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THE PRIMITIVE METHOD OF YOLK FOR:tATION IN STEUOSTOLtA. 

Steno3toma leucopo la tne name Biven one of the 

oimpleot opeclea of the genus Stenootoma., family �1-

crostomidae, oub-order Rhabdocoela, ordor Rhabdocoel1da, 

claso 1!urbellar1a, of the phylum Platyhelolnthea (flat

normo). 

The order Rhabdocoel1da prooento the �reateat 

diveroity in the different methods and fo:m.o of the 

developnent of the reproductive ayotomo in the various 

sub-orders and fa.mlliea. Stenostoma leucopo has a vory 

primitive form of oexual reproduction, about which 

very little lo known; literature on the oubject being 

exceedingly scarce. \7here reproduction 13 diacuJoed 

only reproduction by budding and fission 10 usually 

mentioned. 

The phylum Platyhelm1ntheo otando next above the 

Coelenterata in the e;enoral oucceaoion of �-n1mal phyla. 

Theao t�o Broupo are separated by the croat gap that 

the condition of being d1)loblant1c a.3 c)VOr against 

triploblaotic afford.3. The Coelenterata arc,for; the

moot part, n_eao1lo aniaalo. hll.Vint; internal cavities 

which oeitve chiefly aa re(5lons 1n which food is di

geated and from ,1h1ch d113eated food id nboorbed. The 

wall of the3e an1mala 10 made up of only tTTo la.yero, 

ectoderm on the exterior and endoderm lining the en

teron. Being attached an1m .• ls they ha.vo ltttlo need for 

3enae or6.ns, the aenae of touch and the nmell-taates 





o�ensc\bein5 the only one3 well developed. On the

other hand in the flatnorms i7e "°' t.riplobl..'.Jtlc condition

providing a source of co�plex body �d JOUJO or0ann.

Tho central nervous :1y3tem in far above that of the

Coelenterata, the musculature nuco more co�plex.

The Hydra ia a typical exa..��le of the 6oelenterata 

and thereforo a. very oiopla an1n:ll an conpared vr!th the

fl3.t-c1ormo. The m�or in l'1h1ch 1t rc,produce3 oexttall;tl 

may thor:::.fore be con:Jldored ci.a pr1m.1 ti ve. Let ua examine 

the cond1tion3 an they exi�t in Hydra in o:rd.er to oe

cure n. ::;tanda.rd of compa.ri.1011 by ah1ch we may measure1!! 

the rolat! ve dee;rce of 311!1plicl ty of 3ono fl:3.t-·,1or.:io 
� 

a3 co�pared w1t11 the relative complexity of clo�ly

related aniaalo. The firot Jignn of tJ.1e formation of 

an ovary 1n Hydra fro1 the undifferentiated intcroti

tlal cello are proceeded by a eat..�erinc of d15eated 

food p.:i.rticlea in tho re0ion in which the c;rowth lo 

to t�ke place. Then the development of the ovary be3ina 

With the enlar6emont of oeveral ne1Bh,bori�..g 1nterat1-

tlul cello to for� the ooJonia of the fir�t �eneration. 

Theae cell:1 divide twil!te, f�g
A ,�:J��ond e.nd third

<5ener.::!.tlon:1 of ooi:;onla. One of t��o�nant 

and 0rowo at tho expenae of ito neighboro by 1ngeat1fl8 

them. The rooulting enlareaff;\c the priory oocyte. 

Th13 cell dl.lvides givine; off the firat polar body, and 

beco�en a oecondary oocyte. Divio�ion a5�in takeo place, 

51v1nJ off the oecond polar body and for..J.n5 the ootid. 





In the meantime the oot1d hao been fom1ne; yolk from 

the material, 1n part, supplied by the 1nge3tod cells. 

Another 3Ource of yollt has also been provided. The 

food '7hich baa boon digeoted and brought up by the enel.o� 

derm 13 al3o elaborated into yolk by the cytoplaom of 

the 5er:.:n cell. The o&:5 ls noTT rendy for ftrt111zat1on 

by a operm cell formed in a testlo develo�od 1n much 

the oamo manner as tho ovary. Thua in a nimple animal 

we flnd a likewise simple method�exual rc�roduct1on. 

