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- ' ON THE PHYSIOLOGY OF RECPIRATION IN CULEX
- . {ZUR PHYSIOLOGIE DER ATMUNG 3Y CULEX)

[Following s & translation of an article by Dr. Bdward Babak, ™' ™

S Prague, in the Qerman~-language publication Internat, Rev, .

L Gesant, Hydrobiol. u, Hydreme., Vol V, ¥o 1, IGLZ, pp. 81-90.]

o O From (oservations and Bupsriments by J. Hepner
Under My Direction

Lorss e s

. .
* .

Oscupisd with comparative investigations of the respiratory mechanism
axong animals and having recenily summarized in particular the Jindings on
trachesl veatilation {the respective communicstion will be published in the
reay future in detail in Wintersteins Handboolr of Cfemvaretive Phvsislosy Y},
I have given detailed attention alss to the thiee ontogensiic stages of
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-84 cultedble maeterial on the behavior of the respirstory motlons in Ths succese
give main phoses of developzent as well. 23 with the cenditions of veniilaw

PR I W RrY

L. 0. —oulex among the tracheats. I was concerned with direct observation o thks .}

e —————- oo -thotrachoel Trunky I ike transyarent larvae of culex, So fav,
S only very insdecuate knowledge has tean obizined on these subjecis so that
we ave justilied in sayinpg that the physiology of the traches is still in
ite very esrly beginnings. Sinece the diptoran larves belong ameng the acoe
lopically most interesting and, Irom a practical viewpoint, 218 mosi re-

st

markable aquatic insscts, this contribution may dessrve some attsntion,
- - The tarec ontogenetic Stazes of dulex differ grestly in regaxd to
waysiclozical viocwpolnts. The mebabolism of ths lazva is sxiensively ore
. ionued To prposes of siructuraticon so that the materials for the strusture
&l tho futurs fly aro procursd in a relatively short time: in addition to
ThAL cxvensive prozress of assimilation, thers aslse take place in the body
ol The larva extensive dizsimilatory processss baoause & groat dozl eof
museular seiivity is necessary for the srocurement of mutrition and 2imose
O pheric oXyzen. Tho pupa represents a quickly passing sSage in which a
cuick transiormation of the body is carrded cut. The dissimilatory proces-
s65 soon 1o be more restricted than in the larve, o judpge Irom the manie
fostations of life, although intense locomotor reactions are produced by
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- —mehasoliin. - I w&ﬁ be of con zﬁdsrab'ie interset sa iavestips

interforence with fne ingect on the sunface of thoe water. The Ily 4s d:..;-
92215’2.2&«3‘3 oy varj pre;..uu..%d dissinilatory procosses, Flirhd 45 well as
presuronent ol mutrilion and sexmpl funellon prodavly slase i"i‘j.; omands on
stigate tnge tares

stares of dwslapm % oin rezard te tnolr oxygen roguirvemoutbs, which 48 waat
we intond to do ‘samtima in the Sutura.

However, the yeaotion of the larva, o pupa ard fly Lo axyzen deficleonoy

is alse noteworthy, aven though wo cannot yst arvive zi any definite at}in..an,

-or She Lntonsiity of the oxyzen requireman ‘1'.3 and eon inform oursslves specl
Fieally only on the sensitivily of the central nervous systenm %40 a,cygaan de-
fitziamz;. The ame*in@nﬁs sarried out at the same tampsmmres agtuzlly did
ghow ue that extraarainaw difforences So occur hers. UWe hermetically en-
closed larvae and pupas in distillad wator or placed them in & small amcunt
of liguid in an cersetsd chamber under the miérauae;ﬁe and then conducted

‘& flow of hydrogen which displaced the small amount of air in ‘%:he vesgel in
’ﬁhi@h they wors sontained. In the syémﬁ'en»fmﬁu chamber, paralysis dus
o éé::fge:‘i deliciensy cocurred, on the gensral avarags, after 95 minutes with

/- inagoes displayed paralysis due o oxygen doficlency within an interval of
; '?ess than 100 geoonds. 4ASter enslosing the larmvas and pupze in thoroughly

