in Empoaseca, T a vim, in Cicadefla). Upon
cursory deliberation it seems self-evident that this muscle is the primary pro-
ducer of sound. After examination of the conditions in Empoasca devastans,
GronreE (1933) concluded that the apodeme of the second abdominal sternmmn
served as the tymbal of a sound-producing apparatus analogous 1o that of
the cicadas. This theory is properly speaking searcely worth discussing.
Nothing in the structure of this apodeme points to its function being that
supposcd by GEORGE. This apodeme agrees exaclly in all essential parts with
manyv other endoskeletal structures in the inscet body, whose purpose is to
allow a strong development in length and thickness of a segmental muscie.
It is on all sides embedded insaft parts, by which its supposed function as a
sound-producing membrane must be much impeded. When GEORGE states that
fhe great muscle is inserted anleriorly on “the junction of the hind margin
of the metathoracic and the first abdominal sterna”, this statement at all
events does not agree with the conditions present in our Swedish species of
Empoasce and other typhlocybids examined by me, in which the muscle
without exception is attached anteriorly on the hind border of the first ab-
dominal sternum or on the apodeme of the latter. A more reasonable as-
sumption would be that the first abdominal sternum is set in sound-producing
vibration by the muscle in question. In my opinion this assumption would
mean an unnecessary theoretical deviation from the explanation valid for
other Jassoideq. Without strong  support in direct observations I am nnt
willing 1o aceept this hypothesis, 16 we are to cling lo the supposition that
the large ventral longitudinal muscle is one of the primary sound-producers, a
third theory is conceivible, namely that the whaole abhdomen would be set
in vibrations transformed into sound waves in the elastic tergal parls of the
first and second abdominal segments. Possibly this theory is valid for certain
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rattling sounds produced by these insects. We musl remember, however, that
the difference between the sound-producing organ of the typhlocybids and
that of the remaining Jassoidea is of a quantitative nature only. In certain
typhlocybids, such as Ergythroneura hyperici, the ventral longitudinal museles
of the first abdominal segment and the apodeme of the second ahdominal
sternum are relatively insignificant, muscle I a dvm. being the largest muscle
in this region in the species mentioned. Until more experience has been ae-
quired 1 find it most prohable that the dorsoventral muscles in the first and
second abdominal segments even in the typhlocybids are the direct producers
of sound, while the longitudinal muscles in question have the main task of con-
tracting the ventral region and, by this action, of exiending the dorsum with
its elaslic. sound-producing membranes, At the first moment it certainly
scems very singular thal a muscle that is assumed to have oniy an aceessory
function should have much larger dimensions than the primarily sound-
producing muscle, but after all this is not at all unreasonable. The force
necessary 1o set a thin, elastic membrane in vibration by a muscle inserted
directly on the former or on ils margin is doubtless insignificant if com-
pared with that required to keep this membrane stretched, especially if the
stretching must be effecled indirectly. The dorsoventral muscles [ a deny
and ! a ism and I a donin the typhloeybids are certainly much weaker than
[ « dpm, in mosl jassoid forms, but they are relatively not weaker than
I a dom, in Neophilacnus, in which species this muscle beyond any doubt
is the most important soungd-producing muscle. The calls of the typhlocybids
are, further, even relatively very faint.

As the typhlocybids apparently have no “calls of distress”, it is unfor-
tunately very difficult to sce the sound-producing parts in function. In order
to do so, I have tried to lake advantage of the “dying yell” (sce ahove p. 9)
cmitted by these males. In the species I studied in this connection, Typhiocyba
almi and Cicadella atropunctata, the dying-yell consists of a prolonged mo-
notonous high-pitched tone reealling that of’ a distant violin, No movement
whatever could be perceived in the animal emilling this yell through the
binocular magnifier. But when T touched the dorsum of the first and second
abdominal segments very lightly with a fine needle, a rattling noise was
heard like that produced if a vibraling tuning-fork is louched with a point
of some kind. Then il was apparent lhal these lergal parts were engaged
in high-frequent vibrations of small amplitude. How these vihralions were
produced could not be discerned, and for the present. therefore, I must con-
tent mysell with mere guesswork, leading me, as T have said above, to the
conclusion that the sound is probably produced in the same way as in olher
Auchenorrhyncha.

9 Another rather difficult problem is presented by musele [ a dvm., of
most jassoid forms (see Chapters 1 and 3). This muscle arises on a rather
medial part of the first abdominal sternum anteriorly of the sternal attach-
ment of I « dem, (when present), and is inserled dorsally on the metapost-
notium or metapostphragma. As this musele may he well developed whether
I « dom, is strong or weak or even absent, it is certainly no substitute for
the latter. The metapostnoium is probably not immovably attached to the
metepimeron but is able to turn hinge-like round the line of this attachment,
On the other hand, the first sternum is probably not so firmly anchored
that it might not be lifted upwards by the contraction of a powerful muscle.
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Such a lifting, however, might be counteracted by the contraction of the
ventral longitudinal muscles of the third thoracic and first abdominal seg-
ments. Especially singular is the ventral attachment of [ ¢ dom, in Idiocerug
at the apex of a rather thin, long process from the apodeme of the first
abdominal sternum. It seems as if this process would act as a lever and by
the contraction of I a dvm, turn the first abdominal sternum round a trans-
verse axis. Such a turning of this sternum, if practicable, scems to be counier-
acted by a contraction of the powerful ventral musculature, as muscle 111 vlm
is attached higher up than [ «a vim. Dorsally I @ dvm; is generally attached
more medially than the remaining dorsoventral muscles, Possibly this muscle
by deflecting the metaposinotum is able to produce clicking sounds by dint-
ings in the first abdominal tergum. Il is conecivable that the muscle has this
function in the male of Paropia, for example, Another explanation, how-
ever, is that this muscle by its contraction will draw the dorsum and sternum
in the region in question closer to cach other, making the transverse section
of the first abdominal segment hroader and lower. This will result in changed
condilions of lension in the tergal membrane and then in modifications in
the quality of sound, Another possible result of this change of the transverse
section of the first abdominal segment is the following. Muscle 1 «a dom,
will be shortened or refaxed. The stiffness ot this .muscle will be changed,
and that will react upon the tension of the tergal membrane and the
sound. Al more high-[requent contractions of muscle I « dom, it is not im-
possible that the frequency of the contraclions would be changed by such a
shortening of the muscle. It seems as if the amplitude of the contractions
would be dependent on the length of the muscle in its position ol repose,
and if so. why not the frequency, too? Perhaps there is no parallel to Lhis as-
sumption in muscle physiology, but it is not unreasonable. This assumption
would provide an explanation of the mechanism of the changes ol frequency
<o characteristic for the songs of many of our Auchenorrhyncha.

3. The third problem is the organ of aracopids, especially musele { a vim,.
In most species of this family (Dicranotropis, Calliqypona, Chiloriona hut not
Stenocranus, Kelisia, Achorotile), this muscle is almost vertical. Tt is, however,
:|pp1'()xi11|alcly parallel with muscle T « dim, (see Plale 2), the latter having
the task of compressing the first abdominal fergum, which causes the ab-
domen to be somewhat raised. I« vlm: will then work as the anlagonist of
I o dim,. By alternating aclion these muscles will perhaps cause a rattling
motion of the whole abdomen resulting in drumming noises. Probably, how-
ever, muscle [ « plm: in the cases when it is nearly vertical will somewhat lift
the first abdominal sternum, the laller being here on all sides surrounded
by membranous parts of the integument. By this, muscle T « dem, would be
shortened with the same resulls as those outlined above for the action of
muscle I a dvm, in the jassoid groups. The same argumentation on the poss-
ible consequences of this shortening as adduced above for the jassoid fa-
milies will be valid also for the aracopids, in whose calls changes of fre-
quency in glissando are very common.

The reader will find this discussion very hypothetical. The interesting
problems in question may be solved only by further studies partly by methods
not hitherto at the disposal of the present writer.

CHAPTER b

Is {the Tymbal Apparatus ol any Taxonomic
Importance?

Of course it is tempting to try and revise the system of the Auchenor-
rhyncha on the basis of my comparative studies on the sound-producing or-
gan. Indeed, it has almost been a rule in the history of zoology for the in-
vestigator who has more thoroughly deseribed an organ in a series of forms
to attempt to construct a new “phylogenetic” classification of the group in
question. In the present case, however, represeniaiives of more families
should be examined before the drawing of too extensive conclusions, I am
only going to permit myself a few reflections that suggest themselves.

The presence or absence of muscie I @ dvm, in jassoid forms will no doubt
in the future allow conclusions of taxonomic value. This muscle with its
very characteristic structure is certainly homologous in all forms possessing
it. Among the jassoid groups studied by me it is lacking only in the Macrop-
sidae and in Cicadella and Typhlocyba in the typhlocybids. Is this absence
primary or secondary? For the macropsids this cannot be decided with any
certainly for the present. In the typhlocybids lacking [ a dvm; this absence
is doubtless secondary.

The similarity of the sound-producing organs of Empoasca and Idiocerus
is very striking (I am thinking of the tendency to form phragmata on the
third abdominal tergum, for example). Of course this similarity may be a
case of convergence.

