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F By MARJORIE MacDILL

HEN the great katydid chorus breaks loose in the tice-
tops on the moonlight mghts of August, presaging thereby,
' according to the lolklore of the country, a host n ux
i weeks, tew in the audience realize that the synchronism

of the insect orchestra 1s mamniained by & comphicated
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Drawing
of a katy-
did showing
location of
car, « « Right,

a pholograph of
the ear and @
much enlurged dic-
gram of the organ

little mechanism on the green hddlirs™ fore lumbs.

For science has established that katydids hear with their front lege

The whole question of how nsects heas. see, smell and otherwise
exercise their sensory functions has been the occasion of much iearned
entomological wrangling. Scme have even declared that they did not
But an enlerprang  young mlomolcgu! at lowa Siate .
College, who has recently moved ta the State College of Agnculture
of North Carolina—Dr. B. B. Fulton by name—decided 1o settle the

hear ut all.

question by actual experiment.

h are on the front pair of legs of certain insects of the grass-
hopper type, organs simular in structure to those used for hearing n
higher animals. Only the species having stridulatory or singing organs
have also the tympani on the foremost pair of legs. Whether they
actually serve this purpose or not, however, has been disputed vigor-

comparison of concerts participated in both by de-legged per-

formers and those with the full complement of extremi-
ties was the method chosen by Dr. Fulton for “getting
ﬂ-_#g"wdnmuw vialinists,
5 fact that certain species of
singing Orthoptera (the name given
scientists to imsects of the gran-
synchronize their notes
conclusive evidence that
hear each other,” Dr. Ful-
“Such & simultaneous

L

they

E

illusion as some writers have

FiL
1
3

studying the songs of the tree

;

le 1n my locality.”

first demonstration was staged with 10 male katydids of a
sort commonly found on the prairies.  They were placed in a -
cage where might after night they exhibited almost perfect syn- :

cha n.

% Iﬂ insect,”” says Dr. Fulton, “starts singing in the afterncon and 5
I 3 song is Fo
under ordinary conditions a series of 20 to 30 short metallic rasps at At
the rate of four per second. Ezch series of notes lasts about five to aad
1 followed by a period of rest of about five seconds.
The synchronization of my 10 caged singers was pml.'.ﬁcl"..r‘ r!-

ua
started its senes of notet anew it weuld fall in with the general cadence.
volume of
the chorus that one could be aware of the pauses i the individual songs.

“After observing the song of the whele group for two mghts | re-
moved four males Yo anothe: cage st some dutance from the first and
cut off their front pair of feg: cloce 10 whal corresponds to the thigh.
For the two following nights only one of the mutilated katydids was
heard singing at one timte, On the third riclt two sang mere or less
The notes were ol symchronized except as ‘they hap-

as approaches the number of singers increases.

seven seconds
fect.. The song of the group was continuous and as each i

It was only by detecting shight vamations in the guality

continuously.
pened 1o sound together at times,

“The two males happened to have clightly difierent normal rates
so that if they started their zerics of nste: in unison they would usually

be sounding them alternately at the cloce. | obrerved 36 con-
secutive i_fnnd'! when both males were unging al once and of
thete there were only two when the notes did not interlere
at some time, during the period.

“"Following these obgervaticns ! wenl back o the cage of
normal insects and listened carefully 1o four singers for 10 min-
utes. During this time there weie only two short intervals
during which & few notes were tounded out of cadence as one
of the singers began a serics of notes.

“In arder 1o bLe dnuij]y -ure that my senses did not deceive
me | requested somenne who had no knowledge of the expen-
ment to ligten for o few minutes at cach cage to see if they
could detect any difference.in the congs. This observer noted
at once that the song was thythmizal and synchromzed in the
first cage !ml. not in the zecond.™

HE next batch of victims weze srowy tree crickets, the

collective authars of that shrill melody of sound thar seems

to come from nothing oul of evwerywhere out-of-doors on
summer evenings when the dhedsvs beqin 1o datken.  This
music is probably the mos familiar ol (all insect saunds buy the
muicians themzelves are lttle known to the public.

They were divided in 1wa Iat= liks their piedecesson and put
into separate cages,

“After wailing a few dave,”
that both cages contamed salling tigess, 1 o
limbs of one lot and remaved their cans |
the other lot The reaults were czential e eame an with
the preceding expenment.  Whan ocly two of the matilated
males were singing ot ence the cllect was that of hemg synchron:
ous ab regular intervals separated by perinds during which the
notes sounded aliernately.  Fach encker sang at s own -
dividual rate uninflucnced Ly the voan ol others in the same
cage. When three or more mutiloted males were finging . al
once an ulter confunon of notes rezulied,

“The song of the normal tree crickets i the othes cage jire-
sented a striking contrast,  aeh indi idusl counded ite notes

i Fultsn went en ™19 see
aputated the fore-
m the vicwnity ol

unison with gtherz, as if a sngle enicket were sing

The third inscct wsed in the soriss a on per of the
pluins known as the Nebrasks conehead, preccd 1o be the mos
rematkable eynchronist of all.

