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Figure 1 1 A transverse section through the anterior part of the nasal 

region., cnpr cavom nasale prillcipale; glbm gland of Bowman; mesth 

mesethmoid; ngld duct of the nasal giand; nspm nasopremaxillary; olep 

olfactory epithelium; tnc tentacle canal; tnf tentacle fold; Va ramus 

ophthalmicus trigemini; Vbl medial branch of the rllillUS maxillaris tri

gemini; Vb2 lateral branch of the ramus maxillaris trigemini., 
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SOME POI NTS I N THE DEVELOa1ENT OF THE STAPES OF I CHT HYOPHI S 

GLUTINOSUS. 

By E. F.J. de Jager. 

Various stages i n the development of t he Gymnophione stapes have 

been des cr i bed by Peter ( 1898 ), Winslow (1898 ) and Marcus (1909 and 

1935 ). It wi ll be necessar y to give a br i ef summary of t he findings 

of t hese aµ t hors, before .a description is given of t he development 

of the s tapes of Icht hyophi s glutinosus. According to Peter t he stapes 

of Icht hyophis glutinosus develops from t he primordial 11 Grundl age 11 

with ossification s et ting i n during embryonic life . The foot plate 

(operculum ) s hows ossification prior to t hat of the s t yle (columella ), 

and in t he adult t he distal en.Q of the style and t he rostral end of the 

footplat e r emain cartilagi nous . In the embryo t he footpl ate is a nar

row bar of cartilage which increases i n s i ze i n t he l a t er development, 

and i n t he adult it repres ents a comparativel y broad, oval s tructure 

fil l i ng t he fenestra ovalis (op . cit., p . 42). In t he younges t em-

j,1.,..116' 

bryos exami ned by hi m, Peter t he procartilaginous anlage of t he stapes 

to be continuous with t he procartilage of t he otic ca~sule (op. cit., 

p. 18). The stapes and pal a toquadrate ar e i ntimately connected during 

t he devel opment with a t hin c©nnective tissue membrane s eparating them. 

Signs of a synovial cavi t y bet ween t he stapes and t he palatoquadrate 

could not be demonstrated in these young embryos. Because of t he se

parating membrane bet ween t he s t apes and palatoquadr ate the s t apes 

cannot be considered as a palatoquadra te der iva tive, but of t he otic 

capsule. 

Winslow (1898 ) in his description a~ t he development of the Ichthy

ophis skull, r eferred briefly to t he development of t he s t apes, and he 
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states the following : 11 The stapes i s continued forward into a pro

- cess which reaches the posterior surface of the quadrate. The stapes 

is perforated in a dorso-ventral direction for t he arteria perforans 

stapedia" (op. cit., p . 176). 

Marcus traced t he development of the stapes from very young embryos 

to t he adult form in the genus Hypogeophis. In his work on t he deuelop~ 

ment of t he head QI909 ) he gave a ver y clear picture of t he relations 

between t he s t apes, hyoid arch and the otic capsul e blasteme. In 

t he early development of t he stapes and t he hyoi d t he blas temes are con~ 

tinuous , and the otic capsile blasteme i s definitely s epar a t ed from 

t he continuous stapes and hyoid bl as teme. " Man s i eht nahmlich vom 

Ohrkapselblastem vollig getrennt durch einen hellen zellarmen Strei-

fen die Stapesanlage in kontinuerlichem Zusammenhapg mit dem Hyoid

bogenvorknorpel'1 (op . cit., p . 145). Marcus' sta t ement t ha t the stapes 

is a hyoid derivate i s pr oved conclus ivel y by t he details given of the 

development of t he stapes and also by Lt he evidence afforded by a 

study of t he relations of nerves and bloodvessels to t he hyoid arch 

and s tapes. 

In 1935 Marcus i nvestiga t ed t he development of t he s t apedi al 

footplate i n l arvae i n which t he otic capsule i s alileady l ar gely oss i

fi ed , and i n t hese stages of t he development he was able to show t hat 

t he otic caps le t akes part in t he for mat ion of the s t apedi a l foot

plat e . The f ootpl ate i s at f i rs t a narrow cylindrical bar of carti 

lage which ossifies perichondr ally , and does not fill t he l ar ge f enes

t ra ovalis • A portion of t he otic capsule dorsal to t he stapes se

para t es of f in a cranio-caudal direction and f uses with t he s t apedi a l 

foot pl a te to f orm a broad oval pl a t e f illing t he fenes t ra ovalis 

complet el y (op.cit., pp . 144 and 145 , and Fi gs . 2 and 3). Marcus, 
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therefore, comes to t he f ollowing conclusion: 11 Mir scheint, der Schluss 

ist zwi ngend, dass ei n Teil der Ohrkapsel met dem vis zeralen Abschnitt 

des St apes verwachst und di e Fussplatte bildet" (op . cit., p . 145) . In 

another contribution (1935) Marcus , Stimmelmayr and Fors ch, give fur

t her details regarding the development of t he stapes. In a 2. 5 cm. 

eypogeophis embryo t hey describe t he stapes a s a ~ylindrical cartila

ginous bar l ying close to t he quadrate and directed towar ds t he tra

becula, without, however, reaching t he latter. In older embryos the 

carti l aginous stapes fuses with t he pal a toquadr ate and a l s o with t he 

trabecul a . The reader is referred to Fi g . 9 on p. 415 of t heir pu

blica t ion. In a 6 . 8 cm. larva t he connection bet ween t he s t apes and 

t he trabecula is lost, and t he synovial cavity has been formed bet ween 

t heustapes and t he pal atoquadrate. The pal a toquadrate i s t her efore 

sus pended f rom t he otic capsule by means of the s t apes which i s a hyoid 

deriva te: t he Gymnophione skull i s t her efore hyostylic as Marcus poin

ted out. 

