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THE DOWNTONIAN AND DE VONIAN

VERTEBRATE S OF SPITSBERGEN ' 

PART I 
FAMILY CEPHALASPIDAE 

BY 

ERIK A:SON STENSlO 

WITH 1 MAP, 103 TEXT-FIGURES, AND 112 PLATES 

B. PLATES 





EXPLANATION OF PLATES 
The plates accompanying this  monograph are reproductions i n  part  

of photographs (pls .  1 72), i n  part of d rawings of section series (pls.  
73-112). The plates of the last men tion e d  category exhi bit six d ifferent  
series of  sections  denoted by the letters A-- F. 

For the photographing I have used solely panchromatic plates 
(Ilford special rapid panchromatic plates) .  The D evonian  forms, which 
are white, red-white or blue-white a n d  lie in a more or less dark-red 
matrix, have usually been taken with an Ilford Gamma filter .  On the 
other hand, for the photographing of the Downtonia n forms, which a re 
black or black-brown and are embedded i n  a more o r  less green-grey 
or g reen rock, an Ilford micro-filter n o .  5 has given the best results.  
The photos, which are slightly e nlarged o r  in natural size o r  diminished, 
have been taken with a Zeiss Tessar objective l: 6,3, F. 25 cm. More 
strongly enlarged photos have been taken with Zeiss microplan ar o b
jectives F. 10 cm, F. 7,5 cm, F. 5 cm, and F. 2 cm. 

Where n othing is stated to the contrary the types all belong to 
the Palaeontological Museum of the University, Oslo .  



Pl. 1. 
Fig.  1. Ccphalaspis watnclici n .  sp .  Cephal ic  sh i eld i n  dorsal v iew.  

Speei men no .  1 .  l l. 
Fig .  2 .  Ccphalaspis watneiliei n .  sp .  Part of the exoskeleton of the  dorsal 

side o f  a sh ie ld .  Counterpart o f  the sh ie ld  i n  fig . 1 ,  imperfectly preserved .  l! l. 
Fig. 3 .  Ccphalaspis barcalis n .  sp .  Postero - I ateral part of the  le ft ha l f  

o f  a sh ie ld .  Exoskeleton from th e med ial s ide .  Speci men n o .  2 .  l/l. 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

dsf, dorsal e lectric field ; Isf, l ateral e lectri c fie ld ; arb, orbital  open ing  
and orbit ; ps ,  pectoral s inus .  
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Pl. 2. 
Fig .  1. Cephalaspis sp .  Fragment  of the  exoskeleton o f  a shi eld i n  

ventraI aspect .  Tubercu lati on  o f  t h e  ventraI s ide  o f  t h e  cornu partI y shown . 
(The spot with the  tuberculat ion den oted by an whi te  arrow.) Spec imen 
no .  1 6 . 3/4. 

Fig .  2 .  Cephalaspis oblongus n .  sp.  Part of the exoskeleton of the  dorsal 
side of  a sh ie ld  i n  ventraI v iew ; partly abraded. Speci men n o. 3 .  l/ I . 

Fig. 3 .  Cephalaspis sp. Exoskeleton of the upper s ide  of the  r ight 
cornu i n  ventraI aspect .  Partly abraded .  Speci men  no.  15. l/ l. 

Fig.  4. Cephalaspis acuticornis n .  sp .  Part of exoskeleton o f  the  dorsal 
side o f  a sh ie ld .  Preserved as i m pressi on  o f  the dorsal surface .  Spec imen 
no .  55. l/l. 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

Isj, l ateral e lectric R eId ; nal' anteri or d iv is ion o f  the n asal  open ing 
form ing the external open ing of  the hypophyseal sac ; na2, posterior d iv is ion 
o f  the n asal open ing, the  n asal open ing proper ; arb, orbital en  trance ; pin,  
p ineal open ing ; ps, pectoral s inus ; r ,  dorsal median r idge .  
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Pl. 3. 
Fig. 1. Cephalaspis isachseni n .  sp .  Sh ie ld  i n  lateral aspect with the  

dorsal spi n e  m issing.  Speeimen n o. 4.  
1/ 1 . 

Fig.  2 .  Cephalaspis isachselli n .  sp .  Sam e sh ie ld  i n  dorsal aspect .  1 / 1 . 
Fig.  3. Cephalaspis isachselli n .  sp .  Part of the  exoskel eton o f  a cephal i c  

sh ie ld  i n  ventraI v iew.  Counterpart o f  the  spee imen i n  the  two preceeding 
figu res di splayi n g  a consid erable part  o f  the  dorsal spin e  (d. sp) .  Approxi mate 
m agn i fi cati on  5/2. 

E x p l a n a t i o n  o f  i n d e x  le t t e r s .  

dsj, dorsal e l ectric fi eld ; d .  sp , dorsal spine ; Isj, l ateral e lectri c fi e ld ; 
na,  nasal  open ing  and  open i n g  of the  hypophyseal  sac,  both imperfectly pre
served , so that they are not  bounded o ff  from each other ; arb, orbita l  en 
trance ; pin,  p inea l  open ing ; ps ,  pectoral s inus .  



D e  n orske statsunderstøt. Spi tsbergenekspe d .  No.  12. PI. 3. 



Pl. 4. 
Fig .  1. Cephalaspis laticarnis n .  sp .  Postero-Iateral part of a cepha l ic  

sh ie ld .  Main ly the exoskeleton of  the dorsal s ide o f  th e shie ld ( i n  ventrai 
v iew) .  Spec imen no .  6. l l. 

Fig .  2 . Cephalaspis brevicamis n. sp. Postero - I ateral part of the r ight 
half  o f  a shield i n  dorsal view. The exoskeleton of  the dorsal s ide  has  the 
superfic ia l  and  middle l ayers abraded i n  m ost places, so that the basal  
layer has  been exposed to a l arge extent .  Spec imen no.  7 .  l l. 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

Isj, lateral e l ectric fie ld  ( in  fig .  1 to a large extent covered by the 
exoskeleton of  ventrai s ide  of the cornu ) ; arb , orbit ; ps, pectoral s inus .  
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Pl. 5.  

Fig .  1 .  Cephalaspis brevicornis n.  sp .  Part o f  the  right ha l f  o f  a sh ie ld  
i n  ventrai aspeet .  The ventrai r im i mperfeetly preserved and  the  exoskeleton 
of  the ventrai s ide o f  the eornu as wel l  as that o f  the ventrai s ide  o f  the i n ter
zonal part entirely abraded .  Pectoral sinus (ps) wel l  shown .  Spee imen no .  8. 
Less than 2 3 o f  the n atsize .  

F ig .  2 .  Cephalaspis brevicornis n .  sp .  Fragment of  the ventrai r im d i s
playing the ornam entation .  Speei men n o .  56. 1il. 

Fig.  3. Cephalaspis sp .  Portion  of the ventrai r im. Spe ei men n o .  83. 2.1. 
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Pl. 6. 

Fig .  1 .  Ccphalaspis lata n. sp .  I mperfeet i m press ion o f  the  ventraI 
surfaee o f  a sh ie ld .  Speeimen no. 10. l l. 

Fig .  2. Ccphalaspis sp .  Anterior port ion o f  the exoskeleton of the  
u pper s i de  of  a sh ie ld .  Speei men  no .  1 7 . l l. 

E x p l a n a tio n o f  i n d e x  l e t t en;. 

na, nasal open ing  an d open ing of the hypophyseal  sae ( h ere imperfeet 
and  therefore not  wel l  bounded: obr . .1; oralo - bran eh ia l  fenestra ; orb, orbital  
open ing ; pin , p inea l  foramen . 
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Pl. 7.  

Cephalaspis lata n .  sp .  Exoskeleton of  the  l ower s ide o f  a sh ie ld ; 
rather imperfectly preserved i n  certain parts . The  oralo-branchia l  fenestra 
(obr. f) well d isplayed .  Spee imen n o. 9. Somewhat less t han  2 3 of  the nat. s ize . 
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Pl. 8. 

Cephalaspis hiicgi n .  sp. Exoskeleton of the d orsal side of a sh ie ld  i n  
ventrai v i e w  preserved a s  impress ion  o f  the dorsal  surface . The portion s  wh icrl 
perta ined  to the  C:lrnua m iss ing. Besides the e xoskeleton o f  the dorsal s ide 
there are preserved a part o f  the postbranch ial wa l l  anct a part  of" the  or
b i tal bone- layer .  Spec imen  n o .  l l. I I. 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

lsr, l ateral e lectric fie ld ; Ill\', myodomc (smal l  port ion on ly p reserved) ; 
nal' open ing  o f  the  hypophyseal  sac; lILL., nasal openi ng  proper ; arb, orbi t ; 
p. bm', postbranchia l  wal l ; pin , pineal foramen ; ps, pectoral s inus ; sel!, cana l  
for the fi rst n erve t o  the lateral e l ectric  fl e l d .  
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PI. 9. 
Cephalclspis hOcgi? n .  sp .  Fragmentary cephal ic  sh ie ld  i n  dorsal aspect. 

The exoskoleton of the d orsal side abraded and certa in  parts split off o f  
so ,  that a stretch of  the ventraI ri m and  the postbranchial w a l l  a r e  shown 
(of the  l atter the upper  part  i s  lacking) . Specimen no .  12. 1 l. 

E x p l a nat i o n  o f  i n d e x l e t t e r s .  

c, corn u ; '/)', canal  for the ven a superfi c ia l i s  longi tud ina l i s  ven tral i s  ; 
o::s, oesophagus d i v is ion of the com mon  foramen  for the oesophagus a n d  
the truncus  arteriosus ; p .  bnl', postbranchia l  wal l ; p .  sh , en doskeletal  shou ld er
g ird l e  ; r .  subcl, subc1avian  r idge ; tr, truncus  arteriosus d iv is ion  of the  com
mon foram e n  for the oesophagus and  the tru ncus  arteriosus ; 1' ,  and  l's' 
canals  for the ventraI transversal superfic ia l  ve ins  7 an d 8; vs . marg, widened 
part  o f  the cana l  for the margi n al vei n .  



Pl. 9. 
De norske st.tsunderstø\. spitsbergeneksped. No. 12. 



Pl. 10. 
Cephalaspis hoegi? n. sp .  Same specimen as i n  p l .  g, but  with a postero

l ateral part o f  the righ t side removed in order to expose the end oskeletal 
shou ld ergird l e  (p . sh) and  the  exoskel eton on th e ventrai s ide of the r ight  
cornu and  the ad j2cent part  o f  the ventrai rim .  Specimen  no .  12. 1 , l. 

Ex p l a n a t i o n  o f  ind e x  l e t t e r s .  

c,  corn u ; fY, foramen probab ly  for a ventrai superficia l  longitud in al  ve in ; 
aes + tr, foramen  for the oesophagus and  the truncus arter iosus ; p .  bnv, 
postbranch ial wal l ; p. sh, endoskeletal  shou lder-gi rd le ; r .  sllbel, sub=!avisn 
ridge ; l'. br, foramen  (i m perfect ly preserved) for the  v .  brach ial i s ; v(l - )'s, 
can als for the ven tra! trsn sversal superficial ve ins .  
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Pl. 11. 
Cephalaspis n .  sp .  Exoskeleton o f  the upper s ide  o f  a r ight corn u i n  

ventraI v iew.  As i s  eas i ly seen t h e  exoskeleton has t o  a gre a t  extent weathered 
away. Antero - laterally to the  oralo-branchia l  fen estra (obr .  j) a part of  the 
ventraI r im i s  preserved .  Specimen  n o .  14. 'Il. 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

Isj, lateral e lectric R eI d; obr. j, oralo -branch ia l  fen estra ; ps, pectoral s inus .  
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Pl. 12. 
Cephalaspis brel'icornis n .  sp .  Impress ion of the  ven traI ri m of  a b ig  

speei m e n .  Spee imen no .  13. Somewhat less than n atura! s ize .  
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Pl. 13. 

Fig. I. Boreaspis rostrata n. g . , n.  sp .  Fig .  I shows the speeimen  i n  
dorsal v i ew i n  the first s t  age of  preparati o n .  Note that the d iv i s ion  o f  the 
labyrin th cav i ty for the  posterior semicircular  can a l  i s  very d i stinet. S peei 
m e n  n o .  97. 

2/1. 
Fig .  2 .  Boreaspis rostrata n .  g . ,  n .  sp .  The same speei m e n  as i n  fi g. I, 

but  fu rther prepared .  The d iv is ion for the posterior semicircular canal laek ing, 
as i t  was destroyed dur ing the  preparati o n .  3/ 1 . 

Fig .  3. Boreaspis rostrata n. g . ,  n .  sp.  Same speeimen as i n  the  two 
preceed ing  figures.  Prepared as m uch  as i n  fig .  2 but  more magn i fi ed .  8/1. 

Fig .  4. Boreaspis rostrafa n .  g . ,  n .  sp .  Coun terpart of the speei men  
shown i n  figs .  1-3. 3/ 1 .  

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

com ,  commissural d iv i s ion  of the labyrinth cavi ty ; c. sem .  ant ,  d iv is ion  
of  the l abyri n th eav ity for the can a l i s  semicircular is anterior ; c. sem .  post, 
d iv is ion for the labyrinth cavi ty for the cana l is  semic ireularis posterior ( im
perfeet in figs. 2 and 3); dsf, dorsal e lectric field ; die, div is ion of the cavum 
cerebrale eran i i  for  the d iencephalon ; mec ,  div is ion  o f  the cavum cerebra le  
for the m eseneephalon ; met ,  div is ion of  the cavum cerebrale for the me
tencephalon ; na , n aso-hypophysial open ing ; nal' na21 anterior and posterior 
d i  visions of the naso-hypophysial  open i n g ; orb ,  orbital  open ing ; pin , pinea l  
canal and  foramen  ; r .  aort, aortal r idge (ch ie fly seen as i m pressi on and thus  
as a groove ; seil' 2 '  common canal  for the two m ost anterior e lectri c n erves for 
the  latera l e lectric fi e ld ; tel ,  d ivis ion  of the cavum cerebra le  cran i i  for the 
te l eneeph a lon ; v .  cl, eanal for the v .  eapi t is  latera l i s  ; v .  dsv, ean a l  for the  
ot ica l  ve in  and  i n  addi t ion  probably for the ductus  endolym phati eus ; vest, 
vestibu lar  d iv is ion  of  the labyrinth cavity ; V, either the myod ome or the 
eanai for the  m ajority of the trigeminus-profundus  roots ; Vi' canal  for the 
n .  profundus  ( im perfect) . 
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Pl. 14.  

Boreaspis rostrata n. g., n.  sp.  Cephal i c  sh ie ld  i n  ventraI  v iew with  
ce rta in parts  removed i n  order  to show th e main  cav i t ies  i n  i t, such as the 
cavu m cerebrale cran i i ,  the orbi ts  and  the labyrinth cavit i es. Spec imen  
n o. 96. Nlagn i ficat ion about  1 0  l. 

E x p l a n a t i o n  of i n d e x l e tte r s .  

e, corn u ; fs. hyp, fossa hypophyseos (most basal part lacking) ; l ,  canal  
for the l ateralis fibres which associated with the n. tr ige m i n u s  proper and 
with the n. profundus ; my, myodome (cont i nuous  with i s  fe l low o f  th e opposite 
s ide ) ; orb, orbi t ; oes.  + tr, oesophagus-truncus  arteriosus foramen (the bone 
trabec l e  separati ng  th is  foramen i n to two fora mina  one  for th e oesophagus 
and the other for tru ncus arteri osus no t  preserved) ; p .  brll', postbranchia l  
wal l ; ps, pectoral s inus ; r .  aort, aortal r idge (on l y  an  anter ior  part  preserved) ; 
sell , 2' cam m o n  canal  for the two m ost anterior el ectric n erves to the lateral 
e l ectric fi el d ; sell �selH' can al  for the  e lectric n erves 1 �6 for the l ateral 
e lecTric fle ld ; vest, vestibu lar  d ivis ion of  the labyrinth cavity ( the l eft on e � 

right in the flgu re -- destroyed in i ts  ventrai part) ; vs. marg, widened 
posterior d iv isi on  o f  th e canal  for the  m argi na l  vein ; V d,  canal  for  the 
v i scero-motor root o f  the n. trigeminus  proper ; Vl , can a l  for the n.  profundus ; 
V�, cana l  for the n .  trigeminus  proper ; VII + VIII il, can al for the roots of 
the n. fac ia l i s ,  for the anterior branch of the n. acusticus ,  for all the proot i c  
l atera l i s  fi bres and probably for a l l  the e lectric n erve fibres. 
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Pl. 15. 

Boreaspis rostrata n. g . , n. sp. Cephal ic  sh iel d .  Counterpart of the sh ie ld  
shown i n  p l .  14. What  i s  seen i s  ma in ly  an  i m pression o f  the ora lo -bran 
ch ia l  chamber ,  but  there are  a l so  parts o f  bone t i s sue  bound ing  tha t  chamber ,  
parti cu larly posteriori y and  ventro - I atera l ly .  Speci men no .  96. Magn ification 
about  I D  l. 