“Their song,” says the entome!=yie, “coneety ol rasping
huzzing notes each lasting o hittle & or 1 p-sad and ceparated

by about equal intervals of silence.  The longth of the note
and their low frequency makes this species an casy ene 1o dudy.

placed my quarry of four in wndicidunl cazes and sopa-
rated them into two groups whieh seers Kept cat of heanng

SINGING .?RGAN
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How a Scientist Staged Concm'ts.
Of Katydz’ds, Crickets and‘ Gmsshoppers
" To Prove That the Singing [nsects
| Hear ]ust Below the Kee

bearing

Close-up eof a
¢rasshopper

showing hix ear-
forelegs,
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THROUGH CAaITY »
FILLED WITH LIQUID /

conehead.

Like his long
tives, he hears e

with Fus legs.

cricket and a couple of other singing >

insects, T was impressed with the idea that here was excellent material legged rela- .\
, for lesting the auditory powess of the tympani on the foremost legs.

Accordingly 1 set about collecting males of all such species as were

Dr. B. B. Fulton,
entomologist, . .
ampulaled  kaly-
dids' legs, made
them deaf,

from each other. After
testing all of them for syn-

The i,'u!l'd(:f-. .« e the aris
tocrals among all the nuaiergws
company eof miecl srgers,

this correlation is very evident, always.
When neghboring crickets are syachror
VAINE. l)r I'_ullx-rl points oul, Iinr\. ui]u-l
their individual rates to  meet
the needs of the chorw
though this  adjustinent s
potsible enly to the extent ol
1 few notes per minute
“I have found,” he added.
“that m the case ol s
enicket there 1 such a thy
as a geographical vanatior
in song. In general the
[tequency of notes at the
same fempetalure increates
ay one goes from esst lo
west, | have had  living
rickets from Ohio, An-
rona and Oregon caged nde
|-. ﬂdr .md it was micreshng

£ 8

BRANCH NERVE TO SENSORY CELL
SENSORY CELLS ARRANGED

EXPANDED PORTIONS OF

AR TUBRES WHKH SUDPLY

COYGEN TO BODY  FROM
CENTRAL | AIR + CHAMBERS

S OUSPENDING
LIGAMENT

AUVDITORY PEGS
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Coranshoppers hed there shimy four timex before
thev are prown ug, « « Hore are four cast-of wais
of chirperclothr.

dewayr, the ble grates on the ndge or scraper causing

a rasping sound, and this s the way the katydd podutes
s famous song l:- tope .an‘{ I.:u- volume are pn-hal-ly
due largely, however, to the i i e base
ol the winy
Ihe watruments of the differeny families ¢ songstens

vary somewhat in the details bat an general the notes pro-

* duced by the different owners have a runge out of all
un the musical ap-

thin memln

proportion o the vanation

- paralu
“ '-"‘-"(; Fhe member of the numetows katydid clan
! \\\ Laovwn bar amdd wide ta the Ametcan puble
:'\‘_ as the gieatest of tnsoet ungen, i called by
il sowntsts Ly the mellifluous name of Pleto-
plirlla camellifolia,  Whether he 1 a geeat

peusician o pol dependi on the peisonal taste
of the enties but wf his
fame these 11 na question
Cenainly  nothing  could
be plainer than tus woeas
ferous “Iatpdid”  wilh
b endiew reprelitiong and

anatian, Uhay.” YKoy didn’t, Viary the did
rYHOUGH the audience of the katydid hos a wide range,
' few cldim 1 privilege of penanal acguaintines, from
s faetr that be has ected for e stage the tallest tiee
topa asdl axidiey. o - AT SR 2 L
Count weed | 1 il ned bard husting h=ld  en-
1 kaaw b, bat nol many mare. I color he w plan
iren k| v toenele an the back cosenng the
vihilianiny [ the v His body 1 fully one and thiee.
| e leoig whal lowg hawehike antennae measure
i wnd Il el
[he 3 etig | the leal "o Wil ire exenly | .uru.lnl
wh cul it 1o i corpulent rotund
dy, Th I aim, ho lur thig space between
them i B d protia 1w imanee chamber
el e to b mosesl I oy ance
He | npesl Wi LT down D lrant,
¢ rathee e u that thyt! i sink with
h Laee th
Asintl ittt r ol a1 blit eye is the black
I csicket. o friendl | af A=ty and dorvard, nol avene
to taking el 1 e ilwell on 1 aulimmn eyening. T
Furepran cousin i the Tamous cncket on the | th of Dickens
tary.,  The ancient Greeks and R called him Gryllus, a
pame which he bBears to this day
H | r tuch hke the katvdids', Lat, unlike
the latter, he has them equally developed
y vach wing, a0 that he can appasently

piay wi || 1"”' T winyg I]I‘il"llj"l‘\'_ l}u‘ju‘l'
1 actual paactice 4nost erickels  comiys
tently wear the ot wing uppermost, jus
the vevene of the katedid custom,
Phe snowy tree cricket that played a
ominest ole m Dr. Fulton's concerty
i really geeen, but of such a pale shade
hal he looks white mt l:|||'J-|. In the
en aub-al-doore or hestra anwWarm sime-
mmer niphite, b catelful  listener may s
tingund a short beat pepeated a hundred
more Limes o minule, [ his steenuous
perfaimance is procluced Ly this pale Inile

chrontem, which proved (o
be perfect, the front legs were removed from two of them.