> boiled water, entirely similar findings were obtained as with hydrogen and

‘hi*'s tho sams differerice in time botuean lazwvas and pugasg. The former bew
" goze paralysed within about 90 minuies and the latier within about 50 nine
~_,':.."%ss If gustoparily acrated water is utilized for an clasure. we then obe

ks B3+ asarggiaa,gg denzinening of the interval of time wntil the osgurvence

'éf varalysis. The larvae subsist for sbeut b hours and the pupse for about

Hydrogen th“aagh The chawber, Tho fliez were placed at a certain moment in

the larveo and alter 35 mim‘aas with the pupse. In contrast, recenily hatched

2 hours (ef. also skin respiration), Finally, as m...l be seen from the fole

Jowming, the Jawvze snpd wupas can alse be e ok

Aes i

o least ;:ar“»iaa.ly} zemoving the ventilation s,,r;a..om m&;’m the prot harac:.c

 stigmate. A similaw iﬂt&“&*&l elagses uniil the cocurrencs of asphyxia as
-3 t‘m& axparinents wi’ca boiled water or hydeogen waadzf mentionad.

o We may concluds from this thal those manilssiotions of 1ife in ine
contral hervous systam walch reguire con uimeas cxyr'an supﬁlm stand in the

Doralront mr tis m?a?.al7§§4s$ waereas the . *:o“g; iotdc procssses have

preal sigpificance for the pupas and avah & are Lor tne larvas. It may be

probacls that we m; extend this soncept to .ﬁ.cx em.-.a process of life in
the sarly lorss of the three éevm.apmanuc.l stages, Vo may refer in this
raspect Lo &l ”iil& z.‘.ﬁdir.;;.. from the investraua*za goncueted by Amerling
(3“) thoe Resistance to Cuyzen Doflclongy during the Ontogany of the Frog

- ?“iu;. Arahiv. 1963 Yol ‘?3. B 2633, under our divestion, on the succﬁs-

° ive aev«.lsp antal staros of the 2 ron waora the carly exbryonic forms a
.e “n o Be nighly ‘“ﬁ@‘&&ﬂé snt from the o:-:yvan supply: subsequently, wim
rieyeasing growth and awslép.ia'ﬂ%, the sensitiviiy of Wne centrsl nervous
system Lo oxygen daficlioncy gradually insresses, (Similar lindings seem to
axist also in rozard t0 the embryonic stages of birds and mammals and aven
newsern rabbits, mice, ote. siill show o high degree of resistangs to ase-
payxiation. )
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% lenbt:  the rolative sonsitivity
Sum B oxyroen dodisioney i3 clesely related to
s Trge sither in the larves nor dn

re any indleations of spesific vespiratory motion o
gven of royihnde ventilatisn, not sven in dhe prolonzed experimonits £or 25

HETLX

d physdstion, We Dind Wers aise an analogy o tho cirsunmsiancss which ware

. condirmed oy us (Jote: 3Bobak angé Xuhnovn, On the Resplraiory Rayihn and : ]
- she Ontozeny of the Hesplratory Meitions in the Uvedela, Pflug. Archiv. 1909,
= Vol. 80, p.2%%) in ths amphibia, Young larvae of amblystoms do not manifest
- any rospirvatory motdon but, in sscuence wilh the growih of the bedy with |
L whlch %he growih of the bedy surface does not keep step, the laiter bepins ! 4

2% the sare time as the oxygen reguirements increase, in opder to facilitate
5 gageous metabolisn,. .

‘ : o In the dmago of culex, the resplratory oseillations of the sodomen
. 3 a

fall and pise with expiration

= eriodic ineresse and subhsequant
lesser Irccuency of ths respiretions. I 1he inseet is ovserved vwhile &t ™ 7777
racovers from the varalysis due to oxyzen deficlency, we Tirst note 2 per- '

Q are primarily notlicsole in the fergit
!
:
E : sistont arvest of raspirstion followed suBssquenily by very slizht and in-

and inspieation. As 2 ruls, we find he

g
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o &

Iracuent oscillations andfor alse small grouss of heavy respirvations, again
Tollowed by intervals. Gradually the gooups hecome move axtensive, bub .
heavy respirations are more iafrecuent and smaller Sreaths prevail. The

-t pauses botween the groups become shorter and finally join into & contimaous, - - -f i -
E uninterrupted and slighily oseillating rhyihm built, in regard to smplitude ’ :
“and {requency, of the pericdic {"interrupted®) respiration. ) -