I had the opportunity of studying the develbpment of the s t apes of 

Icht hyophis glutinosus in l ongitudinal and transvers e serial sections 

of t wo 3.5 cm. embryos kindl y sent by Mr. Ramaswani to t he Zoological 

I nstitut e of t he Univer sity of St el lenbosch . One 7 cm. and one 8 

cm. l arvae we~e already available , and l a t er Profes sor van der Hoerst 

of t he Witwatersrand University pr ovided another 3 .5 cm. embry o. I 

owe Mr Ramaswami and Profes s or van der Hor s t my sincere t hanks for put

ting t he val uable mat erial a t my disposal. Tw o of the 3. 5 cm. embr yos 

wer e s t a i ned wi t h iron haem~1~$~other 3 . 5 cm. embr yo was bulk

stained i n haemal um and counter s t a i ned on s lides with van Gi es on 1s 

s olution. The 7 and 8 cm. l arvae were bulks t a ined i n haernal uam and 

. 
• l 
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counterstained on slides with eosin . An 11 cm. j uveni le form , bulk

s t a i ned i n haemalum and counters t ai ned on s lides with eos i n was a l so 

availabl e . 

In the longitudi nal s ections of the 3 . 5 cm. embryo t he stapes i s 

a cylindrical cartilagi nous bar with its rostrad end t ouchi ng the pos

t eri or surface of t he cartilaginous pal atoquadrat e . The s t apes i s se

p r a t ed f r om the pal atoquadr ate be means of a t hin connective t i ssue 

membr ane , t wo cel l l ayers i n t hi ckness (Fi g . 1). The quad.rat e ~or 

tion of t he pal atoquadrat e i s al so separat ed from Meckel 1s cartil age 

by means of a t hi n membrane . The s t apedial artery passes t hrough t he 

stapes in a dors o-ventral di rection , close to t he connection of the 

stapes with the pal a toquadra te. The s t apes compri ses a long t hi n ~ar 

of cartilage l ying par all el to t he otic capsule and it fi ts i nto the 

f enestra ovalis , a l ong vent r o-lat eral for amen i n the otic capsul e . 

The anter ior end of the s t apedial fo ot pl a te becomes i ncorporated i n t he 

neurocranial cartilage where the otic capsule goes over in to t ge t ra

becul a (Fi g . 2), immedi a t el y pos t erior t o t he pl ace where the ramus 

palatinus of the f acial nerve l eaves i t s gangl i on . At t ni s l evel t he 

trabecula has a small lat erall y ~irected process which i s perforat ed 

by the r. pal atinus VII. The fus ion of t he stapes wi th t he trabecular 

cartilage where the lat ter goes over i nto t he otic capsul e , corresponds 

to t he f usion of the stapes wi th t he trabec~l a as described by Mar cus 

f or Hypogeophi s , and im bot h genera t his f us i on occurs s_imul taneous 

wi t h the close connection of the sta es and t he palatoquadrate . 

I n bot h the t r ansversely sectioned 3.5 cm . ·'embryos t he pal atoqua

dra t e and nAeckel I s cartilage are separa t ed by a t hi n membrane • Ven

t ral to t he anteri or end of the otic capsul e t he trabecula also shows 
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t he laterally proj ecting rocess , t hrough which the r ; pal a tinus VII 

passes from its ganglion on its way to t he roof of t he buccal cavity . 

The otic capsul e already s hows s i gns of ossi fica t ion i n some parts . 

The palatoquadrate , caudad t o its connecti on with ;!eckel ' s cartilage 

r epresents a round bar of cartilage (Fi g . 3). Thi s bar proceeds me

diad, t he stapedi al arter y pas ses through it i n a dor s o-ventral direc

tion and it ult imat el y f its into t he fenes tra ovalis. Thi s caudad por

t i on of t he al a toquadrat e mus t t herefor e re resent t he stapes . No 

s eparation be t ween t he sta es and t he palatoquadr a t e could however be 

demonstrated : t hey have fus ed completely to form one continuous bar 

of cartilage connected a t one end wi t h Me ckel 1s cartilage and fitting 

i nto t he f enes tra ovalis a t its other end . The s tapes does not fill t he 

f enestra ovali s : dorsal and ventra l t m it a large opening remains • 

The connection bet ween t he s t a es and t he trabec ula i s l ess clearly 

indicated t h n i n the l ongitudi n 1 sections . I n one of the transverse

l y sectioned 5 . 5 cm. embryos a small grou of cartilagece l ls i s seen on 

t he lat eral side of t he trabecul a , as i ndi cat ed in Fi g . 3 . Ros trad 

t hes e cells are conti nuous with t he t rabecul ar cartilage ; t hey t hen 

depar a t e off and fuse with t he stap es slightly further caudad . In 

t he other 5 . 5 cm. embryo a connection bet ween the sta -es and t rabecula 

is absent on one s i de , and dense connective tissue s eparat es t hem . 

On t he ot her side , however , t he connection i s s till present , although 

connective tissue is already growi ng i n bet ween them . 

Transvers e sections of a 7 cm. l arva furni shed the fol lowing 

i nter esting points . Aft er t he proces sus as cendens palatoqu drati pro

j ecting r os trad beyond t he body of t he pal a toquadrate and connected 

with t he later al wall of t he neurocranium by means of dense connective 

tissue , and t he p . pt erygoideus pal a toquadrati s itua t ed i mmedi ately 
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dorsal to t he small pterygoid bone , have joined t he body of t he pal a to

quadrate , t he latter forms t he jaw articul tion . At t he j aw articu

l ation t he val a t oquadra t e i s a lmos t entirel y ossi f i ed , but slightly 

further caudad it is a lmost entirel y carti l aginous , and it i s connected 

with the ventro-lat eral surface of t he basal bone by means of s t r ong 

connective tissue,; The stapes a · pears i n s ection as a small piece of 

cartilage applied to the (here ) cartilagi nous pal a t oquadrat e by means 

of a narrow s trip of dense connective tissue . Caudad t he stapes in

creases i n s ize and in t wo sections a small cavity i s present be t ween 

t he s t apes and t he pal atoquadrate . Still further caudad t he s tapes 

s hows perichondr a l oss i f ication and f its into t he f enestra ovalis. 

