
UNCLASSIFIED

AD NUMBER

AD836165

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 19 SEP
1963. Other requests shall be referred to
Department of the Army, Fort Detrick, MD
21701.

AUTHORITY

SMUFD D/A ltr, 8 Feb 1972

THIS PAGE IS UNCLASSIFIED



4

DATE:

kD VILBgT

aeracino hspbicto nwoeo nprt ophbtd Hvvr ~ s uhrzdt
iirde h pbiainfr ntdsae

r.~rmt upss
LT

Reprodut ofis pbcatiAo i madoe npr
I i prhibted Hoevr DIM iMtaas ahriedt

rprS ocle thea uli ati fo Uio Sates

Qoerm n pur oses. ARles

,,jt P iOr *-, t  ice1hn Ca e

onl 3e0 trickv A 'aryland 217 0 ,

TOQ

DEpARflNT OF THE ARK!
Fort Detrick

Frederick, Maryland

kv



ON 'i. .HZOLG OF 722IRTO =Al CU

Fro OsratosadMaieitbyJ.Hpr
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wintern th sote in t o e ;r'ae ~ ~ ~ )o~ i
tHouievery pr0Z-aon of dtsilatry rpaocasnd lizht oyyas dowen 

- s proc ee thy f tren thndg .. eof co',r yat ar" atan doiaonon*1
or,_ %4 Otase of dovolcp ont i n rr to rt to r . cag n ortous, Wnic is wht

itowverthereacion of the a a pua vu and fly t oo o gen efiec

~. 1 fiallyw only on the so' tvt fte eta evu sse ooye d-
ficiency. The experimeats carried out at the =ame temperatures actually did
show -us that extraordinary diff'oerncs do occur hero. We hermnetically on-

cloedlaraeandpuaein d-tle ae or placed them in a small 1arzount
ofliuid in an aeraeted chamber under- thnicroscope and then conducted

!Wbdrogen, through the chlaxfber, The flies were placead at a certain moment in
aflow of hydrogen whtch dtsplacod thd w 11~ amount of air- in the vessel in

whic h rw aa otie . ate1yr~~-~dchmeprlssdr
to oxygn deficiency occurred, on t-he genera average, after 95. minutes with
tae larvae rA after ;55 mizutes with the pupae. Drn contrast, recently hatched

boiled water, entirely similar findings wore obtainezd as with 'hydrogean =nd
_ ithU the s$=e rifferzice in time between larvae andi pupaes. The former be-

come4 poaralysed within about 90 minmtos and the latter within about 50 rain-
--ute. - f customaril1y aerated water is utilized for enclosure, we ten o'-
t----- - n apr~iauktien of the interval of ti1.muni the -oou rrenc

etpilyss. nq arvaosubs1st. for about 4 hours and the pulpae '&Or about
2 hours (of, als;o aci respiration), Pina!fly, as will be saen from the tel-

~a e t~larr M A-n Also ha sxpoza bs z~n~t y, (tJ lea&t patially) reoigthe ventilatio .1SYphon and/ortep'toai
ztignata. A slaila interval'elap*ses until the occurrence of asphyxi as

j in tha exprim-enAts with boiled water or hydrogen already mentioned.

T& =e maycnclude froma this that these nauni~stjQY.3 of1 life in the
central nervous .ystan Lhich -require contirnuous oxyg,-en. xapply, stand in theV. orafrontM for the"'.zarl sta-e wthereas the anezbotic pr oceses haveI~ ~ ~ ~ o proabl thtuepayex e hns con mor for the larv~ae. It may be

proabl tht w na eten thc cnceptto -.he enttre process of life in
the early forms of tho three developmental stages. 11o may refer in tis
rosiact to simidlar findings f cm the investtigatiAons conducted by Anerling,
(On' t... Resistance to Oxygean Deficiency during the Ontogeny O±' the Fro,,I -- P'ut..&v. 1908, Vol1. ?l0 p. 5),under our dteotion, on the sucoes-I sivo developmenital stages of" the. frog whore then early embry-onic r=s are
shown to be hnighly independent f rom the oxyge.. vupply; subsequently, writhaI O increasing4 growth and dceozat he censitvity of the central nervous
system to oxygen delficiency gradually increases. (Similar findings seem toI xist Also in ragard to the embryonic stages of birds and maumals and even
neworn rabbits, mia, etc. still show a high degree of resistance to as-
phyaiation.)