In the arez of the first o the feurth shdondinal segment, it is pose

s

sible to ouserva, z fow seconds after the start of ewposure to hydrogea, 2 i r
Crapidly inersasing snd very peroepiinle swelling or insufflatien which ap- : ‘E
prociazly doforpms the body. The swelling bagins to decreass a few ssoonds . :

alter removal of ths hytrosen and soon disgppeads ﬁ;mplateﬁ' . He intend %o S
carey oubt furiher investigations on the sigaificanse of this pariioular

-— mantfestation. £

¥
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Consaouently, suoeilic rsopiratory movoment iz complolely abseant in
“rackeal vantilation o arve and the pupa. Very proocobly, this axten-
sive awxililary of rospirgtory ashivity dues not develop whon oxygon rae

- guirenents ars low and wo do Xnow shat the tracheal system ofisn secondarily
1 " larpely atropaies {dn smell forms, ¢te.). On the basiz of the present

3 m ot 4w

- Jindings on the respiralory motion wiich venitilates the trachszs of the ine

: O;&C‘-’:s, we ¢an state that the rospiratory movements dispnigce the gas content

: ol whe larze fracheal frunks and partislly resow it Dfroem the exterior through
: e sbizmeda; Lor the essentisl signifizence of fthe renewal of air, we can

A point here from the comparison vo the fack that the insects posssssing '

o
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A “'ﬂmﬁm}a—ﬁﬂw MWW on Mm the tracheel wapilizriss i

‘

)

- gloset tryacheal avstenms o not nave any corre sponding recnliraiory motion ==
waich could hove p nLY serve tho fndorvixine of dne air. 'o over, in the

T elosod froshenl systems, we oh nid now avor.,aoiz the possizility that thelr
gas eoatent ccm“m primarily 0,. c;»zy;;;a {obiained through the sssresory
setivity of tho skin or the trécheal pills andfor canillories) the dise
midh L0 WANLSRESASY. .@*mm:, e Bova Zound Yhal the raSe
;&?&%@?y‘ nat é.t:smt of Ey‘tiseuis and these of Lesusta (ac:car”‘.,.,.;; %o Travianns,
a3 we have fissovered subssauenily) contime also under waler - with '
Drtiseus after ramovel of the dytre and wings. %.*’e are *he:‘ei‘c*e ai‘ the
amﬁmﬁn that thas respirctory motlions in the a';a*}. “rachesl sysian sarve nob
 oudy for iha sanewsl of aly bul adso for its displocament in the "a fery

we s wokeer o

the ticsues is provzbly produced by aspiragtion® of the oxyzen and the cone
saouent repid diffusisn (the participation of tha closure nochanisn . the

§higmats -« 3u such trinsport appears to us so far ample‘te...y hypothetiical

on the basis of our review of the literaturs).

Wnat, can then be, in the larva and puns of culex, the forses which
sarve ﬁaa iﬁ%@mﬁxﬁ.&g G the gas eontent in tra laree Sracheal trunks {even
% that the. lover oxygen requiramsnts of t‘r:aa& insectis ¢o nol requirs
s..;,y emsiva auxilliaries Loz f&aﬂxﬁaﬁing gassous metabolism)? They ave,
-on $he one nand, the powerful vibratlons of thz abdomen whlch producs locoe
Testion ang uss.@.zamy sxarh sirong woransion and poassure on the itrasheal
tranks. Yo may perhaps also have 1o assign & resplratory si:alﬁwzca Lo
 the pulsations of the dorsal vessel &s earlicr researchars have cacasicnally
" donoi actually we see that the two longitudinal tracheal trunks of ths lawva
alﬁamﬁw aaprosch ond betome displaced from each other {in pardicnlar in
“4hs distel todomingl segments) in which the laterally gn‘.;;;c..n Branehes are
-gften appreciably stretched. The s‘i‘*isi.:‘.r tauwaari:’_a observed during the
experwm zsg?gxia@n {of. balow) mizhd als{a ae invoked in confimation
of this ooneent of the respiratory signid ie »a:-&iﬁc aohivity.