Further, an alluring subject for speculations is provided by the conditions
in the females. In the cicadas, according {o the unanimous statements of all
authors who have occupied themselves with the sound-production of these
insects, ihe femnales are mute, lacking a functional tymbal apparatus. {Here
I leave the stridulating organ of Tetfigadinac JACOBI ! out of consideration.)
It may be mentioned, however, that WEIR (1877) stated that he had heard
a “stridulation” from the female of Cicada montana (Cicadetta m.). In the
cercopids and certain jassoid genera the females possess a functional sound-
producing organ of the same type as that of the male, though weaker. The
simplest and apparently most primitive tymbal apparatus is that of the
cercopids such as Aphrophora, Philaenus and Neophilaenus, though already
the male of Lepyronia has a better developed organ. In Paropia the female
possesses a rather well developed sound-producing organ, the most important
muscle of which is I @ dom,, not found in the male. This muscle is present
not only in most Jassoidea but also in the Cercopidae, Araeopidae, Cixiidae

1 Jacosi 1907; cf. also VARLEY 1939.
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and Cicadidae, while I a dvm; has been found only in the Jassoidea, From
these facts I fecl justified in concluding that the female of Paropia represents
a more primitive stage than the male of the same species. This female has a
distinct striated tymbal which is, in the male, only represented by ltraces.
In Doratura both sexes possess practically identical tymbal organs in the
same state of development, The most important parts of these organs are
the same as i Paropia Q Probably ihis is the original condition. Nevertheless
the modest proportions of muscle I a dvm, and other muscles in Doratura
and other jassoid forms may very well be a case of reduclion, of course.
Where the females are without a sound-producing organ, this lack is prob-
ably due to reduction. ISVANS {1940) draws similar conclusions from his
study of the morphology of the singular mute cicada Tettigarcta As a stri-
ated tymbal is present among the Jassoidea as well as in the Cercopidae
(and Cicadidae), it must be an early acquisition. The complications present in
the different groups, such as the strong development of the longitudinal
musculature in many forms, are later specializalions,

The longitudinal musculature cspecially shows great vartalion even in the
same genus (for example in Idiocerus, Aphrodes, Empoasca). This is easily
explicable for reasons of expediency: if it were assumed that the specimens
of the same species do apprehend the calls of each other and thai these have
some biological significance, it is of course important lhat they are able to
distinguish the calls of the same species from those of nearly related species.
From this point of view the specific variation of the sound-producing organ
is analogous to that of (he genitalia of the males. TFor this reason caution
must be recommended in exploiting the differences in the sound-producing
organ for laxonomic purposes. I therefore refrain from such exploitalion for
the present. Only in one case do 1 wish to make an observation.

The genus Doratura has by me (1947, 1948 a, and in lhe present paper) been
reckoned 1o the family Euscelidae, Evans (1947) places it in the tribus Aphro-
dini in the subfamily Aphrodinee of the family Juassidae, and LINDBERG
(1947) classifies it as belonging Lo his family Deltocephalidae. However, this
anus occupics an isolated status amonyg Swedish cuscelids by the possession
in both sexes of a well developed sound-producing organ with a distinct

striated tymbal.

1 p. 47: “Tettigarela has no irace of audilory vrgans in cither sex, bui has tymbals
in both sexes, and only slightly less development of tymbal muscles in the female than in
the male. Therefore one can reasonably conjecture that it is descended from an early
cicadan stock Lhat possessed in hoth sexes well-developed sound-producing organs and

also sound-detecling organs.”

CHAPTER 6

Contributions Lo the Kuowledge of the Sound-
Production from Biological Aspects

The complex of biological problems in connection with the sound-produc-
tion is partly of speecial nature. The influence of external conditions may
maodify 1he sound-preduction quantitatively or qualitatively in a way that
may be specifie for the individual forms or groups or common to the Auche-
norrhyncha as distinet from other inseets. On the other hand, it may be a
question of problems of a more general characler affecting other insccls and
other animals as well as the Auchenorrhyncha. The results of experiments
and other observations presented below are only of preliminary nature. Only
a small number of species have been studied, for which reason the resulls
reached must not be generalized too much, The unravelling of general bio- |
logical problems connected with the sound-production is not the purposc of
‘the present paper, but as the observations made may neverlheless be of a
certain interest even in such relations, an acconnt of them is given helow.
Thanks to their great conteniment, several of our small Auchenorriyjncha
are very suilable objeets for experimentation, and 1 recommend heir study
to evervone who is interesled in the biological problems of the sound-pro-
duction of insects,

A. Theinfluence of external conditions

The experiments described below are impaired by certain apparent defects.
If the influence of an isolaled external factor on the biological munifestations
of a living thing is 1o he established, the remaining variable conditions should
he made constant. This has not been possible as regards the humidity of the
air, as the inclination for singing of the Auclenorrhyncha depends on their
feeling comlortable, the latler implying that parts of their host plants are
present in the cages. A measuring of the humidity in the immediate proxi-
mity of these plant parts has not been possible. For the same reason the im-
portance of the humidity of the air has not been studied at all. This im-
portance is doubtless great. If the air is not damp enough, the animals will
die very rapidly; on ihe other hand, 1 have found that they cease singing en-
tirely if the humidity is so great that moisture condenses on the inside walls
of the tube or cage. ' ) '

it is often very evident that sunlight has a strongly stimulating effect on
the singing, but the making out if this is dependent on the rise in temperature
only or if the light in itself is of any importance has met with difficulties, as
the temperature in comparing: sunlight with shade could not be kept con-
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stant. By experiments with indirect daylight or artfificial light it has ap-
peared as though temperature at all events were more important than light,
but I have the impression that direet sunlight often has a more stimulating
offect than that which could be explained solely by a reference to the rise
in temperature.

According lo many authors (CARLET 1877, Davis 18, GiBB 1860, KRUM-
BACH 1917, MYERs and MYERS 1924, and others), the cicadas sing mainly dur-
ing the day, only exceptionally in the night. According to DisTANT (1897},
Platypleura haglundi Stal sings at nightfall just before sunset. Myzgrs (1929)
reports from the literature some statements on the occasional singing of
cicadas during the night. According to ANNANDALE (1900), several Malay ci-
cadas sing at night. LExperimental investigations on the influence of tem-
perature, light or daily rhythm have apparently not been made,

1. The influence of light

On 25—26 August, 1946, 1 made the following experiment. Six males and
twa females of Erythroncura hyperici (material from Upland, Virmdo)
were introduced into a celluloid cage with some leaves of Hypericum. The
cage was placed directly on the membrane of the microphone reproduced in
Plate 1, fig. 2. During 10 periods of 15 minutes each alternatively in darkness
(by the lid of the microphone being on, see Plate 1, fig. 1) and in natural
or clectric light, the number of calls emitted was counted. It is to be noted
that one of the males died during the night of the 25/26 August, for which
reason the figures from the two days are not directly comparable. The result
of this experiment is shown in Table 1.

Table 1. (Ergthroneura hyperici)

Sound-production
{number ol ealls)

Date Time Light conditions ol e indic dual

25/, 6.41— 6.59 p.n. Darkness 701 132
" 7.00— 715 7 Daylight indoors near the window 81 114
7.16— 731 7 Darkness 375 a6

»” 7.42— 747 7 Electric light (20 W at a distance
of 2 dm) 68D 114

" 4.37— 052 " Darkness (that had prevailed since
747 p.m.) 517 86
” 9.50—10.08 " Electric light as above 323 34

*®fq 6.37— 6.52 am. Darkness (prevailing since 10.08 ihe
: preceding night}) 116 23

” 6.56— 701" Daylight at the window {cloudy
weather) 146 29

" 8.50— 014 7 Daylight at the window ({since
6.56 a.m.) 139 28
" 9.15— 930 " Darkness 266 53

Temperature: + 18°—+ 19° C. — The great difference in the size of the
figures from the two days will be explained by the death of one specimen
and by the deteriorated ecological conditions in the cage {nourishment and
humidity) owing to the withering of the Hypericum leaves.

A corresponding experiment was made on 26 August, 1946, with five males
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of Empoasca viridula {from Upland, Solna). The calls counted were of the
laughing kind (cf. 96). The number of calls during periods of 15 mi-
nutes in varying conditions of light was counted. Temperature: + 18°—
+ 19° C. The result may be seen from Table 2,

Table 2. {Empoasca viridula)
Sound-production

Date Time Light conditions {(number of calls)
%/ 4.17— 432 pm. Daylight at the window (cloudy) 46

” 432— 447 7 Darkness (lid on the microphane) 25

" 4.45— 5.02 7 Daylight as above 20

” 5.02— 517 " Darkness 30

. 5.28-- 543 7 Daylight 30

" 543— 558 7 Darkness 24

” 5.58— B8.18 First daylight, then electric light Not counted

" 8.18— 833 " Electric light {a 25 W lamp at a

distance of 2 decimetres) 38

” 8.33— 848 Darkness 15

” 8.40— 9.04 7 Electric light 26

” 0.04— 9.19 7 Darkness 20

" 9.19—10.58 Darkness Not counted

” 10.58—11.13 7 iarkness 4
26-27), 1113 pm.—B6.12 aun. Darkness Not counted
*fa 6.12— 6.27 a.m. Darkness 16

v 6.27— 642 " Daylight at the window 25

- 6.42 a.m.—4.07 p.am. Daylight Not counted

” 4.07— 4.22 p.m. Daylight 15

Several experiments have been made with Streptanus aemulans {(material
from Upland, Solna). One of these was made on 3—d4 October, 1946. The
animals were as usual placed in a cage with a leaf of Agropyrum repens kept
fresh by its basal end being stuck into a small glass tube containing water.
Two males captured on 3 October at about 3 p.m. were used. The cage was
placed on the membrane of the microphone alternalively in daylight imme-
diately inside a window and in darkness (the same place, the lid of the micro-
phone on), or alternatively in sunlight through the window, in the shade of
a flower pot in the same window, and in darkness. During the night the lid of
{he microphone was kept on. The result may be studied in Table 3.

Table 3. {Streptanus aemulans)

Date Time Light conditions {gg:{’:‘g‘::“r‘l'g)c ?::l‘:;:{;‘!’:%?‘:;]ll'l‘;;'
310 3.30— 3.40 p.m. Daylight, cloudy weather + 24 7
” 3.40— 3.50 Darkness -+ 24 3
" 3.50— 4.00 " Daylight + 24 1
” 4.00— 4310 7 Darkness -+ 24 5
" 410 420 7 Daylight + 24 1
" 4.20— 430 7 Darkness + 24 3

410 8.50— 9.00 a.m. Darkness + 19.5 2
" 9.00— 9,15 7 Daylight, shade + 19.5—+ 23 5
” 9.15— 9.30 7 Sunlight + 23—+ 26.5 16
” 9.30— 945 " Darkness -+ 26.5 6
” 9.45—10.00 Daylight, shade + 26.5—+ 255 11
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Here the experiment was interrupted in consequence of a misadventure,
hitherto used four new males were captured and the

Instead of the two males

experiment was continucd with these.