Alink Co.TWoCA tha-oz of -,'e r~~nt or aspOhyxiation of
tn nreoto;ae = ain ztz.ges of cr2.oz t.7Ia U :rtulric-of'10

Cir.o woVJUld be0 -n04a-ary, a'. , to0 L aO relati1va Oxyto'n can-
s-un;ton. Kowo-.vor, onoe~t,4r a~~'y Ovido... t.. raaimcnik vt

of the contral nervoau Cystem.- to oxy' Qn dot~icioncy is closely related to
...a develo;pment of '2e ro'Jtrt%;ot~on$ Neithor I the lar-vae nor in

0;' o rhytbnmio venitilation, not over ift the Prolonged ==x erimonts for as-

- onfirmed -by us (No e3bak and 'WhnOva, On the ?4pi-ratory X'.Ythn anId
the Onrtogeny of the 57espiratory- Yotiors in the Urodela, ?fluga. Archiv. 1909,
IVol. 60, p.4 4 4 ) in the mphibia.. Younzg larvae of" arablyatoma do not manifest,
any respiratory motion but, in saquence witha thzrowfth of the 'body witt'

whih te gowh o th bdy urfcedoes ntkeep step, the latter begins
at, the sane tinte as the oxygen requiremients increase, in order to facilitate

aeos metabolism.

=n the i=-' of clx !Orezp:Lrat ry -claIosOthabdxe

o ara ril noticable - h terg~'ite hZlladiexirto
in Jnspiration. As a rule, We find he~re a P~eriodic inAcrease and mebseqxant

lesser frequency of' tha respirations. If-r the insectv is oserved wile it
recovers fron the paralysis due to ox4ygen deficiency, we first note a per-
xsttent arrest of rasno,.ration followed subseqcuently by very sligh a=d In-
f raquent, oscillations and/ox also =n<la groups. of' heavy re.spirations, again
followed by inteirvals. Gradually tegroupsz become more extensive, but
heavy respiraions -are more infrequen.t' -aqd smaller 'breaths prevail. The
pauses between the groups become sehorte.r and firmly join into a continuus,j
un'r-ternptcdl and slightly osc4 " l'ting rhythm built, in reg7ard to ampli'tude
and frotqaoncy, of the periodic (tlinterraptedit) respiration. __ _____j

Inq the arera ozx the first to the fourth abdomtv'al segient, it ±s tea-
sile to observe, aL few seconds after the awt=rt of -zpzr to hydrogen, a
rapidly increasing and very perceptible swellng or wic ina t

proc4Szly~t decrease atobd.Tesrlig zi~ few seconds[
a:.- ~.r reval oz The hIyc:rogen and soon disappears copletely. le fedt
carry out Durther investigations on the 4ignifian'of this parlticular{

Co.-scuantly, speciLfic ros-pt1ratorY movoement is aomplotely Zabsent in
rareal vn~tatof o the larvan the pupa. Very probably, thi-s exten-

sive axillUay off racptrator; activity does not develop when. oxygen'Z ra-
cquireMents' are low and weo do knzowi that the tracneoa± systen ofPten secondarily
larzely atrophies (in- s=,all foms tc.). On the basis of the present