In Fi g . 5 t he small cavity separ a ting t he stapes and t he pal a t oquadr a te 

is s hown . Medic-dorsal to t he s t apes t he genicul ate gangl i on i s s i

t uat ed , and t he f oramen f ~r t he root of t he facial nerve lies dorsa l t o 

t he sta edi al style. The connection bet ween the s t apes and t he tra-

becula ha s degenera t ed completely and, as described above, t he i nt i

mat e connection be~ween the s t apes and t he palatoquadrate i s i n t he 

pr ocess of being lost . The s tapedi al foot plate now fills t he fenestra 

ovalis completel y and t he otic capsule i s a l mos t entirel y ossified . 

Unfortunat el y s t ages ot development showing t he increase i n s i ze of 

t he stapedi a l foot plat e were not available, so t hat it cannot be sta t ed 

whet her t he otic capsul e t akes part i n t he stapedial f oot plat e , as 

is t he case i n Hypoge ophi s ( Marcus , 1 9~-5 ). 

In the 8 cm. l arva the synovial cavi t y bet ween t he stapes and 

t ae pal a toquadrat e i s much bet ter develoved , and i n t he 11 cm. juve

nile for m t he quadr ato-stapesia l articulat ion is complet ely formed . 

In both t he 8 and 11 cm , specimens t he stapedi a l art er y erforat es t he 
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7. 

s t apes . 

In t he above descript i on t he fo l lowing points i n t he develop-

. ment of t he s t apes of Icht hyo hi s gl utinosus meri t speci a l a t tenti on . 

(1) In t he . 5 cm. embryos t he stapes i s c vmplet el y s epar a t ed 

from t he hyoi d arch but i t has a t t a ined i nti mate r el ations wi ~h the 

pala t oquadr a te . I n t wo of t he ava i l abl e s pecimens t he s t a es car tilage 

i s continuous with the pal a toquadr a te cart ilage and in t he ot her s pe

cimen a very t hi n connective t i ssue membr ane s eparat es the t wo elements . 

(2 ) The stapes i s fused wi t h the trabecula i n one 3 . 5 cm . 

embry o, snd in t he other two indi cati ons of such a fus i on are pr es ent. 

(3) I n t he 7 cm. larva a synovia l -cavity i s begi nning to appear 

bet we en t he stapes and the pa l a t oquadrate , and becomes d!'u.~iy~devel oped 

i n t he 8 and 11 cm. s peci mens. The quadr a t o-stapedi al articulation 

i s t herefore absent in t he ear ties stages of development. 

(4) In t he 5 . 5 cm. embr o t he stapedi al foot plate f i ts i n t o t he 

fenestra ovali s but does not fill i t. In t he 7 cm. l ar va t he stape

di a l f ootplate does f i ll t he fenes tra ovalis , but because i nter vening 

stages could not be obt a i ned , t he i ncrease i n size of t he s tapedi a l 

fo ot plate coul d not be t r aced. 

(5 ) In all t he stages examined, t he s t apedi al art ery perfor a tes t 

t he stapes . 

(6) I n a l l t he l a t er stages of develo ment i n whi ch oss i fica t i on 

has started, such ossificati on i s perichondr al . The s t apes , pala to

qua cwate and trabecula in t he 7 and 8 cm. s pec i mens r epr es ent car t i 

laginous structures ensheat hed in perichondrally os sified bone . This 

was also noted by Mar cus f or Hypogeophi s . 

In conclusion i t may be added tha t t he development of t he s t apes 
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of Ichthyophis glutinosus, after its s eparation from the hyoid 

blasteme does not differ from t hat ofi Hypogeophis as described by 

Marcus, Stimmelmayr and Pors9h, and t hat t he above descri pt i on af

fords corrobarative _evidence in favour of the conclusions arrived 

at by Marcus and his s t udents. Developmental material of the Gym

nophiones continues to be somewhat of a rarety: a ver y much to be 

regretted admission, since t he r ecent work by Prof . Marcus and his 

students in Munich, a..,nd that of Prof. de Villiers and t he aut hor at 

Stellenbosch have accentuated the morphmlogical and phylogenetic im

port ance of t he Gymnophiona. 
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Figure 1, Longitudinal section through the head of a 5,5 cm Ichtb;yophis 

glutinosus embryo, showing the stapes separated from the cartilaginous 

palatmquadrate by means of connective tissue. astp arteria stapedialis; 

ctm connective tissue separating the stapes and palatoquadrate; le laby

rinth cavity; ml Meckel's cartilage; otc otic capsule; plq palatoquadarte; 

stp stapes. 
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Figure 2. Longi tudinal section through the head of a 5.5 cm Icht}vophis 

embryo, showing the anterior tip of the stapedial footplate, which fuses 

with the trabecular cartilage. fov fenestra ovalia; gsl gill slit; 

hya }void apparatus; rpl VII ramus palatinus of the facial nerve. Other 

abbreviations as for Figure 1. 
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Figure 3. Transverse section through the head of a o.5 cm Ichtbyophis 

embryo, showing the stapes fused to the trabecula. acin arteria caro

tis interna; be buccal cavity; bs basal bone; br brain; g VIII gan

glion of the acustic nerve; mcdm m. cepbalo-dorso-maxillaris; par 

parietal; tr trabecula. Other abbreviations as for previous figures. 
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Figure 4. Transverse section through the head of a 5.5 cm Ichthophis 

embryo, showing the sta.pes separated from the trabecula. Abbreviations 

as for previous figures. 
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THE CRANIAL IIORPWLOGY OF SIPHONOPS AIOIULATUS WAGLER. 

CONTRIBUTIONS TO THE CRANIAL ANATOMY OF THE GYMNOPHIONA. 
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COBTRIBUTIOl!lS TO THE CRANIAL ANATOMY OF THG GYMNOPHIONA. 

l'BE NASAL REGION AND TEN'I'ACLE OF OOU'LE!iGERULA BOULENGERI AND 

SCOLECOMORPHUS ULUGURElJSIS. 
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THE CRANIAL MORPHOLOGY OF THE WFST AFRICAN GYMNOPHIONE GEOTRYPETF.s 

PETERSII. CONTRIBUTIONS TO THE CRANIAL ANATOMY OF THE GYMNOPHIONA. 
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{ . . . . ' . . \ 

tbe Mdi&l -, .. ....UOII "! the .,aaaopr,41!M-dll•l"1 ~wear• tr• aeouoa, ... 
• t • . . • 

. •, ' ~ 

· ihe int.tirnaaa.l· aepwa ~ tun' t$)na,;d DI t.h& N rie~ld al*•. ,'J'be la.\•z1-
. ' 

·1.a OOD~ed roet.r•d ~ ~ an~i-1ff ·• ci; ~ot '- ~•~ .a&paul• •• -. ~ar-
~ • ' • • • l ' :I. • • -: ". 