Yolk TTao provided by the action of the 5erm1nal cytoplaom 

on t.ho �eaker oogon1a and digeatod food broUGILt in 

for t.ho purpooe. 

Turnino now to the Fl<i.t-worma, lot u:J co-noider 

the conditiona aa foun4 ln a typical Rhabdocoele, aa 

Dalyolla. The oource of the ovary in th1� n1□al 1J tho 

me3odorm. The ovary 10 a permanent orcan per3istins after 

t.he �aturity of the individual, and dooo not arise 

and disappear according to whether cond1t1ono for 

reproduction are favorable or unfavorable, aa 1o the 

case in the Hydra. Developing oocyteo of all Jt3geo 

are seen 1n·the ovary. Aosociated with it 13 a uteruo 

in IThlch ao many ao five or olx ecc;o a.re often seen. 

There lo a va01na through which the fcrtilizcj ec.58 

pa.Joos. Clooely arrnociated Y71 th theoe or5a.no thoro ls a 

chitinous pen1o and seminal veo1cloa. Yolk is provided 

by t�o gln.ndo, �hich lio on either Jide of the enteron. 

Each eland extendo alone; the entire aide and 13 wuch 
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convoluted. Thtjyolk er�.nuleo 11e w1th1n clooely packed 

yolk 00110. Theoe yolk cells m1grate doqn to the oponln5 

of tho 0le.nd ainto the junction between tl.10 ovary and 

tho t:t.oru::: and enter into the formation of the ogso. 

Ea.ch 000 lo oor:ipoood of e. zygote and mru1y yolk cello 

\"Thicll are later conoumed as food by tile develo[)1ng 

embryo. 

DcJ.yella thorof'oro 111th itd complox ayatea of 

oreana prooonta a highly complex reproductive met11od 

as co..ipa.red ,11th the method in Hydra. It io as far 

removed fro□ Hydra as the position of tho two ani

mals in thcU, different phyla. would indicate. 

( Dr.:.;ving munbor one on pal.5e ( 4) ahoTTo d.1agras

atico.l:Ly the rol�tive pori1t1on of the reproductive or�ano 

of D�lyolla to each other and to the 8enor�l anetomy 

of llio unlmcil) • 

Tho Prorynohus, another Rhnbdocoelo, presento a otep 

dorm froo the co�plexity found in Da1;011a, bein5 

not ;,;o f:1r renoved fro:n the cond1tlona of Hydra. 

Hore �o do not find a differentiation into� larGo num

ber or or8.::m.a aa in Dalyella. There is only one oruan 

nhlch lle.J the double function of oupply1ng both� the 

e;eI'l!lin.:u mater1a.l and the yolk-cello for tho develop1nc; 

egg. Thia orgo.n lo, houever, again a pem�nent one. 

Tl1ero i� an internal d1ffennt1at1on in fu.�ct1on, 

sooo of the collo compr1'11116 what 1;; knor.n ac the 

"Ger....n.rium" and othor::: tho "Vi t 1L:tr1w:n". The former 





� 
.. -�

=

. 
� �-- . .  - . 

. ,�;-..R�--

�----- .\.-. 

·.,
--.• 
. •' 

•,··· 
. ... '' . .

· ot0 

------� 





term refers to the cell3 that produce the oocyteo 

and th� la.tter to thoae th.:i.t produce the food oupply 

for ::.:i0 011bryo. Thie or13an, rrhich ia the ovo:ry, 1100 

vent��l t� tho ontcron, be3innint5 ne�r the ootr:mce of 

¾� lnto t.'lo onteron and extendinc:; not -1uite a:J far
" 
po2tc1 .. la.lly Sj the enteron. It tem1na.tc3 uontrally 

ln a "l.:\Sina.. Tllo ov..,,ry is filled with al_ ;:3ta£3cs of 

oocyteJ closely packed with yolk cella. 

(Dra.wins number two 3ho�a tho ccnor�.l atructurc 

of PI>orynchus digra.mma.t!cally). 