V.on the rpiaoymotion% wAhoh ventilatea thqe tracheae Of theA in-

acts, wer can state that the respiratory movemen0ts dtspl ace the gas content
t. ~.. ..arge tracheal tnznks and partia.lly renwd it from the. exterior throughI' thasttgmcta; for the essential significance of the renew*al of air, we a

point here from the comparison to the fact that the insects possessing



cloce. tr"acheal zayatao do not have any e p rsin vrepiraltory notionIf vhih Could hero zonly mev thea tcvxn_" o" their. Howo.-ver. in thfe
* clse treClohoal systems, we 1 o& no-z ovorlao'k t-e posblt that their
gas contenat conultots privarily o: oxyL:snr (obtained tXo~htha se.:rctory-

actvts o he4s1i or the trachoal gills arid/or caPillaries) the dis-
as cnentf uiah-1 is Aocan= r .Mrvr we mztIa fan that. thea- [

piratont motions cof Dytisouu and thos-e oft Locusta (accondiiv; to Trreinnus,
aswe have discovered cubsoqaerntly) continuea also -under w-ater -- iw;th

Dyttzcuas after removal o:f the dytra and wing-s. Ide are the'rofore of t'he
op0ini1on that taw respirttory- motions ini them opal zz'racned system se-rve notF
onl y for, thm reneal of air but% also for it.s dizp-Ico-mnn in the larger

*the ticsues is prolbzbly produce~d by baspi:rationU4 of the oxygeand- the 'con-
sanet rapid diff4usioa (the particilpation of the closure mechanism - the
stigmta -.. La such trajnsport aooaars to use so Ia omltely hypothetical

othe basis of our review of the literature).

Mht an then be, in the larva and qupa of cuirx, the forces which
serve the Inter.mixing~of the gas content in the large tracheal trunks (even.
..e adr4t that the. alower oxygen requirements ofZ these insects do not require
arny extensive auxlhiaz'ies -for fCaoilitatin:, mswus metabol-ism)? They ara,
on the one haend, the rswertPal vlabretions of the abdormn wchproduce loeo-
mtion wmad unob~dAy exert strong expansion =4t 'rassure on the tracal
truncs. "a may perhaps also Ihave to assign a respiratrory etigAfi=ance to
the Pulsations of the dorsal vessel as earlier researchers 'have cocasionally
done; actualy we sa that the two longitudiaZ tracheal trnkIs of the larva
altentately approach and become dic-placed frox each other (inq parttular in

"th. dista abdominal 'segments) -In. uhich the lteorally outgfoing branches are
often appreciably stretched. The strikiAng tachycardia observed during the
experimtal asphyxiation (o.below) might also be ivokced in confiriatiOn
'o this oncept of the resp irtory sini=ance of cardiac ativity

Veit-atton in thr . larva Ltkes place tn'ough thie respiratoxr appendix.
of1 The1 -next to the lasat Zabdom!=nl sae:"-,t whe're the stigm-ata of The two
longitUdinal tracheal trks end4 in a uIniJfon terminal cha-ier. At the en-d
of .thlle Mrspirato.-y syjpboiau Ccl. in detail . aschke, On the Anatony mad

- Sisto Ofyo' h Larvae of Cul= Xemorevus, Zool. JIm. 18357, Vol. 10, 'p.18;
...o l.arva of Qilex Weorosus - A ContribQution to t:%a Knowltedge of insect
Anatomy and Uistology, Arch. F. >ttmagsch, 1587. Vol. 53, p1 ),there is
loatod the one external closure a hnstad at tChe terlminatis of the

z'~gaatrathoaal se-"or iz the terjminal ehanoor nz-ationed, the other 'in-
tornrl closure eca Tem he pupa vantilates boy way of the t w alk

rothor cic cean; according to '1 The Natural iiiz-tory of" Acguatic
Maie'Z., Zorndan 1903, p.1O104), Telatter are nreteczed -In the interIor-
aZAfrn-St the cuntry of water by a layer ofbristls btweblev ha h

I! QMV4rrowaes of -1tl We fo.rmations itaelf1 is copltely adequate for this.
both $"tages, we wore dole to confXirm the great sensitivity of these vwan-

tiei-1devices to the normal air atmosphere. Vtnher nelosed harmtioally
Unr watar, the redtppratory ooraa so-to-speak, foal alona the glass cover



mdarc Co~o to locate t.ny al:' '"C :r; thr. orva~ or. such ar'Cb

into th.0 wate.. Airc bubblctc, a..~t thejbttd :
ot.ta tn zciyJ,. ^ =.'d th, !-ar oz tubea Tw-

11t; valWla hor pz-mi .t 'o% 'r"e-r. If a h'doZcr at-
to:r s provtdad above the 'water, 'we the-'-n ccoo that the. Sypohon toninal

is Cootmaz Zloaed Oa. the latr or e3.ea opens and clooes quickly. but it
is mta doutl.-U1 ir 01,o tho ra.ozzoa 3 Of tbw insctwhther the
lra vcntilatez ±4tc tracheal systc', with :shydrogoQn. Vry prob" ;aly' the...