Ex p l a n a t i o n  o f  i n d e x l e t t e r s .  

fs. lzyp , fossa hypophyseos (basal part) ; k1--k10' branch ia l  fossae 1-10 

(ventro- Iateral parts ) ; arb, orbit ( floor) ; oes,  foramen for the oesophagus ; 
p .  bnp, postbranch ia l  wal l ; ps, pectoral s inus ; r. aart , aorta I r idge ( i m pres
s ion) ; sell'�' common  canal for the two m ost anterior n erves for the lateral 
e l ectri c fie l d ; (on the right side only an i mpressi on of this can al i s  fo und) ; 
sel:), the  can al for t he  third n erve for the l ateral e l ectri c fie ld ; tr, fora m e n  
for the tru ncus  arteri osus ; lJcst, vesti bu lar  d i v ision o f  t h e  labyrinth cavi ty 
(basal part) ; 1' .  marg, can al  for the m argina l  ve i n ; vs. marg, widened poste 
r ior part of the ewal for the  m argina l  ve in ; VI' i mpression o f  the canal 
for the n .  profundus .  
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Pl. 16. 

Fig .  1. Cephalaspis sp .  Impression of  a postero-lateral part o f  the 
exoskeleton of  the  lower s ide  of  a cepha l ic  sh ie ld .  Specim en no .  86. 

Sl ight ly d im in i shed .  
F ig .  2.  Cephalaspis sp .  Part o f  the exoskeleton of  the dorsal s ide  o f  

a sh ie ld  preserved i n  part as i m pression of  the extern al  surface .  Speci men  
n o .  106. :2 l. 

Ex p l a n a t i o n  o f  i n d e x l e t t e r s. 

c, cornu; iag, i n terareal grooves (i mpressions, a n d  therefore appeari ng 
as ridges); Isf, l ateral e lectric Reid ; ps, pectoral s inus .  
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Pl. 17.  

Cephalaspis hoeli n. sp .  Cephal i c  sh ie ld  i n  dorsal v i ew.  Owi ng  to the  
fact tha t  the exoskeleton of  the dorsal s ide has been partly removed  severaI 
ot' the canals for nerves and  vessels are c learly conspicuous. Spec imen 
n o .  2 2 . 4/ 1 . 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

a. dsm , branches o f  the  cana l  for  the  postorbital  superRcial a rtery ; a .  sm2 , 
can al  for the  dorso-Iateral superRc ia l  a rtery 3; c, corn u ; com ,  commissural 
d i v is ion of  the l abyri nth cavity ,  c.  sem . ant, c.  sem . post ,  d iv i s ions  o f  the 
l abyrinth cavity for the  anterior and posterior semicircular canals respec
t ive ly ; dsj, dorsal e lectric ReId ; Isj, lateral  e lectric ReI d ; nal '  na2 ,  anteri or  
and  posterior d iv is ions  of t he  n aso-hypophyseal  open ing ; arb, orbital open ing ; 
pin , pinea l  open i n g ; ps, pectoral s inus , r. aort , aorta I r idge (shown on ly  as 
i m p ression  for a short d is tance) ; seIl' 2 '  common canal for the two most 
anterior nerves  for the lateral electri c ReId ; sell--selc' canals for the 
e lectric nerves 1-6 for the  l ateral e lectric ReId ; vest, vesti bu lar  d i vis ion 
of  the labyrinth cavity (only a l ateral part exposed) ; v.  Is4, v .  ls(p c3.n als 
for the dorso- I ate ral superRcia l  veins 4 and 6; V I' canal  for the n.  profundus  
(preserved on ly as i m pression ) ;  VI I ,  can al for the  n .  fac ia l i s .  
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Cephalaspis hoeli n .  sp .  
a dorso-media l  part removed 
Specimen no .  22.  4/1. 

Pl. 18. 

Same cephal ic  sh ie ld  as in p l .  17, but  with 
i n  order to show certai n  in terior detai ls .  

E x p I a n a t i o n o f i n d e x l e t  t e r  s .  

a .  car, can  al  for the carotid artery ; am.  post, swel l i ng  for the ampul la  
posterior (section ) ; a .  slem, cana l ,  which d i sta l ly  d iv ides  i n  th e can a ls  for 
the two posterior dorso- l ateral superfic ia l  arteries ; c, cornu ,  c. sem . post, 
div is ion of  the l abyrin th cavity for the canal is  semicircular is posterior (section ) ; 
dsv, groove on the media l  s ide  of the labyrinth cavity for the e lectric n erve 
for the dorsal e l ectric fiel d ; dt, et, can a ls  for the posterior  two d orso- Iateral 
superfic ia l  arteries. These can als issue fro m th e labyrinth cavity ; I ,  canal  
for the l atera l is  fi bres which accom ponied the n .  trigeminus  proper and  the 
n .  profundus .  On ly a fragment of  the can al  to be seen here ; Isj, l ateral 
e lectric fi el d ; med, d iv is ion  o f  the cran ia l  cavity for the med u l l a  (here i n  
section a n d  t o  a l arge extent fi l led  by m atrix) ; nd1 , c a n  al  for t h e  myelona! 
ve in  1 and in addi t ion also for the dorsal root o f  sp ino - occipital  nerve I ( i ts 
connection with the cran ia l  cavity not  to be seen here ,  but  i t  i s  d i st inctly 
seen in  p l .  19, fig .  l,  which shows a coun terpart o f  the spee imen figured 
here ; orb, orbi t (on ly the floor seen here) ; r. aort ,  aortal r idge shown as 
i mpress ion and th erefore appeari ng as a groove ; seil > 2 '  canal  for the two 
m ost anterior n erves for th e l ateral e lectric field ; sell-sels , canals for the 
nerves for the l ateral lateral  e lectric field ( i n  part  preserved on ly  as i m pres
s ions) ; v. cl, can al for the  v .  capit is l ateral is (on ly a poster ior part preserved) ; 
vest, vestibu lar  d iv is ion of the labyrinth cavity ( in  part i n  section ; v. lp , canal  
for a tributary to the v .  capit is  l ateral i s, a tri b utary arisen probably by  the 
confluence of the two or three m ost posterior dorso- Iateral superfic ia l  ve ins ; 
v. IS4' v. Is6 , can als for the dorso-I ateral superfic ia l  ve ins  4 and  6; vs. oc, 
occipita l  ve in  si n u s ; Vd, canal  for the v i scero-motor root o f  the n. trigeminus  
proper (fragm ent  of  the ventraI wal l) ;' VI I ,  can  a l  for the  passage of the  n .  
facia l i s  from th e l abyrin th cavity to the oralo-branch ia l  chamber ; VII +a . la , 
proxi ma l  part of the canal  for the passage of the n .  fac ia l i s  from the labyrin th 
cavi ty; this pro xi mal  part was traversed not  on ly by the 11. faci a l is  but  a lso 
by a superfic ia l  arterial  trunk ,  w h i ch gave rise to at l east the f irst  dorso
lateral superfi c ial  artery ,  and perhaps also to th e second dorso- Iateral super
fici a l  artery ; VII + VI I I  a, canal wh ich  transmi tted to the labyri nth cavity the 
fol lowing n erves and nerve-roots : the anterior branch of the n. acust icus ,  
the fac ia l is  roots proper ,  a l l  the prooti c latera l is  roots and  the e lectric n erve 
fibres ; I X + X, d i  vis ion o f  th e vagus can a l  for the  glossopharyngeus and  
vagus roots. 
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Pl. 19. 

Fig. l .  Ceph alaspis hoeli n. sp .  Dorso-media l  part of  the shi e l d  shown 
in p ls .  1 7 , 1 8 . The part i n  q uestion  i s  seen from the ven trai side i n  order 
to show the orbits ,  the cranial  cavity ,  the l abyrinth cavit ies etc. Specimen  
n o .  22. R/1. 

Fig .  2. Cephalaspis hoeli n .  sp .  Cephal ic  sh ie ld  i n  dorsal v iew.  Spe
c imen no .  26. 3.2. 

Fig .  3. Cephalaspis hoeli n .  sp .  Cephal ic  sh ie ld  i n  lateral  v iew.  Spe
c imen no .  26. 3 '2 . 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  car, canal  for the  arteria caroti s ;  a m .  ant, swe l l i ng  for the ampul la  
anterior (sect ion ) ;  am . post, swell ing  for the ampul la  p osterior (sect ion ) ;  
c, cornu ; c .  sem .  ant, div is ion of  the labyrinth cavi ty for the canal i s  semi
c i rcular is  anterior (sect ion ) ; c. sem . post, d iv isi on o f  the labyri nth cavity for 
the can a l i s  semic ircular is  posterior (section) ; ds!" dorsal  e lectr ic fl e ld ; d. sp , 
dorsal spi ne ; dsv, groove for the e lectric n erves for the  dorsal e l ectric f le ld  ; 
Is. h yp ,  fossa hypophyseos ; h y. s, div is ion  o f  the ethmoidal  cavity for the 
hypophyseal sac ; l ,  canal  for the l ateral i s  n erve flbres which accompan ied  
the  n .  trigemi nus proper a n d  the n .  facia l i s ; med,  d iv is ion  o f  the cranial 
c av i ty for the medu l l a  oblon gata (i n part i n  sect ion ) ; m y, myodome (note 
that the myodome halves o f  both s ides are very wide med ia l ly  and  that they 
probably  vere cont inuous  with each other most  m ed ia l ly) ; nd 1, cana l  for the 
myelon al  ve in  l and  i n  addi t ion probably also for the  spino -occipita l  n erve l ;  
orb ,  orbit  and  orbi ta l  open ing ; ps, pectoral s inus ; v. cl, canal  for  the v .  
capit is  l ateral i s  (a  posterior part) ; vest . ve sti bul  ar d i v i sion o f  the  l abyrinth 
cavity ( in  sect ion ) ; vs. oc , occip i ta l  ve in  s in  us ; V d cana l  for the v i scero
motor root o f  the trigim inus  proper ; Vl , cana l  for the n .  profundus ; V o!' 
canal  for the n .  trigeminus  proper ; V I I  + VI lla, can al wich transmitted to 
the vestibu lar  d i vis ion o f  the labyrinth cavity the fol l ow ing  structures: the 
roots of  the n. fac ia l i s ,  the proot ic lateral is roots,  the e lectric n erve-f lbres 
and the  anter ior branch of the n .  acusticus. 
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PI. 20. 
Ccphalaspis hoc!i n .  sp .  Cephalie sh ie ld  i n  a dorsal  v iew.  A dorsal  

part of  the shield removed so that the postbraneh ia l  wa l l  and  eertai n other 
strue tures are seen . In o n e  plaee we see also an i mpress ion o f  the dorsal 
surfaee o f  the oralo-braneh ial  ehamber. Speei men  no. 23. :i l. 

Ex p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a. car, eanal  for th e caroti d artery ; a. iol?, probably the cana l  for the 
la teral i n fraorbital bran ch of  the arteria facial i s ; a. marg, canal for the  
a .  m argi nal  i s .  Qn ly  a posterior par t  of  the cana l  i s  shown; a. s m  l '  canal 
for the  dorso- l ateral superticia l  artery 2 ;  a. subcl, canal  for the a .  subclavia ; 
c, corn u ; .1)', foramen probably for a ventraI longitu d inal supertic ia l  vein; 
hy. s, divis ion o f  the  ethmoidal cavi ty for the hypophyseal  sac; Isr, li!teral 
el ectric t ie ld; p .  bill', po stbranchia l  wal l ; pr. orb, impress ion of  the orhi tal 
promin ence ; ps, pectoral sinus ; seI1-sc!(\, can als  for the n erves for the 
lateral electric tie ld;  l't- l' Il' can a ls  for th� ventraI transversal superticial 
ve ins  4 -- 9; l'cst, veslibular divi s ion of the labyri n th eavity (part of  the 
fl oor) ; lJ .  ISI l'. Is;" eanals for the dorso - I ateral su pertie ia l  ve ins 1--5; 

l'. marg, eanal for the  m arginal  vein (a posterior part i n  seeti on  with th e 
stone  t i l l ing it partly removed) ; VI' eana l  for the n .  profundus ; VII, eana l  
for the passage of n .  fae ia l i s  from the vestibu lar  d i v is ion o f  the labyri n th 
eavity to the  oralo-braneh ial ehamber ; lXa, canal for the passage of t he  
n .  g lossopharyngeus  from the  v esti bu lar div ision of the labyrinth eav i ty  to 
the oralo -braneh ia l  ehamber .  
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Pl. 21. 

Cephalaspis hoeli n. sp. Cephal ic  sh ie ld  in ventrai v iew.  Prepared 
sa as to show certa in  o f  the cavi t ies  and canals .  Spee imen  no .  24. Il l. 

E x p l a n a t i o n  o f  i n d e x l e t t e rs. 

a . .flI, canal  for an anter ior  branch o f  the a .  fac ia l i s ; a .  fa e, canal  for 
the  a. fac ia l i s ; bu l' canal  for a branch o f  the 11. b uccal i s  l ateral i s  or for 
vessels or for both ; fs . hyp ,  fossa hypophyseos (ventrai part destroyed ) ;  
hy. s ,  part o f  the ethmoida l  cavity that lodged the  hypophyseal  sac ; Isj', 
l ateral e lectr ic  fi e ld ; my, myodome (i mperfectly preserved) ; r.  aort aortal 
ridge (i mperfectly preserved )  ; sell' � ' common canal  for the two m ost anteri o r  
n erves for the l ateral e lectric fie l d ; sei l -sei (P cana l s  for the  n erves for 
the lateral e l ectric field ; l'. cl, cana l  for the v .  capit is  latera l is  (anter ior 
pa rt) ; v. cll , canal  for the preorbi ta l  d ivision  of the v .  capit is  lateral i s ; vest, 
vesti bu lar d iv is ion  of the  l abyrinth cavity ; 1'. Ip, can al for a venu s tru n k  
ar isen by t h e  confluence of  t h e  d orso - lateral superfic ia l  vei n s  4--(); 1'. Is 1 -
J!. lS6 '  can als for the  d orso- l ateral superfic ia l  ve ins  1-6; VI' canal  for the 
n .  profundus ; V2 canal  for the n .  trigem i n us proper .  
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Pl. 22. 

Cephalaspis hoeli n. sp .  Cephalic sh ie ld  preserved ma in ly  in the ventrai 
parts and as an  impress ion of  th e oralo-branchia l  chamber .  Counterpart 
o f  th e shield Rgured i n  pl . 2 1 .  Speei men  n o. 24. 8/1. 

E x p l a n a t i o n  o f  i n d e x  l e t t e rs. 

a .  car, canal for the carot id artery (dorsal ope n i n g  in th e fossa hypo
physeos) ; a. marg, cana l  for th e margina l  artery ( porsterior part) ; a. su bel, 
canal for the a .  su bclavia ; c, corn u ; k2-k(p bran ch i a l  fossae 2 6  ( im pres
sions) ; lst; lateral  e lectric Re id;  p .  bnv, postbranchia l  wal l ; ps, pectoral s inus ; 
r. aort, aortal r idge (seetion )  ; seI 2-scI 6 , canals  for the e lectric nerves 2-6 
for the l ateral el ectric R eId ; vs--v s' can als for the ventrai transv ersal  
superficia l veins 3-8; v.  marg, cana l  for the margina l  vei n ; vs. marg, 
widened posteri or  part o f  the cana l  for the m argina l  vein (on ly a part of 
the ventrai wall preseryed). 
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Pl. 23. 

Fig. l.  Ccphalaspis hocli n. sp .  Cephal ic  sh ie ld  in ven traI v i ew. The 
oralo-branch ial chamber destroy ed and the endoskeleton dorsa l ly  and lateral ly  
to i t ,  to a cons iderable extent l ack ing .  Specimen no .  21 . Magn i ficati on 
about  5. 2. 

Fig .  2 .  Cephalaspis hoeli n .  sp .  Fragmentary cephal ic  sh ie ld  i n  dorsal 
view. Spee imen no. 2 5. Magn i ficati on about 3 2 . 