T A

deb il b o bor

St

%ﬁaﬁ%ﬁaﬁi@x in the larve talkes vlace %b?ma-:?: the respiralory appandix
oﬁ the next 4o the last abndominal segs .em'. whsre the s':.l:;ma*;a ol ﬂ e
.ﬁi‘&ainal crachoal truaks snd in 2 unifors terminal choxbar, AT the end
* e ”z‘aa,;iraﬁs? .faﬁ“.ﬁn” (::..‘ in detail: Raschke, Gn the Anatomy and
- “i m‘.c»gy oL Lavvae of Culex :Ze.a“asus, Zool. ﬁ._..m ’3? VYol. lé, p.18;
The Lavva of cu o% Hemorosus =« 4 fontrdoution o the X v‘?eéfe of Insect

|

lo2ated tho one oxternal Slocurs mechanism ahd, at the terminations of the

« seipmaiol trachsal seotion in the terminal chawmdor moniioned, the other in
.c‘.. slosurs megnanisa, The pupa vent .s:i.u.uﬁe oy way of <he two eariike
atl.a._sie ca..; uat! accer ;nrr to Miall {The Xaziural 1 Higlory of Aquatic

“.. sony and Bistelogy, A.ren. F. aturgesch, 1387, Vol. 53, p.133), theve is

.m..e“.e. ndon 1503, ﬁ....QI-J»} la:;.a*‘ are protecied in tho indarior
against th antry csf‘ watar by a hyer & sristies, out we beliasve fhat the

Qﬁ;.r*am@ cf the tube formationa .’3.“36‘ is completely zdaguate for ithis.

Loth siazes, we wers abls to ::e*af:.-.,‘ the great sensitivit ty of thess vone
tilation devices %o the normal air aimosphers. Wien enclosed hermetically
under watsr, the refpiratory comma, so-to-speak, fesl aleng the glass cover

TR PPUNY

1,




Cor o T Toal mevenents, we mighi eonnelvably
. . idsa is, however, improbable and can woveover bs reduted by dirsct ohserva~

e 3 AR e D A SR ARt £ 44 8 T
See

& hl
Lrasasal

tranks i3 soon Yemptied® and, i7

crptisd of gas in varicus vays {(of. bolow) ave placed
gon akmospheta, the lraches remain delinitely ampiy.

larvoe wiih the pringipal tréchesc
in water with 2 hydrce

Tas rezpiratory cornua

of wne puns remaining atl the hydrojen atmosphers then inecline -« evidently

drritaned -~ back over the dorsal surisce

of the body.

Soth the terminals of tho respiratory corans a5 well 48 of the rese
piratory tubs prove thamselves ssseniial devices for The normal ventilation

of the trachesl systexs,
lazva remain instinetively at the suvfucs
wut ventilation 13 no longer carrded out.
within the sase interval as when they ave

Vhan these sezments are removed, the poupza and the

of the water in contact with air
The insscts beooms asvhyitiated
haraetlically scaled in waisr or

when the stigmets TuWbes are ligoted; the trachesl systenm io found apty

within & fov minutes {of. below), e 2

R

are unobls to
-: . kil significance of the extermal tracnezl torminals is bazed {(in the larva

say

on what this gscone

. whers the clesurs mechanism durding asphyxistion olien effecis repid rhythanie

ey
WK

1 Sion.

of a sord of pumping motion. This

P _ If the loavva 4% mods 4o Yasphymiats slowiyht i.a, il the effect of

) 1
) .‘ [l
{ - Q-- R 3 e S SR GG P A MAERLaes R MeIEE Ak 5 bac. B e okE o m b W e e semsera e b P & somn & @t + Cak s m s imats
.
i .
§ ®
-1
. S S
S
—
!
’ 3 W%y a ® - o ey aeatatad L A o * 1am ersd
and are sulo Lo Lovate LLnNy als bubolas and thon conversze on such alr tube
. et wt S N O R ., s teta® 2ty 9
CBleg with tho oxbendsd ferminals and evon deoy tho ubble with thom dovn
% o fle ey £ 4w e nlnd 2 4 - fa ke sl Lt e % -
into tho waler. Al Wubdlos ars alse sought ang lozaicd a2t tho bo4ten of
%, R 3 P 3 ) & RN - - 4 - K : [
the vossel ang genspad by the roandralory somnas (oven in g side and horie .
| S | £ LY PR o, 1 oo, = - PROT Y hy o Lk
- - zoatesl positlon o0 TAQ 2LTYS.  LAL o8 o Wi Lorval recpivaiory tuds with - -
n & - - > - % . - - FiJ 3,
iP5 valwelar dovicos heors unousssssiully manss for air.  If 2 hwdrozon ate
Y & Bl En e et e ke, ., &
rosphera 45 provided sbove ths waler, wo thon sos that the syohen bersinal
- 5% ] 2o, e Ay - ot 5 b 3 3 dn 5
: is sowobtimos dlosod on the Leitor or €Lie onens and closes auiskly, but 14
3 . 2 ey v Il » 2 Fas < ) ) & e 2 3 o 5, 3
g ic rather doubiful, dn view of Ihe postiofsnass of Yho insach, whsther the
- F FR s % - - . . PRI ) LY - T o, %, aie mudeve =
: darva ventllates Atec trachesl systen wilh nydrozan. Very probasly, Shs
L X waris e e % s gmSs, 3 S iy soanst  wroa, o -
- Poreirn padreitated Thas Sypadn TULLPNTTS AN TR Ly closure mutimnisnm - - -
M . % 2 ay e L) an Ry LY - P - e o .
N sasaing shud. Az we will deseribe in detaldl balaw, the zes content of the '