LeA ~~of belVaow)-,W are placed in water with a b~dto
',v.-4atmsphrat~r -1ra ea rt dcf-'itely emzpty. The respiratory cornua

of tIhe pup reaning . the hydrogen atmosphere then inc24 ne - evidently
iitate back over the dor=fl sufaco of the body.

Bo-th the toenals of the respiratory ornua as wofl as of the res-
piratory tube prove themselves essential deia fra r eoved, tt tu-at
at 4U.e tracheal systams. When these segrcent ar. rmod .e papa and the
larva rmain inetinctively at the meatf of the water in contact With air
but1 vetilatt,'on is no longer carried out. The irnsects become asphyxiated

* wrahjxi the sa~z interval as when they are harnmtically scaled in water- or
* when the stignta tube? are ligated; t-he tracheal system is found empty

- . tthn atowmi~ute (. beowW are unable to say on what this oseen-
* ttn'l signiicance oft the external tracheal toar=nals is bazed (i-n thelav

Where the closare moochanism during asphyxiation often effects rapid rbythmi-
eecl -moveents, we might conceivably think of a sort of punp -Oing motion. - is
idea is, however, improbable and ca moreover be raltd 'by direct observa-
tion. It the larva is made *to Ulasphyxjea slo'wly"l ia. if, te fet of __-

* trunkz, the larva is able to recuperate and we then see it =otinuously sm
* pondad at the sariszc ofr the water but the _-NIXins of th'e t.racheal system

tua~es place atrrely slowly and Lit is net possi5blo to oserve any kind of
UIpr; actionu). Consaenwtly, we consider the rhythmic os&ationa of1
the clova..e *e%.aa.-.s. ol the raspraery tuba wth-ch now. and then are SIoWnm

* u-,e contact w"ith th hycroen atnosphere, onl1y as the efifect of irritation.

The xpari~ats t-sosso zdaove indticate that appreciably
different tntO-rvaa elapca belfore Paralysis, da.din_ on :ha oxygsen Content
Cof: the water In- wa1cn h larao arnd pupae wore ho-'-ticQ'l enclosed. Ac-
codLn, to Raza.Al. 4U a-a aulexa .4urvao survveC tan .o.:; azcocaan't' to

Z-Yzarl (Con,!Wtorsa h Bloo, of.~--w Yza o. .. _-P. Ship and rp
teal F ygziene, 190?. Vol1I; We. Nap. Jhbj), they survive 'or days below,Q thO ice cover, (iwveblowth ice; large air bubb les accumulate Uwhich
enablel the insocts to ven.t4 1 

ratz extensively (oft. below). !2his isz done by
gill ad skin respirat~on and, according to Raschko, also by intaetinal res-
piatiOn. In regard to the gills. Jaworowsi stateAs (On the Tabular Appe9yn-
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aor~tr otf oi*4 th :4srora Ofth anal. win -cadtces intQduQce
bliad Lcoh abdonina) oavity i uhch; --*Z.cc,;c-'y :tarc!to t hcco[

woe ale u4 SO* zny rntiazb;o di:a -, 0' bleed ho':e . voln £io, wo
belo4avc tlnoze zmpporiosc to0 '0o 4alsO but tot Uri S',%Q *.I

to ea mecas trachoal (and not as true or bloemad) Cifls. 14 wo re-
zcvzd theiso !-:11- plaftolcts, tho fraaeots theno &11 4 d nor twa

para f- ~rase piroion .,..~ - : the eno~ 'aoce of" the skin, W- VU '-

wor* also ". able to convince0 4wurroolvs in ragard to the intestinal respire f
nion pctuxlatod b y ?4sohke6 (OZ. beVlow),