Fig .  3. Cephalaspis hoeli n .  sp .  Fragmen tary cephal ic  sh ie ld  i n  dorsal 
view. Wi th the exception o f  certa in  basal parts, the  endocran i u m  h as been  
removed so  tha t  the  i mpress ion o f  i ts  l ower  s ide  (th e upper  surface o f  the  
oralo-branch ial chamber) and the dorsal par t  o f  the  postbran ch ia l  wal l  a re  
d i splayed .  Spec imen  n o .  4 1 .  Magn ificati on  somewhat l ess than  7 I. 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

a .  car,  canal  for the a .  carotis (dorsal or i fice  on  the bottom o f  the 
fossa hypophyseos) ; aort .  gr ,  aortal groove ,  i m pressi on  of  the occip i ta l  part .  
Note the asy m m etric posit i on on the  r ight s ide  o f  the  cran ia l  cavi ty (med) ; 
Ll. slcm , canal  for an arteri a l  trunk, which lateral ly b i fu rcated i n to the two 
poster ior  dorso-lateral superfic ia l  arteries ,  thus the dorso- l ateral superfic ia l  
arteri es  3 and 4 ;  ch , canal  for the  n otohcord ; c. post, canal  for the posterior 
encephal ic  artery ; dst, dorsal e lectric fie ld ; l, canal  for th e latera l is  fibres , 
which accompanied  the n .  trige m inus  proper and  the n .  profundus ; ist, l ateral 
e lectric fi e ld ; med, d i v is ion o f  the  cran ia l  cavity for the med ulla ob lon gata 
( m ost poster ior part) ; my,  myodo m e  (on ly a part of the floor preserved) ; 
rZLl, n aso-hypophyseal  opening ; nd 1> canal  for th e myelonal  ve in  l and in  
add i t i on  for t he  d orsal roo t  of sp ino-occipital  nerve  I ;  lld2, cana l  for the 
myelon al ve in  2 and  in add i tion for the dorsal root of spi n o-occipital  n erve 
2; oes + tr, oesophagus-truncus arteriosus foramen ; olm , l i ne  which  shows 
how far laterally the  occipi ta l  region extended (in i ts  present  state th is  
region i s  represented  ma in ly  by an  impression  of  the ven traI s ide) ; arb , 
orbit and  orbi tal open ing  (i n fig. 3 the orbital  floor) ; p .  brw, postbranchia l  
wal l  (section through the dorsa l  part) ; pr. au ,  im press ion  of  th e ot ica l  pro
minence; pr. arb ,  i m pression of  the orb i ta l  prominence; ps,  pectoral s i nus; 
r. aort, aortal r idge ( in  section) ; s:,l l -sel Il' the can als or impressions  o f  
the canals  for the e lectric n erves for the lateral electric fi e ld;  vest, vestibu lar  
d ivis ion o f  the  labyri nth cavi ty (basal part and floor) ; v .  cl , canal for the 
v .  capit is  latera l i s  (posterior openi  ng on ly  preserved) ; vs. marg, margi na l  
ve in  s inus ,  a posteri or  widened part o f  the canal  for the margina l  ve in ; 
V d, can al for the v i scero-motor root o f  the  n .  trigeminus  proper; V 2' can al  
for the n .  trigeminus  proper (d istal part); Vev, canal  for the v isc eral branch 
of the n .  trigem inus  proper (d istal part) ; VII, cana l  for the n .  facia l i s  from 
the l abyri nth cavi ty to the oralo -branchia l  chamber (d i stal part) ; VIL, canal  
for the visceral branch of  the n .  facia l i s; VII + VIlla , can al  which transmitted 
to the vesti bu lar division of the labyrinth cavi ty the fol lowin g  n erves and 
n erve- roots; the  roots o f  t he  n .  fac ia l i s ,  the  prootic latera l i s  roots ,  the 
e lectr ic n erve - fibres to the electri c  fields ,  an d the anterior branch o f  the 
n .  acusticus .  (The canal  i s  seen in h orizontal  section . )  
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Pl. 24. 

Fig. 1. Cephalaspis hoeli n. sp. Postero-Iateral part o f  a cephal ie  sh ie ld  
i n  ventraI view.  The sh ie ld  prepared so as to show certa in  o f  the cana ls  
for superfi c ia l  vessels in the visee raI end oskeleton l ateral ly to the  orbi to
temporaI and otie regions .  Speei men  n o .  3 2 .  6 l.  

Fig .  2. Cephalaspis arcticus n .  sp. Cephal ic  shield in ven traI view 
prepared so as to show the  majority o f  eanals  i n  i ts i nterior .  Same s;Jec imen  
as  tha t  figured i n  p l .  28 and p l .  37 ,  fig .  4 .  Speei men n o .  67 .  "2. 

Ex p l a n a t i o n  o f  i n d e x l e t t e r s .  

a .  sa?, a .  sm?, il. sp?, can als probably for the  d orso - I ateral superfic ia l  
arteries ; am.  post, cavity for  the ampul la  posterior (sect ionl; c, cornu ; 1st: 
l ateral e lectri c fi e l d ; arb, orbit (i n fig.  I i n  secti on ) ;  ps, pectoral s inus ; 
sel 1 ,�, common canal  for the  two m ost an terior nerves for the lateral electri c 
field ; v. cl, ean al for the v. capit is lateral is (posterior end, i n  secti on) ; JJ2st, 
vesti bular  d ivi sion of the  labyri nth cavi ty (i n fig .  1 i n  secti o:1) ; v. lp , canal  
for a venous  trun k  ar isen by the confluenee o f  the  three m ost posteri or 
dorso- Iateral superfic ia l  ve ins; JJ. is l - J!. lSIl ' can als for the three m ost 
posterior dorso- Iateral superficia l  vei n s ; VII, can al for the passage o f  the  
n .  fac ia l i s  from the  vestibu lar d ivi s ion o f  the labyr in th  eavi ty to the oralo
branch ia l  chamber ; VI I + VIII il, eanal  for the  passage o f  the fac ia l i s  roots, 
the prooti c lateral is fibres, the e lectric nerve - fibres an d the an teri or branch 
o f  the n .  acusti cus  to the l abyri nth eavi ty ; I X  + X, proxi mal  e n d  o f  the 
vagus can a l .  
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Pl. 25. 

Cephalaspis ragti n .  sp .  Posterior part of  a cephal ic shield in d orsal 
view. The exoskeleton has been removed so as to show a part o f  th e super
ficia l  system of vascular can als and the wider  can als of the subapon eurot ic 
(subcutaneous)  vascular  p lexus .  Specim e n  no.  49.  Magnification  about 92. 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

a .  iom , canal  probably for a ram us of the med ia l  i n fraorbital branch of  
the  a .  fac ial i s ; a .  la , can"l for an arterial tru n k ,  wh ich  di stal ly  d iv ided i n  
the two fi rst dorso- l ateral superfic ia l  arteries ; a ,  sa , a .  sml' a .  sm2 , a .  sp , canals  
for the  dorso-Iateral superfic ia l  arteri es ; a. slem , can al  for an  arteria l  tru n k  
which b i furated in  t h e  two m ost posterior d orso- lateral superfic ia l  arteries ; c ,  
cornu ; l, can al for th e latera l is  fibres which accompanied the n. tr igeminus  proper 
and  the n.  profundus  (ventrai wal l ) ; med, div is ion  of  the  cran ia l  cavi ty for 
the  med  u l l a  ob longata (sect ion ) ; my, myodome (ventrai wal l ) ; arb, orbit  
(on ly a part o f  the posterior wal l  preserved)  ; ps, pectoral  s inus ; seIl ' 2 '  com mon  
cana l  for th e two  m ost anterior n erves for the l ateral e lectric field (on  ly  a 
posterior  part seen ) ; sels-seI6 , canals  for the  e lectric n erves 3-6 for the 
l ateral e lectric field ; v. cl, canal for the v .  capit is  lateral is (posterior part) ; 
vest, vestibu lar  d iv is ion of the labyri n th cavity (on both s ides i n  sect ion ) ; 
1'. Ip , canal  for a venous  tru n k  arisen by con fluence  of the  dorso-lateral 
superficia l  ve ins  4-6 ; J} .  Is3-1'. lS6 ' can a ls  for the dorso- lateral superfic ia l  
ve ins  3 - 6; l'S. oe ,  occipi ta l  ve in  s inus  (lateral part) ; V d ,  canals  for the  
v i scero -motor root o f  the n .  trigeminus  proper  (ventrai part on  ly)  ; VI I + 
V II I  a ,  canal  for the  passage of the fac ia l i s  roots, th e prootic l ateral i s  fi bres ,  
th e e lectri c nerye fibres and  the anterior branch of  the  n .  acusti cus  to the  
l abyri nth cavity (on ly  a proximal  part  o f  the canal to b e  seen i n  the figure ; 
V I Ilp, can a l  for the posterior branch of n .  acust icus ; I X p ,  cana l  for the n .  
glossopharyngeus l ead ing  fro m  the  posterior s ide o f  the  post-branch ia l  wal l  
to the vestibu lar  d iv is ion  o f  the labyrinth cavity ; I X  + X + X vep ,  vagus cana ! . 
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Pl. 26. 

Cephalaspis vogt i n. sp. Part o f  a cephalic sh ie ld  from the ventrai s ide  
prepared so as to show parts o f  the  cran ia l  cavity and  o f  the l abyri nth 
cavit ies and  certain can a ls .  Counterpart of  the spec imen figured in p l .  2 5 .  
Spec imen n o .  4 9 .  Magn i ficat ion somewhat m ore t h a n  5. l. 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

Is. hyp, fossa hypophyseus (on ly a posterior part preserved) ; l, canal  for 
the l atera l is  fibres which accompanied the n .  tr igeminus  proper and  t h e  n .  
profundus ; med, d iv is ion  o f  t h e  cavum cerebra le  for the  rr;edu l l a  ob longata 
(in sec t ion ); my, myodome ; orb, orbit  (on ly  the posterior wal l  preserved )  ; 
seil' �, common canal  for the two most anter ior  nerves for the lateral e lectri c 
fi e ld ; sel�, sel4, canals  for the e lectric n erves 3 and 4 for the l ateral e lectric 
field; v. cl , cana l  for th e v .  capit is  lateral  i s  ; v. ct, canal  pro babl  y for a ve in ; 
vest, vesti bu lar d i v is ion o f  the labyrinth cavity (on one s ide  ch ief ly the 
roof preserved ; on  the oth er  s ide i n  sect ion ) ; v. la , canal  fo r the proxi mal  
part  o f  the dorso-lateral superfic ia l  ve in  3 ;  v .  lab ,  canal  e i ther for  a ve in  
or  for n erves from the l abyrinth cavity or  for  both ; v .  lp, canal  for a venous  
trun k  ar isen  by the confluence  o f  th e dorso- lateral  superfi c i a l  ve ins  4-6 ;  
liS. oc, occipi tal ve in  si nus  (mai n ly  on ly  the  dorsal wal l  preserved ) ; V d,  
canal for the  v iscero-m otor root o f  the n .  trigeminus  proper ; V II, oDal for 
th e n .  fac ia l i s  from the  vestibu lar d iv is ion  o f  the l abyri nth  cavi ty to the  
oralo-branch ia l  chamber ; V II + VIII a,  canal  through wh ich  the faci a l i s  root ,  
th e prootic latera l is  fibres, the e lectric nerve fibres and the anterior branch 
o f  th e n.  acusticus  l e ft the cran ial cavity and entered the l abyri nth cavi ty ; 
VIIIp, canal  for the posterior branch o f  the n .  acust icus ; IX+X+Xl'CP, 
vagus can a l .  
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Pl. 27.  

Cephalaspis 1'ogti n.  sp .  Right ha l f  of  a ceph a l ic  shie ld in  dorsal v iew. 
The exoskeleton has  been removed a lmost ent irely ,  so that th e canals  for 
th e superficial vessels are c learly seen . Speci men n o .  46 .  4/ 1 . 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

a .  a m ,  can al  for the mandibu lar  branch of  a .  fac ialis ; 11. fa, canal  for 
an an terior branch of the a .  facia l i s ; a . fae, canal  for the a .  facialis ; a. iol ,  
canal for the l ateral i n fraorbital branch of  the a .  faci a l is ; a. iom , canal  for 
the media l  i n fraorbital branch o f  the a. fac ia l i s ; a .  sa . a .  sm l '  a. sm2, a. sp , 
can a ls  for the dorso- lateral superficial  arteries ; a. slem , canal  for an  arteria l  
tru n k  which l ateral ly  b i furcated into the two porsterior dorso- lateral super
ficial arteries ; c, corn u ; na, n aso-hypophyseal openi n g ; orb, orbital open ing ; 
ps, pectoral s inus ; seIl-sel G ' can a ls  for the e letcric n erves for the l ateral 
e l ectric fie ld ; 1'. cl ? ,  perhaps the canal for the v .  capit is lateral is  ; 1'. cll, 
can al  for the preorbital d iv is ion of the v. capit is l atera l is  ; 1'. Is 1 --1'. Is �)' 
can als for the dorso- Iateral superfic ia l  ve ins  1 -- 5 ,  the can al  for the sixth 
of these ve ins  a lso se en but  n ot denoted (c f. text-fig. 4 7) ;  1'. rh , 1'. ri, can a ls  
for the rostrai ve ins, asymmetrica l ly  developed ; V1 , canal  for the n .  pro
fundus ; V I I ,  canal  for the n .  facial i s  from th e vestibu l ar d ivis ion of  the 
l abyri nth cavity to the oralo-branch ia l  chamber .  
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Pl. 28. 

Ccphalaspis areticus n.  sp .  Cephal ie  shie ld  in ventral v i ew. The sh ie ld  
prepared so tha t  the ma in  eavit ies and  cana l s  are  exposed more  or l ess 
eompletely. Speei men no. 67 (same spee imen as in pl. 24, fig. 2 ,  and pl.  3 7 ,  
fig. 4) . 4.1. 

Ex p l a n a t i o n  o f  i n d e x l e t t e r s .  

a .  car, eanal  for the  a. earoti s (dorsal part ,  i m p erfeetly preserved ) ; 
a .  etf. com , spaee whieh lodged the arteria braneh ial i s  efferens eomrl1l!n is  
(seetion trough the anterior  end whieh  i s  fi l l e d  by matrix) ; a. eff, ?,  eanal  
perhaps for the e fferent branehia l  artery 7;  a .  fil, eanal  for an  an terior 
braneh o f  the a .  fae ia l i s ; a.  file, eanal for the  a .  fa e ia l is ; aort. gr, aortal 
groove (seetion  through th e groove whieh  is fil l ed  by matrix ; beh ind th is  
groove l i es  the b ig  oesophagus-truneus-arteriosus - foramen ,  whieh i s  not  
denoted by any letters , bu t  whieh i s  e l early seen surrounded by a b laek 
bone- layer) ; a .  su bel ,  eanal  for the a .  sube lavi a ; bli 1'- bu �, canals for branehes 
from the n .  bueea l i s  latera l i s  or  for vessels  or for both ; js. hyp, fossa 
hypophyseos ; r. aort, aortal r idge (an terior part partly erushed and bad ly  
preserved and  to a great  extent removed by preparation)  ; lst; lateral e l ec tric 
field ; arb, orbi t ; sel l , 2' common eana! for the two m ost anterior nerves 
for the l ateral e lectri c fi e l d ; sel l - sel [,' eanals  for the n erves \-5 for the 
l ateral e lectric fi e ld ; 1' .  el 1 ,  can al for  the preorbital  part  o f  the v. eapit i s  
l ateral i s ; v. Is 1-v. ls�, cana ls  for the dorso-lateral superf-lcia l  ve ins  \ 3; 
l'Z, eanal  of u neertai n i m portance ; V l' can al for the n .  profundus ; V 2' eanal  
for the n.  trigem inus  proper ; VZl" can al  for the v i seerai braneh o f  the 
n .  trige m inus  proper ; VII ,  can al for the n. faeia l i s  lead ing from the labyrinth 
eayity to  the oralo-braneh ia l  ehamber ; IXa,  can a l  for the passage o f  the 
n.  glossopharyngeus from the labyrin th  eavity to the oralo-braneh ia l  ehamber ; 
I Xav,  eanal  for the viseerai  braneh o f  the  n .  g lossopharyngeus ; Xbr, can al  
for the  fi rst braneh ial braneh o f  the n .  vagus. 
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Pls. 29, 30. 

Cephalaspis heintzi n. sp .  Cepha l i c  sh ie ld , part and counterpart. I n  
p l .  29 i n  dorsal v i e w  with t h e  exaskeletan removed .  In  pl . 30  t h e  exo
skeIetan in ventraI v i ew with severaI  o f  the  canals for the superficial  vessels 
etc .  adhering to the the  ventraI surface .  Spec imen  no. 68. Magni fi cation 
somewhat more than 2/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  a m ,  can al for the  mand ibu lar branch o f  the a .  fac ial i s ; a .  car, canal 
for the a .  facia l i s  (basal  part i n  sect ion ; wrongly den oted h ere as canal  for 
the  carot id artery) ; a. dsm, branches o f  the  canal  for the a superficia l i s  
postorbita l is  ; a .  fac, c a n  al for the a .  faci a l is ; a .  iol ,  canal  for th e la tera l  
i n fraorbital branch o f  t h e  a .  facia l i s ; a .  iom ,  canal  for the m ed ia l  i n fraorbital  
branch of  the a .  facia lis ; aort. gr,  aortal groove ( im pression) : a .  sa , a .  sm 1 >  
a .  sm � .  a .  sp , canals  for the dorso - I ateral su perfic ia l  arteri es  1 - - 4 ; com , 
commissural d i v is ion o f  the labyrinth cavity ; c. sem .  ant ,  c. sem . post, d i v is ions 
of  the labyrin th cavity for  the can a l is  semicircu lari s anter ior  and the  canal i s  
semicircular is  posterior  respective ly ; ds!. dorsal electric fie ld (basal part) ; 
Isj, l ateral e lectric field .  Note the branch ing o f  the  canals  for the  e lectric 
n erves ; arb, orbital apen ing  ; ps, pectoral s inus ; seI l -sel G ' canals for the 
electric n erves for the l ateral e lectric fie ld ; v .  cl, canal for the v. capit is 
l ateral i s ; v .  c/ 1 ,  can al for th e preorbital  divis ion o f  the v .  capit is  l ateral i s ;  
v .  ds , canal  for a dorsal superficia l  ve in  and branches of  th i s  canal ; v.  la , 
canal  for a venous  t runk arisen by the un ion at' the  dorso· l ateral superfic ia l  
ve ins  3 - 5 ; v . ls 1 - v . ls il '  can als for the  dorso- Iateral superficia l  ve ins  1 '-- 6 ; 
vs. De,  occi p i ta l  ve in  si nus ; Vl > cana l  for the n .  profundus ; V I v ,  can al-branch 
probably for the  v isceral ram u s  o f  the  n .  profundus ; V2, canal  for th e 
n .  trigeminus  proper ; V I I ,  canal  for the passage of the n .  fac ia l i s  from the 
labyrinth to the  oralo -branch ia l  chamber ; IXa ,  can al for the passage of  the 
n .  glossoph aryngeus from the  labyr inth to  the  ora lo  branchia l  chamber. 
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Pl. 30. 