TReTen SallCIiensy 1T Testricted o ST Tanpiyinz® Yhe longiludingl tracheal
'oF 3

and we

i . trunks, the larwvz 15 able to recupsrale
' panded at the serface of tho watar bus
: taxes plase axtremely slowly and it
! “sumping action¥). Donsequently, we
: ine elosurs mechaviism of the ressin
: under conitast with the hydrogen aim

_n,

Tho aspaymiation expariment
ciflerent iniervels elapse belere
I tho watoer in whlch the lomvae
: cording to Rasohke, sush oulex
I Eysoll (Comtrddutions <o the 3iolozy of M

%
by 2t

+
-
wie

{0 covar,

piratdon.

larvas survive for

&g it combtimously 3u&-
£41ling of the tracheal systen
negsitle o observe any kind of
™ e r}ef“fxw{n oseidiations af
s WALeR now and then are showr

£y

indiecgte That apprecisbly
sontent
Agw

1 ascording to
Aveh, £, Salp angd Trope

ton hours

-
sguitoes,

Leal Hyziens, 1907, Vol. II: Rel. Neap. Jib.), fhoy survive Sor days below
‘ (Howover, below the ice; large alir buzbles scowmilaie which
enable the inssets to ventilste extensively {cf, below).

This iz done Wy

gill and skin vespiraiion and, according to Raschke, also by intestinal res
In regard to the gills, Jaworowskd staies (0o the Tubular Appen~

the eilect of iz'rita'i:.ir;;&
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33 & 485 * mapeen £ ax FR b LY . PR Lok d Fam¥ e, ) X o, N
li202 of 4he Lavvap of lamatoscrmas, Xemmes 1335, Vol, 10, 2.20K) that the ,
C . £ 8 £ ey .S = . e 5 L bd .
sestractie of the Luvarazl oiroma of the anald pill monendloes dntroduges
& .
o ~ -,

€

 Blosd fnte 4ho sddeninal savity vhich is smesspoueniiy returncd to these

- —gopmordtuus. Howeved, not ovon in tho Apst ouliveno asnhyniatlion cxpoximents o ¥
$Ors Wo o33¢ S0 £08 Suy modiochlie displaccnens of blosd nove. Dven o, we

Bekiove Taeae appontliens B0 Bo 8lse refpivoltery organg bui 1o us “hoy seenm

4o a0t moce &% srashoal (end not 26 true or bioodelilled) pills. If we e

poved Shese 2ALY platelcts, the Lnscobs hon gll disd mors uickly than “*

soraal 4258053 in hormetizally elosed and seveicd water., Howevar, She wain
T paws of gurdica Tospiration Intuzbs So tho gemewsl surfzee of the skin. W T
T Twere alzs nes dble Yo convinge curselves in ragaxd to the intestinal resplie
szion pestulated by Haschake (ef. helew).

Tuo axbend to which the trachesl system with its ventilation 18 ime 3
' pertant for gascous mebubolism iz fllustrated by the observation that a , . i
 lamve or pups hormebicslly anclesed in & lavge amcunt of oxygen containing
waser Sogether wisth & tiny air bubble hasz lived for days in full healith by :
doriving frem this aly bubbls an sdoquats volume of oxypen. The ingact esn '
oven e kopt slive By & hydrogsn Lubble Lecause sow oxygen sontimually
aniers the hubble Thrwough diffusion Iyon the surrsunding water. The inder-
@ relabisn of trachesl and of siein raspireltion can 2ise e duwsonstrated By -
potging the ingesis in water either condaining wuch or little coygen bud .
vith aocess o the alr. In comneotion with ths insignificant skin rospive :
© . zbisn dn the ladier coSe, we frequently see thes go townsd the surface of S
© he wator andfor rest here longer than in the former cass.