Date

0

"

Timae

10.45—11.00 a.m.
11.00—11.15 7

11.15—11.30
11.30—11.45
i1.45—12.00
12.00—12.15 p.on
12.15~-12.30
12.30-~12.45
12.45— 1.00
1.00— 1.15 "
115— 130 7
1.30— 1.45
1.45— 2.00 "

[Aght conditions

Sunlight
Darkness
Daylighl, shade
Sunlight
Darkness
Daylight, shade
Sunlight
Darkness
Daylight, shade
Sunlight
Darkness
Daylight, shade
Sunlight

Table 4. {Streptanus acmulans)

Temperalure
{centigrade)

+ 28— 26

+ 26—-F 31.5
+ 31.0—-F 270
+ 272.5—-1- 28
- 28—t D
+ 35—+ 25
+ 26— 28,5
-} 28.5—-F 29
-+ 2G—+ 26.5
+ 26.0—-1- 27.5
+ 275

+ 27— 26
+ 26

Result in the following Table.

Sound-produciion
(mumber of calls)

29
13
13
14
11
10
13
11

9
1

— W Qo

It must be mentioned that the weather was cold and damp when the ani-

mals were

captured. The sudden rise in lemper
forred to the indoor conditions will provide an explan

for the first 15 minutes of Table 4.

From these experiments it seems as if the light conditions do not affect
the disposition towards sound-production appreciably. In the experiment just
described 1 have not been able to keep the temperature constant, on the

contrary i
out from these

production. To be
out the following experiment with Streptanus acmulans in

ature when they were trans-
abiont of the high figure

{ has varied within rather wide limits, Therefore it cannot be made
figures whether darkness <oes favour or restrain the sound-
able to make the temperature more constant I have carried
a thermostat (the

thermostat of Plate 1, fig. 4, but with the microphone of figs. 1 and 2). The

microphone without i
the e
glow-tamp).
burning for 15 minutes, causing the te
grade. Then the cle
in the thermostat. A
the original v

of

hegun on
periment plus
and the cage

till 7 Oct. at 9 a.n,,

however, three of the original five males h

experiments of the two d
(Table ). the figures should not be

1o the different number of specimens experimented on.

ts lid was placed at a distance of 1 decimetre from
lectric lamp which was the source of heat in the thermostat (a 40 Watt
The door of the thermostat was closed and the lamp was kept
mperature to rise about 2 degrees centi-
ctric current was switched off, so thai darkness prevailed
fter 15 minuies the temperature had again fallen to about
alue, and the current was switched on, and so on, The number
calls was counted during the single periods, The experiment was
5 October, 1946, with the same four males as in the preceding ex-
one more male. The experiment was interrupted at 2.30 p.m.
with the males was kept in a closed pot with damp sand
when the experiment was eontinued. In the meantime,
ad died. Though the results of the
ays have been summarized below in the same table
judged without consideration heing paid
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Table 5. (Streptanus aemulans)

Sound-production

Teuvperature Number of  (number of calls)

Date Time Light coundilions (centigrade) specimens light  in darkness
%10 11.00—11.15 a.n., Darkness + 29—+ 26.5 5 — 2
” 11.156--11.30 7 Light + 26.5—+ 30 " 1 —
» 1L30--11.45 7 Darkness + 30—+ 28 " — 2
” 11.45—12.00 7 Light + 28—+ 30 " 2 —
” 12.00—12.15 p.m. Darkness + 30—+ 28 — 3
" 12,15—12,30 " Light + 28—+ 30 4 —
" 12.30—1245 7 Darkness + 30—+ 28 — 4
" 1245-— 1.00 7 Light -4 28—+ 30 " L —
v 1.00— 1,15 ¢ Darkness + 30—+ 28 " — 2
" 1.15— 130 * Light + 28— 30 " 4 —
" 1.30--~ 145 7 Darkness + 30—+ 28 " - 3
” 1.45— 2.00 " Light + 28—+ 30 " 5 —
” 2,00— 215 " Darkness + 30—+ 29 * — 2
" 2156— 2.0 7 Light + 20—+ 31 " 1 —
110 9.00-~ 9,15 a.m. Darkness + 28—+ 26 2 —_ 0
” 9.15—- 930 7 Light + 26—+ 30 " 0 —
” 930 9.45 Darkness 4 30-—+ 28 " — 1y
" 9.45—10,00 7 Light -t 28— 31 " O —_
" 10.00—10.15 ™~ Darckness + 31—+ 98 " — 1
" 10.15—1030 7 Light + 28—+ 30 " 9 ———
" 10.30—10.45 7 Darkness 4 30— 28 " — 11
” 10.45--11.00 © Light -4 28— 315 * 3 —
” 11.00—11.15 Darkness -+ 35—+ 30 " - 4
» 115—11.30 7 Light - 30-—4 31.5 " 2 —
” 11.30—11.45 Darkness R 35—} 30 " - 1
” 145 12,00 7 Light -+ 30—+ 315 ” 1 —
” 12.00—12.15 p.m. Darkness + 31.5—-+ 30 " — 0
" 12.15—1230 ~ Light + 30—+ 315 " I —
Total 34 36

The figures of the above Table dating from the 7 Octoher show a dislinct
maximum between 10,15 and 10.4) a.m. I believe that this maximum corres-
ponds to an optimum of humidity. As 1 mentioned, the cage had been kept
in a pot with moist sand, i.c. in an atmosphere with a relative humidity of
100 %. The moisture had condensed on the inside of the cage in great drops.
A humidity of this magnitude checks the sound-production, The heat in the
thermostat had caused the water to evaporate, and during this process the
relative humidily must have remained at about 100 % . When all the liguid
had evaporated, the humidity would apparently decrease. After the passing
of the optimum, too low a humidity has prevailed, and in consequence the
sound-production again decreased. Regarding the effect of light, this experi-
ment had apparently the same result as the preceding: no appreciable dif-
ference in the sound-production in darkness and in light.

However, an objection might be raised against these experiments, namely
that the frequent changes from light to darkness and vice versa imply un-
natural conditions. It might be supposed that in natural conditions the ani-
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mals are silent during the dark part of the ni‘ght, fOI.' example, cit!\er directly
in connection with the changes of light, or in relation to'the daily rhythm.
A condition of silence might be that the zmlmals.arc }mdlsturbed. SO tl:at a
state of rest would ensue. The experiments described in Tables 6‘ and 7 are
supposed to preclude this objection, Table 6 rep.rcsents an experiment with
«ix males of Krythroneura hyperici in a cage with Hypcr:cum pe_’r,‘oratum,
the plant being kept fresh by inserting the basal cl?d of the stem in a small
tube containing water. The cage was pul on the microphone and both were
placed in the window.

Table 6. (Erythroneura hyperici)

Temperalure Sound-produciion

Date Time Light conditions (centigrade) {(number of calls)
0, 4,10— 4.25 p-m. Daylight, cloudy
weather + 20 1160
” 7.45— 8.00 7 Almost dark + 19 635
" 8.00— 8.15 7 Darkness (lid of the
microphone on) + 19 185
" 9.00— 9.15 " Darkness as above + 19 860
" 10.00—10.15 " " " T =+ 19 1025
” 11.00—11.156 “ " " v =+ 19 347

Lid off: first natural
darkness, then

s0-3lf, 11.15 p.m.—8.42 a.m.

daylight - 19 Nol counted
st 8.42— B8.57 am. Daylight, cloudy

weather <19 550
” 12.15-—12.30 7 Daylight, cloudy

weather -+ 19 605

It seems from this experiment also as if this speeies does sing during the
night as well as during the day. .

Table 7 gives the result of a similar experiment with 11 males of Strep-
tanus marginatus captured in Upland, Soina, on 14 June, 1947, at about 12.30
p-m. The animals were kept in a celluloid cage with some leaves of a Festuca
sp. The cage was placed on the membrane of the microphone in a south
window about one decimetre from the pane. The experiment commenced at
4 p.m., the animals having been left half an hour to accustom themselves
to the conditions in the cage. The number of calls during cach hour was
counted. The thermometer stood on the microphone. In the Table thq co!umns
for temperature and Jight give the conditions prevailing at the begmn_mg of
the hour. The lid of the microphone was off during the whole experiment;
no artificial light was used. . .

Apparently this species at this season o.f the year sings at all. times o_f the
day irrespective of the light conditions. It is true that the nights in the middle
of June are very light in the Iatitude of Stockholm, the sun being below the
horizon for 5 */; hours only. In order to ascertain if absolute darkness made
any difference, the lid of the microphone was laid on at 1 p.m. The number
of calls was then counted during the hour between 4 and 5 p.m.,othc amm‘als
still being in absolute darkness. The temperature was - 23.5° C. During
this hour only 15 calls were heard. But the animals in the cage were heard

FREJ OSSIANNILSSON: INSECT DRUMMERS 125

Table 7. (Streptanus marginatus)

Temperature  Sound-production

Date Time Light conditions (centigrade)  (number of calls)
1y 4— 5 p.m. Daylight, cloudy weather 20 66

v 65— 6 7 Daylight, sunny weather 20.5 63

” 6— 7 7 " " v 20,3 74

" 7--8 " " ! v 20 89

" 8— 9 7 Light 20 80

v 9—1 7 Dusk begiuning 19.8 141

" tO--11 " Nightiall 19 108

" 11—12 Rather dark {partially overcast) 19 76

/g 12--- 1 aan. Rather dark outdoors 19 i

” 1—- 2 7 Dawn 19 162

" 2— 3 7 Rather light 19 157

v HEE S Light, sunshine outdoors 19 165

" 4— 5 " " " " 19 t78

" 5— 6 " " * ” 19.5 158

" 6— 7 7 v " v 149.5 111

" 7—8 Sunshine but partially overcast

outdoors 19.5 94
” 8— 9 Sunshine outdoors 20 128
. 9—12 7 — — Not counted

" 12— 1 pan. Wéalher partially overcast, sunshine

now and then 22.5 129

running and leaping very vivaciously. No doubt this has a disturbing effect
on Lhe singing. On other oceasions 1 have also found that absolute darkness
seems to have a disquieting effect on Str. marginatus.