Theextntto which the tracheal Systos with its vetilation is ins.
portant fo gasoss ztotaCbolis t Mwilutrated by the obsewation that. aii
larva or pupa boaoi ally rcoed inz a large snount of .o0grgncotig
water toteor vith a ttv' air bufole has lived Zor days irs ~fun health by
derivin: fro= th1s air bubble an &doqmate voljiu. of oyyrgen, The*±nsect can"
even bo kopt alive by a hydrogen bidble boocuse now oxygen ootinauafly
enteors the %ible throuea 'd "usioSom th srrmrardlxg TZater. The inter-
relation a: tracheal L=d of zkLn respiration anm also b-. domonatrated 4by
pIa&dM She insects in =ter either contining: wach or little oxygen 1but I
uith access to the air. 7x cormneo'ion Zmt te nsiLgn1iicat akin% rospir~.

* tion in the liter case, we f10requently se them go toward the surface. of
the'rater ard/or rest here longear tln n the Sorrnar case.K

L -In onluso4we rant to deuscribe th4 maifestations durtr4a&Sq:hy.
4zi in greater dtail and devote attention particula-rly to the behavior

of1 the traal system in this. ____

We have already Intmaatcrl 4:ova tha asphxiatio can be produced In%

watr i a bacr ventilated by hdrogen or in boi.~ "-, eventually - it -

intnselocxetn ed 4all±4 toward the - a e *tf.4 0.1

tenard ofv the respiratoy tuba is brough. .tt cte withth
orl ~dn~os(t eion-1-S1); the rosptratory tubelets *16 tho Pup ar jac

ztLvatod a.-oAcy t.AtrafwWze.tecr ' u is already-
Coe--lorated, e.g., -I. 0'o 0out to0 ovr: 230 par Minute at *a sam texpe--

at~ure Thiswas a so srvad 17t ,!r ,bnat Qra an others aseas u
or~cor. -,-h &~rOV:n ;- 0.n thez Provicional1 .1usiratry 14Qchanisms of .,
Fit~ bx os, ZenrC~2., 2. hysieL.. 1911. Vol. 25). We mI,-ht possifbly

conceiveof -" hi aocolaeio9 of the blood circula-tion as a rear.-y da.
vi0 of40 the raspiatin in tus rartaoo of the Skin &=d/or g4 ' -respiratioz ,

Ow w.hti i eyAgty rdciei insects, Only whe= asphy'-
ttozLatar advanced do we see aL ti-d~aofcardiac action,

. A



1.1unf th otloc ad theoso-ae oocu-'ry -id~lof aor v . I 

L:16 nottsU a h sac- ale tra vr -- ands 4 atL the Qo.oaan o
?Lti&WZ J. aredt~ iat all otptits .r Inz

suaiacuIon orrnc -alifrldr ied i h thora (and~m alf at u

bofled water. thedisappearance of the geaseous cont'Zent Of the large longt-
tudinal tS =nks a be 6bzerved ver.* cfaiicly ;Ifter prevning the access 011
air, e.g., inz 10 mi-nutes. However, even with acceszs cC air- and ln aer.ated
water, this pheomenon so takes place alter ligatirng- or reMoving the ra-

5.smryUaitstler ti not possibla to cosidr eaO'amtiofl of the
weobserv that s h c diffeenst dtsapparance of t,!e gaseous contents becuse

ws bcove hatthodifera,:LsoL"nv ofthe trachea trn1ks are' Qe.tied
at different speids and occasionally uite irregularly a's wefl as now and
then. in an apparent relation to the soementl embQedding Of the longitUdinal
trachea trunkts wdhiczh nornasily have a &.ightly wave-like trace so 'that there
are producad rosar.-like formations. 0bogerved slightly Co aove, we see

* firal'y two t:-in threads instead of the fvINA ydistndedw Cylindrical Wa.~a*
Howrever, in actuality, thesea are flat Cray bands 'shioh =re distinguishable
by a: ore laterail bobarvtion. _ __ ____.