W ~ lnou Nd be'-"•a.· the \wo bu~p~xU lari••• tbe vatr.i porU.ca . 

~ \M nwao~;rwxiliarr foru t.he ~• ot thtl tloor-~f ~he aa11al O&P-
~ ' . . :: •"1• t~r a abort. diAJ-~ Ml,', u tbs •OMr, · whia!a 1a eoot.bl:.Mki •e-q 

. . . . . 

tar , i-oat.r-tA.d aa a a~o• ~orouo oeiotr '-De ~1Doua pr•.)o••• ot \be 
i • ~ ; . 

.... t.baw1d, ap"'eara •edinll.J OD tM 'ftAt.ral •;f Ace, uad \he 11aaopr►. 

auxillar¥ ~~ .tJatm redliced lawa4, The vOMr tarae t.be MCiiaa balt of 
.I ... ·, -•. '1 • 

• ~ 16 ' • I • • • ' • 

~ t.-tlow ot t..ba aa...i ..,.ui. ·• t.o t.hfJ .,,..,... 
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U.oa ot '11fi 11uopnldlllU7 a ti.cla•·,-fonda& .:t.be __ ,aa~lff pol"U.QII ot 

· \I.Ill Yeats-al Siad•t&U.• 111 ',P1"8••'• and t.ldnct tJd.11 ride•, \he•-- · 
. . .~, 

. . ' ~ ~ . . 

ca.na"1ra 1• torae4 laJ \be naeoprOMX11laJ7 .. tar ·u ·lbe· a11ter1.or _. ·· 
•4 1,9'!1.' r 

......... •.•" and. 1a t.hea ·r•Pl•ced. ,lv the a ti:dllo-vt.cl&UM (Fic. 2) • 

• ~ Va-q ta~ ri:.lllvad, la t.he- .r'.esi'o.a. ot t,be .ant.rior porlia of t.be ' 
• ~ t , 

t fr; • • • ' • • • 1, • • ,., • • 

lla1Ji DAAl MG, U.- aaxillo-palat.S.M ~,;.an in aeotd.oa a~ a eaall pro- , 
f * ./ ..; 

.. ' ' .. 
coaa a1\Q&W aboft the tut.aole &ad•~ t.on1aetl• anal•• The DOile •~C•• 

t • -; £, ,• • • '\, •.-'' • • 1 ' } I • 

'rapid.1¥, and 1A F~. l two de·tt~ .r~• cm btl •eeu on lt. l-.t,::J•al •U.• 
• ;,'" ~ ... - .. tv,,1'·1. : 

:. , f 

,.,. The. d~t·hllJ •ltwL~r!. ,p-oOTe •~ b,,.tell ~oecri})od. \ca detailt' at>o••I it. 
~ 

oecc:ae•· • ~ :1D which tJw "Mebeirwu•" ~ iu gl.4:ild are &11\wi.ted. ... . - . . ' . . 

'lhiat eun£ll conUn~ C&lldaa alaf.Mlt ,,to itbe pua'8r1or eDd ·or \be nt.eal. re-. . ' 

gi~~. Ia \be aore_ ~enualq ei~t.d ~ · \he t.ea1.ael• arui ·t.•nu.ele 
' < I ' I .~ • ' t > 

c&nala aN _loe&t.9d (Fig. l}. 'tbla, i~t.>OY8 ai so bocoae•· CODYtJl"teci ia\9 tl 

oa.Dal wbic,ta l'U8 venvo-lahr.U, ~b ~ 'whole lq\h et t.be aual· 
i , • ' ~ • , ( •,. ~ I , ' • ~ 

ncion ~d 1, catdila ,the ·yqiou , -~t.11'0\l.&l"EJ~ U8Q01&\ed w1_t.ia \b(~ -----
. .. ~ ' " 

el• (Fil•• 2 ud 6) ~ Beb11ad · ••'• t.be 11ax1llo-p~.1~ua. to . . 

. ! ' . 

Ula. lc\eral wall uf t-h6 ■un ~&l oarit.t ,- ent.erlor \o ·thu.\ 1t. fora, 
; ' • 

I • ,._ < .. 

\be wall~ artNDd Mio •Nab«milaae'' ~ d 1'9 glaacl • . Tu root ot tho . lla1a 
"- I . "' . 

. ' ,. 
(Ft.,. 2) • .. At \ho l.enl,,. ot· I.lie an\er.101'. and of t.1-: •»ebau.a•• 'h4I troa-

. • t.al . ; ~ea.re in •~o\ioa belween U. nas op1·ea itxUX'ar.t . and t.he aa.tlllo-
'I 

palatine (Fig. 2 ) J it e:x.t.ond• a&diad bel\JW tht1 J;oraer and I"oru \be . 
- .. • i ' • 

·, • • f .. .. . ,. .. '.( ~ • 

root ot \be naeal oa~aw.e 1-~ t ~o _<lvree.l eort.1011 o( the na~op1n10Sl-
. . ·, ' ' ' ' ' . 

1.u, (Fti. ~). '' . 

nae v 
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~ calldad 1a t.bi• caal~ ud 1D too at1wriw p~ of it a braaoa of • 

•ae ramwt opb1,ltalaieua V 1e •preaeat. (FiB•• -1 fiDd 2)-. · 

·• · lba ••oibnoid ia. caapiet.ely oasitied, exoept, tor a abort. &a~ ..,. 