For explanation see pl. 2 9 .  
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Pl. 31. 

Fig. l .  Cephalaspis J!ogti n. sp. Part of  the exoskeleton of  the u pper 
s ide  o f  a shield in dorsal v iew.  In the places denoted by the  l etters sl ,  
the su perfic ia l  layer i s  preserved and exhib its c!early its pores. Specim e n  
n o .  4 7 .  I l / l . 

Fig .  2 .  Cephalaspis 
s ide  o f  the r ight corn u .  

F i g .  3 .  Cephalaspis 
the spec imen in pl. 30 .  
branch ing  of  the cana ls  
so that  the ventraI s ides  

kolleri n .  sp .  Part of  the exoskeleton of the  ventraI 
Speci men no. 64. Approxim ately. 1/2. 
heintzi n .  sp .  Part of the l ateral e lectric fie ld  of 

Magn ified  in order to show more in detai l  the 
for  the e lectri c nerves .  The photograph i s  taken 
of  the can a ls  are d isp layed .  Spec imen no.  68.  6/ l. 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s . 

Isj, l ateral electric fie ld ; obr. j, oralo-branchia l  fen estra ; sel a , sel � .  
canals for t h e  n erves 3 and  4 for t h e  l ateral e lectric fi e l d  ( i mpressi o n ,  the 
cana ls  themselves to be seen i n  p l .  29) ; sl, superfic ia l  layer of  the  exo
skeieton ; v. IS a ,  v. ls 'l '  cana ls  for th e dorso- lateral superfic ial  ve ins 3 and 
4 (m a in ly  i m pressions ) .  
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Pl. 32. 

Fig.  1 .  Cephalaspis eukeraspidoides n. sp .  Cephal ic sh ie ld  i n  dorsal 
v i ew. Speci m e n  no. 43. Sl ight ly m agn ined .  

F ig .  2 .  Cephaiaspis sp .  Part of a cephal ic  sh i e l d  i n  dorsal v i ew .  Note 
the opening of the cana l  dl for the d uctus endo lymphati cus .  Speci men  
n o .  7 9 .  3/2. 

Fig .  3 .  Cephalaspis kolleri n .  sp .  Part of a cepha l i c  sh i e ld  i n  v entrai 
view. Speci men no.  60. D i m i n ished .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

c, cornu ; dl ' canal  for the d uctus endo lymphat icus a n d  i n  addi t ion 
probably for a vein from the dorsal  el ectri c ne id ; dsj, dorsal e lectric ne id ; 
isj, lateral e l ectric ne id ; nal ' na'! , anterior and posterior d iv is ions  o f  the naso
hypophyseal  aperture ; orb ,  orbita l  open ing ; pin, p ineal  open i n g ; ps, pectoral 
s inus .  
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Pl. 33. 

Fig .  1 .  Cephalaspis spitsbergensis n. sp .  Part of cephal ic  sh ie ld  in dorsal 
view. The exoskeleton a l m ost ent ire ly weathered away so that parts o f  t he  
endoskeleton a re  disti nct ly see n .  Spec imen n o .  5 8 .  Sl ightly d i m i n i shed .  

F igs .  2 ,  3 .  Cephalaspis sp .  Fragmen tary cepha l i c  sh ie ld .  Part and  
counterpart. Specimen no .  88.  I l t .  

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

e ,  corn u ; Isj, la teral e lectric fie ld ; arb, arbi t ; p .  brw, postbra n ch ia l  wal l ; 
r. aart, aorta I r idge .  
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PI. 34. 

Fig. 1. Cephalaspis staxrudi ." n. sp .  Ceph a l i c  sh ie ld  in dorsal v iew.  
The exoskeleton o f  the d orsal s ide  weathered away. Speci m e n  no.  5 7 .  About  
4 5 of  the nat .  size . 

Figs .  2 -4 .  Cepha laspis siaxrudi .� n .  sp .  Orname ntat ion of the  ventra I  
r im o f  the speci men i n  fig. 1.  Magn i ficatio n  3 1 (fig. 4) and abou t  4 1 
(figs .  2 ,  3 ) .  

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

c, corn u ; dsf, dorsal e l ectric fie ld ; m r "  can a ls  for m arg ina l  superf ic ia l  
vessels ; na ,  l l aso-h ypophyseal  open ing ; arb, orbital  ope n i n g ; ps, pectoral 
s i nus ; seIl ' se/� , sel5 , selG ' canals l ,  2 ,  5 and 6 for e l e ctric n e rves for t h e  
l ateral el ectric fie l d .  
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Pl. 35. 

Figs. 1 ,  2 .  Cephalaspis heintzi n.  sp .  Cepha l i c  shie ld .  Part and counter
part. Fig .  1 in dorsal view. Fig .  2 impression o f  the dorsal s ide .  Specimen  
no .  5 4 .  2/ 1 .  

Fig .  3 .  Cephalaspis spitsbergensis n .  sp .  Ornamentation o f  the ven trai 
r im .  Specimen no. 59. (Same specimen  as in pl . 3 9 ) .  Magn i fi cation 4 l . 

Fig .  4 .  Cephalaspis sp .  Ornam entat ion o f  the ventrai r im .  Specim e n  
n o .  8 0 .  Magni Rcation about 5d .  

E x p l a n a t i o n o f  i n d e x  l e t t e r s .  

ds/, dorsal e lectri c fie ld ; Isj, l ateral e lectric Re id ; nav na2 , anterior 
and posteri or divis ion o f  the n aso-hypophyseal  aperture ; arb, orbital  open in g ;  
pin, pinea l  open ing ; ps, pectoral s inus ; sels ' can al  for the e lectric n erve 3 
for the lateral e lectric fie ld .  
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Pl. 36. 

Fig .  1 .  Cephalaspis hcintsi n.  sp .  Im pression  of  a cephal ic  sh i e l d .  
Spee imen no .  53 . 2 l. 

Figs.  2, 3 .  Cephalaspis heintzi n .  s p .  Cephal ic  sh ie ld . Part and  counter
part .  Speei men  n o .  5 2 .  2 l .  

Fig.  4 .  Cephalaspis staxrudi .� n .  sp .  Part  o f  t he  squamat ion of  the  an
terior portion o f  the tru n k .  The  lateral  scales exposed fom the  media l  s id e ,  
t h e  latero -ven tral scales ( the  fri nge-sca l e s )  ch ie fly i n  secti on .  Speci men  
n o .  5 7  ( the  speei men  Rgured i n  p l .  3 4 ) .  Sl ight ly d i m i n ished .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

dst: dorsal e lectri c Re Id ; ls, l ateral scales ; Isf, lateral  e lectri c Re Id ; 
lvs ,  l atero- ventra l  scales ,  so-ca l led fringe-scal es ; nal ' na'!. , an terior a n d  poste
ri or d iv is ions  o f  the  n asal apertu re ; obr. f, oralo- branch ia l  fen estra ; orb, 
orbital open i n g ;  pin , p inea l  foramen ; ps, pectoral si n u s ; r, median  dorsal 
ridge ( i m pressi o n ) .  
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Pl. 37.  

Fig .  1 .  Cephalaspis staxrudi n .  sp .  Cephal ic  sh ie ld  i n  dorsa l  v iew.  The 
exoskeleton i m perfect ly preserved .  Specimen  no .  56 .  Magn ificat ion about  3 2 .  

Fig .  2.  Cephalaspis staxrudi n.  sp .  Ornamentat ion of  the lower s ide  of 
t he  corn u .  Same speci men as i n  the  preceed i n g  figure .  Magni ficat ion about 1 2/ 1 .  

Fig .  3 .  Cephalaspis apicalis n .  sp .  Rostrai part o f  a cephal ic  sh ie ld  i n  
dorsal  v iew.  T h e  exoskeleton weathered away. Speci m e n  n o .  7 5 .  M agn i 
ficat ion a b o u t  5 2 .  

F i g .  4 .  Cephalaspis arcticus n .  sp .  Ornamentat ion of  th e l ower s ide  o f  
the corn u .  Specimen  n o .  6 7  (sam e soeci men  as i n  p l .  24 ,  fig .  2 and  i n  p l .  
28) .  Magnificati on  abou t  5/ 1 . 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

Isj, l ateral  e l ectric fie ld ; orb, orbital  open ing ; ps, pectora l s inus ; vest, 
vesti bu lar  d iv i s ion  of the l abyrin th cavity .  
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PI .  38. 

Fig .  1 .  Cephalaspis arcticus n. sp .  I m pression o f  th e dorsal  side o f  a 
cephal ic  sh ie ld .  Specim e n  n o .  66 .  Magni fication  about  :\ 2 .  

Figs .  2 ,  3 .  Cephalaspis gracilis n .  sp .  Ventrai parts o f  a cepha l i c  sh iel d .  
Speci m e n  n o .  6 5 .  S l ight ;y  d im in i shed .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

dsf, dorsal  e lectric fi e l d ; Isj, lateral e l ectric fi e ld ; obr.  j, oralo- branch ia l  
fen estra ; arb ,  orb i ta l  open ing ; pin ,  p inea l  open ing ; ps ,  pectoral s inus .  
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Pl. 39.  

Cephaiaspis spitsbergensis n .  sp .  Cephal ic  shie ld i n  dorsal v iew ; a l e ft 
l ateral part and the  main  part of the  cornua lack ing .  The exoskeleton has 
been removed so that the  can als for the  superfic ia l  vessels and  the can a ls  
of  t he  subapon eurot i c  ( su bcutaneous) vascular p lexus are d isti n ctly d i splayed .  
Specim e n  n o .  59  ( s ame  spec imen  as i n  p l .  3 5 ,  fig .  3 and  p l .  40 , fig .  2 ) .  
Magn i fi cat ion somewhat m ore than  2 l . 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  a m ,  canal  for the mand ibu lar branch of  the a .  fac i al i s ; a .  c, canal  for 
the cornual  artery ; a .  fp, can al for a posterior branch o f  the  a. fac ia l i s ,  a 
branch which suppl i ed  the  fossa c ircumn asal i s ; a .  iol, cana l  for the  l ateral 
i n fraorbital  branch of the a .  fac ial i s ; a .  iom , canal for the med ial i n fraorbita l  
bran ch  o f  the a .  fac ia l i s ; a .  sa , a .  sml ' a .  sm'2 ' a .  sp , can als for the dorso - l ateral 
superficia l  arteries ; c,  cornu ; c.  sem .  ant ,  c .  sem . post.  div is ion s o f  the l abyrinth 
cavity for the canal is  semicircular is an teri or and  the canal is  semic ircular is  
poster ior  respect ive ly ; dsj� dorsal  e l ectric fie ld ; isf, lateral  e lectric fie ld ; 
nal ' na'2 ' an ter ior  and poster ior  d iv is ions  of the n aso-hypophyseal aperture ; 
arb, orbital  open i ng ; pin, p in eal open i n g ; ps, pectoral s inus ; sei� , selG ' can a ls  
for the e l ectric nerves  3 and  6 for the l ateral e lectr ic fl e ld ; v .  cll , cana l  
for the preorb i ta l  d iv is ion  of  the v .  cap i t i s  latera l i s  ; v .  Is'2 -v.  [sG ' cana ls  for 
the  dorso- l ateral super fic ia l  ve ins  2 -- 6;  V 1'.  rs, rostrai superfi c ia l  ve ins ; 
1's . oe, occ ip i ta l  ve in  s i nus  (posterior corner) ; V l ,  cana l  for the n .  profundus .  
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Pl. 40. 

Fig.  1 .  Cephalaspis sp .  Part of the ventrai rim with orn amentation .  
Speci men  n o .  7 8 .  4/  I .  

Fig .  2 .  Cephalaspis spitsbergensis n .  sp .  Cephal ic  sh i ld  i n  ven trai v iew.  
Spec imen n o .  59  ( same  speci m e n  as i n  p l .  3 9 ) .  1 I .  

F ig .  3 .  Cephalaspis kolleri ? n .  sp .  Part o f  a cephal ic  sh i e l d  i n  ven trai 
view. Speci men no.  6 1 .  S l ight ly d imin i shed .  

F ig .  4 .  Cephalaspis apiealis .� n .  sp .  Part o f  a cepha l ic  sh ie ld  from the 
ventra i  s ide .  Speci men n o .  76 .  Magn i ficati on  a bout  5 ' 2 . 

Fig .  5 .  Cephalaspis aretieus .� n .  sp .  Part o f  the  exoskeleton o f  the  
upper s ide  o f  a cepha l i c  sh ie ld  i n  ventrai v iew.  Certa in  o f  th e can a ls  for the  
superficia l  vessels and  num erous cana l s  o f  the  subaponeuroti c (subcutaneous)  
vascular p lexus c learly seen . Specimen  no .  69 .  2 I .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  a m ,  can a l  for the l ateral i n fraorbital branch o f  the a .  fac ia l i s  or  for 
the mand ibular  branch o f  same artc:ry ; a .  fa , canal  for an anterior branch 
o f  th e a .  facia l i s ; a .  fae, canal  for the a .  fac ial i s ; a.  iom , can a l  for the  med ia l  
i n fraorbital branch of  the a .  fac ial i s ; dpr, area  which  bounded the mouth cavi ty 
on the dorsal s ide ; dst: dorsal e lectric fie ld ; na, n aso-hypophyseal openin g ; 
obr. f, ora lo -branch ia l  fenestra ; arb, orbit  and  orbital  open ing ; pin ,  p inea l  
open i n g ; ps ,  pectoral s inus : r .  aort, aortal r i dge (anterior part) ; v .  cll , can a l  
for th e preorbital  d i v i s ion  of the v .  cap i t i s  l a - teral i s .  Anteriorly th i s  cana l  
merges i n to the  canal  for  the  fi rst dorsolateral  superfic ia l  ve in  wh ich  in  
i ts  turn i s  conti nuous with the  rostrai ve ins ; v. [s� , v.  [s. , cana ls  for the dorso
lateral  superficia l  veins 3 and 4.  
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Pl. 41. 

Fig. 1 .  2 . . Beneviaspis holtedahli n. g . ,  n.  sp .  Fragmentary cephal ic  shie ld .  
Part and  counterpart. Specimen  n o .  7 1 .  2/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

cmm2 , transversal sensory cana l  groove ,  correspond ing e i ther to the  
poste ri or head- l ine  o f  p i t  organs or  to  the su prate mporal commissure of  
fi shes (preserved as an  im pression ) ; dpr,  area which bounded the mouth 
cavity on t he  dorsal s ide ; ifc, sensory can al groove correspond ing  to the  
i n fraorbital canal  of  fishes (preserved as an  impression ) ; le ,  groove repre
sent ing the cephal ic divis ion of  the  main l ateral l ine of  fishes  (preserved as 
i m pression) ; nal ' na2 , anterior and posterior d iv is ion o f  the  n aso- hypophyseal  
aperture ; arb , orbital openi ng ; pin ,  pineal  open ing ; r .  aOlt ,  aortal  ridge (a  
fragm ent  o f  the m ost rostrai part) ; seil ' 2 '  common canal  o f  the two m ost 
anterior n erves for th e l ateral e l ectri c fie ld ; sels , canal  for the e lectric n erve 
3 for the l ateral e lec tric fie ld ; v. cll , canal  for th e orbi ta l  d i vis ion o f  the 
v .  capi t is  l ateral i s ; v. lSl ' can a l  for  the  dorso-l ateral superficia l  ve in l .  
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Pl. 42. 

Figs .  I ,  2. Beneviaspis haltedahli n. sp.  Cephalic sh i e l d .  Part and 
caunterpart .  The sh ie ld  has  spl i t  so that the postbranch ial wall  and certa in  
i n terior parts are see n .  Speci men  n o .  72 .  5/3. 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s . 

a .  car, canal  for t he  carot i d  artery ; a .  jac, canal  for t he  a .  facia l i s ; 
aart, canal  for the  aorta through the  postbran ch ia l  wal l ; c, corn u ; aes + tr, 
roram en for the oesophagus and the truncus  arteriosus ; arb, orb i t  (ventral 
v iew) ; p. brw, postbranch ia l  wal l ; pr. au, pr. arb , impressions o f  the ot ica l  
and  orbital  prominences respective ly ; ps, pectoral s inus ; sell ' � ' com mon 
canal  for the e lectric nerves I and  2 for the lateral  e lec tric fie ld ; seil -selil ' 
selo ' canals  for the nerves l ,  2 ,  3 and  5 for the  l ateral  e lectr ic  fi e ld .  
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Pl. 43. 