Still further roooved from D�lyolla tlum Pro

rynchu.J ia tHe Rha.bd.ocoolo, ... ucrootoma., approachine 

Hydra in oirapllclty of itG roproductivo oy3ton. Hore 

�o do not find tho oo.::!c cond1t1ona of d1vl�1on into 

'•Ger.:i.::.rium' and "Vitellarium"ac in tho cace of Pro

rynchu.J. Tho ov::.ry i� not a peron.nont or0a.'1, certain 

ma3ouor�� collo bcinc diffcrenti�tcd to form this orean 

m1e11 the conditions 3U1table for ocxual reproduction 

sre pronent. The ovary io C£>31n elabor�tod ventral to 

the onteron and tho 5:ro'7t:�uh1ch takeo pln.co in the osg 

causoe tho cnteron to be pushed in a..�d so�ewhat dorsally 

displeced. Tho mn.terial for yolk formation is trans

ported to the e&.5 by the meooderm from tho d15estivo 

cells of the enteron and olaboratod into yolk by the 

cyto.,il�on of the oo;:;yte. The ovary 1a, therefore, 

1nveated by the mosodorm. 
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In t."'1.e p:roceetliI1{3 p.'.l,r8{5ra::,ha cre h ,ve ..lccn that the 

Hydr� prcaenta a o1mple for� of repi'Oducti�e ayotem, 

and t.:1�t tho :chabd.ocoelen p1•eaent ::-, vc.rlety of formc 

ra.1:ig.L.18 for;\ Jim!)lO t0 COffi!)lO� We now COD� to th'9 dl3• 

cu..i.aion of a. P.h�bdococle TTllich hns ::-, l'O
i 

rouuct1ve oyot<'m 

ac ciuplo o.o th�t of' tho Hydra, and thcro,;l th. a nethod 

of yolii: foroation no1.,e pr1o1 ti ve then -:::r-.y i erotofo:.."e 

doocr1bcd, no far a3 r w.wc been a.b2.c to u-:,term1ne. 

Tho animal to �h1ch I have reierence lo Stenoutom� 

leucvpo. Au 1n tl10 c.:i.oe of tho Hydra the owu•y 1s 

formeu ;'Then conditionn beco1:10 favorable for rei)roduction. 

Asia Il1cro3toml\ lt in for.ned by u npeci ..... liza.tion of 

undifferentiated meaodormr..l cell:1. H,:dro., 1 t ,rill be 

remeobered, hac ito oo�onia forued from the ir.terJti

t1al collo. So 1n the caoo before u3 rre have c. depar-

ture fr>om the Fyclr>.1 111ethod, due to the triplobla5t1c 

condition of 
g,, 

Stnoatoma a.J ovor aga.innt the di'.:)loblaat1c 

condition of dydru.. In the ov"'-r:,of Stonootoma tb.ore 

aro four oocytoo, a nu.�bor not far from tllo numoor 

of ooc,;oni:i. 7Thich .Jto.rt out 1�Hydra, all but one of which, 

ao we havo oeon ic !ngentel to forJ yolh. !t la very 

pro�ulc that all four of tho oocyteo in f.tonostoma 

develop into mature ova. This lo a noconcl t:eparture 

rroo t�w Hydra method. V/o havo aoen thc.t in 1.ticro.:itoma 

the ov��y in entirely invontod in t..�e mo3oder;a. In 

StenoJtomc-,., on the other hand, the ov::iry lica within 

a pocket of ondodem, bein� ,lmost comvletoly Jurrounded 
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by it. (See dra.;11r15 nu.mber four, p•t3-3 ten). Von 

G�f, prob�blJ the worldo authorltJ on .Rh��docoeleo 

ss.ys ( 1913) th.:i.t tl1e OV::!I'Y iG our.round.ad by c'.'. OU3• 

cttla.!' .1h02.th. I have �1.ot besn .;;ble to con.flr::i, thie. 

From t:.0 r.;;.y in vh1ch thi3 ru1.eath 33073 to ho.;re 

cr�cted. in no:no :Jecticn::i of t.he olidc:J pr�::xi.red 

and ct�11ed, it uould appear that it 10 conposed of 

some :::hell-like or chi tlnous materi.:J.1, tl1c entire 

ovary tJ.m3 entcrir>..G the foraation of e.n e..,;..:;. There 

is a.p�rently no gonoduct, a� no tr.:i.ce of one could 

be fow1.di upon careful ex!!.!Dlnation of nection::i. !lo 

oponin__; that could ��fford. � po::;aible exlt for the m::i.ture 

ee.g lu::i been found. This r..e3.1.13 th3.t �e _uet of nec-

e3a1 ty infev that cloa.th of the !X\ront ount proceed 

froelo:i.: o�t.ho l).._;s. Von G1•o.f1 ,..,ye. ( 1913), "Dlo wei

blich';;.i'"l 5onn::er.. nln<l ale von LL,ner mu3kalooen Hulle 

unge'1ene Foilikel vent1�a1 vor:. Dm:'!!lo 5eft'.lldon ,;orden. 