. 
r1Qr proo••• ltr1ai botween t.lle naaovr.ue.xUlarioe. Aa far a.a the ante-

rior oDd of t.hei "~-e~s•n too a 0sat.~id 1a .& siliple .4'orpead.1.cl.ll.ar 

laaln~ f.)rai.Ai t.be iut.ci-naaal eept.uai. At. t.be ,L-md ot tha ~ter1or eocl 

of t,i;l.; "!iebemia~•" U, btiara a · v(l(lt, al proceaa . whicb 1.1 dlrested la.terad• 

A\ it.a h1...,ral end t.hb pr..;oeH tu.riia ll}lwarc.a and toru· t.he venwal 1n-

. den1.at.1m ~ th{, Min IMil•r.1 MO beb:1.D,(i t.b,~ •~er v-1,. · ). Tbe Yret.ral 

' Qlfact.ory lldwe becoaoa enol~aed . hi a c~ 1D t.ht: doraall.¥ dlr·eeW 
' ' . , 

port.ion ot this i:rooeaa (FJ.i. 5-). At. t.ne l evel ot the .-;o•t.erior ea4 
. . 

ot t.he •!ietbot111Ue" t.be _doraal t,ip ◊t t.he p•r~dia..,u,l.er lalli.D& enlar1•• 

to .fora a. broo.d . vlu:loa ap1>ear1.ni on t.ue do1·a&l aurtaoe 'bat.ween. t.be tron

t.ue (U~i. 3 h M ci t.,1e two dorut.l bltac1.ory uervea are loca t.ed in two 

canal• in t.tle O'Jrial port.ion of · th(;! •~aeU.aoicl. 

BohiDd_ t,he "No~&", the" "Neounna.Ge" 

plet.ei., and t.lu. an~peL~tioe then foru the lateral wall ot \he 
' . 

Min nn49a.l cavit;,i • . 11th t.he d~creaae 1D &iae ot t.be •Nel)enaue• oari.t.,, . . . 
tlie canal coct.dn~ .t.be tien.tfAcld atn1ct.u.re1 elllar1e• &Ad at. t.he aaae 

U.. abitta ao-re doraad (Fica. 2 ~d t) . .. Iaaod1utel1 in frOG, ot t.he 
" . 

cboaoo, t.ba. SlXil.,lo-pau.Une e.»:t ands fut t.nv ••diad on- the tioor ot Ule 

D11.8&l oart.\;, and t.bo YOl!Ul,r becoae& COlTfll~DdiaglJ' narrowor1 the•• 
t wo boo~• aurr~ '\he, o~. The voau cmdi. 04&,Udad S-.diat.elt bob1D4 

t.rut 'cboana, tilt \he maxillo-pala~e exttiad. nea furf;her aed1ad ~twacl 

~ olwW1A and· r-eacbea ~ baeal boae ·which llu alreactt,a,~ed. .1.o · ••► 
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.. : . . ' 
I ~ • •• f " ' ~• .._ >' 

"-•• \o tona a "°'II tlGOr ·t4r ,.._ . .. wltr par\ d tM orlal\ (ric. •>• . . 
( . 

· .A\ \be lenl ol tAO poa'81'1~ ~ ot \be tttfeNNllla••· ~ owl CJOD-1D-
~ . . .. ~ . . . 

Jai \lJe wa~l• atr\lotw-ea o,:ea ·1at.eral]¥ ('1C• I); ud ·1-eMod . t.he 
. . . . ' ;. •' 

.,_,_ t.he r,;.d.nh»ii la~: · . \be IIUillo-.-~UA• •l•o -• 
' . 

' . tr • 

t.ena a114 .cllaappeai-• trca ·aectU~, ·•o \lla\ at~• ie·Hl t.he"WUl~ 
, r , 

• r • ,., . • ~ . 

p-a.latiA• la zieduoed \o A ftDtnlq •t~W. ~ pa-.. 
In tJlo ·abOYe doa::rip · -. ttle 

,0111\1. ahwl.d be a 

) ·DMn. u-e two• ... 

abenna!le 11 aaviv ln . . 
-. ~ ·~· . 

{b) Beaidee ~ ,"Ne~s Yi t.r' in 
' . ~ 

tiaiain, \he ten 

.. ~- j .... f• 

. c.r . a · · 
' ' . 

d t.he ·cilolma. · The . ' 

(d) t'a~ a,;aet.l'•id a.pp•ans' on .iho cl 
' ; '!• 1·"' .:. ..... r- ~ ~ 

·,, ,and~• a '· ·. 
'" .t;. • ,· . 

, bdan~u-
. ' ~ ' 

. . 
bbd 1.ne c 
. ;~. . ~ ... :· . ~' •'\ .. ;.,. 

. . oor tor t.ba a,qtei1QJ". J>O~lon o .. . .. . 

. . 
orld\&J. o . -•-~ 1a t.nerstor-. ,.~. · ·1:·.~ · 4 

. , " .. ........ .,. . .. ~~-· ..... 
~ -~· . , ., '~ '~ ~ .< ~ '-;; • .,-

. ~ .• . 
· t)Ht ·t.tpkRlt, . AM IIP9Q · · M4 · ' 

tbe ·~\acle crone 1• •~~W -~enwo-lat.erall7 iuecllb.~ 

u~ _,..... le : •• fl-•· lD t.be 
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,., . 
, l '. ' '"4-,,..GJS . 

t.ol• ~. and \he "° '8Atael• ·Pi>OGl·.opea, I.a'- \be' laito. 
. ' . ·.. . ' .. · . . : , .,1 ~Ual '-'-~ .wi o.ieu Sato ~ tea1ao1e tr..,.~ &lld ta \Ilia 

' } ' . 
torMr ~ho t.at.acl• ~_pUJ.a ap;>ear• u • ,vac-.r• whlcb ia tN• •• to 

. . . ~ . - . 
, , I 

y t.be aaterioi- ead ot the •~•~••• • . _The •Pi tbel.J.ua cli,iblDC tae · ~ 

•
11 l>flpll,la t.iitm hcCllltt·• ooa~ wlt.11 -.-.. aa epl\Mlial told ,li ,11e t.ea-

I., 

· ~~ eaa (iia~ s,.·. -~ ·a11 other tG11er 11 ·•t.udi.«I b¥ the a.utnor ·,w 1~ 
• ~ \. • ..., · J "' • t· ' . : <. . •• 

bappeu; 1-e<lla'8~--'bet.dDd t,)ae : '8fttaole t groon, _·ona Geotn'p0tea 1• Ule 
• - ~ .. • II,; ... 