In summing up the above experiments I have to slale, then, that T have
not been able to establish any appreciable effect of light on the disposition
for singing in the species used for experimentation, v

2. The influence of temperature

a) The effect of temperature on the inclination for singing

In order to ascertain the effect of temperature on the rate of the singing 1
first made a couple of cxperiments with Ergthroneura hgperici (from Up-
land, Danderyd). Five males of this species were captured on 1 Sepilember,
1946, and put into a cage with a twig of Hypericum, The cage was placed on
the membrane of the microphone reproduced in Plate 1, fig. 2, and the lid of
the microphone was laid on. Then the microphone was kepl in a thermostat at
a temperature of - 3° G until the following day at 10.30 a.m., when the
microphone was tuken out of the thermostat and placed in my workroom.
The stopper of the lid was replaced by a cork with a thermometer, and the
microphone was connected to the amplifier. The microphone was allowed
gradually 1o attain room temperature. When this temperature had been
reached (at 12,35 p.m,), the warming up was continued in a thermostat, At
3.03 p.m. the lermperature had risen to + 377 C, and then the current to the
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t was switched off. At 3.28 the door of the thermostat was opened
1e cooling down of the microphone. During all this the §0und-
as listened to for certain periods (sce Table 8). As the lid was
darkness was complele around the

thermosta
to expedite tl
production w :
kept on during the whole experiment,
specimens,

Table 8. (Erythroneura hyperici)

Temperature
(cenligrade)

Sound-production

Time number of calls)

10.30-=10.45 a.m. + 0—- 13 0
10.45—10.50 7 4 13—+ 14 70
11.20—11.25 " + 16— 165 161
11.56—11.55 " + 17—+ 17.5 125
12.25—12.30 + 19—+ 190 197
5% + 23—+ 25 218
1.55— 2.0¢ -+ 3i-—+ 42 J28
2.60— 255 7 + H—1 35 0
3.00— 3.08 7 + 37 0
3.28— 333 + 36 0
3.33— 338 7 + 36—+ 35 L]
3.98— 343 7 + 35—+ 33.5 {
A.43— 348 + 335—+1 33 0
348— 353 7 + 33-—-F 32 3
354 308 7 - 32— 31 a5
3.98— 403 + 3i—-- 30.5 0
$05— 408 " 4- 305 —4- 30 19
108— 445 7 =+ 30— 29 35

From this experiment it seems as it o temperature optinum would be
gt at ahout 30° €.

pr?l?l(li']tu‘llntuv(-. experiment was repeated on 15 Sepl., 1946, in (‘x:lct'ly the Szmc
way. Five males of I;'ry!hrrmcur(! hyperici were used .fm' lh(.: .t.'x'p::r.m]on'tl. hm(,'(,
5 p.m. on the prl'cm'lmg du'_y these had been kept l?ll(‘ll ‘(\T:.l,,f(, 7«;11.501({‘ “:\li
crophone, with the lid on, in a tl}(‘r.mnsmt at a lemperalure o s A.”
the beginning of the Iis[pm.n;; on 15 .'St'pl. al 11.55 ;1,(1);1.wlln“ lemperature 131 1(?
microphone, the lid of which was still on, was + 87 C. 'I~110. microphone \‘vas
then allowed to be warmed up by l'hc air in the room. I'rom 1 p.m., a t(x%l-
perature of + 14.5 degrees €. having been attained, the warming 1.1’[? was
continued in a thermostat il 3.15 p.m,, when the te}np(*mlurc had risen to
4~ 38° (.. Then the current to the lh(‘l"lm)slul was switched off and the doxr
of the latter opened, to allow the microphone to ‘(',_000} down grn-duully. v t
4 p.m., when the lmnpm_":llure had fallen to -+ ._).r , the (‘X[)Cl‘l]'ﬂ(‘]]} l\\ai
terminated. In this expeniment the snu'nd-prmluclmn was counted withou
intermission. The result appears f!‘l)l}l Table 9. o .

By comparing Tables 8 and & we find that the upper limit of t.('lllllclldlplrcf
is about the same in both experiments, the Ir"nw(*r limit ﬂll(! the (J.[)lllll'llllll )cln;a
different. 1owever, it should ])rz noted ll_m.t in these Cx[)emn]cnls Fh(‘ ‘?llll]n‘l('l Y
has not been made constant. 'I_hc hu!m(hty is prnlmhl}' 'n{ COI]»SI(](‘IJ ))L lilln
portance in this eonnection. Tt is possible that ll]e huml(.hl_y h‘:ls n.n: :])I(’; n ]'1fn
same in the two experiments. l'l{rther, the relalive humidity is ]')If) vably dif-
ferent in the rising and the falling part of the temperature curve.
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Table 9. (Erythroneura hyperici)

Temperatuce Sound-production

Time (rentigrade) (nueber of ealls)

11.55 am.—12.15 p.n. 4+ B—+ 10.5 0
12.15—12.30 p.m. ~+ 10.5—+ 12 0
12.30—152.45 7 + 18—+ 135 0
1245— 1.00 4+ 13.5— 14.5 0
1.00— L1bH + 14.5—-+ 16 1
1.15— 1.30 + 16— 18 249
1.30— 3.4 7 + 18—+ 20 12
145 — 2.0 7 + 20—+ 22 0
2.00— 2,15 7 + 22— 26 502
2.15— 230 7 =+ 26—+ 29 110
2.30-- 245 7 + 20—+ 32 45
245 - 3.00 7 + 32—+ 35 52
00 - 315 7 + 35—+ 38 0
3.15— 330 ¢ -+ 38—+ 0
3.30— 345 7 4 H—7 30 77
34— 400 7 “+ 30—+ 27 331

Regarding Erythroneura hyperici, we must further remember that this
species has a strong inclination for anaphonous singing. If one individual
begins to sing, one or several of the others present as a rule strike up, too.
Long periods of incessant singing alternate with pauses in which no one sings.

- The greater the number of males together, the rarer are these pauses. If they
nevertheless occur, the numerical contrast between them and the singing
periods will of course be greater if many specimens are together. Therefore,
for instance, the pause in the sound-production present hetween 187 and 227
in Table 9 has probably nothing to do with the effect of the temperature.
The singing stopped by mere chance, and then a while passed before any
male felt inclined to take it up again,

As a resull of these two experiments we may conclude that the sound-pro-
duclion is rather dependent on the temperature. The interval of temperature
within whichi singing is performed is, however, ralher long and strelches,
in so far as conclusions may be drawn from these experiments, for . hy-
perict from - 13° to 4+ 35° C in darkness and in the presence of fresh parts
of the host plant. These limits of temperature are nol identical with the
limils of the general zone of effective temperature of the species, as the ani-
mals could be heard running about in the cage at temperatures outside hoth
these limits,

In the following two experimenis males of Streptanus aemualans (from
Solna) were used. The first experiment was made on 6 Sept., 1946, with three
males who had been imprisoned since 1 p.m. of the preceding day on the
membrane of the microphone under its lid, in darkness. then, and at room
temperature. As the experiment was commenced at 12,25 p.n. the tem-
perature was + 19° C: jt was allowed to rise gradually in a thermostat. At
3.30, the temperature having risen to + 39° the current to the thermostat
was switched off and the door was opened. At 4.15 p.. the temperature had

fallen to 4 29° and the experiment was terntinated. The result may be seen
in Table 10.
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Table 10, (Streptanus aemulans}

e Temperature Sound-production

Fime (centigrade) (number of calls)
12.45— 1.00 p.m. + 14 0
10— 115 7 + 19 0
1.15—1.30 + 19— 22 3
1.30—1.45 4 22—+ 26 12
1.45— 2.00 + 26—+ 29 13
2.00—2.15 " + 29—+ 325 10
2A5—2.30 7 4 32,5+ 35 6
230—2.45 " + 33—+ 36.5 6
2.45—3.00 7 + H.d— 37D 2
B.00—3.15 7 + 37.5—-+ 38.5 3
3.156—3.30 7 + 38.5—+ 30 i
3.30—345 7 + 39—t 36 0
3.45—400 7 + J—+- 32.5 0
4.00—115 " 4 32.5—+ 20 1

Another experiment with Str. gemulans was made in the same way as those

described in Tables 8

wl 9 with Ergthroneura hyperici. The cxperiment was

performed on 13 Sept., 1946, with two males who had been kept in darknc.?js
under the lid of the microphone in a thermostat at a temperature of —I— 3.
When the listening commenced at 9.45 a.m., the temperature m the mlocro'-
phone, the lid of which was kept on during the experiment, was + 8. C.
The current was switched on to the other thermostat and the door of the
latter was closed at 10.45 a.m. The current was switched off at 12.30 p.m.,,
and the door of the thermostat was opened a quarler of an hour later.. ;I‘h‘e
experinment was terminated when the temperature had fallen to + 26° C.
Result in the following Table.