“On the second evening after the ‘operation’ both concheads
were singing with conspicuous lack of co-ordination. For about
o minute 4t a time the notes of the two would sound altemately,
then gradually one song would catch up to the other o that
for another similar period the notes would sound simultaneously.

“Al the same time the normal coneheads were keeping up
perfect synchroniim.  Sometimes one note could be observed
to start a fraction of a second ahead of the other Lut never
once did | hear them entirely separated.”

UCH a simultaneous sounding of notes as the uninjured
ingects produced can hardly be a matler of accident. Dr.
Fulton declares, and appears 1o be conclusive evidence that

they can hear each other.

The structures in the tympanum on the leg, believed to be
actually responsible for hearing. ressmble exceedingly minute
pegs.  Each one is hollow and filled with a watery liquid and
bag an axis-fiber or nervefiber running through it.  The end
of the hber nearest the body connects with the insects central
rervous system. .

The structuee of these organs led early investigators to be-
lieve that they were hearing organs, though actual demonstration
has been lacking until now, Structures containing auditory
rege have been found in a number of ‘other insects, including
the male mosquite.

Another nteresting fact about the music of the Onthoptera

that the pitch and alio the frequency of notes vary directly
with the temperature just as the speed of a chemical reaction
does.  Since the insects do not regulate their body temperature
like the warm-bleoded antmals, their rate of metabolism is sub-
joct to the whims of the weather.  With insects like the snowy
tree cricket, which sing a continuous thythmical series of notes,

——— g == -

The crickets, like their grasshopper tousns, . .
fiddle with their wings, hear with their front legs.

to hear them try
to  synchronize,
Their natural
rates  of song
were so different
that they

found it im-

\

GINGING ORGAN

The snowy tree

postible to make ‘"."t-"f- ol lthe-
wize sings with his

wuff ol adjust wings, lists with
ment, :
hix limbs.

HE  katy- L
didy, however, constitute the real aritocracy amung the
singers of the six-legged insecis. [

In Europe the true katydid, so common i America, 1 -
known, his family being simply styled the long-homed gras
hopper to distinguish them from their short-horned heavy bodied
brethren, who also are singers. but less notably <o,

Their musical instruments are located on the overlapping baw:
of the front wings. They are the special gift of the males,
the females having to content themaelves with the primitive wing
structure common 1o the rest of the Orthoplera group,

The fore part of the nght wing of the favored sex concit
ol a thin crisp membrane with a stifl ridge on the basal ane s
On the left wing one of the veinsis thickened into a close ceri
of ridgex on the under side, which convert it into a veritable fil,

The wings of katydids are always folded with the el nves
lapping the right in such a position that the file of the lovme
I\ru .1!}(1\‘1' ti:r' rldqr. of I||c l..tlﬂ. “-’bf\r_-n Ii:r “ilrg. it mr,‘.lJ

(Copyright, J¥oN, NIGA Muagasiue wpd Bulungs Hervice) gl

ohiost of an ineect no more than hall an

wch long. The singer raises his wings

vethically  above the back

P Py and vibrates them sideways
so rapidly  that  they are
momentanly  blurred  with
cach note. e repeats rogu-
larly and monotonously all
night along, and by some
people i1 cursed ar a pest,
When be fint begin
singing a0 July there age
ubaut 125 beats per manile,
but later on hot nights the
rate ‘will go as high as

. 200, As fall comes on it
deeveares o around 100 and Gunlly as the nights grow cald, the
nofes enid i hoaree Lleats iepeated slowly and tremulouly

though Ul ihvthimically ws if the <inger were numb with cold
of pan Wil the coming of the hat trosts lllv}‘ die away
wltapethor,

It i '[||u|1.|h|r that Tuther experiments will be made 10 learn
sheut the strangely I.' wed and f||||n.t'|_5‘ canstrucled ears that
the katyedids and cevlain of thewr velatives are now nswa to have,

Recently, it has been shown thut various moths and . cortain
Ppes of butterfhies appear to perceive sty anel ¢ ulr:if,-“u. ol

1 1 two species bave been lound fo react to eoupd
None of the incects used in Dr. Fulion®s e et rormed
watly dictuddicd by the los of their fromt legsgtfor those oper-
ded upan lived as long s those whoee legs were kepl mtact, a
enchiion. which amues m favor of the oftrepeated statement
Mzat ts are not very censitive to pain. And besides, grase
L g pers, whion tepped, olten Tock their legs ‘oll;