. .;! 

ID t.be D&.Ml regioo t® t.ea~cl• -•~· aad pipilla .an .eituW 
_,, "?: ~ . .. ' 

ill • 'canal 1D \be A4xillo-pl.lut1D•, ~•- ~eacrlNd aboY•• BraiiotMii et . . . , ... ,.. . 
---~ . . ·• ... . .,. 

• ... t,~ r. •xiµaru V (ftl} na roe\r~d 111-.. t.bla ~nal, •~ aeyeral aall _ 
. :.: • . 1t . • :" ', ' • ~ 

7 ,,.,1.,n,.;;f-...,. ,_.uli pierco.· ~ aMUU..,llo-ff ~U.t.a,e -.~at.e~ t.o,·laaen-11to ~ -•kiD. a , 
., . ' . . 

' • t, ' . ,. . 

1.b& lat.or.u. 1ide o.( t,be beall ( i',11.'·. is)• • i A •~' dia~• u . tr•t. ol 
•• ~ r w# • • 1 '1 • ' .;. 

ibei cl1Qa11&, t.he t'entaol• eao be'l~•ll di:ri.d-4~111~ \wo· large 4u1le (n.,. 
5; , which b. ~ -did~• ~to,r. ~e.-.,al ~ le~·~ .. u\er~ thtt orbt.W · 

•, • 'r ,, i "? , J! • • - • •• . ._ t .:: ~ : 

. 1_i.no. ~ ot t ~ ~ota aca t.t.e1·ed• •!Di•i the al't'eo.U . ot t,be le. t.tc' 
,~ ~-"~ , ./. '\, ' 1 , l r ·"', ; ,;: ,: ·• "' ' ; .i " . ..-: : I 

. Gall,- 'be eeGD 1n Pile ·'• 1-cKliEt.t.6-lt ~blAd the C~ \he COIIDt:Cti.TO 
'•• I' .,: • • ' .; . {\ ' I 1 , ~ ' I 

tJ.aau~ 1n t..be t;:en - · ·· · l · ~ ,.,laced ·bi 1Jli9 r e; t.rttQ tori auele 
f . • • ' 

"\ I (, ' ~ -,( ,a, J' ' ,. 

oapu-at1v•l¥ 1-r· . . ·. ,.a1•oou · Qt t,be orbit.al , 
~ ., ,.. • ' ' • . • _e. .~ .; •,' -~ ' ' '9,• .. • • 

pp.ar ~O\lp · · b1l9 llWlcle ( ) 'l'us-, tentacle • true 
~ . . .... :( ~ .. . ., 

.,. ' # ,;; 

e• CurlUl'lwad 1> orbi \ .whore .-U. ie aWJYo t.be broad · ven\ra . . ' 
ift\ . . 'i: ~h• 

por\1..m of t..be ~ ~ lo-p41~~•,· ' the• orbi\t ~ .•• ••t.1oned aboft, baa 
'.• '#' 1 ' ' l, '!7 ·1 _,. ~ f .._, " 

0

" a lA1·1• or'\i~l <>,"'e&U.Di (Fig • • 4) • In ,-,u o01llar c.Y1t,.r ~ coapr•••o_. ... , 
' " l: ' ( . !- ~ ., ' . ' 

-.ol• ap,ear• OA the a f"di:u aide 'Of tbe_ ol"l>iW cl.and awd the 97e 011 \lie 
• .r 

Stellenbosch University https://scholar.sun.ac.za



e t ,. 0 

l 

• 

• 

C 

J 

fl-

C 'r t, 

' ) 0 l r 

Stellenbosch University https://scholar.sun.ac.za



c1lla. tbct ret.ractor ·am,clo, on ·r..he o\heF band, 

~t.l.ldied by •• .T~ r e t r a.ctor rawaale 1·e&.cbea c&\lda.d beyuDd ihe 

i-►b<l aal ar t.1w11l1:1. Uon" . '"''""·' "·•··ic: 

(d) ?ha eye 1, r•prvaont.c,d bf a well-devolo~ Oi)Uc ou..-1 and a 

leaa, &Ad lieat verf oloae t.o t.Ao ·1w-taee :t~th on}¥ a •er1 t.b1a la.yer ot 

oOGMai:,tS.ve UJ111\l• · covGl'1.a{J lt.. 'Ibo o_f bit-.:.1 o~•~n1.ng 1• INCb l,u-1.ir t.hall 

1n , Qaera ou.ch u De1 .. opbia ~cl S1p•g~• where t.ho tr/~ 1a, al•o tai.rl,¥ 

• 6-ll.-<lev~l oiJad ~d Tiaible t.bru\lih .llt, ada .. 
;-,. 

IM creulal @91 AA9 •»aclea bet4,nd 

Dehiad the ~l r egion tb;, l'll:)aut,hao1d .toru \be Clt1or ~nd aide 

w&-ll~1 Qf t.lle Da\&l'ocrw.ua, wit.ta· th~, frontal f(.)rillnc t.he r uof • In the 

poatvior part :::t · t.h• orbit.al rit,100 t,bt, ~ afli DOiie z-eii lactila the ae••~a

aaid on the tloor1 uad at the a1du the aesutblaoid kcoaea reduoed '&.o 

Ytti.iral.1¥ ai'l.i1.1at.ed t.rabecw.&. :a~t•v.en ~ the lati.t.ft t.wo n.o large tora-:--

119D U1 1.he aid.e wAll q f t ho u0u.rocrani;..a 1a cloaed t,., aoana -ot c. cowaec

t-1-re t.ia.;ue t•b:run•• Thi;) tora1&en e z.t ,111da well int.o t he teaporfll 

i·egion O'_it • 5) • betore ,t.be blilaal botw which .ht..11 incor;;ora wd t..hs trabe

cw.a, ext.erw1 "Pl'&J:·da t.c> incor;.,or a to the tatmia -1"&h•¥11a • The r • opb

t.ht.i laiewt _ V (_Ya) und :the , teAtacle lllu.aJ·wl•• are pre1n d &ja:lntt. tbe •-- · 