fiovbmigy

L Inconclusion, s want i deseribs the munifsstations during aspay-
o Sion in prenter dotall and davote atientdon particularly to the behavier
I .of the tracheal systes in this. '

e Rave already Intimated shove That asphymiation can be profuced in
sovaral wayrs. 2ither we enclose the larwa ard puns in & snaldl suwount of .
woker in o oharbor ventilated by pivopen o An belled and sventuglly - if
sophymiation is 40 take place move 3lovly - i3 The wsual zersted water,
- I%-1s aloo possibia 10 oub sway the axlernat terminations of the stizrais

:
{

¥

{

%- o W lizadts ths respiratovy tibalets with 2 gilk dhresd. o then obsexzve - . i
L3 %,

i

1

it pdgs roveral unrest, Intense loscnmotisn and soliles boward the-surfags of

S
tho water; the end of the respivstory tube is broupht inte contact with the

1aRe

A

orol appindices {Vpreaming®); the respiratory fubeleis of the pupd are ace .

wivased intonsivaly: ste. 4Aftor o fow minmuies, the cardisc mulse is already:

asceloraied, @.5., from aboud 80 to over 200 por nmivule, St the SANe TEKDolw

‘ stura. (his wio also observed with Mepa, Ranadra, and others {sce alse cur

4 oekperizents on fizh esirvos; On tho Provisionad Rssadratory Mechanisns of

o Fieh Ioryos, Jantrnlbi, . Physiol., 181, Vol. 23). e mizhi possivly it

concedve of ihis zccolaration of the blood sireulitiss as a regulatory dee f

{ vies of Yhe respivation in ihe suxftos of the skin axdfor pill respiretics, "
oven tacuzh this is very slightly produssive in insects. Only when asphy- i
sionion &s Jar advanced do we Ses & slowing.down of cardisc astdem. b
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Tha disesthive Wbe and the Labior sooury asouy A5 Tings ner mimuis. In adw
@i%ion, Thers 38 mendlostsd 4 astloldy Shyiinlocl nmtesilngd perisialllc ;
& somax 33 eryeles per minmse wnleh Lg indroguand moranlly. Vo are undhle
%o 23y o what exlant espoelally the Lathor dr & xtnllestavion of sid %@ '
zasoous matabolionm Because uwe wWore not it fto definitcly conmlilz ony vene
3 Y o

&
~ & ey N, R e - - 0
dircevive tude. There ars nl3e osen vislent
.
.

e so~eollsd fsgllvary plands¥ of the thorax, and se

=

“rolling metionz* of

=]

on. ARG ranid snmot ol nursidity ol The otereriny bvnnspmrent toly & the

Beiled water, this disappoarsnee of Tho zasecus content of the large longle

water, this phanomonon 2lSo tskees plass after Lisatine or rexoving the regw

gusecuont coourrance of uniform dark figlds in the thorax {and s1lso 5% the
sodoxen) is very noticesbls.

e lonzitudingl dracheal tmunks -« and thle is the nmost nderasting
=anifastoiion of 21l ths sympions of zsphynia - are gradually empiisd. In

tudinal tHanks con be observed very cuickly after preventing the aocess of
ad®, .., in 10 minuies, EHowever, wven with ascess of alr aud In asrated
]

piratory tubelots whers 1t 15 net pocsible fo consideér evamation of the

zas centent by meve diffusica, It seams that here the characler of Whe
trachesl walls conditicns ths disappearance of the gasecus contents besause
we obsorve that the different Segrzonts of the tracheal ftrunks are amptied
at Sifferent spehds and sgoasionally cuite ivregularly s well as now and
then in an sobavent relalbion to the sopnenial erbedding of the longitudinal
srachesl trunks shich nowmally have o slizhtly wave~like trace so that Theve

.

ave prodused rosary-lilte fermations. Cogerved slighily Juw:x &bove, we ses
finally two thin threads instead of the Sfully-distended” cylindricdl tubes.
However, in achuality, these are flat gray bands whlch ave distinguisghable

-

by & move laterel chaepvation.
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y tudinal trecheal truzke is encloscd in oxygen-irprognsted water, very