Ill.re ::;:-.J1lbctr.3gt h1:l w 6 und jedeo �thalt 3-G {nach 

nekerd r.:1::;eller. 1n vorachiedenen E..'1TT1rcltl.tm33t:-.dlen. 

Dio 77oibHoho Geochlechtsoffnnne; konnt .. .::.n n1cht; die 

Eior .,ollcn ihro eroten Furcr..ungo ... t2.d1on .i.._ mutterleibe 

drch.: a.ell.en und von elner ,1eiblichen H&.ut o '3r Sch le 

U!:lt5eden, erst duPch den Tod deG lutterticr..,o frei 

warden''. 

Yfo non come to the 1mique method of yolk for:ne.tion 

in Stenootoroa.. C.'.'..I'3ful study of ,..,ro1,ared acctiona of 

sexu�lly m�tura �..nimalo hac revooled tho r�ct th�t 
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the oooytoa �ro oore or leoo filled nith r�iatively 

lcrso oti;.n-colored yolk sranuloo of unifo� toxt�re. 

On all oideo of tho ovary 1n the c.dj�cent cndc,dfmn, 

and clo:::.rly outolde 01' tho ovarian ohoath, muscle or 

shell no the o,.oe c�y be, oim11<'.l' m�oooo of otra'!'l

colorcd m��crtal �ay be seen. f.lb.at a1--c they? How 

did thoy cone to be nhero tJ1ey c.re? Their :me.po, 

color, mid teKture clearly nw.rk then ao yolk Qranules. 

'lhe ln.roo nunbor observed and their oc�ttyred position 

in the cnclouero a.11 nl'Ound th9 ovary, to-t,cthcr uith 

the .. vldence arrord.ed by their con::lt:::..'lt ... l e.:tr.'.l..'1.Co in 

a.l.l tho ooction:! cut th.rout;ll tho ovary,or ne&> 1b, 

ellminato� the poso1b111ty thct their pry�onco in the 

endodor.l la\ due to their having been forcocl out of 

the ov.:i.r J tt,.rouvi breako 1:-i the 3he!:.th. They m-e not 

to bo fowid in p.zrt,3 of the endodorm ,,n.ich a.re not 

closely aoooo1�ted 1th tho ovary. 1-'urt�w� oxc=1n-t1on 

or i,oct1on:J hnn reve:-..lod the feet tlu:.t. the :.h.lrroundlnc5 

endou. .... r_ 11 in procea::i of Jr nte�cr •• tion.. T"ci.3 ::iteto 

io evidoncecl by the total lack of nucleo.r n�terial 

1n .JO cello, ac!:4t'erod nucloa.r n toricl !1. other:>, 

aml - e;enor.::.l brealtinc dovm. of th cell ":T ... llo in all 

atc.ge3 or transition. Ccmr,ur1tlve 9tudies of t.�e re

lation of t:J.e amount of yolk prenent un:l tLe sl�e or the 

gr.:mule:, ohotT:J thn.t the older the egg, t.'t- le.r�er and 

more nuraerous the yolk �r3nules both lnoido th� ohea.th 

and out, �nd the ero�ter tl1e deGI'ee of d1=1ntegrAtlon!!a; 





ahich irnlica.t.es ra.t tl1�ra 1o a rel�tion botnecn tlle

tlisa.ppe-ri:1e m1(lofr: a.l cello and the e.p. ca.rit15 yolk 

ora.nuleo. The en�vl ttible conclu.Jion or .:mch obaervat1ono 

ia th t cello or tho:, ontlodar:1 e,re b-aing tr :.nsfor:ned 

int-.:> yolk. Tllio :Jtr.>..ngo ph.010:nenon or tho destruction 

of a vi i..31 part or tll'3 animal to :Jrovid:, oou"'ce of 

m?.ter.:.211 for olabor ,ting yol.k ls 1n line .. th tbe 

fnct t:1a.t, Gteno:Jtora:i muJt tot0.lly diointesr:Lte 111 

order to froe the �t,\U'a e;;ga. Such o. s:>urce of 

yol for,1nt,ion has not beet) oh:1erva l else·:-1�1ere., in 

oo f · ...,o I hava b!len able iio find out. 