1n the 'Wilporal region Ollff b .rae toruen :la 
. -

preattQt. iA \be a1cte -1.l ot t.r.w new-ocr.niuaf t.broucb 1\ t,he ~oot.• ot 

'Ille \ri&tetMl -~· l taaY t.ba oru1Al oaY1v. 
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~~ r -, tw_.,adlt,uhr1• Ill~ the\~. J~is lat.em& (Pli• ~). . Iu • 

·. tint braDGbM ·an wo a...U -t,wip .•o~Oll.t-' llD.1"~ \be chord& t.1a1iMni into 

.. Ibo lo1nu· Ju11, and" a 'Qrancb-· of- tJil ··r. }v'~1~1a Vll ut.o \.he •• l ·. 
• • I t ,. ' ' ~.I:.•, -~ . ['., ,_. ,.'A • •• ( ~ ' • • \ • 

eepbalo-dor,..,,.,xtllaria. · 1'hi uJ.d . eta.. o!' th& art~q nca torwaria 
•. - ., • . ... " ' \ -~ ';_ ... 1; ., ., ~ . . . ' - . 

lbrou,h -t.ikl qv.&l.'i1·at.ooru1al ... •oa• -•l t.h ~t-ho 1~1oa ot Vl>+o ud ill t.a· 
,..,. .. , -~•, • -... l. I ! .•-..:.< ; •·' ~ . •J '> • 

, !' : ~oral ,rOOTe 1\ ·c1ve1 oft_ a lira'iioh .. •cc.oavaatf.N Ve into '1_, lower J••• 
• ~ : J. ":~ •· I •.,., • ., 

Thi.a branch di.Yi.Sea. tat.e .aa ·laJ::.¥,.J ~ ~a 
0

,a; toore arc ruwJ. of Ve, &nd the7 
I ,#,I. , • - I 

·~oap&DT \he lat,ter ,o their t · •h~'tlo.u • . Tbe auia at.elll ot 1the 
• ,, ,.,. lo'... ~ • • • ., ~ , , ~ ·. • i·· b' • • • '. • 

t.err d.1.Yid .. 1ata t,wo br ~ebe "f-'~1- Va •od. the ot.her Vb.· 
• lo: ... • 

• p. ,· , . , 

· •• .titQ braric~• ·a110 din.d.e_. _ •-1-l•r t.wi&• eUppqilig 

••r1ou ·-~ ~t Vb. and· ~o ·· ~~•. th~- bruche• ot _· 
~ ~ . .. , .', 

tt&r odlalia cu he ,1s • ~ . .. . ·· · b . 
;1, • "J:-( . . 

~ \r1i-oai.nt:i.l a~-r••• ·11• 
. 1 

. -~ oranial _Y•in•, ••~~ t.bi Y.- J~eru law·•• e.n 

.. bru.c~ veaeela aa 1a au· f®{#r.& •twll~ ,01' ... . Thgi •• capUJ.a l 

r • ! • , , ,,; • .• ;-". ··-: , • • 

l:at.&ralla uiae1 .i,a tii.. naaal res1on u &' nie\work or· aaaU •••o•l• aboft 
f• ' , . . t • . .r 

r · ,.. t " • ~. ,, , 

\he ~o'.l •--• lleld.ad tJl4t 1Wa&f ,;0110D1,. \ho. valii a.ccoa}'a~N Va. (n.,. 
t ' • •• ' :{ _.1- ~: ••~ •.,.. I t - ' • 

4) .&;D<i 1za 'lhe ~oral gro.;ye, 1t receive.- branoh&a-- .frqa t.he •• llftt.or 
' ' ·" ' •I;_ ., ~ {J,.,. ~· ·;_ • ' • >. I• :,; • ~ •· . . ~ . . . 

~ud.raU, tM •• addw:t.o.r aadi~a ext,erou •J()r and \ oht: ,-. addllct.or 
"" . r- ~ , " ~ 

• .. ,. ""· ' l , 

· a&Ddiblua.e ut_.rnw, ak.icrr, u ll ••, ~ l i:!J'ie branch b'oa' t.ue 0,:.ailJ.• 
' " r,. . . ,i- t~ 

lt; \bite&. z,m.$ e&~cl a.boYe t.be g~l1~ of Vb+o dd 1a t.be qua-
, ... ~~ ,I,, t .. ~ • -~ t ,t- ~ , · 

dl'ato-c~~ _pauaa• 1\ foru a l~c' •1miao1~ ne~k. ·.~ . 
... • • :J' 'fl i . . t ... 

: 1r,; • 'I'J:ie •• JUC!llliria I.D~ uruea, 1Jl ~1:iE> 1 .. ,o.1tt, aa & lara.e 11-c'-. . . ' , -~ . . . 
~\ 1'6fc:~1v~' l>r•~be•, · aruuia •• IL J?,etworll: I.a MN 

t.be tentacle •\rtlcwrea {J'iaa. 11 2 &ad s), aad. 
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Tho ~tacl~1 1tr®t,ure.• u.r0 woll-doveiloped, ~~ t he o,.-W."41. ,1and 

and t.hQ coapreHor auecl• are not, ceari, as w ge a.a b Coecilta. The 

lpamatti.oa ot t,be r o\ r act.or auol• could bfci t.r~ceda t.h(t t.ent.acul.tir ap. 

pu-atua t.heretore abowa ao aipa ot degon-era.Uon. Toa u1e ot Oeot.r,pet.ea 

coae1•~ ot a ·•ell-<leYi.!lopeci opU.o Clip and lcu, aud & lsrie orld.t.al 

opaiag h proHGt, ao \hnt too qe b cl~l;/ vJ.a1ble t.nrOUgh t.lw •ldD• 

the e,e ~ t.heretoro JI.Alt u well d~VfJl oyed u 1D Dena<)f )d.a and Sipbo- • 

aop•i wheroaa 11'1 Coecil.ia end BoW.iJllibrula, t.be e1e baa dogcneratocl t,o 

• tJ:oT P+P-mt. aue ant la c<apletel;r covered by bou. 