Fig. 1 .  Benneviaspis holtedahli n. sp .  Cepha l i c  sh ie ld  in dorsal v iew.  
Specimen  no .  70 .  Magn ifi cation 3/2. 

Fig.  2 .  Cephalaspis kolleri n .  sp .  Ornamentation on th e posterior  part 
o f  the lower s ide  o f  the corn u .  Specimen  n o .  64. (Sam e specimen as i n  
p l .  3 1 ,  fig .  2 ) .  3/ 1 .  

Fig .  3 .  Cephalaspis sp .  Ornamentat ion o n  the lower s ide  o f  the  corn u .  
Speci m en no .  8 7 .  Sl ight ly en larged .  

F ig .  4 .  Cephalaspis sp .  Dorso-med ian  part o f  th e exoskeleton of a 
cephal ic  sh ie ld  i n  dorsal v iew.  The subdiv is ion of the external  parts o f  
the  exoskeleton i n  polygonal  areas very wel l  shown . Speci men no .  1 1 3 .  Som e 
what  d imin i shed .  

E x P I a n a t i o n o f i n d e x l e t  t e r  s .  

c ,  cornu : Isj, lateral e lectric fie ld ; nal ' na2 ,  anterior and posterior  d iv is ion 
o f  the naso-hypophyseal aperture ; orb , orbi tal open ing ; pin ,  pineal  opening ; 
ps, pectoral s inus .  
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PIs. 44, 45. 

Hoelaspis angulata ng o  n.  sp.  Cephal i c  sh ie ld .  Part and counterpart. 
Speci men no. 89. 8/ 1 .  

Pl .  4 4  shows the cephal ic  sh ie ld  i n  dorsal v iew ,  but  with cons iderable 
parts o f  the ske leton removed so that an i mpression of  a part o f  th e dorsal 
side of the ora lo- branchial chamber  i s  seen . 

Pl . 45 shows the cephal ic  sh ie ld  from the  ventrai s ide w i th certain 
parts removed so that  the cavit ies and can als i n  the  i n terior  are we l l  
d isplayed .  N ote tha t  a cons iderable par t  o f  the  ma in  vascular can a ls  of  the  
subaponeurot ic (subcutaneous) vascu lar  p lexus are exposed .  

E x P l a n a t i o n o f i n d e x l e t  t e r  S .  
a .  car ,  canal  for  the carotid artery ( i n  p l .  44 i t  i s  we l l  seen how i t  leaves 

the aorta l  groove) ; a .  eftl-a .  efta , grooves for the efferent branchia l  arteries  
1 -3 (preserved as i mpressions and  therefore appearing  as ridges) ; a .  ja , 
canal for an an terior  branch from the a .  facia l i s ; a .  jae, canal  for the  a .  
fac ial i s ; a .  marg, canal  for t h e  margina l  artery ; a m .  post, cavi ty for the  
ampul la  posterior (sect ion) ; aort. gr, aortal groove ( in  p l .  44 impressi on ,  and 
i t  i s  e learly seen that  posteriorly i t  l i es  asymmetrical ly on  the  r ight  side  
o f  the  med ian l ine ) ; a .  sa ? ,  cana l  probably for the  dorso- Iateral su perfic ia l  
artery l ;  a .  slem , cana l  for an arte r ia l trun k ,  which lateral ly d iv ided i n  t h e  
t w o  m ost posterior dorso-Iateral superficia l  arteries ; a .  sm , canal  probably 
for the th ird dorso- Iateral superfic ia l  artery ; a .  sp , canal  for the m ost 
posterior dorso- Ia teral superfic ia l  artery ( in  pl .  44 on the r ight side 
probably the proximal  end of  the can al  shown) ; buo , canal probably for a 
branch from the n .  buccal is  lateral i s  or for vessels or for both ) ; c, corn u (on ly  
a proximal  part  preserved) ; C.  post, can al  for  the posterior enceph a l i c  artery ; 
C. sem . post, div is ion of the l abyrinth cavity for the  canal is  semi c ircu laris 
posterior ; js. hyp , fossa hypophyseos ( the in tern al  perichon d ral bon e - I ayer 
destroyed ventral ly so ,  that the  stone - fi l l i ng  o f  the cran ia l  cav i ty and  thus 
also the fill ing of  the  fossa hypophyseos i s  cl ear l  y seen) ; hy. s, d i  v is ion of  
th e ethmoida l  cavity for  the  hypophyseal sac ; kl  - k s ,  branch ia l  fossae 1-3 

(ventro - I ateral parts) ; l ,  can al  for the  la tera l is  fi bres ,  wh ich  ac.::ompanied 
the  n .  trigeminus  proper and  the n .  profundus ; med, d iv is ion of  the  cavum 
cerebrale for  the med u l la  oblongata ( i n  p l .  44 on ly a posterior  part .  An 
teriorly to tha t  w e  see i n  p l .  44 a ventrai portion  o f  the i nternal  bone- Iayer 
that  l ined a ventrai part o f  the  crania l  cav i ty) ; my, myodome (mainly only 
the  matrix fi l l i ng  i t  seen) ; ndl > canal  for a dorsal myelonal  vein and in 
addit ion for a dorsal root o f  a spi no -occipital  n erve ; orb,  orbi t  (main ly  the 
stone-fi l l i ng  of  i t  preserved ) ; pr. orb, impressi on of  the orbital  promi nence ; 
ps, pectoral s inus ; r. p m ,  prebranchia l  r idge ( in  sect ion and as i m pressi on) ; 
seIl ' 2 '  common can al for the two most anterior nerves for the  l ateral e lectric 
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R eI d ;  sell-seI6 , canals  for the e lectric n erves for the  l ateral e lectric Re Id ; 
va , canal  probably for an arterial branch from the truncus  arteriosus , :  v. cl, 
cana l  for the v. capit is l ateral i s  ( i n  pl. 44 t he  posterior part and  the  
posterior or iRce ; i n  p l .  4 5  rath er completely preserved)  ; v.  cll , cana l  for 
the  preorbital d i vis ion of the  v .  capi t is  l ateral i s ; vest, vesti bu lar  d ivis ion o f  
the  labyrinth cavity ( i n  p l .  44  section ; i n  p l .  45  a part o f  t h e  dorsal wal l ) ; 
v. Ip , can al for a venous  trun k arisen by the  confluence  o f  the  dorso
lateral superRcial  veins 5 and  6 ;  v .  [Sl -V. Is4 , can a ls  for the  dorso - lateral 
superRcia l  ve ins  1 - 4 ;  v .  marg, canal for the m argi na l  ve in ; v.  Tm , m edian  
rostraI vei n ; vs .  T, rostrai ve in  s inus ; V,  canal  probably for  the  v i scero
motor roots o f  the n.  trigeminus  proper (or perhaps for a l l  the  roots of 
the trigeminus-profundus  gangl ion ic  complex) ; VI canal for the n.  profundus  
( in  pl . 44 on ly impression)  ; VIV'  shor t  branch from the  cana l  V 1 probably 
for a vi sceral b ranch from the  n .  profundus ; V I I ,  can a l  for the  passage of  
th e n .  facia l i s  from the Iabyri n th cavi ty to the  oralo-branch ial chamber 
( in  p l .  44 the  d i stal part  and  the opening i n  the  oralo -branch ia l  chamber) ; 
VI Iv ,  canal  for the v i sceral branch of the  n .  fac ia l i s ;  I Xa ,  canal  for the  
passage of  the  n .  g lossoph aryngeus from the  labyr in th  cav i ty  to the  oralo 
branchia l  chamber ( i t  i s  d i st i nct ly se en  h ere how i t  crosses the cana l  se(1 
on the ventra i  s ide) ; IX + X + Xvcp ,  vagus cana l . 

Pl. 45. 

For explanat ion see pl. 44 .  
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Pl. 46. 

Fig. I.  Hoelaspis angulata n. g .  n .  sp .  Cepha l ic  shield in dorsal v iew.  
The  dorso-media l  part  represented m ain ly  on ly  by an im pressio n  o f  the  
ventrai s ide, tha t  i s  to say  by an i mpression o f  the dorsal surface of  th e 
oralo- bran chia l  chamber  The  postbranchia l  wal l  is a lso wel l  d i splayed . 
Specimen no .  9 l .  About 6/ 1 . 

Fig .  2 .  Hoelaspis a ngulata n .  g. n .  sp .  Cephal ic  sh i eld i n  dorsal v iew 
Specimen  no .  92 .  About  5/ 1 . 

E x P I a n a t i o n o f i n d e x l e t  t e r  s .  

a .  car ,  cana l  for the a .  carotis ( preserved  on ly on  the  r igh t  s ide) ; 
a .  effl-a.  ef!2 , grooves for the e fferent branch ia l  arteries l and 2 (preserved 
as  im pressions) ; a .  ef!. com,  canal for the a .  bran chia l i s  e fferens commun i s ,  a 
vessel arisen by the confl u ence  o f  the e fferent branchia l  arteries 4-6 ; 
aort. gr, aortal groove ( impression ) ; a .  subcl, can al for the a .  subclavi a ;  c ,  
corn u ; ch, canal  for the n otoch ord ; dsf, dorsal  e lectri c fie ld ; k.l - k5 ,  branchia l  
fossa 2-5 (ventro- Iateral part) ; nal ' na2 , anter ior and posterior d iv is ions of  
the naso-hypophyseal open ing ; oes + tr o  foramen for the  oesophagus and  for 
the truncus  arteriosus ; orb , orbital  opening : p. brw, postbranch ial wal l  
(poster ior surface d isp layed)  : pin , p ineal  opening ; ps, pectoral  s i n  us ; pr.  orb , 
impression  of the  orbital  prominence ; r. aort, aortal r idge ( impression ) ; 
v;; , canal  for the ventrai transversal superficia l  ve in  5 ;  vest, vestibular  
d iv is ion of  th e labyrinth cavi ty (a  part  o f  the floor) ; V I I ,  can a l  for  the  n .  
fac ial i s  (d istal part a n d  open ing  i n  the ora lo -branch ia l  chamber) . 
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PI. 47.  

Fig.  l .  Hoelaspis angulata n .  g . ,  n .  sp .  Cephal i c  shie ld i n  d o r'sal v iew.  
A posterior and  dorsal part  lacking and on acco u n t  o f  th is  the cavu m 
cerebrale cran i i  and the  postbranchial wall (p . brw) exposed . Speci men  no .  90.  

Som ewhat less than 6/1 . 
Fig .  2 .  Trematraspis sp . anterior part o f  the  cephal ic  sh ie ld  i n  dorsal 

v iew. The exoskeleton a lmost ent i rely removed and certai n of the  i n terior  
can als and  cav i t ies  exposed .  Specimen  be longing to the Palaeon tological 
i n st itution o f  U psala .  Somewhat less than 6/t . 

E x p I a n a t i o n o f i n d e x l e t  t e r  s .  

a .  ef]s , a .  eff� , can als for  the e fferent  branchial arter ies  8 and  9 ;  a .  ef]. com ,  
canal for t h e  arteria branchia l is  e fferens commun is ,  a vessel ar isen by the  
confluence  o f  the  e fferent  branch ia l  arteries 4-6 ; a .  jc. cana l  for  an artery 
arisen by the confluence  of  the e fferent branch ia l  ar ler ies 8 and 9 ;  am. ant ,  
cavity for the  ampul la anterior (section ) ; am. post, cavity for th e ampul la  
03 ter ior  (s ect ion) ; aort, canal  for th e aorta through the  postbranch ia l  wa l l  
note t h e  very asymm etri c posit ion o f  the  canal  i n  q uest ion) ; a .  sa ,  cana l  
probably for the  fi rst dorso- Iateral su perficia l  artery ; a .  slcm ? ,  cana l  wh i ch  
probably lodged an arteri a l  trun k wh ich  b i furcated i n  the  two  m ost poster ior 
dorso- Iateral superficia l  arteries ; a .  subcl ,  canal  for the  a .  subc\avi a ; bu, 
canal  for a branch from the n.  b uccal is latera l is  or  for vessels o r  for both ; 
c, corn u ; c. sem .  ant ,  c. sem post, div is ions  o f  the  labyrinth cavi ty  for the  
anterior and  posterior semic i rcular  cana l s  respectively ; dl ' ope n i n g  probably 
for the  ductus end olymph at icus ( the open i n g  was situated on the  external 
surface of the  exoskeleton ) ; des, can al  for the n erve for the dorsal  e lectric 
Re Id ; dsj, dorsal electric ReId (only the m ost basal part preserved) ; met, 
div is ion o f  t he  cavum cerebrale cran i i  for the  cerebel !um ; nal > na2 , anterior 
and  posterior d iv is ions of  the  n aso-hypophyseal aperture ; arb, orbital open ing  
and  orbi t ; p .  brw, postbranch ia l  wal ! ; pin , pinea l  canal ; selv 2 '  common canal  
for the two m ost anterior n erves for the  la tera l  e lectric fie ld ; sel6 • canal  
probably for t he  most poster ior nerve for the  lateral e lectric fie ld ; tel ,  d iv isi on  
o f  the cavum c erebrale for the  te lencephalon ; v. c l ,  cana l  for the  v .  capi t is  
lateral i s  ; v. cll > can al  for the  preorbi tal d i v is ion o f  the  v .  capit is  latera l is  ; 
v. dsv, cana l  for the supposed otical ve in  and  i n  add i t ion probably for th e 
d uctus e n dolymphaticus ; vest, vest ibular d i v is ion o f  the  labyrinth cavi ty ( in  
secti on ) ; v . lSl ' v .  IS3 ' v. ls4 , can als for the dorso- Iateral superficia l  ve ins  l ,  3, 4 ;  
v.  marg, canal  for the marginal  ve in ; vs . marg, m argin al ve in  s inus ,  a 
widened posterior part of the canal  for the m argin al ve in ; V, canal  for one  
or for a l l  of  the trigemin us-profundus roots ; V I I  + V I I I  a ,  cana l  which 
tran smitted to the  l abyrin th cavity the  fac ia l is  roots ,  a l l  the  prootic latera l is  
fibres ,  a l l  the e lectric nerve  Rbris and the  anter ior  branch o f  the  n .  acusticus .  
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PI. 48. 

Fig.  1 .  Thyestes verrucosus E r cHwALD.  Cephal ic  sh ie ld  in ventrai v iew 
with certai n o f  the can als and cav i t ies  i n  the endocran ium exposed . The 
sh ie ld  to a l arge extent  preserved on ly as an i mpression o f  the  dorsal  
surface .  Speci men belongi ng  to the  Palaeonto logical i nstitution o f  U psala .  6/ I .  

Fig .  2 . The so-cal led " Cephalaspis schrencki " .  Cephal ic  sh ie ld  i n  ventrai 
v iew with certa in  o f  the cavit ies and  can als o f  the  endocran ium exposed 
by preparing .  Spec imen be longing to the  Palaeontological i n st i tuti on  o f  
U psala .  6/ 1 . 

E x p I a n a t i o n o f i n d e x l e t  t e r  s .  

aort. gr, aortal groove ( a  posterior part) ; c ,  probably the  cornu o f  the  
r igh t  s ide ; js. hyp , fossa hypophyseos ; hy. s,  d iv is ion  o f  the ethmoidal  cavity 
for the hypophyseal sac ; Isj; lateral e lectric fie ld ; med, div is ion o f  the  
cranial  cavity for the  medu l l a  oblongata ; my,  myodom e ; ps ? ,  perhaps  the  
pectoral si nus ; sel, sel ? ,  probably a canal  for an  e lectric n erve for  th e l ateral 
e lectric fi e ld ; vest, vesti bular d iv is ion o f  the labyrinth cavity ; I l l , canal  for 
the n. oculomotorius ; Vd, canal  for at least the v i scero -motor root of the  
n .  trigem inus  proper (perhaps  a l so  for o ther  trigeminus  roots) , perhaps  an 
opening ,  i f  i t  was so ,  the  impertance o f  th i s  open ing  i n certai n .  
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PIs. 49. 

Kiaeraspis auchenaspidoides n. g . ,  n. sp .  Cepha l ic  sh ie ld  in ventrai v iew 
with the endoskeletal component prepared so as to show th e cavi t ies  and  
cana l s  I n  i ts  i n terior .  Speci men n o .  9 9 .  Pl . 49 shows t h e  the en tire spec imen 
with a magni Rcati on o f  about  \)/ 1 ,  whi le  p l .  50  displayes a la tera l  part 
wh ich i s  magni Red about  as much  as 1 .5/ ! .  