Time

Table 11. (Sireptanus aemulens)

Temperature

Sound-praduction

(centigrade) (mumber of cails)
0.45—10.00 a.m. 48—+ 11 0
10.00—10.£5 " + 11—+ 13D 0
10.15—10.30 4 13—+ 15 1
10.30—10.45 + 15— 150 0
10.45—1100 7 + 15.50—+ 19 0
11.00—11.15 + 19— 23 1
i.15—11.30 + 23—F 27 2
S 11.30—11.45 7 + 27—+ 6
11.45—12.00 + 30—+ 34 10
12.00—12.13 p.m. + 33—-f- 36 5]
12.15—12.30 " + 36—-1- 38.5 0
12.30—12.45 -+ 385 [
12.45— 100 7 + 38.5—-1 355 4]
1.00— L1157 4 35.5—-+ 33 2
P15—- B30 7 + 33—+ 31 2
1.30—- 1.45 + 31—+ 20 0
1.45— 2.00 "~ + 20—+ 27.5 1
2.00— 245 7 + 27.5—+ 27 1
2.15— 2.30 " + 27—14 206 0
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In a third experiment made on 10 Sept. with two males of the same species
in exactly the same way as that in Table 11 only 7 calls were emitted. The
experiment lasted from 9 am. to 1.45 p.m,, the temperature rising from
18° C to -+ 39° and then falling to + 27°. The first call came between
4+ 19° and + 23°, the second between + 31.5° and + 33.5°, no fewer than
four between + 33.5° and + 35°, and the last between -+ 36.5° and -+ 38°.
In the falling part of the temperature curve no calls were emitted. In a fourth
similar experiment on ¢ Sept. with two males of Str. aemulans, in all 5 calls
were heard, all between + 31° and -+ 38.5° in the rising part of the tem.-
;—tmturoe curve, a small maximum with two calls lying between + 35° and

36.5°.

Anaphonous singing is not appreciable in this species. 1t scems as if the
fimits of the temperature zone of sound-production as well as the temperature
optimum are somewhat higher than in Erythroneura hy perici.

Apparenily the above experimenis show ihat the temperature conditions
are very important for the quantity of singing. The common song is emitled
only within a certain temperature interval that is probably different in the
various species, and there is a certain temperature optimum, when the in-
clination for singing is strongest. To awhat cxtent this optimum may be dis-
placed by the influence of other factors, such as humidity, light, ete., has
not yet bheen established.

b) The effect of temperature on the tone frequency

According to Furton (1932), the pitch of the calls of certain Orthoptera
varies with the lemperature. The same is the case with the wing-stroke fre-
quency of Diptera and possibly Lepidoptera but not with that of Hymen-
optera and Coleoptera (SOTAVALTA 1947). I have studied the influence of
temperature on the pitch of the song of Doratura stylata &'. This species was
selected because it has a monotonous voiced call, the pitch of which is re-
latively easy to determine by listening and comparison with a tuning-fork
{a'), and because material is casily acquired. The experiments have been
made parlly by listening and comparison with the tuning-fork, partly by
sound-filin recording.

1. Experiments with acoustic determination of pitch. These have been per-
formed in the following way. A microphone (the magnetic microphone
mentioned in the introduction, page 9) was kept in a cylinder of thick glass
plugged at hoth ends with cotton-wool inside a thermostat (Plate 1, fig. 4).
On the membrane of the microphone was the cage with the Doraturg male
(only one specimen was used in each experiment), and on the edge of the
microphone the thermomeler was placed. At the beginning of each expen-
ment room temperature prevailed. After the door of the thermostat had been
closed, the current was swilched on. The source of heat in this thermostat
was two clectrie bulbs, one of 60 and the other of 38 watts, When a more
gradual rise in temperature was desired, only one of these lamps was
kept burning. The microphone was connected to the amplifier, which was
placed ouiside the thermostat, and the amplifier was connected to the gra-
mophone input terminals of a radio receiver with a loud speaker. By this
arrangement the calls emitted were heard with about the same loudness as
the voice of a person in the same room, if not too loud-voiced, and were there-
4
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fore casily studied. At each call emitted the pilch was del‘ermin‘cd, the tim‘e
noted.and the temperature in the glass cylinder read off. II*or this purpose it
was necessary to open the door of the thermostat, but owing to the glass cy-
tinder too great losses of heat were avoided. In each experiment a fresh
specimen of the leaf-hopper was used. It must be noted that the Dor.altfzra
male (as mentioned before) has two different tooting cgllsz one consisting
of a long and a short note: “toovooor-1o”, and one rccn]lmg the song of in-
vitation of the female (see page 81). The pitch of the latter is usually some-
what lower than that ol the former, For this reason only the “t.m)()(mor-to"
call has been studied. Four different experiments are described in Table 12,

Table 12. (Doratura stylaia)

Experiment 1 2 '3 ;»1
Dhate i 1017 M =,
Pitech  Time Tewmp.  Pilch Time  Temp Pitelhr Tinge

206+ 235 A
g5y 42 AZ 20 42 A2 % AZ
056 + 265 B 214+ 2

Q

T Temp., Pitch
Timao Cesnp. 3

5 B e 426 B
10.06 -+ 285 ¢ 219 #2756 B 1300 M e
121 ol d 2000 -t 28 ¢ 203 M d
245 - 30 d uRe o+ 38 ¢ 1350 43 ¢
248 a2 [1ies 240 + 355 f 145 + 345 o -
302 434 ¢ 2,03 37 f
314 35 ¢+ 227+ 39 i
382 37 r 235 + 40 u

3.58 -+ 40 i3

Of eourse these delerminations of pitch are only approximate. For this
reason | have refrained from giving the tone {requency in_l'iguro's. However,
it is very evident from these experiments that the piteh rises with the tem-
perature within a certain interval. . . . .

9. Faperiments with sound-filin rccor(hng. A sound-film recording of the
tooting calls of Doratur .s'l_uh:!.ﬂ ' at a rising t(?ln[)(‘l'ﬂtl’.ll‘(! wis made on 28
Sept., 1947, in collaboration with Mr. L. HAMBERG, cngineer, in Stockhoim.
Unfortunately the projected experimental arrangements proved useless and
had to be replaced by improvised devices. One consequence of tllis“\vns Lhat
the temperature in the cage with the leal-hopper could not h(: l'l‘El.(l oft _uxa('lly.
The arrangements used were the following. In l]‘l(?‘vllhl'i_lllOll isolating hox
rcprn(luccd on Plate 1, fig. 3, we kept'a Western-Electric ]Ill'CI‘O])h()I‘l(‘,l the
upper griating of which had been unscrewed, 0 that t'he cage with the animal
could he placed closer 1o the membrane. The microphone and the cage
woere well embedded in cotton on all sides except that directed towards the
glass lid of the hox. Between the cage and the glass lid a short thermomeler
was placed. The warming up ol the il‘llel'l(')l‘ of the hox was cffccl_ed by the sun
being allowed to shine 1l|r0‘ugh the lid. As the sun then shone directly on the
bulh of the thermometer it cannot be asserted lha.t the latier showed the
temperature prevailing in the cage. Probably the microphone and th(.: cage
were warmed up much more slowly than the thermometer. Sound-filming
was then performed for about 6 minutes with short pauses now zmtlo lh.(‘]L
During this time the temperalure of the thermometer rose from -+ 25° € to
4+ 41° ¢, When the film had heen developed it was established that the tone
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frequency of the “toooooor-to” call had risen from 121.3 c.p.s. at the be-
ginning of the experiment to 153.4 c.p.s. at its end (sce Plate 12, figs. 1—3).

The Jowest frequency registered in this experiment, 121.3 c.p.s., correspond-
ing 1o the initial temperature, represents approximately the pitch of B
(a*==435 c.p.s.). In Table 12 this corresponds to a temperature of about
26.5° C, This is in tolerable agrecment with the facts. At the end of the
experiment the frequency of the calls was 153.4 {d#), in Table 12
corresponding to a lemperature of about 32° C. The thermometer in the box
showed at this point of time 41° C but, as I mentioned above, the tempera-
ture in the eage was probably lower, Owing to the technical defects in ihis
experiment it cannot be made the basis of too far-reaching conclusions, but
it will at leasl support the results of the experiments described in Table 12,

As the experiment deserilred above was not quite satisfactory, 1 did it over
again, in July, 1048, in collaboration with Mr. WALDERSTEN, The arrange-
ments were about the same as those in the above experiment, but a larger
vibration isolating box was used. The cage with the Doratura male and the
bulb of the thermomeler were placed close to each other and the membrane
of the microphone.” This time the microphone ete. were not kept embedded in
colton. The warming up of the interiov of the box was effected as m the
1947 experiment, but the eage and the bully of the thermometer were kept in
lhe shade. The recording took aboul an hour with occasional short pauses.
From tlime to time the temperature was spoken into the film by an extra
microphone. The figlires below.give the frequencies of the calls {the longer
noles of the “tocoooor-1o™ calls) in chronological order, the temperatures (in
degrees G) read off being given in italics:

90°, 147, 148, 148, 147, 152, 147, 148, 146, 148, 147, 20.5°, 151, 150, 152,
152, 150, 30°, 151, 150, 151, 153, 153, 153, 154, 154, (Pause.) 32°, 153, 156,
165, 155, 156, 153, 153, 156, 154, 155, 154, 155, 157, 161. (Pause.) 33°, 165,
166, 166, 167, 167, 164, 165, 33.5°, 166, 168, 167, 166, 171, 171, 168, near 34",
170, (Pause.) 36.5, 179, 180, 173, 179, 178, 178, 180, 180, 178, 178, 175, 178,
179, 179, 177, 178, 176, 177, 174, 177, 179, 1749, 179, 180, 181, 181, 176,
(80, 178, 180, 176, 36.5°, 182, 180, 180, 183, 37°, 176, 176, 177, 175, (Pansc))
38.5°, 186, 186, 184, 185, 184, 186, 39°. (Pause.} 39.5 , 192, 197, 198, 196,
196, 197, 39.7°, 193, 194, 195, 39.9°, 197, 108, 407, 192, 199, 197, 199, 198,
199, 194, 197, 40.5°. 199, 201, 200, 194, 40.6°, 202, 203, 203, 203, 417, 198, 195,
200, 41.3°, 198, 200, 199.

The piteh of the call rose, then, from d + at + 299 C to not quite gis at
4+ 40.6° C. The differences, if compared with Table 12, are no doubt due to
individual variation, ,

I helieve, then, that 1 have shown that the pitch of the call of Doratura sty-
lata o7 rises with the femperature within the temperature interval of lhese
experiments. In Chapter 4, page 112, certain consequencees of this for anunder-
standing of the funclion of the sound-producing organ have been discussed.