[I It Is then evi'deat, from the bahavior of th lnidnAl -xunks

that th "pialthea or ride" af the trachea, at least ;n our case,
plays no role in mitnigthe Iuen and vapporting the Wal$s as is goner-
ally =tt4 in literature, in thqe asphyxiation expeariments, the Spiral
thread has in no case been able to prevent a collapse of 'the tracheal walls
and the same Is trae when --he tracheal ventil:atioin is damaged.

spir-al thtread of the calex larvae rbzl possesses no rnottcoabla
rigidcity of anty- kind, as may bea inferreod fro= the atteats atL- recuerativn.

lf ~ ~ ~ ~ ~~ - *h l-tct - I hedwra activatod through th ollap-se of 't
alsttt ofzv the n se d e Ln the cases wfac the ton-da od res-

* 7 tube o: the larva is in atio ... Sts Waa -ar tos a,

(.. n J h rzpay syphor. alwe-ays conftalmo -,-r because thewal
0 ,t%.esy ej wlaalwmays aez'riid or t~na l,,--Va with- collapsed lorpi-

eNtackiy theCalin t hekai trachloonrog_ water, very
u qi~a4 Zh Zil~g- f he ztdhe~ltrwanks. £owevsr, the latter ar e not

Al I aVd , all in +.asecond case only g±'adually In. the fCirst case. Tha

zrnar in which this filincr takes As"zc also coatndI&ts th.e asumed
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*of .t.IQ A -tQasaj ;40 :.L Lac-t -&7-co ntradic 0 t.Ltn . A, - nor.or - %. zinattacr

Th a CV -

e tha body a~ a 0 &. the al;~ .1;czn$ th Cuk oa I Or=
.0-.n ltophr 4-3 Ztc2 nin n tho Z%=n :Z a

rouaxy, tocAindrica tor of the t tchoz1 -.rat:z iL; tha .A -s C 0 C 4 ,. -ully ro-
==a '&tsnI vz~- of --- -z--.ss --- a arrs&~a thikz

ratniriat forjaonr oriod. zlinwavar. if" o='n~ain
is Conte..-ad beyond the ortolpit hr hndoes no occrur any nor-
=-41~n at the tracheal ayem n 4,1. it %xvuld tharcora zoom as if
the trachal wall tias damaged du-r-iz the asphyxiatin Woprit~ so that It

nlonpor p*5Osioss itz normal obaraotorizties and aott1vitios.

-'iah ratoatano. of te cor.tral tervous systae, to the a< of oxygen
dI~~~ioiohes~~lo in oh noeoi vlto fCb r telrva to the pupa

adapcially to the. Lnago pr-ogre3sively. The special relpiratory tovw-
rx"ant ame developedl n connecxtion vLita this In the 5N O alone; it is also

%a poasJ35U. to find lin the latter a typical chemical renulation of the respir-
atory =mvents (dyepc elevation of the rate of' raspiration).

The w~ue-a=y womarks,,o the p~hzsiobozy ofC The rospiratory
Sypl ofthn larva and tho :rspinztory trumpets of' the pupa (cap. olosar-

trniy of -the organet on the bea:vior a- - or. in 1%ydrogan, the respir-.
aor tntioa Of the (trahea) .-gIls of: the lar.va, th o cutaneousa reospir.

tatio a=d the raspiratory eSactlonof the di:tal ctxJ*yof the I.

Oto hranctea duingj t.he aephyt i th 4*:,e body of the lara ara do-
soepeiaily, ho's theo - traohez2. txxrrcs, tcghthere is dis-

denlpeda spralthred i thef rIame !latened a41u,= 'ctied., 11
a bahavlor vbioh di:tero greatly Irom tho hith14er spose~d roly7 madhati-

IL ccl taton of the ohitia slo the air-tubes; thw fliAi-nc wall of the
air~ub& t prhl yaativ& instreant z tha normal ventilation of tha

j '-traoaa..
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