E x P l a n a t i o n o f i n d e x l e t  t e r  s .  

a .  ja , canal  for an  anterior branch from the  a .  fac ial i s ; a .  jac,  canal  for 
the  arter ia fec ia l i s ; a. iom .o , canal  for a vesse l ,  probably a branch from the  
media l  i n fraorbital  ram us  of  the a .  facia l i s ; a m .  post, swel l i ng  for the  ampul la  
posterior ; a .  sa , cma l  for the  most  anterior dorso- Iateral superfic ia l  artery ; 
a .  sm1 >  canal  for the  dorso - Iateral superRcia l  artery 2 ;  bUl ' bu2 , canals  
probably for branches from the  n .  buccal is  l atera l i s  or  for vessels  or for 
both ; ch, canal  for the  n otochord ( a  smal l  fragm e n t) ; c. sem .  post, d i v is ion 
o f  the ladyrinth cavi ty for  the can a l i s  semicircular is  posterior ; hy. s ,  d iv is ion 
o f  the  ethmoida l  cav i ty for the hypophyseal  sac ; l ,  canal  for the  l ateral i s  
fi bres w h i c h  associated w i t h  t h e  n .  profundus  and  the  n .  trigeminus  proper ; 
lsj, l ateral electric Re id ; med, d ivis ion  of the  cav u m  cerebrale for t h e  
medul la  ob longata ; my, myodome ; orb , orbi t ;  p r .  post, r idge e a u  s e d  by  t h e  
d ivis ion of  t h e  labyrinth cavity for the  cana l i s  semicircular is  poste r i  or ; sell , 2 '  
common c a n  a l  for the  two m ost anterior n erves for the  l ateral e l ectric Re id ; 
sel1-seln , canals  1 - 6  fo r the n erves for the  lateral e lectr ic  fi e ld ; v. cl, 
canal for the v .  capit is  l ateral i s  ; v .  cl1 , canal  for the preorbital  d iv i s ion o f  
the  v .  capit is lateral i s ; v .  [Sl -V .  lS6 '  c a n  a l s  for the  dorso- Ia teral superRcia l  
ve ins  1 - 6 ;  vesti bu lar d iv is ion o f  the  labyrinth cavity ; v .  rs , can a l  for a 
lateral  rostrai ve in ; v. Tm , canal  for the  m ed ian  rost rai ve in ; I l l ,  cana l  for 
the n. oculom otori us : V, can al  probably for a l l  the tr igeminus-profundus  
roots ; V1 , cana l  for the  n .  profundus ; V i V , cana l  perhaps fo r  a v i sceral  
branch o f  the n .  pro fun d u s ; V2 , canal  for the  n .  trigeminus  proper ; V i l ,  cana l  
for th e passage of  the n .  fac ial i s  fro m  the  l abyr inth cavi ty to the  ora Io 
brach ia l  chamber  (n ote the  posi t ion  i n  relat ion to the  canal  sell ) ; V I I  + 
V i l l a ,  canal  for t he  facia l i s  roots, the  proot ic la tera l i s  fi bres,  the  e lectri c Rbres ,  
and the  :mterior branch of  the n .  acusticus ; V I l lp ,  cana l  for the  posterior 
branch of  the  n .  acust icus ; I Xa,  canal  for the  passage of  the  n .  glosso
pharyn geus  from the labyri nth cavity to the  ora lo-branchia l  cham ber (note the 
posit ion i n  relat ion to the  canal sel4 ; I X  + X, d iv is ion  of  the  vagus canal  
for th e glossopharyngeus and  vagus roots ; Xvcp, d ivi s ion  of  th e vagus canal  
for the .  v .  cerebra l is  posteri or .  
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Pl. 50. 

For explanat ion see p l .  4 9 .  
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Pls. 51. 

Kiaeraspis auchenaspidoides n. g . ,  n .  sp. Cephal ic  sh iel d .  Part and  
c:>un terpart. Speci men  n o .  1 00 .  Magn i ficat ion about  9/ 1 .  

Pl . 5 1  shows a n  i mpress ion o f  th e ora lo-branchia l  chamber with certa in 
ventraI  parts  o f  the sh ie ld  contai n i n g  the  can a ls  for the  m argi n a l  vessels .  

Pl .  5 2  shows the sh ie ld in  a ventraI v iew.  A s  i s  se en  t he  exoskeleton 
o f  the i n terzona l  part  ( iz) has  mainly sp l i t  o ff. The ventraI and  l ateral 
parts o f  the cepha l ic  d i v i s ion  proper are lacki ng ,  be ing  in part preserved 
on the coun terpart i n  pl .  5 1 .  The dorsal surface of  the oralo-branch ia l  
chamber i s  rather complete ly  d i splayed .  

E x p l a n a t i o n o f i n d e x l e t  t e r  s .  

a .  br, canal  for t h e  a .  brach ia l i s  (th e i n terrupted l i n e  d enot ing th is  
canal  would  r ightly i n  p l .  5 1  have passed som ewhat m ore ventral ly than i t  
actu a l ly  does) ; a .  c ,  part o f  the cana l  for th e a .  corn ual is ;  a .  car ,  canal  for 
the a .  caroti s ; a .  effl ' a .  eff2 , grooves for the e fferent branchia l  arte ries l 
and  2 ;  a .  eir; , a .  eff.q , canals  for the  e fferent  branch i a l  arteri es  7 - 9  (on ly  
fragments prese rved)  ; a .  eff. com ,  space for the arteri a  branch ia l i s  e fferens  
commu n i s ,  a vessel ar i sen  by the  con fl u ence of  the  arteri ae branch i a l es 
e fferentes 4 -- 6 ; a .  fe, cana l  for a vessel  form ed by the u nion of the e fferent  
branch ia l  arteri es  8 and  9 ;  a .  marg, cana l  for the  margi na l  artery ; aort. gr, 
aortal groove ( i n  p l .  5 1  preserved as i m press ion ) ; a. rostr, groove  for the  
rostraI artery ( the premand ibu lar  e fferent bran ch ia l  arteryl ; a .  su bel, cana l  
for the a .  subelav ia ; c,  cornu ; ch , can al for the n otochord ; dpr, area  wh ich 
formed the h ard roof o f  the m outh cavi ty ; ibrl-ibru ' i n terbran ch ia l  r idges 
1 - 9 ;  ibsl -ibs� , i n terbranch ia l  septa 1 -4 ;  iz ,  i n terzona l  part of  the cepha l ie  
sh ie l d ; kl-klo ,  bran ch ia l  fossae 1 - 1 0  ( on ly  the ventro - 1ateral parts d e n oted ; 
oes, oesophagus foraman ; p .  brw, postbranch ia l  \Val l ; pr. a u ,  i m press ion  o f  
the otieal  prom in enee  ; pr .  arb , impress ion of the orbital  prom i n ence ; ps, 
pectoral s inus ; r . aort, aortal r idge ; r .  p m ,  prebranch ia l  r idge ( i m pression) ; 
tr, foramen for the truneus  arteriosus : vl - Vg ,  eam�!s  for ventraI transversa l  
su pernc ia l  veins l � 9 (th e tenth eana l  o f  th is  sort  no t  d i st inctly preserved)  ; 
va , onal  probably for a braneh from the  tru ncus  arter iosus ; vest ,  vest ibu lar  
d iv is ion  of  t he  labyri nth cav i ty  (exposed i n  par t ,  from the ven traI s ide ) ; 
v. marg, canal  for the  margi na l  ve in ; v. nn , cana l  for the med ian  rostral 
ve in ; vv. rs , cana ls  for rostraI ve in s ;  vs . marg, poster ior  widened  part of  the 
cana l  for the m argi na l  ve in ; Vl ; can al  for the n. profundus . V2 , e 111 al for 
the n .  tr igem in i s  proper ; I Xa ,  canal  for t he  exit  of th e n .  glossopharyngeus 
i n  the oralo -branch ia l  char.l ber ; Xbr, canal  probably for a branch ia l  branch 
from the n .  vagus ; Xbr 1 ,  cana l  for the fi rst brar.ch ia l  branch of  the n .  vagus  
( l i ke  the  vestibu lar  d iv is ion  o f  the  labyrinth cavi t y  exposed by preparing) ; 
Xbr 1 v, a braneh o f  the  eana l  Xbr 1 •  a braneh wh ich  probably tran smitted the 
v iseeral  ram us o f  the fi rst b raneh ia l  braneh of  the n .  vagu s ; ." cana l  of  u n 
known i m portanee .  
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Pl. 52. 

For expl an at ion see pl .  5 1 .  
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Pl. 53. 

Figs.  1 -3 .  Kiaeraspis auchenaspidoides n.  g . , n .  sp .  Speci men no.  98 .  
Magn i fi cati on  somewh at  l ess than  5/ t .  

Fig.  I shows the  cepha l ic  sh ie ld  i n  dorsal v iew ,  but  with the  endo
cran i a l  compon ent  sp l i t  o ff  so that th is  i s  represented on  ly by the  impress ion 
of  i ts ventra i s ide .  

Fig .  2 .  I n terzona l  part of  the  sh ie ld  i n  ve n trai v iew .  N ote the  traces 
o f  fused sca les .  

Fig.  3 .  Ceph a l i c  d i v is ion proper  and  shoulder  girdle i n  dorsal v iew.  
The end ocran ia l  par t  removed and  the  postbranch ia l  wal l  expose d .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  ejJ,p cana l  for the e fferent  bran ch ia l  artery 6 ;  a .  fe, cana l  for an 
arter ia l  tru n k  ar isen by the  confluence  of  the e fferent  bran ch ia l  arteri es  
8 and 9 ;  a .  eff, com ,  can a l  for t h e  arter ia  hranchia l i s  e fferens commun is ,  
a vessel ari sen by the  confluence  of  th e e fferent  branch ia l  arteries  4 -- 6 ;  
aort .  gr, aortal groove ( impression ) ; a .  subcl, cana l  for the a .  su bc\avi a ;  c, 
C o ril U ; iz, i n terzonal  part o f  the cephal ic  sh ie ld ; Isf, l ateral  e lectri c fi e ld ; 
med. d ivis ion of the cavum cerebrale for the  med  u l l a  ob longata (most 
posterior part) ; oes, oesophagus foramen ; p. brw .  postbranch ia l  wa l l ; pr. a u ,  
p r .  arb, impressions o f  t h e  ot ical  and orbital  prom i n ences respect ively ; ps, 
pectoral s inus ; sel ; .  sel 6 , cana ls  for the nerves 5 and 6 for th e lateral  
e lectri c fi el d ; spi ,  canal  for a myelon a l  vein and  i n  add i ti on  for a dorsal 
root of a spi no -occip i ta l  n erve ; tr, foramen for the truncus  arter iosus (d ist inct  
on ly  i n  fig .  2) ; v7 -vJ O ' canals  for the ventrai transversa l  superficia l  ve ins  
7 - 1 0 ; v .  c l ,  can a l  for the v .  capit i s l atera! is  (so le ly  the  poste r ior open i n g  
preserved)  ; v. ls G ' cana l  probably for t h e  dorso- I ateral superfici a l  v e i n  6 ;  
vs . marg , m argina l  v ei n  s inus ,  a widened poste ri or part o f  th e cana l  for 
the  margina l  ve in ; X br, can al for a bran ch ia l  branch of the  n .  vagus .  



Isf
 

p.
br

w c-

1 
pr

. a
rb

 
\ 

aa
rL

gr
 

I 
2 

a.s
ub

cl 
/

 

se
l� 

3 

X
b 

a.
su

bc
l 

V 1
 

V s
 

V9
 

V '
D 

tr
 

-
vs

.m
c:r

g 

, 
a.

su
bc

l 

a.
fc

 

a.
su

bc
l 

tJ
 

(l) ::l O ., (/) ;;
;

(l) (/) P.>
 

- (/) C ::l o.
 

(l) ., (/) 0' �
 

(fJ
 

"'Cl
 

�
 

(/) eT
 

(l) ., (JO
 (l) ::l (l) ;;

;
(/) "'Cl

 (l) o.
 

z
 

O N
 

-v
s.m

ar
g 

;:2 (fl
 

w
 



PI. 54. 

Fig .  I .  Kiaeraspis auehenaspidoides n. g . ,  n .  sp .  Part o f  a cephal i c  
sh ie ld  i n  ventrai v iew.  The visceral  part o f  the  sh ie ld  represented m ain ly  
on ly  by an  i m pression of  the  external surface  o r  th e exoskel eton . Specimen 
no .  1 0 1  ( same sh ie ld  as in  pl . 57 ) .  M agn i ficati on  somewhat more  than 6/ 1 . 

F ig .  2 .  Kiaeraspis auehenaspidoides n .  g . ,  n .  sp .  Cephal i c  sh i eld  i n  a 
lateral v iew.  The endocran ium removed . Spec imen no .  98 (sam e spe c imen 
as i n  pl . 53) .  Magn i flcat ion somewhat  less than 5/ 1 .  

E x p I a n a fi o n o f i n d e x l e t  t e r  s .  

a .  br, canal  for the a .  brach ia l i s ; a .  car, canal  for the carotid artery ; 
a .  fae ,  canal for the a .  fac ial i s ; aort. gr, aortal groove (posteriorly where 
th is  groove i s  fl l led by matr ix i t  i s  d i st inct ly asymmetrical i n  i ts  pos i tion) ; 
d. sp , d orsal sp ine ; f. sn , fossa subnasal i s ; hy. s, d iv is ion  of the  ethmoidal  
cavity for the hypophyseal  sac ; iz ,  i n terzonal part  of  the cepha l ic  sh ie ld ; 
Isf, lateral e lectric fl e ld ; med, d iv is ion of the cavum cerebrale for the 
m edu l l a  oblongata (most posterior part) ; arb,  orbit  (exposed from the ventrai 
s i de) ; p .  bnv, postbranchia l  wal l  (a  dorsal part) ; pr. au, pr. arb, otical  and 
orbita l  prominences respe ct ively ( in flg .  2 im press ion only of  the  otical 
prom inence ) ; p .  sh, endoskel etal should er-gird l e ; sel 1 ' 2 ' common canal for 
the  two most anterior n erves for t he  lateral  e lectric fl e ld ; sel :1-sel G ' canals  
for the n erves 3-6 for th e l ateral e lectri c fl e ld ; v. br 2 '  can al e i ther  for a 
n erve or a ve in  or perhaps for both ; v. cl ,  can al for the  v. capit is  latera l i s  ; 
v. la, canal  for a tri bu tary to the v .  capit is  lateral is ,  a tri bu tary arisen by 
the confluence  of th e dorso- I ateral superflc ia l  veins 3 and  4 ;  v .  lp , c ana l  
for a tributary to the  v .  capit is lateral i s ,  a trib utary ar isen by the con fl u 
ence  o f  th e dorso-I ateral superflc ia l  ve i n s  5 and  6 ;  v .  Iss , c a n a l  for the  
dorso-I ateral superflc ia l  ve in  6 ;  vs . oe ,  occipi tal  ve in  s inus ; V, cana l  for 
the  n .  profundus ; V2 , canal  for the  n .  trigeminus  proper ; V I I ,  canal  for 
the  pass age of the n .  facia l is  to the  oralo-bran chia l  chamber ; I X  + X ,  
glossoph aryngeus  a n d  vagus bran ches  of  t h e  vagus canal  ( extern al open i ngs) . 
For the roots of the n .  glossoph aryngeus and the n .  vagus .  
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Pl. 55.  

Kiaeraspis auchenaspidaides n .  g . ,  n .  sp .  Part of ceph alic sh ie ld  in  ventraI 
view. The sh ie ld  prepared so as  to show the cavit ies of  the end ocran ium 
and  the  main  can a ls .  Spee i men  n o .  9 8  (counterpart o f  t he  speei men in  
p l .  53  and  p l .  54 ,  fig .  2) . Magn i ficat ion about 8f t .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  am ,  canal  for t h e  mand i bu lar branch of  t he  a .  faci a l is ; a .  car, can a l  
for the  caroti d artery ; a .  dsm ,  cana l  for the postorbita l  su perfi cia l  artery ; 
a .  fa , canal  for an anter ior branch  o f  the  a .  fac ia l i s ; a . fac ,  cana l  for the  
a .  fac ia l i s ; a .  ia l ,  cana l  probab ly  for a branch from the  lateral  i n fraorbital 
ramus of  the  a .  fac ia l i s ; a .  sa , a .  sm � ,  a .  sp , canals for th e dorso-I ateral 
s uperfic ia l  arteri es I ,  3 ,  4 ;  c ,  corn u ; ch , canal for the n otochord ; fs , hyp , 
fossa hypophyseos ; l, cana l  for the l ateral is fi bres ,  which associated with 
the  n .  trigeminus  proper and  the n .  profundus ; Isf, l a t eral  e l ectr ic fie ld ; 
mec, d i vis ion  of the  cavum cerebra le  cran i i  for the mesenceph a lon ; med, 
div is ion o f  th e cavum cerebrale cran i i  for th e medu l l a  oblongata (poster ior  
part  preserved i n  the  counterpart seen i n  p l .  53 ,  fig .  1 ) ;  my,  myodom e ; 
arb, orbit ; ps, p ectoral s inus ; sel l ' 2 '  common cana l  for the  two most an terior 
n erves for the lateral e lectric fi e ld ; sel } -sel G ' canals for the  e lectri c n erves 
1 - 6 for the latent e lectri c fi el d ; t ,  canal probably for a vessel ; v .  cl ,  canal for 
the  v .  capit is  la teral i s ; v. el I ' cana l  for the  preorbital d i v is ion o f  the v .  capi t is  
l ateral i s ; v.  la , canal  for a venous  tru n k  arisen by the  confluenee  of  the 
dorso - I ateral superfic ia l  ve ins  3 a n d  4 ;  v .  lp , cana l  for a venous trunk  
arisen by the  con fluenee of  the  dorso - Iateral superfic ia l  ve ins  5 and 6 ;  
v .  IS a-v.  lS G ' canals  for the dorso- Iatera l  superfic ia l  ve ins  3 - 6 ; vs. oc, 
occip i tal ve in  s inus ; 1 I 1 ,  canal for the n. ocu lom otorius ; V, cana l  for th e  
profundus-tr igeminus  roots ; Vl > canal  for t h e  n .  profundus ; V 2 • cana l  for 
the n .  trigeminus  proper : VI I ,  cana l  for the passage o f  the  n .  fac i a l i s  to 
the  oralo-branch ia l  chamber ; V I I  + V I I I  a ,  cana l  for the  exit  i n t o  the  l abyri nth 
cavity o f  the  facia l i s  roots ,  the  proot ic l a teral i s  fi bres ,  t he  e lectri c n erve
fi bres and  o f  the poste ri or branch of  the n .  acust icus : IX + X, d i v i s ion  of 
the  vagus canal  for the  glossopharyngeus and vagus roots ; Xvcp ,  d iv is ion  
o f  the  vagus cana l  for the v .  cerebra l i s  posteri or .  
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Pl. 56. 