3. The significance of the scason

Many of our Auchenorrhyncha hibernate in this country in the adult stage,
I have tried to ascertain whether these species are inclined to emit their ealls
even during the cold season of the year, if the temperature is made suitable.

7fMi(§ruphbn¢: Super-cardioid Unidyne (Shure Brothers, Chicago}.
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On 22 March, 1946, I collected from spruces in Solna (Upland) a few speci-
mens (@) of Empoasca flavescens, Erythroneura tilize and Balclutha punc-
tata, but my endeavours 1o hear any sound-production from these specimens
during that and the following day were resultless. (It should be observed that
I have not heard any sound-production from the iwo first-mentioned species
in summer cither.) The experiment was repeated on 30 March with fresh
specimens of IEmpoasca and Balclutha, On this day nothing was heard
from them, but on the following one between 3 and 4 p.m. I heard single
rolls now and then from the Balclutha specimens {1 ¢f and 3 QF in the same
tube).

On 30 March I found one male of Stenocranus minutus. About half an
hour after catching the animal, it having been kept in room temperature on
a twig of spruce, it emitted a low-frequent chattering call lasting for a few
seconds, The time was 1.55 p.m. The male died on the following day.

fn the middle of March, 1946, the covering of snow was still thick in this
part of Sweden, but at the end of the month it had almost entirely melted
away.

B. Theeffectof attacks of parasites

I is selt-evident that specimens attacked by parasites (pipunculids, dryi-
nids or strepsipters) are more or less affected by this attack. It has often been
pointed out that the attack causes more or less distinet reductions in the
genital parts of the haost. In this connection I will content myself by re-
ferring to the papers of LiNpBERG (1939, 1946) on these matters in Finnish
Chloriona species.

The sound-producing organ is also affected by an altack of parasiles.
Such an attack often causes very strong reductions of this organ. LINDBERG
(1. cc.! has obscrved that the shield-shaped medial plate on the second ab-
dominal tergum (“Tergitschild”) characteristic for Chloriona and other
aracopids is strongly reduced or entirely absent in specimens attacked by
LElenchinus and Pipunculus. Above L have described this plate (in Dicranotropis
and others) as the posterior attachment of muscle [ a dim,, which, as we have
seen, belongs to the sound-producing organ. GIARD (1889) stated that the apo-
demes of the second abdominal sternum (first abdominal sternum according
to lhis author) were reduced in males of Typhlocyba parasitized by Atele-
neura and Aphelopus.

{ have not made any investigations on the reduction of the tymbal ap-
paratus by the attack of parasites. But [ have often been able to ob-
serve incidentally the results of such attacks, especially those of pi-
punculids. Many of my listening endeavours have been resultless because I
did not in time discover that my observation material was parasitized. In cer-
tain species the percentage of parasitization is sometimes so high that fixed
material for dissection at first thought satisfactory proved upon closer study
o be quite inadequate. In 1946, T found a very high percentage of para-
sitization in my fixed material of fdiecerus populi. The unknown parasites
had. however, apparently left their hosts in an ecarlier stage without killing
them. The inner organs of the ahdomen had apparently been consumed for
the most part, the abdomen heing shrunk and slack. The black pigment
was more weakly developed than in normal individuals, and the normally
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bright orange surfaces on the face were pale. The phragma of the third ter-
gum was rather constantly reduced to half its width, the muscles and other
parts in a corresponding degree. These reductions were so constant in the
different individuals that I at first believed that these specimens represented
a distinet species. Apparently owing to the high percentage of this kind of
parasilization in this species I did not succeed in hearing any sound-production
from it until 1947. Jassus lanio is also very often parasitized in exactly the
same way, and from such specimens I have not heard any sound-production.

However, the influence of the parasite is not always sufficient to prevent
sound-production. This is apparent from the following observation. From a
male of Streptanus aemulans 1 heard on 21 Sept., 1947, a quite normal song
of the kind described on page 89. As the abdomen of the specimen was
suspiciously swollen, the animal was killed and dissected, it then being
revealed {hat the major part of the abdomen was occupied by a large pipun-
culid. Nevertheless the sound-producing organ was not appreciably reduced.
Other males parasitized in this way have always proved mute. A reduction
of the sound-producing organ such as that described above in Idiocerus is
probably due 1o an attack of parasites in an carly stage of the host’s devel-
opment. Al laler attacks, the parasite larva not having grown too large when
the host reaches the adult slage, the organs of the latter may possibly still
be tolerably normal and are not devoured by the parasite until later.

C. The biological significance of the sound-production

FABER (1929, 1933, 1936) has systemalized the calls of German Orthoplera
from biological aspects, With certain modifications his division may be ap-
plied to the calls of the Auchenorrhyncha, too. Thus 1 believe that 1 have been
able to distinguish the following principal biological types of calls: 1) the
“common song” [(“Gewdhnlicher Gesang” FABER); ‘“‘call of courtship”
(“Werbegesang”); 3} “call of invitation” of the female; 4) “calls of pairing”;
5) “calls of rivalry” (“Rivalenlaute”); 6) “calls of distress”. Not all calls
could be fitted into these groups, and a number of calls I have not been able
to study sufficiently to be able to classify them from a biological point of
view, .

1. The “common song” (J')

In most species I have heard calls that may be assigned to this group,
but only from the males. In many species, for example Agallia brachyptera,
several well developed calls belong to this group. Most complicated, cha-
racteristic songs must be placed in it. According to the definition of FABER,
these calls are emitted independent of the presence of other individuals of
either sex. Their biological significance is, therefore, obscure. The song of
other males may, however, stimulate the inclination for singing and lead to
an answering of the former {anaphony). In Erythroncura hyperici sometimes
a tolerably regular allernation, sometimes a poecilochronous singing is per-
formed. The latter is often the case if more than two males are together. In
Idiocerus laminatfus 1 have heard a quite regular alternation (see Plate 13,
fig. 23). In other species of Idiocerus, poecilochronous singing is more com-
mon. Although the species of Idiocerus use their common song for anapho-
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nous singing, the latter often leads to one of the singers losing his temper
and trying to push the other away. On the other hand, Erythroneura hyperici
may continue anaphonous singing for hours, but I have never observed any
fuss. In Calligypona clypealis 1 once heard a poecilochronous singing. Syn-
chronous (or perhaps sooner a prolonged poecilochronous) singing occurs
in Criomorphus bicarinatus, but the call in question borders on the “call of
rivaley”. Lepyronia coleoptrata reacts anaphonously by a specific call in com-
plete alternation.

Sometimes it may be difficult to make out whether a call should be as-
signed to this or some other group. Paropiua 3 uses the same call as “‘common
song” and as “call of courtship”™; in the latter case the male emits his little
{une over and over again in unbroken succession and accompanies it with a
sort of danee. It is also uncerfain whether the “toovooor-to” call of Doratura
stylata should be placed here. This call is emitied whether other individuals
are present or not. But if a female inclined for pairing is present, she imme-
diately answers the call of the male by her “call of invitation”, the male
accompanies her by his “call of courtship”, and the performance leads in
due time to pairing (sce pages 81—82). The “loooovoor-to” call apparently ser-
vos as a call of sexual enticement, In Chapter 5 (p. 118) T have expr(‘ssc;d the
opinion that Deratura by having a sound-producing organ equally well de-
veloped in both sexes represents a primary condition, If this lhcory.is applied
to the calls too, an explanation of the origin of the “common song” would
be conceivable, If the external conditions are good. a Doratura male\now and
then emits his “toovoocor-to” call, Even if several females are present, the most
common course is perhaps lor no one to answer, as no lemale present is in-
clined for pairing. Then the human listener will find the call of the male
meaningless, I, on the other hand, a female inclined for pairing is present
she will answer, and the prelude to copulation is in full swing. In most other
species, however, the female has Inst the capacity of answering by a call,
Perbaps the male has now other means of finding her, or the female has
taken over the searching role. Nevertheless the eall of the male may have
kept its original purpose as an enticing call in general.

2, “Call of courtship” (J)

This is a call apparently intended to prepare the female for attempts at
copulation on the part of the male or to make her more inclined for pairing.
In Paropia and Fupelix this call is accompanied by a characteristic “dance”
and is emitted in immediate conjunction with the altempts at copulation.
In Doraturea it accompanies the “eall of invitation” of the female hut ceases
(always‘.’) a short time belore the beginning of the sexual act. This kind of
call I have heard from these three speecies only,

3. “Cell of invitation” (Q)

* 'S R . .

Only from Dorafura stylata % have T heard this kind of eall apparently

emitted in order to lead the male 1o the female or to inform him that she
is willing to copulale.

4. Call of pairing”

These calls are emitted during the act of copulation. I have heard them only
from Philaenus spumarius and Neophilaenus lneatus, whether from the male
or the female T could not tell. .
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5. “Calls of rivalry” (')

Only from Acherotile alboér"gnum have T heard a call that I.am able to
assign to this group with any cerlainty. Compare further Criomorphus bi-
carinatus and the species of Idiocerus.

6. “Calls of distress”

Calls of distress or dissatisfaction (“complaint cry” Baier) I have heard
from Aphrophora alni (%), A. forneri (39Q), Lepyronia (3Q), Eupelix
(cf), Paropia (@), Ulopa (3Q), Oncopsis flavicollis (F'Y), O. alni (),
Macropsis tiliae (3), M. haupti {f), M. fuscinervis (), Idiocerus elegans
(), Jassus lunio ('), and Aphrodes bifasciatus {3Q). No representative -of
the Fulgoromorpha or of the Typhlocybidae has been heard to emit a sound-
produclion of this sort. These calls are of a simple kind and are apparently
cmitted when the animals feel themselves in trouble of some kind, for example
when they try te escape from their confinement. Not all the above species, how-
ever, will emit this call if they are held fast. lere helong the “cries of agony”
heard by several authors from cicadas attacked by birds or wasps or seized by a
human hand. In the male Eapeliz this call is similar to the call of courtship,
only more irregular, I refrain from theorizing about the significance of these
calls. As they are so weak (in our speeies), they will hardly scare any euneiny.