I.t ':JJ.e oource and oet.'ltod of yolk rom-tion juat 

descriLJ • .i.o correct, how do the yolk cr;,,-:mles g6t 

into the oocyteo? Thio t!' ..... '13f'Jr tru.oo L.c .... by the 

cot!on of the ceJ.ls. Wo lvwe o.n excellent oxaI!lul� of ouch 
� 

maon �rn.nofer in lcrostoaa. Xhia o�ta tl1e Hydra ?.nd 
I\ 

then -�kes uae or the indl
v

eo�lble ne�tocyoto 

(otln:;.lnc; tlire:i:l.s) of the Hydra by tr.:-:..1:Jf •ring t!le:n 

fro oe!l to cell out to the cur:faoo of tllo body 

and tl1elr {trr�:1Zinc; them c.t re3t1lr.1• .lntc'!'vJ.lo over 

t'1e ntire aurrace of th� body, to be us-· in t1irte 

of conflict '171 th c.n on�y. Stenooto'..'k'1., then, 1n a. 

Bin11c-..r rmy tr.'.l.!'l.sporta tlleoe yollt ere.nu.lea olr,bor .ted 

frcm t..�c cndodorm bocllly into the oocytea. 

From the aJ.::iilo.ri ty of t.he ntr .• Tl-colorc:l n .coos 

in t.Jte eZ5'\l t<nd 1.n the ondode1�.::i, f1•om tlte cond1 t1on 

of tllo en:loder.:w..l cells, and the evidence pre;lented 





by IUcr;,ntora.-i ::.:1 t ;lUCh m::> • .ll:l trmi:Jfer co.n h� made, 

I fool .;ate in a.:Jou:nin5 that t.!1, endode:.•.,, la t!t5 

nourc- or yolk in Stenoatom.::.. 

SUch obso:M1�t1ona an tl1ooe ma.do above b�ar out 

von Grc.i'f a.nd th.o .. e who hol.:. Ste:iootorr.:i. o. IJ::>at 

pr1m1tl ve gonuo. Gamble ( 1901) :.;-3..ys, "Tho Plubdocoelo. 

exhibit every st!l(5c in t.�e develop:::ivnt of u omplex 

reproductive �yoten, fro� tue simple ov�rlc:.. a.nd te3ten 

of a .lcr�oto::w. or .�crostoma, t.:> tl!e intrlcato 13ystc!3 

of duct� and gl:mi3 of 

vm!c- thcro 10 ntill much to )e m .. de out11 • 1\nu liere we 

find ..... � z.r.incJ. of t.'l\e oo.me ou11-crd.er i tli. vcn a oimpler 

reprod.u�tl ve oyote:;. t.ltan taut of t11e llic1'.::>Gtomal Ac;a.1n 

he o yo, '1i'he .t:13.bdocoolid� preoent the c;rc_teot dlvcr

Bity ln t110 devalop�en -• of the reproductivo uistcm. 

The, t..�oelo. and th� Alloeocoelo. havo the oi-plent t.rr.:i.nge

oent. T7;o ovorlea are preacnt, and t..ltc ovid.uctr. 1f 

distinct, o.ro cont1nu .tlono of the ov .... 1•1 n .embr .. ,.no. 