The t.r1ct-1Ac~l aw,oulat.u.re b .da14r \o \bat. of ot.lsu 1e111tra 

atudJ.t;d b,y •• l'be •• paewla t.emyc>ral~• 1~ •bt.1dt. a• 1a S:lpboaopa, Sou ..... 
' "'Ni.a and Denlophu. The q\1,adra\o-bt,s-al art,icntlaUon &ad the •~ 81&80.le1 

a rutooiat.ed wU,n 1\, obow ao .•iaPl ot dei eanr~Uou b'tt all ••ec,n ••· 1a Lor-

. aopllla and 819hoaol)a; whereaa \ho arUcul~Uon and t h$ •• l e.vat.o1· q\ia.

draU are de,;er,eratine 1n CoDCJ.ll&.. 'lhtii qUJtdrat.o-ata ,.acUal arUoull&loa 

baa aot p1"ope1ted noarly •• ~•r u ill Derao.;)hi• ...no CoecUia. Ia \he 

lat.t.er \he aw.pedial •t.,lo liDd t.ho P• oolwaeUa.ru pal&t.eqpdraU. ~" 

t'l.l,ecl 0011:pletoi.,, wbile 1n 81pboaoI1B D<> de11.;unratJ.oc bu ~ k® pl&c•• 

be at.&p\jjdial t act.plate .. tuaed '° t.he ai de wul ot t.he aem-oonmiua 
' ' 

' ' ' 

and tiuf il • llaaud.ana i,it..lat.oq\Uldra\i. i c fil'lll¥ a 1 pllecl w w. pa.raquadraw . 

11v aeau 0, deDae oouact.f.YCil . Ua~ue. 1'h6.l palat.oqw..drate t.heretore ·ae-. 

t,o be ~bl• to ~°"' at. all ·and t.ba well-dl1Yoloped qWMb'a.t.o-bu&l 11rt.S.-
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•t 
on aoeu '° be •~pcrfluows. 

fne onaial A•ne• antt t.l"ltlir ,~.u.a, ae pointod O\lt. aboYe, 
' , . 

ahow ~ Ul' ditter.GBOU troa tb.)ae ot Siphoaopa. the ge111culs te 

6fmilion and t.tut ,u4110G ot Vb+o a.re oontin~ 1a oo~ &l'Alera, ud a 

aeuorr e.Aa.ttoaoaia betwoon th$ ol.!"not.o:r.t llfl'YU DDd Va 1e preaent 1D both. 

l'b.e do~ble emu toaoaea be wee t!v.$ r • palt:t t.inwI VII and Vb and the anae

\<aos1a &>Qt.wt!dl1 i;;ha chord& \ya~ and ''le ar~ d.ca ::ribed tor 'bo\h l l\llff'&e 

Th" 1.;4slia ot tha cran.it-.l aervet of Ci;;ecJ..a~ are eaUroi, d1;'ter•I 

trora t.~Gae otGootr:,,f•\oa, Si.plll.)llo,-,, and Der~opbia. 

Tid•• into WilaliJ"OW:l br1.anoi~• ~cooapu.n,yillg the branchH ct t he trtgoawl 

11erTo, 1.1 .,_ S1p.1\onop1 8.11d Coeoil1a. The •• carotJ.s lnt,&~oow.d be 

tO\l"a u ai14atolloaia with eac!J, ot.her. _ltl'an.ci1aa or the artery cO\lld be 

t-r1.1ce4 t,-, \kl:; 1141,al asca and \o t.he b\lccal o.,..it.hullua. 'ta.•• J~::.r1• 

1.At.111-na .:4\d the •• eaplt.1~ lt.t.eral1a are aot. di!i"erdi ·fl"Oll t.hoae of ot.ber 
• g~era, wt ODl¥ on• oephuic branch e11eJ'giag troe i.be cranial co\ild be# 

de&one\rated. The aab0r of cl"i11balic broncb.H and "t.Mir •.an• ot exit, 

troa t.ne crmial cant., vary var1 a\M:h a t.h,.;, diff ~rent. j $ner&. ·. The lu-1• 
•. t 

tructl l)a!!Slq thrOUih \ho J~ toraaeu 1, pre ... t 1n <l4iow;,pet.u 

u la all " ··:U<IJZa at.t.idiad o., t.bo aut.hor. 
. .' 

l'ak1Dc into cona1den.t.1oo all t.ho •a.r1wa cranial feat.urea u ... 
cwsaed &boTe, it a eea9 reaaorui.ble to , els.ea Oeot.r;y-pe-te1 •i t..b •~ch tc.."flera 

&8 De.MDOf hi•, GO Si;~no ... A,P:t'GHDt.111, the iOG::!ral G/&~Ci,ihia e plan. 

It. do11a, howl,nr, •~w 8,i)ttC.1~l1stit.ion of certa111 part.a ot t he naaul •~o 

aa ill Co~c~Ua, which l&tte.r differ• protound.1¥ troa Geol.r:,I,1et.u, Der

aop!lu Ud IIIJboll~PII u reprda -..., ot \Gl9 oraalal toat.v•• 
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6el!MJlNWIMe 

· l •uh to e.x,r ... • aiacereat \lieu• ..i ap~t.i• ."° h-ot. 

o.o.&. de VUliera for .bta utd.l.iDj help a.rw. !Dur-eat t.hrouchol&t. rq 

1 ua &lso lndebt.(.--d to trot. 'l .,A.· S·t.e.-,heucm tor bb aU.aul~\rlac 

and belptt&l influ.tdlceJ to ?rot. ?. Barbour &cd ltl·. A. Lo:verl.dp tor 

t.be loen ot invaluab4e aat.ori<tl, to Prof. a. lfal•CUD, ?rot. c.J. Y1.1a 

,10r Horat, Dr. 1..s. Maaewaai and Ur. 1 •. lAaD tor litcrat.ure and lllit.arial, 

'°allot wboa 1 dat& '\o e.xt.eud rq \banta. 
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