- -

7. Other calls

In Empoasca viridula & there occurs a laughing call emitted when the
male has just finished a flying-trip. This call apparently corresponds 1o
what IFABER (1932, p. 54) deseribed in Stauroderus morio.

Certain other calls T have not been able to study sufficiently to place them
in any biological group. This is the case, for example, with the laughing eall
emitted by hoth sexes ol Platymetopius quttatas, which is the only call T have
heard from this specices. ‘ ’

D. Do the Auchcnorr‘hynchl-z hear?

The problem of whether the cicadas can hear has long been the subject of
discussion. The statement of SOLIER {1837) that a cicada may be induced to

_approach by a whistling imitation. of ils call is well-known, MYERS {1929}

cites from the literature a number of similar cases as well as examples of
female cicadas scen sceking out the singing male. On the other hand, the
famous experiment of FABRE (1897) with the salute cannens. he had fired

‘without this causing cicadas singing in the vicinity to interrupt- their sing-

ing even for an instant, is much quoted. Like Lutz (1924) 1 do net find this
experiment particularly conclusive. The sound-perceptive organ of the cicadas

“is probably adjusted to a limited tone interval corresponding to their. own

calls. Possibly the perception of these calls will even by reflex action result in a

-certain manner of teaction. On the other hand, the cicadas have a well:de-
‘veloped faculty of ' vision usuallysufficient to 'warn them agairist most

possible dangers. Why then burden the organ of hearing with the task of
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collecting a multitude of sound impressions which the insect at all events
is not capable of interpreting? Since VOGEL (1922, 1923) revealed that the
long familiar so-called “mirror” thought lo be part of the sound-producing
organ is in realily a constituent of a well developed tympanal organ, most
scientists will admit the probability that the cicadas at all events are capable
of some kind of sound-perceplion.

{ have examined microlome sections of Graphocraerus and some other
species very thoroughly, but in spite of this I have not found any organ si-
milar to the tympanal organ of the cicadas, nor any other organ I would
interpret as a sound-perceplive organ. In Phileenus spumarius there is a
Johnston's organ in the second aniennal joint; it is very similar to thal of
Sigara (EGGERS 1928, p. 125, Fig. 63). EGGERS holds the view that this organ
in most cases is an instrument for the registering of antennal movements.

The question of the hearing of insects has been much discussed. This dis-
cussion has been made more complicated by many workers having felt oh-
liged to separale a perception of air-bhorn vibralions by a specific auditory
sensc from a perception of the vibrations by the tactile sense. This presen-
tation of the problem will, in my opinion, very casily turn into a battle of
words. Even in insects with a well developed tympanal organ apparently
specially construcled for the interception of vibrations of the air, we shall of
course never be able to gain a real conception of how the animal subjectively
apprehends these. It is necessary to avoid anthropomorphistic ideas in this
connection! '

If hearing is defined as a perception by an organ constructed for the inter-
ception of air vibrations, the problemn has been simplified in some degree,
but this definition is not theoretically satisfactory. We apprehend as sound
also vibrations conducted by fluid and solid bodies. When we speak about
our owh hearing, the medium is apparenily a secondary matter in comparison
with our specific way of apprehending certain mechanical phenomena as
“sounds”. On the other hand, insects, with their rigid exoskeleton that might
have been constructed for the sole purpose of resonance for vibrations of
the air, might very likely be able to apprehend these without any specific
organ at all.

After a study of the tympanal organ of the large cicadas, most entomo-
physiologists will probably admit that this organ must be adapted for the
interception of sound-waves and will then classify it as an auditory organ.
The calls of cicadas, as we know, are often very penetraiing and audible to
the human ear at a distance of many yards. The calls of cur small
Auchenorrhyncha, on the other hand, are very low-voiced. If the air-
vibrations produced by these small insects are to be apprehended at a di-
stance greater than a few cenlimetres, a very sensitive auditory organ will
be necessary. I believe that the vibrations produced by the tymbal organ of
one specimen are conduclted to other individuals mainly by the solid sub-
stratum — as a rule some part of a plant — and only in a less degree by the
air. If it could be established that the animals do in this way apprehend the
calls of each other as such — is this to be termed hearing or not? A matler
of taste!

Do the Auchenorrhyncha then apprehend and recognize the calls of their
equals? In some cases this is so obvious that there is no reasonable cause for
doubt. I refer to the above-described observations on anaphonous singing in
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Idiocerus laminatus (p. 69) and Lepyronia {p. 66), and on the pairing
preludes of Doratura (p. 81—82). Theoretically the objection may of course be
made that I have not taken measures in my experiments to avoid the possi-
bility of the animals seeing the vibrating movements of the abdomens of
their singing comrades and reacting to that. Especially in Doratura, however,
these movements are so small that I find this assumption very far-fetched.




Summary

1. 1 have cxamined material fixed in alcohol of 79 Swedish species of
Auchenorrhyncha, in all over 900 specimens, and stained microtome sections
of some species. All Swedish families except Achilidue, Issidae, Membracidae,
Gieadidae, Jassidae {= Bythoscopidae) and Errhomenellidae are represented.

9 In all males thus examined I have found an organ apparently in its
cssential parts homologous with the tymbal apparatus of the Cicadidae even
if it is certainly much modified in some groups.

3. In Centrotus (Membracidae) and Ommatidiofus (Issidae} 1 have
examined dried material and found structures indicating that a sound-pro-
ducing organ of thie same kind is present also in these forms.

4. My endeavours to hear the calls of our small Auchwnorrhyncha have in
mosl cases been successful. Hitherto I have heard a sound-production of some
kind from 96 species (among these Jassus lanio (L) (family Jassidae}).
From most of these I have heard several different kinds of calls. Only in
a few cases have I failed to hear any sound-production from a spectes. [
believe that these failures were due to unsuitable experimental conditions.

5. On the basis of these results I fecl convinced that the possession of a
functional tymbal apparatus is general among the Auchenorrhyncha.

6. In all forms where muscle I « don is well developed, the manner of
function of the tymbal apparatus is essentially the same as in the Cicadidae:
elastic parts of the lateral integument in the first (in some cases probably
also the second) abdominal tergum are sel in vibration by this muscle. In
other cases other muscles seem to have taken over the function of I a dvmy;
sometimes however the funclion is more obscure.

7. In some cases I have observed that the laleral parts of the first ab-
dominal tergum are dinted in and oul in connection with the sound-produc-
tion. Single clacking sounds are often produced in this way. More prelonged
drumming calls are produced by the rapid succession of such clackings, in
some cases also by low-frequent muscle contractions with a smaller amplitude.
Then the pitch of the calls will depend on the qualities of the vibrating
membrane, the tone frequency being identical with the specific vibration
frequency of the membrane. In other cases, however, the frequency of the
muscle contractions is higher and identical with the tone frequency of the
main tone of the call produced.

8. In cercopids and some jassoid forms the female possesses a functional
sound-producing organ of the same kind as that of the male though more
weakly developed, In Paropia the female has a functional tymbal apparatus
more primitive in structure than that of the male. In Doratura both sexes
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have a sound-producing organ of the same type and equally well developed.
I believe that this is the primary condition.

9. Anaphonous singing occurs in many species. The female of Doratura
stylata has a call with a sexual significance.

10. I have not been able to find any appreciable effect of different light
conditions on the rale of the sound-production. The temperature is of
greater importance in this respeet. In Doratura the pitch of certain calls
rises with the temperature within a certain temperature interval.
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Explanalion of the Plates

Plate 1. Some of the apparatus used. Fig. 1: the crysial microphone, lid ou; Fig. 20 sume
without lid, a celluloid cage on the membrane; Fig. 3: same in the vibration isolating box;
Fig. 4: magnelic microphone in glass cylinder inside thermostaly ig. 5: amplifier with

crystal microphone and ear-phones; Fig. 6: the radiograph.

Plale 2. Fig. 1: Dicranotropis kamata o, metapostnotwm and dorsum of first three ab-
dotninal segments from above (I, If, [1l - first, second, (hird abdominal lerga; other
denominations, see tex!); Fig. 2: same species, integument and endoskeleton in the region
of the sound-producing organ, right half seen from the inside (I ast = second abdominal
sternum); Fig. 3: same as in Fig. 2 bul with musculature; Fig. 4: same, transverse section
showing the first two abdominal segments from the fronl, musculature reproduced only in
the left half of the drawing (right half of the animal}. Sclerotized surfaces dotted.

Plate 3. Fig. 1: Diernanotropis hamata o', melapostaotum and metepimeren {rom bebing
and below; Fig. 2: Dicranotropis hamate §, left half of dorsum of the first three abdo-
minal segments and hind border of metanotum from above; g, 3: Neophiluenus campestris
", first three abdominal sterna from above; g, 4: same species, right half of hind parl
5. same as in Fig. 4 wilh
muscles; Fig. 6: same species, right hall of first abdominal segment in {ransverse seclion,
Aphrophora alni &, lefl
part of first abdominal tergum with the striated tymbal (¢b], from above.

Plate 4. Fig, 1:
segment scen from the front, soft parts removed, showing [irst abdominal sternum with
apodemes (I @ apad), tergal delails not reproduced; Fig. 2: same as in the preceding figure,
first abdominal sternum removed, showing seccond aldominal slernum  with apodeines
(I @ apod); Fig. 3: Enacanthus interruptus ¢, rvight half of iutegument of first three ab-
dominal segmenls and hind parl of metathorax from inside; Fig. 4: same specics, ¢f,
dorsum of firsi two abdominal segments and hind part of wmetathorax from above (seil -
mctascutcllum); Fig. 5: same species, o', sterna of first three abdomiunal segimenis {rom

above; Fig. 6: same as in Fig. 3 bul wilth muscles; Fig. 7: right half of abdomen scen

of mectathorax and abdominal basis from fthe inside; Fig.

scen from the front, seft parls except muscles removed; Fig, 7:

Cenlrotus cornutus o, transverse section in front of first abdominal

from the froat with muscles of first abdominal segment, olhier soft parls removed.