In co.,t fomo C.IDUl'i312 seclno.11d1, Tihicil l' .... v�iYe .. t.b.o 

opo:rm ,tozo .. of ru!other lndl vldu�l, in ........ cndod to tlle 

feoalo 5onit l cr:ncl. In mn.ny of tho .-'\lloo co le, hon

evor, c. portion or t,he ovm-.-3 1::3 ..,terilo, 1 t3 c9llo, 
� � 

for..J..n.., :::. yolk elar..:1, feed th� f\l'tle.portion, the 

whole 3tructura tnc beir-3 spoken or U5 a CvI'�-yolk 

gk.nd''. We, lmve oeen tha.t th1a TT.'.13 tl!� c co ln ths 

Prorynchu::;, o.nd TTe h�ve founll tlothb llicro ... tomo. and 

Stenuototta of simpler otructuro. Therefo1·c hlo 





llt:.a.t :::ient .,:1oultl bo noclifioo, the Rhn.lYJ.ococlc 

beinc in aou� cc.oes ' 'lc.ro at,om:> . .i.nd Stenoat.,ma) 

core ci ple t!r�� th� Acool:.l. Md the Allococ�elu. 

Our :;tudy haa brou;.lit ua to 

t'1� id_ r.:i.n_;o or raethocls by --rhlcll the s .., end 

is at��!nc1 in  a clonoly rolr.ted eroup of c.nimalo. 

!f ono co ,Paro the Rha.b<iocoelei, 111 th -my ot.1-ier

c;r.,up c! c.n!m1l.n, 0,3 for irnit:mce tl1e Dir.:la., � t 

1u a.zton1Ghinc to flni thP,t th�!'C ::i.r no &.ny oethods 

or coxu:lJ. r�prod•ict!on 1n the for;__or cloocly ro.le.yed 

ci--ou • and. only one r.?ethod in the vcr
., 

-;:r:.._ .o .mu v r1ed 

l %�I' •::-our,,. Such obS5rv;:!t1on !n ilc"te:, t11· t the

Rll.."..bdOCOOl{) type, once it 00C<'.-':'1C ozt bli l tl, 

offer 4. :::ire :,1-,1tic r:?"terl 1 for ort,mic 01rclution, 

c.ntl ..; c.ccord1ncly "'Od1f'i.ed in t!lO!"a 1 yo to ,ttnin 

the o-.:.e 2., '!.�"l wco tlle Avi{'..n typo '10n · b e.ppen.red. 

SUJ.UilARY 

1. Tl1e oocytoo of StenoBtoma ore of me3odormal or151n.

a. Tl1e ovary of Stonostoma 1e almoet oomplotely in

vestoo. 1n apocket of endodorm. 

3. Tl10 ondoder.'.'l 1s the primary source of yolk md

ie dontroyed in order to furnioh a food aupply for 

,.,, tho C b"yo.

4. StonoatoMa'a methon or yolk formation 1" the

most pr1�1t1vo found 1n all Rhabdoooelos, and perhapa 

evon moru pr1m1t1vo than th�t of Hydro. a c.1ploblast1o 

anlma.l. 





5. There e.ro four different :nst11od::; of yoll: .:'or-.:1�tion

in R.�.::.·)�ocoeles� n�11ely: 

. o.). In D.:ly�ll�---by por:-1�.n.•,.mt 01:tn1::; supplying 

yo:.k cell:3. 

·�). In Pi•oryn�httn---by .:-. VH,ell,..rit� -;-rhich com

bi.n'3:l ;it.i.1 :?. Gc::.�",rlum to"l.for-.!l. ... si:1..:;ls- orc;:,._'1• 

t ..... e fo::>.ner mrpply1n:; yoD:: oclls to th oocyte� 

:for.:ied f1•oc the l::i.tt�r. 

(c). In .licro.3torr.:i.---by t..'1.0 cytopl::.::;n of tho 

oocyto::z f:'O:'.l r..:J.tcrlc.l :::applicu. by tl1c !.n:vost.tng 

o:3onc!1yr:io. 

:d) • I:-t Stc:10::;tc!:' . .'.":.---h:r D. !)l"CCC53 01' yclk elab-

til o:.•�.tlon lnvolv2.n,s t!1s dc.:.tnctlon of t:10 cnclo<lcr 1. 

6 • .. n com:) rel · 1! th ot:\a!' oro,�p� of c.ni::u-.J.�, a::: tlw 

Bll'l::1'1 1 P..:1:;,bdocoelos offorcJ orcanic c·rolutton norc 

pl�::zi:.ic w.tc1•l�l ·.-:-l1')r0�·1 th to faohion o. •;r.--..-.iety of 

me�o t:) � .,in.;le cnf .• 
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