Fig .  l .  Kiaeraspis auchenaspidaides n .  g . ,  n .  sp .  Part o f  a cephal ic  sh ie ld  
i n  ventraI v iew.  Specim e n  n o .  1 02 ( the  speci m e n  used  for  sec t i on  ser ies  D ,  
p l s .  1 00 - 1 04) . Magn i ficat ion about 6/ ! .  

Fig .  2 .  Kiaeraspis auchenaspidaides n .  g . ,  n .  sp .  Cephal i c  sh ie ld  i n  
dorsal v iew .  The left s i de  imperfectly exposed .  Specim e n  n o .  1 04 .  Magni 
ficat ion  about  9/2 . 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

aart. gr, aorta I groove ; c ,  corn u ; dsj, dorsal e l ectric fi e ld ( extent back
wards un certain ) ; d .  sp , dorsal spi n e ; f. sn , fossa subnasal i s ; arb, orh i ta l  
open ing ; p .  brw, postbranch ia l  wa l l ; pr. au ,  pr .  arb ,  ot ica l  and orbi tal prom
i n ences respecti ve ly ; ps ,  pectoral s inus ; V1 , cana l  for the  n .  profundus .  
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Pl. 57 .  

Kiaeraspis auchenaspidoides n .  g . ,  n .  sp .  Cepha l i c  sh ie ld  i n  dorsal v iew 
wi th  th e neurocran i al component  removed  and  represented on  l y  by  impres
si o n .  Spec imen no. 10 1 (coun terpart o f  the specimen figured in pl. 5 4 ,  fig. 1 ) . 
Magn ificat ion about 9,5/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  car, cana l  for the carotid artery ; aort. gr, aortal groove ( i  mpression) ; 
cv, d iv i sion  o f  th e cran ia l  cav i ty for the med u l l a  ab longata (most posterior 
n arrow part) ; d.  sp , d orsal spin e ; hy. s ,  portion of  th e d iv i s i on  of the eth
moidal cavity for the hypophyseal sac ; p. brw, postbranchia l  wall  (d orsal part 
in section ) ; pr. au ,  pr.  arb, impressions  of  the oti ca l  and orbital prominences 
respecti vel y ; seil ' 2 '  com mon canal  for the two most an terior nerves for the 
l ateral e lectr ic  fie ld ; selg-sel(p canals  for n erves 3-6 for t he  l ateral e lectric 
fie ld ; vs. marg, m argi nal  ve in  s inus ,  a posterior widened part of  the canal  
for the margina l  ve in ; VI ' canal  for the n .  profundus ; V� , can al  for the n .  
trigem inus  proper ; V I I  canal  for the  passage o f  the n .  facia l i s  t o  the  oral 0-
bran chial chamber ;  I Xa ,  cana l  for the passage of  the n. glossopharyngeus 
to  th e oralo-branchia l  chamber ; Xbru canal  for the fi rst branch ia l  branch 
of  the n .  vagus .  
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Pl. 58.  

Kiaeraspis auchenaspidoides n.  g. , n .  sp .  Cephal ic  sh i eld i n  dorsal v iew,  
with certai n dorsal parts  removed so ,  that the  postbranchia l  wal l  and  th e 
ventraI wal l  ot the i n terzonal  part are exposed .  The  ne urocran ium also 
removed . Specimen no.  1 03 .  Magn ification about 7/ 1 . 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

a .  ef!. com ,  can al  for the  arter ia bran chia l i s  e ff'eren s commun is ,  a vessel 
arisen by the  con fluence  of  the e fferent branchial  arter ies 4 - 6 ; a .  fe, canal 
for an artery arisen by the confluence  of  the e fferen t  branchia l  arteries 8 
and 9 ;  aort. gr, aorta I groove ( impression ) ; a .  subcl, canal  for the  a .  sub
c1avia ( imperfect ly exposed ) ; c, cornu : hy. s,  part o f  the  d iv is ion o f  th e 
ethmoidal  cavity for the hypophyseal  sac ; iz, i n terzona l  p a rt of the  cephal ic  
sh ie ld  (ventraI wal l  on ly  preserved) ; Ilal , anterior  d iv is ion  o f  the  naso
hypophyseal open ing ; oes, foramen for the oesophagus (the bone septum 
separa t ing i t  from the  truncus  arteriosus foramen not  preserved)  ; p. brw, 
postbranch ia l  wal l ; pr. orb ,  i m pression  of the orbital  prom i nence ; ps, pectoral 
s inus ; seil > 2 '  com mon cana l  for the two m ost anterior n erves for the lateral 
e lectric fie ld ; sell-seI5 • canals for the  n erves 1 - 5 for the lateral  e lectric 
fie ld ; tr, tru ncus arteriosus foram en (see explanat ion of oes) ; v7 -VO ' canals  
for the ventraI transversal superfi c ia l  ve ins  7 - 9 ; v .  marg, canal  for  the  
m argi na l  ve in ; vs .  marg. widened posterior par t  o f  the can a l  for t he  m argin al 
ve i n ,  the  margi na l  ve in  si nus ; Vl , can a l  for the n .  profundus .  
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PI. 59.  

Tremataspis schm idti . Certain o f  the internal  parts of  cephal ic  sh ie ld  
i n  dorsal v iew.  The exoskeleton has  weathered away .  Note the  traces o f  peri
chondral  bone l ayers (dark l i n es) around  certa in  of the  cavit ies .  Speci men 
be long ing  to  the Palaeonto logical  i n s t i tut ion of  Upsa la  and  figured  by Wiman 
i n  1 9 1 8  (fig .  l ,  p .  87) .  Magn i ficat ion about  4/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

cv, most posteri or d iv i s ion  o f  the  cran i al cavi ty ; des, part o f  the  canal  
for the nerve for the  d orsal e lectr ic  fi e ld ; k, branchia l  fossa ; mec, d i  v i sion  
of  the  cav um cerebrale for the mesencephalon ; med,  d iv is ion  o f  the cavum 
cerebra le  for the med  u l l a  ob longata ; met, div is ion o f  the cavum cerebrale 
for the metencephalon : na,  n aso-hypophyseal  openi n g ; orb , orbit ; pin , pin eal  
canal  (on accoun t  o f  its much weathered condi t ion i n d i sti nct) ; p .  brw, post
branchia l  wal l ; vest, vestibu lar  d iv is ion o f  the l abyri n th cavity .  
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PI. 60. 

Tremataspis schmidti. Part o f  th e cepha l ic  sh ie ld  in d orsal v iew,  pre
pared so as to show seve raI o f  the i n ternal  cavit ies and canals .  Speeimen 
belonging to the Pal eontological  in stitution of  Upsala .  Magnificat ion about  9/ 2 . 

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

a .  desm , cana l  e i ther for the n .  trochlearis o r  for a branch o f  the post
orbi tal superfic ia l  artery ; k1-k4 , branch ia l  fossae ,  perhaps the branchial  
fossae 1 - 4 ;  Isfa , anterior lateral e lectric fie ld ; med, div is ion o f  the cavum 
cerebrale  cran i i  for the med ul la  ob longata ; met, div is ion o f  th e cavum 
cerebrale cran i i  for the m etencephalon ; na,  naso-hypophyseal aperture ; orb ,  
orbit  (on the right s ide  the ston e fil l ing entirely removed ) ; sela , seim , seip , 
cana ls  for three electri c n erves ; v, can al for a ventraI transversal super
fi cia l  ve in ; v. cl, can al for the  v .  capit is latera l i s  ; vest, vestibu lar  d iv is ion o f  
t h e  labyrinth cavity . 
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Pl.  61. 

Fig. l .  Cephalaspis sp .  Corn u and an  ad jacent  part o f  a cepha l ic  sh iel d .  
Speci men n o .  1 09 .  l / t .  

Fig .  2 .  Cephalaspis sp .  Corn u and an ad jacent  part o f  a sh ie ld  pre
served main ly  as impression of  th e dorsal s ide  o f  the exoskeleto n .  Speci
men P.  550  i n  the R iksmuseum o f  Stockho lm .  Co l l ected by A.  G.  N ATHORST 
i n  1 882 .  l / t .  

E x P I a n a t i o n o f i n d e x l e t  t e r  s .  

c,  cornu ; Isj, l ateral e lectric Re Id ; ps,  pectoral s inus .  
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Pl. 62. 

Fig .  1 .  Cephalaspis hoeli n. sp .  Part of a cephal ic  sh ie ld  i n  ventraI v iew.  
Cons id erabl e  part  o f  the  endoskeleton not  preserved .  Spee imen  n o .  28 .  
Magn iRcat ion somewhat more than 3/ 1 .  

Fig .  2 .  Cephalaspis n .  sp . ? Part o f  th e exoske leton o f  t he  dorsal s ide  
o f  a cepha l i c  sh ie ld .  Preserved i n  part  as impression o f  the dorsal surface.  
Speci men  n o . 7 7 .  213. 

Fig .  3 .  Cephalaspis sp .  Exoskeleton o f  the  ventraI  s ide  o f  a l e ft corn u .  
Specimen n o .  1 1 0 . 1 / 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

dpr, area wh ich  form ed the dorsal boun dary of  the mou th cavity ; 
f sn , part of the fossa subn asali s ;  Isf, l ateral e lectri c Re Id ; arb, orbit  and  
orbi tal open ing ; p .  brw, postbranch ia l  wal l  (dorsal part) ; r .  aort, aortal r idge 
(anterior part) ; seI4�seI6 ' cana l s  for the  nerves 4�6 for the  l ateral e lectric 
Reid ; vest, vesti bu lar  d i v is ion o f  the labyrinth cavi  y (on ly  very imperfectly 
exposed) ; Vl , can al  for the n. profundus ; IXa ,  canal for the passage of 
the n. glossopharyngeus to the ora lo-branchia l  chamber  (d istal open ing) .  
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Pl. 63. 

Cephalaspis sp .  Section trough the exoskeleton of  th e m ost proxi mal  
part  o f  a corn u .  Speeim e n  no .  1 23 .  l a/ l . 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

bl, basal layer ; ml ,  m i d d  le  layer ; sl, superficia l  layer .  
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Pl. 64. 

Fig. 1 .  Cephalaspis sp .  Section through a strongly tubercu lated part 
of  the exoskeleto n .  Speeimen  no. 1 24 .  40/ l .  

Fig.  2 .  Cephalaspis sp .  Sect ion through a part o f  exoskeleton,  which 
was smooth and covered by a conti nuous  su perfic ia l  layer ,  provided w ith 
i n terareal grooves .  Spee imen no. 1 20 .  35/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

bl ,  basal layer ;  c. asc, ascend ing  canals ; dplx, can a l s  o f  the  subapo
n eurot ic  (sub cutaneous) vascular p lexus ; ebc,  external branches  o f  th e ra
d iat ing canals ; iag, i nterareal grooves ; ml ,  midd le  layer ; rad. c, radiat i n g  
canals ; sl, superficia l  layer. 
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PI. 65.  

Cephalaspis sp .  Secti ons  through the  exoske leton of  two tuberculated 
speeimens .  Speei mens nos .  1 23 ,  1 25 .  M agni ficat ion about  35/ \ .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

bl ,  basal l ayer ; c .  ase, ascen d ing  cana ls  ; dplx, canals  o f  the  subapo
n eu rotic (subcutaneous) vascular  p lexus ; ebc, externa l  branches  o f  the  ra
d iating  canals ; ml, midd le  l ayer ; rad. c, radiat ing cana ls  ; sl, superfic ia l  layer .  
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Pl. 66. 

Fig. l .  Cephalaspis sp .  Seetion through the exoskeleton of  a tuber
eu l ated form from the  lower Devon ian . The basal  layer somewhat imper
feet most  basal ly .  The midd l e  layer very thin and the superfie ia l  l ayer  
a lmost ent ire ly  absent .  Spee imen n o .  1 2 7 .  50/ 1 . 

Fig .  2 .  Cephalaspis sp .  Seetio n  through the  posterior part of a eorn u .  
Speeimen  n o .  1 2 6 .  20/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

bl ,  basal layer ; c .  ase, aseen d ing  eana ls ; dplx, eana ls  o f  the  subapo
n eurotie (subeutaneous) vaseular  p lexus ; ebe, external  branehes  o f  the ra
d i at ing eana ls ; m l, midd le layer ; rad .  e ,  radiat ing eana l s ; sl, superfi e ia l  layer.  
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Pl. 67.  

Fig .  1 .  Cephalaspis sp .  Se_  t ion through the exoskeleton o f  a form 
which has the  midd l e  l ayer very th i n .  Specimen  no. 1 28 .  40/ 1 .  

Fig .  2 .  Cephalaspis hoeli n .  s p .  Sect ion through t h e  exoskeleton o f  the 
ventraI ri m .  Specimen no .  30 .  (The specimen  used for sect ion seri es  B) . 1 00/ 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  

bl,  basal layer ; c. ase, ascend ing  canals  ; ebc, external branches o f  the 
radi ati l l g  canals ; ml ,  middle layer ; rad. c, radiating canals ; sl ,  su perfic ia l  layer .  
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PI. 68. 

Figs .  1 -- 3 .  Cephalaspis hoeli n. sp .  Three horizontal  secti ons  through 
the ven traI r im .  Speci men  no .  3 1 .  (The specimen  used for secti on series F ,  
c f. sect ion no .  7 0 ,  p l .  1 1 2 ) .  Fig .  1 magni ftcat ion about  lO/ l . Figs .  2 and 3 
magn iftcation about 40/ 1 . a v m, canal  for margina l  vessels .  
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Pl. 69. 

Cephalaspis sp .  Part o f  the exoskeleton which shows the character 
course and  conn ecti ons  of  the rad iat ing canals  o f  the midd l e  layer. Th e 
superfi c ia l  layer removed . Spee imen no .  1 2 1 .  Magni ficat ion about  25/ 1 . 
c. ase, ascend ing  cana ls  ; rad. c, rad i ati ng canals .  



De n o rske statsu nderstøt.  Sp i t sb erge n eksped .  N o. 1 2 . Pl .  69. 



Pl. 70.  

Fig .  l .  Cephalaspis sp .  Part  o f  the exoskeleton i n  a much weathered 
cond i tion . (Seen fro m the external surface ) . The  superficia l  layer entire ly 
d estroyed and the  middle layer also destroyed  except i n  the v i ci n i ty o f  and 
basa l ly  to the  i n terareal grooves .  Speeimen  n o .  1 22 .  5/ 1 . 

Fig .  2. Cephalaspis vogti n .  sp .  Part o f  the exoskeleton i n  surface v iew.  
The  superfic ia l  layer preserved on ly  in the places denoted sl ,  and th e m idd l e  
l ayer  a l so  laekin g  except i ts  m ost basa l  part w i th  rad i at ing cana l s .  

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

c. asc, ascen d ing  canal s ; rad. c, rad i at ing cana ls ; sl, superfic ia l  layer .  
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Pl. 71. 

Fig .  l .  Cephez laspis sp.  Part of the exoske l eton seen from the external  
su rface .  From a form with a cont inous  superfic ii d  layer and  i n terareal 
grooves (iag) . Spee imen  no. 1 20 .  (Seen  i n  tran sverse secti o n  in pl . 64 ,  
Hg .  2) .  1 6/ I . 

Fig.  2 . Cephalaspis sp .  Fragment  o f  the ventraI r im  o f  th e r ight s ide  
and  an  ad jacent  par t  o f  the  ora l o - b ranch ia l  chamber .  VentraI v iew.  Speei
men  no.  1 30 .  I / I .  