Plate 5. Fig. 1: Tettigella viridis, @, dorsum of first three abdominal segments and hind
border of melanolum from above; Fig. 2: same species, ¢, first three abdominal sterna
from above; Fig. 3: same species, o', integument and endoskeleton of right hall of hind
part of metathoruax and first three abdominal segments, from inside; Fig. 4: same region
with musecles; Fig. 5: same species, ¢, striated tymbal more magnified, tead = lendon;
Fig. 6: Eupelix depressa, f. cuspidata, @, first two abdominal sterna from above; Fig. 7:
same species, @, first two abdominal sterna from above; Fig. 8: Idiocerus lituratus, &,
first three abdominal sterna from above; Fig. 9: same species, o', hind border of mela.
tergum and dorsum of first three abdominal segments from above; Fig. 10. same species,
o', right half of integument and endoskeleton of hind part of metathorax and of first
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three abdominal segments and fore border of the fourth seen from inside. (In this figure
the tergum and sternum of the third abdominal segment are much displaced in relation
to cach other)

Plate 6. Fig. 1: Idiocerus lituratus, o, same region as in Plate 5, Fig. 10, bul wilh
muscles; Iig. 2: Oncopsis [lavicollis, . right half of intcgument and endoskeleton of hind
part of meclathorax and of first three abdominal segments from inside; Fig. 3: same species,
o, first two abdominal sterna from above; Fig, 4: same rcgion as in Fig. 2 but with
muscles; Fig. 5: Agallia brachyptera, o, first two abdominal sterna from above; Fig. 6:
same species, @ right half of integument and endoskeleton of hind part of metathorax
and first three abdominal segments from inside; Fig. 7: same specics, g, same region
with muscles.

Plate 7. Fig. 1: Paropia scanica, o, righl half of integumnent and endoskeleton of hind
part of metanolum and first three abdominal segments from inside; Fig. 2: same species
and sex, same region with muscles; Fig. 3: Agallia brachgptera, o, right striated tymbal
from inside (fend = tendon); Fig. 4: same of Paropia scarica, @, Fig. b: Doratura styluta,
4, integument and endoskeleton of right half of hind part of metaihorax and of first three
abdominal sterna; Fig. 6: same species, ¢f', same region with muscles; Fig. 7: Aphrodes
bicinctus, o, first two abdominal sterna from above; Fig. 8: same specics, ', hind parl
of metanolum and dorsum of first two abdominal segments from above.

Plate 8. Fig. 1: Aphrodes bicinctus, o, right haif of integument and endoskeleton of hind
part of melathorax and first three abdominal segments from inside; Fig. 2: same wilh
muscles; Fig. 3: Opsius stactogalus, o, hind part of metanotum and dorsum of the basis
of abdomen from above; Fig. 4: same species, o, first iwo abdominal sterna from above;
Fig. 5: same species, o, right half of inlegument and endoskelcton of hind part of
metathorax and abdominal hasis from inside; Fig. 6: same species, ', same region with
muscles; Fig. 7: Macrosteles cristatus, o, hind part of metanotum and dorsum of ab-
dominal basis from above.

Plate 9. Fig. 1 Macrosteles cristatus, of, right half of integument and eundoskeleton of
hind part of metathorax and abdominal basis from inside; Fig. 2: same species, d, first
Iwo abdominal sterna and hind border of metasternum from above; Fig. 3; same species,
o', same region as in Fig. 1 with muscles; Fig. 4: Macustus grisescens, o, left part of
fiest two abdominal sterna from behind; Fig. 5: same species, o', left part of second ab-
dominal slernum from above; Fig. 6: same species, o, right half of integument and endo-
skeleton of hind part of metalhorax and abdominal basis from inside; Fig. 7: same species,
o, same region as in Fig. 0 with muscles.

Plate 10. Fig. 1: Empoasca virgator, ¢\, hind part of metanotum and dorsum of firsi
three abdominal segments from above; Fig. 2: same species, ¢, hind part of metasternum
and venter of abdominal basis from above; the apophysis of the second abhd. sternum is
cat off; Fig. 3: same species, o right half of inlegument and endoskeleton of melathorax
and abdominal basis from inside; Fig. 4: same species, o', same region as in the preceding
figure with muscles.

Plate 11. Fig. 1: Cicadclla atropunctata, o', hind part of metanotum and dersum of three
hasal abdominal segments from above; Fig. 2: same species, ¢, corresponding ventral
parts from above; Fig. 3: same species, o', inlegumenlt and endoskeleton of right half
of mctathorax and abdominal basis from inside; Fig. 4: same species, d, same region
as in Fig- 3 with muscles.

Plate 12. Enlarged positive copies of sound-track of four strips of sound-film of
Doratura stylata, o, the first note of the “toooooor-to” call. Figs. 1-—3 correspond to lhe
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temperature experiment described on pages 130—131, Fig. 1 representing the lowest
(initial) temperature, Fig. 3 the highest. Each of the high ftransverse marks re-
presents one vibration of the main lone. The strip reproduced in Fig. 4 was made with
the aid of another lechnical arrangement allowing a finer analysis, the fine transverse
marks apparently representing the specific vibration of the membrane, The arrow indicales
the moving direction of the film during cxposure.

Plate 13. Radiograph records of calls of the specics mentioned below. Unless olherwise
stated, the calls represent the common song of the male. The horizontal lines under
{he records indicate the length of a sccond. The records should be read from left 1o
right! — Fig. 1: Cizius nervosus; Fig. 2: same; Fig. 3 Megamelus notula (iwo specimens);
Fig. 4: Megumelus venosus; Fig. 5: same, Fig. 6: Megumelus venosus, another call of the
male; Fige 7: Calligyponu dubia; Fig. 8 Calligypona pellucida, Fig. 9: same species,
common song (Fig. 8 represcnting another call); Iig. 10: Calligypona straminea; Fig. 11:
Calligypona angulosa (first part only); Fig. 12: Aphrophora alni; Fig. 13: part of pro-
longed drumming of Lepyronia coleoptrata '; Fig. 14: Philaenus spumarins; Fig. 15
Paropia scanica; Fig. 16: same; Fig, 17: Euacanthus interruptus (beginning of first part
nol recorded); Fig. 18: Macrapsis tilice [see text p. 74, number 7); Fig. 19: same species,
. (sce text, number 1); Fig. 20: Idiocerus fulgidus; Tig. 21: same; Fig. 22: same from an-
other specimen; Fig. 23: alternaling singing from two males of Idiecerus laminatus (six
cails from each), one of them sitting farther away from the membrane of the microphone;
Fig. 24: Idiocerus populi; Fig. 25: same (lwo calls); Fig. 26: Idiocerus confusus; Fig. 27:
same (iwo calls); Fig. 28: Idiocerus eleguns; Iig. 29: Agallia brachyptera (see text p. 76,
number 3); Fig. 30: same specics, anolher call (see text p. 75, Number 1); Fig. 31: Agallia
verosa (not the common song, see p. 77}; FFig. 32: Empoaasca smaragdula (the only call I

_ have heard); Fig. 3% Aphrodes bifasciatus; Fig. 34: same, another male; Fig. 35: Aphrodes

trifasciatus; Fig. 36: Aphrodcs bicinctus {sce p. 87); Iig. 37: same species, another specimen,
two calls; Fig. 38: Aphrodes [lavostriatus; ¥ig. 39: Aphrodes fuscofasciatus; TFig. 40:
Doratura stylata &', "tocoooor-to” call (three calls); Doratura stylata @, part of call of
invilation; Fig. 42: Graphocracrus ventralis, three calls; Fig. 43: Streptanus aemulans; Fig.
44: Streptanus marginatus; Fig. 45: same; Fig. 46: Streptanus sordidus; Fig. 47: Athysanas
argentatus, four calls; Fig. 48: Athysanus quadrum; Fig. 49: Allygus miztus (first part);
Fig. 50: Allygus commutalus.
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Lisl of Abbreviations

a welerite an the melepimerons ae anfecostis ace Lieral antecosta-Tike listy al

st sty al =
anterior lobe: apod - apoidleme; apoph apoephysiss ast - ahdominal sternum
metepimeron: b bladder; br— hieistles.

convex arei; e.p.s. o cycles per second.

Iy sclerite an the
« inner list; el - clunmp-like selerite: cony

dlm == dorsal Jongitudinal muscle; ds — dorsal shicld: dvin = dorsaventral muscle
f - furca; fo = fold.
h = hook.

ism == oblique interscgmental muscle,

1 — list, lobe; lig = ligament.
ma - membranous  areag mall - - muscle  altachment: mpn —= metapostnotum; mz —=
; =

membranons zofe,

phr - phragma: phra - phragma aro pil - pitese area: ploo fold (E)li“l)' proc
u); R

!PI'(I(‘('\\.
S farrow (suleus); sel scleritey sell mubiseutellum:  seran - semilanae list; sp =
. - . . ° ’ -
spigacie; spir spiracle; stg spiracles str strengthening.
 rshaped steengthening: th strintee Pvmhal; temp temperature;, tend — tendon;
5 = 3

ve . lergites1pl - tendinons plate Tlendon of maseled; te drunsverse selerite or strengthen-
g Lrsel Transyerse sclerile.

vine  ventral tongitudinal muscle: vin ventral intrasegmental muscle.

01 I feter o barst, weeond, third tete.) abdominal tergum; Fa, Ia, 111 a = belonging lo
the first, second, third abdominal segment; 11 vim {dim) ._ yenteal {dorsal) 1()[1;,’“’[1(“!)1\1

intersegmental muscle extending from metathorax 1o first abdominab segment; IT st
: ; 1=

metasterntm,

The system of muscle denominations is that proposed by WEBER
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5

9 e

11—e

14

17 —

19»—-—-'4

23 —

25 —.

29 —

31—

34 —

35

38—

40 e

42 —an

43

1‘6--4—@-

47 =

50 —