It 15 then evident, from the behavior of the longitudinal tronks,
the Yspire) thread or rides® of the traches &t least in our cass,
278 o role in padintaining the lumen and suppording the walls ag 18 genar.
iy stated in literature., In the asphyxdstion sxwperiments, the spival
¢2d has in no ezse bean zble to prevent a eollapse of the trachesl wails
the same is true when the trachsal ventilation is damaged.
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Tre spirval thread of the culay larvas probably possesses ne notlceadls
gidity of any kind 2s may be inferreC Ifrom the atiexnpis at recuperaltion.
glasticidy of the fhread were aotivatad thrcusn the collopse of the
shoal walls, we chould then ses in the gases where the non~donmaged rog~
Toiery tube of the lawva is in communicailon wiih the alr gtmosthan

ne ead of tha yespiraiory syphon 2iwsys contalns zir bestuss the walls

EE

£ he sypuon sve always very »izid) or whon & ladva with collapsed longie

4
4 )
: 3
3

|
.
&

‘!‘ §oe ¥}

%3 el

guiakly ths Dilling of the ¢racherl tounks, Howevsr, the latisr ave net
Dilled a¥ all in the socond cass and only pradually in the first cass. Tha

53 4%
mayier 4An which this § ng takes place also cuntradicis the sseumed

%
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aoplrating activity of tho wrashos. Coozulonally whors io 2lilzd enly oas
& &b & np s ;s R TR SR S R I4 ) Ay e - . 2 22 ey e P
s @I VreSNGe JONTLTIAINAL WYUNAS (4N Whis J20Y% alsg oenirailiguc the
4% &y & s ’ % i 1es - ey &
paesiailivy mantlioned ateva of 2 numningz L6ii p

N aote § &anS 3 8
S5 QL WG LLISNRNWEL QEYAlas .
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¥
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H &b, r 3 . o P Y 34 7 Ti e wao < -, M o )

&2 tas body &% 4 Lo whan tho Gistei commont ol irho truanis losaaned gleosar
X = % 5 4 5% AR R f Evim cmmns G it @ s max oy % g &

o ko a.z‘::@:.t&.:e:ffai:,s SRALL empUY.  Gnroush fnlekoning in the Jerm ol @

- : > P - gann’ P a3 .
rogary, who oylimdrical fows of fie Lraciedl wrunlis ir thon gradusliy 1oe
3 Casyds & £ sana - 208 m e 8 &t <« . 3 Pl )
sumed but various irrsguiariltlies of ths novmal troco and noraal thickness

may morsdist Jor 2 lonped poried. Zowsver, i ths auphrxistion amerimesat

i3 gconstinued beovond the eritical soint, “here tuon doss N0t COSUY SOV NoTe
mal 2illing ¢f the trachesl systom 2z all. T would therelfors saom &g 48
“he $rackesl wall wes damaged duving the asphyxistion esporinent 6 that it
ne lenger posiesses 3ic normal charactoristics and sotivitiss.

) .
5 AW A
.

v The pesistance of the cemiral medveus aystex 4o the lagk of oxyzen
&iminishes in the ontopenetic evelution of fuliexw Ifrom the larva to the muma

Cand aspecislly to the image wrogressively. The speeial relplralory movee

mente are developed in conmsction witly this 4in the innge glone:; it iz zise
posaibie o £ind in the latter a ¢ypical chamical rerulstion of the rvespire
atory zoverents (dyspnode elevation of the rate of vespirationl.

. il IV

The~anthor-malies-many premarks.on the physiclozy of the respiretory
gyphon of the larva and tho respiretory Lrumpetes of the pups (esp. chser-
vations and experinents conceraling the sssential sipniflication of e ex-

- frerdty of these organs), on the behavior of thes in hwdrogen, the respire -

atory Zunction of the {trachesl) gills of the ladva, the cutaliesus respir-

i e

pee i PN R

tien and the respizatory signification of the dizdal axtrenilty of the alie

The vhencmans during the acshyniz in the body of the larva are dow
seciied, especially, how the “wo main trasheal drusks, though there is dis.
tineily daveloped 2 spival thread iuw their wall, are fletiensd and Yembtied,®
& behavioy whtoh diifars srastly Irom the hithnorto suppossd mevaly mscharie

sal fumsbisn of tho onltin wll of the air-twbes; the livine wall of the

. adretsng ds probibly an aetive dngtransat dn the normal wventdlabion of the

“traakied.
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