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

iag, i n terareal groove  ; ibs, i n terbranch ia l  sep tu m ; k,  bran chia l  fossa ,  
ventraI part ; v .  marg, canal  for the margi na l  ve in  (represented only by a 
med ia l  part) . 
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Pl. 72.  

Fig .  l .  Tremataspis schmidti. Transverse section through the exoskeleton . 
M agni ficat ion about 30/ 1 . 

Fig .  2 . Tremataspis schmidti. Somewhat ob l ique ly  h orizontal  section  
through th e exoskel eton . Magn i fi cati on  abou t  35/ 1 . 

Fig .  3 . Cephalaspis sp .  Tran sverse section  through the exoskeleton of  
a tuberculated form showi ng the denti n e  structure o f  the tubereles .  Speei
m en n o . 1 23 . 1 00/ 1 . 

E x p l a n a t i o n  o f  i n d e x l e t t e r s .  

a ,  b, c ,  d, d ifferent meshes  o f  the m ucous canal  system ; bl, basal layer ; 
dc, canals  perforat ing the den t ine  ; ebc, external  branches fro m  the  rad iat ing 
canals ; mc, m ucous cana ls  ; ml,  midd le  layer ; ms, cavi t ies for vascular s i nus . 
rad. c, radiat ing canals  ; sc, ascend ing  vascular canals  ; sl ,  superfic ia l  layer .  
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L i s t  o f  S e c t i o n  S e r i e s  

A Pls. 7 3 - 83 
D Pls .  1 00- 1 0 4 

B Pls. 84-88 
E PI. 1 0 5 

Pls. 73-83. 

Section series A. 

C Pls. 89- 99 
F Pls. 1 0 6- 1 1 2  

Transverse series of  sections through the neurocranium and certain 
parts of the viseeraI skeleton of  Cephalaspis hoeli n .  sp . The postbranchial 
wall was laeking in  the specimen used . The sections have been taken 
with intervals of  about 1 / 15 mm. Specimen no .  27 . Magnification approxi
mately 5/ 1 .  

Sections nos .  1 - 1 55 are through the neurocranium a n d  are taken 
from the occipital region forwards as far as the anterior end of the naso
hypophyseal opening. Sections nos. 1 5 6- 1 5 8 are through the otic region 
and the viseeraI skeleton of the left side.  Finally, sections nos.  1 59- 1 6 7 
are through the shoulder-girdle and the ventraI part of the viseeraI skeleton 
immediately in front of the shoulder-girdle. 

Exoskeleton denoted by thick black l ines .  Endoskeletal bone, that is 
to say the perichondral bone layers, denoted by thin  l ines .  The spaces 
occupied by carti lage denoted by shading. 

The models shown in text-figs. 1 5- 1 8  and 23 -26 were made after 
this section series.  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s  i n  s e c t i o n  s e r i e s  A-F. 
a .  br, canal for the arteria brachial is ; a .  c,  can al for the a .  cornual is ; 

a .  dsm , can al for the a. postorbitalis superficial is ; a .  dsm1 , a .  dsm2 ,  a .  dsms , 
canals for branches from the a .  postorbitalis superficialis ;  a .  ef[, canal for 
an efferent branchial artery (the can als for the efferent branchial arteries 
7 -9 denoted so i n  section series E) ;  a .  e!f4-a. e!fs , can als or foramimi 
for th e efferent branchial arteries 4-6 ; a .  e!fs p ,  canal possibly for a 
posterior branch of the efferent branch ia l  artery 6 ;  a. eff7 -a .  eff� , canals 
for the efferent branchial arte ri es 7-9 ;  a .  eff. com ,  can al or space for 
the arteria branchial is efferens communis ,  a vessel arisen by the confluenee 
o f  the efferent branchial arteries 4-6, and which emptied in  the cephal ic 
division of the aorta ; a .  fa, can al for an anterior branch of  the arteria 
facial is ; a. fac, canal for the a .  facial is ; a .  fe, canal for an artery arisen 
by the union of the dorsal parts of the efferent branchial arteries 8 and 9 ;  
a .  fn , canal for a branch from the a .  facialis to the fossa circumnasalis and 
the hypophyseal sac ; a .  fp , canal for a posterior branch o f  the a .  facial is ; 
a .  iol , can al for th e l ateral in fraorbital branch of the a. facial is ; a .  iom, 
canal for the m edial  in fraorbi ta l  branch of the a .  facial is ; a .  la ,  canal for 
an arterial trunk ,  which distally d i v ided i n  the two anterior dorso-l ateral 
superficial arteries ; a. la + V I I ,  canal which lodged the n. facialis and the 
arterial trunk,  which div ided in the twa anterior dorso-lateral superficial 
arteri es ; am.  a nt, am.  post,  clvit ies for the ampullae of  the anterior and 
posterior semicircular canals respectively ; a .  marg, canal for the  marginal 



artery ; a .  ob ,  canal  probably for an  arterial branch ; aort, cana l  or groove for 
the cephal ic  d iv is ion o f  the aorta ( the cana l  for the cephal ic  d iv i s ion  of the 
aorta through the postbranchia l  wal l  i s  general ly denoted sol ; aort. gr, aortal 
groove ; a . pbrw, or  a. pbm\ ,  canal for an  arter ia l  branch from rh e  a 
subc1avia  to the posteri or s ide  o f  the postbranch ial wal l ; a .  pm,  can al for 
an  arter ia l  branch to the pronephros space ; a .  sa , canal  for the m ost 
anterior dorso- Iateral superRcia l  artery ; a. sa + v r r ,' com mon cana l  for a 
prox ima l  part of the n .  fac ia l i s  and  a proxima l  part o f  the  most  anter ior 
dorso- Iateral superRcia l  artery ; a .  slem , cana l  for an  arterial tru n k  which 
d i sta l ly  b i furcated i n  th e two poster ior dorso- l ateral superRcia l  arteries ; 
a .  sm , canal  for the second or third dorso- lateral superRcia l  artery ; a .  sml ' 
cana l  for th e second dorso- lateral superRcia l  artery ; a .  sm2 , cana l  for the  
third dorso-Iateral superRc ia l  artery ; a .  sp , cana l  for the  m ost posterio r  
dorso- l ateral superRcia l  artery ( in  ser ies C ,  n o .  82 the cana l  denoted a .  sp 
i s  i n  fact v .  lp . The cana l  a .  sp i s  represented i n  th i s  section  merely by 
a sma l l  n otch i n  the  postero-dorso-Iateral m argin o f  the  v estibu lar  d i vis ion  
o f  the l abyrinth cavity) ; a .  subel, can a l  for the  a .  subc lavi a ; at, can a l  e i ther  
for  the  n .  fac ia l is  or  for the arteria l  trunk ,  which d iv ided  i n  the  two anterior 
d orso - lateral superRci a l  arteri es ; a .  vs ,  canal  for a branch from the a .  sub .. 
c lav ia  to t h e  superRcia l  porti ons  of the posterior part of the ventrai r im 
(posteriorly to the oralo -branchia l  fen estra ) .  Th is  anter ior  branch referred 
to as th e r .  superRcia l i s  ven tral is o f  the a .  subc1av ia ; ax, aXI can a ls  probably 
for arteria l  branches for the

' 
upper s ide o f  the neurocran ium beh i n d  the 

p inea l  openin g ;  bt ,  canal  e i ther
' 

for  the  n .  facia l i s  or  for the arteria l  tru n k  
which d i sta l ly d iv ided  i n  t h e  two an terior dorso- Iateral superRcial  arteries ; 
bu ,  bul-but , cana ls  probably for branches from the  n .  buc::a l i s  latera l i s  
or  for vessels or for  both ; eh , can a l  and  groove for the n otochord ; com , 
commissural  d i v is ion o f  th e l abyrin th cavity ; e. post, can al for the posterior 
encepha l ic  artery ; e .  sem . .  ant ,  d iv is ion  o f  the labyrinth cavity for the cana l i s  
semic ircu lari s  anterior ; c.  sem .  post, div is ion o f  the labyri nth cav i ty  for 
the  cana l i s  semicircularis posterior ; et, cana l  e i ther for a branch from the 
n .  fac ia l i s  or  for an  arteria l  branch ; d,  dl > cana l  for  the d uctus endolym
phaticus  and  probab ly  also i n  m ost Cephalaspids for a vein from the dorsal 
e l ectric Re id ; d2 , canal probab ly  for  a vein from the most posterior part 
'of the d orsal el ectric Re i d ; des, can a l  for the e lectric nerve for the  d orsal 
e l ectri c Re Id ; die, d iv is ion  o f the cavum cerebrale cran i i  for the d ience
phalon ; dpr, area on  th e rostrai part o f  the v i seerai ske le ton that formed 
the  d orsal bound ary o f  the mouth cavity ; d. sell ,  dorsu m se l læ ; dsf, dorsal  
e l ectric Re id ; dsv, groove for the e lectric n erve for the dorsal e lectric Re Id ; 
dt, canal  for an  artery, probably the dorso- lateral superRcial  artery 3 ;  dx, 
canal  for an artery or for a n erve to the dorsal e lectric Re id  or for both 
an  artery or  a n erve for the said Re id ; et, cana l  for an artery, probably 
the dorso- Iateral superRcia l artery 4 (the most posterior dorso- Iateral super
Rc ia l  artery) ; ex,  canal  perhaps for a vessel ; f en,  fossa c ircumnasal is ;  f apt, 
fenestra optica ; fs. hyp , fossa  hypophyseos ; f sn, fossa subnasal i s ; fy, canal  
probab l y  for a ventrai l ongitudi na l  superRcia l  ve in ; fz, cana l  pro babl  y for 
a vessel ; hab ,  bulge for the habenular  gangl i a ; hab. r, bu lge  for th e righ t 
habenular  gangl ion ; hy. s, d i vis ion of the ethmoida l  cavi ty for the hypo
physeal sac ; ibrl -- ibr9 ,  i n terbranch ia l  r idges 1 -9 ;  ibsl-ibs9, i n te rbranchia l  
sept a 1 -9 ;  iz ,  i n terzona l  part  o f  the  cephal ic  sh ie ld  (cons ists of exoskeletal 
bone);  k,  branch ia l  fossa (ventro- I ateral part) ; kl-k l o ,  branchia l  fossae 1 - 1 0  
(ventro- Ia teral part) ; Isj; l ateral e lectric Re id ; mee, d iv is ion o f  the cavum 



cerebrale crani i  for the mesencephalon ; med, division of the cavum cerebrale 
cranii for the med ulla oblongata ; met, division of the cavum cerebrale for 
the cerebellum ; my, myodom e ; na,  naso-hypophyseal aperture ; nal ' anterior 
d ivision o f  the naso-hypophyseal aperture (for the external part of  the 
hypophyseal sac) ; na2 , poste ri or division o f  the naso-hypophyseal aperture , 
a d iv ision which forrned the nasal open ing proper ; ndl , canal for the 
myelonal vein 1 and i n  addition for the dorsal root of  the spino- occipital 
nerve 1 ;  nd2 , canal for the myelonal vein 2 and i n  addition for the dorsal 
root of  the spino-occipital nerve 2 ; nd1 l ,  lateral branch of the canal ndu 
probably for a vein ; ndl m, medial branch of  the canal nd1 , a branch which 
probably transmitted the dorsal root of  the spino-occipital nerve 1 ;  n. 19, 
canal or groove ,  i n  certain  sections for the vagus roots or certain branches 
o f  the n. vagus, i n  other sections probably for the n. l ineae lateral is  ; nv1 , 
canal for the myelonal artery 1 and in addit ion probably for the ventral 
root of the spino-occipital nerve 1 ;  nv2 , canal for th e myelonal vein 2 and 
in addition probably for the ventral root of  the spino-occipital nerve 2 ;  
nz, nzl , can als probably for nerves for the pectoral fin ; the can al nzl i n  
addit ion probably gave passage also t o  a ve in  from the  ventral and  medial  
sides of the pectoral fin ; obr. eh , oralo-branchial chamber ; oes,  foramen for 
the  oesophagus or the d iv ision for the oesophagus i n  those cases when 
there i s  a com mon big foramen for the oesophagus and the truncus arteri 
osus ; oes + tr, oesophagus-truncus arteriosus foramen ; alfe, part of the 

. ethmoidal cavity that lodged the olfactory organ ; arb,  orbit  and orbital 
opening ; p. brw, postbranchial wall ; pin, pineal canal ; p. ni ,  pronephros 
lamel la ,  a skeletal lamella which protected the pronephros from the l ateral 
s ide ; p. nm, lamella which divided the pronephros space in  right and left 
parts of unequal size ; pr. nephr, pronephros space ; ps, pectoral sinus ; p .  sh, 
endoskeletal shoulder-girdle ;  r. aart, aortal ridge ; r. su bel, subclavin ridge ; 
seil ' 2' common canal for the two most anterior nerves for the lateral elec· 
tric field ; sel1-seI6 , the can als for the electric nerves for the lateral field ; 
t, canal propbably for a vessel ; tel, division of the cavum cerebrale cranii  
for the telencephalon ; tr ,  foramen for the truncus arteriosus (the division 
for the truncus arteriosus i n  those cases, when the truncus arteriosus and 
the oesophagus forarnina have fused into one ; u ,  canal probably for a 
vessel ; Vl-V9 , canals for the ventrai transversal superficial veins ; va, 
can al probably for a branch from the truncus arteriosus ; v. br, can al for 
the branchial  vein ; v. el, canal for the v. capitis lateral is ; v. ell > can al for 
the preorbital division of the v. capitis lateralis ; v. et, v .  etl , can als for 
veins ; v. ex, posterior opening of the canal for the v . capitis lateralis ( in 
series B ,  section no .  1 0) ;  v .  dl ' canal  for a supraorbital vein ; v .  de, cavity 
for a vein sinus ; v .  ds! , V. ds2 , can als for veins from the dorsal parts of 
the otic region ; v. dsv, canal for the otical vein ; vest , vestibular d ivision 
of  the labyrinth cavity ; v. ifc, canal probably for a vein from the parts of the 
shield just ventrally and laterally to the  orbital opening ; v. la, canal for a 
venous trunk arisen by the union of the dorso-Iateral superficial veins 3 and 4 
or of the dorso-lateral superficial veins 3 , 4 and 5 ;  v. lab ,  v. labl-v. lab4 , 
canals for veins from the labyrinth cavity or for branches of the n .  glosso
pharyngeus and the n. facial is to the dorsal s ide of the otic region ; or 
else i t  i s  possible that the can als i n  question transmitted both the said 
veins and nerves and perhaps also arteries ; v.  lp , canal for a venous trunk 
arisen by the confluence of the dorso-lateral superficial veins 4,  5 and 6 
or of the dorso-Iateral superficial veins 5 and 6 ;  v. Is ?, canal perhaps 



for a dorso- I ateral superfic ia l  ve in ; v. lS3-v. lS6 ' cana ls  for the dorso-Iateral 
superfic ia l  ve ins  3-6 ; 1'. marg, canal for the marginal  ve in ; v. ol, canal 
for th e l ateral occipital  ve in ; 1'. p , canal  of uncertain i mportance ,  perhaps 
for a vein (section series C ,  nos .  1 0 0 - 1 03) ; v. p t ,  canal probably for the  
p i tu i tary vein ; vs. marg, margina l  ve in  s inus, a w idened  posterior part o f  
the cana l  for the marginal  ve in ; v. sal -v. SO�I ' c:llla ls  for supraorbital ve i ns ; 
vs. oe, occipital  ve in s inus ; vs . r, rost raI vein s inus ; vy, can al for a vessel ; 
m ,  canal for the  n .  oculomotorius ; IV, canal for t he  n .  trochlearis ; IV  + Vb ,  
recess from which the can als I V  and  V i ssue ; V,  cana l  for the trigeminus 
profundus roots ( i n  sect ion series D ,  no .  9 the cana l  for th e n .  facia l i s  
from the labyrinth i s  erroneously denoted V); Va,  can al proba bly for the 
supposed viscero-motor root of  the n .  profu ndus ; Vb, canal  for th e gen eral 
cutaneous root o f  the n. profu n dus ; Ve, onal for the general cutaneous 
root of  the  n .  trigemin us proper ; Vd, canal  for the viscero' motor root of 
th e n .  trigemi n u s  proper ; Vx, canal  leading from th e cran ial  cavity to the 
posterior part o f  the can al  V d, probably for a bundle  of  n erve-fi bres ; 
Vxa , canal connecting the  crania l  cavity with the anterior part o f  the 
canal  V d, perhaps for the n .  abducens ; Vl , canal  for the n .  profundus ; V� , 
canal for the n .  trigeminus  proper ; V I I ,  can al for the n .  fac ia l is  fro m  the 
labyrinth cavity to the oralo-branchia l  cham ber ; VII  + VI l la ,  facial i s  cana ! .  
Th is  can  al  transmitted to the vestibu lar  d iv i s ion  of the labyrin th  cav ity the 
fol l owing nerves : th e roots o f  the n .  facia l i s ,  a l l  the prootic l ateral i s  roots, 
probably a l l  the e lectric n erve fibres ,  and fina l ly  the anterior branch of 
the n. acusticus ; Vl I Ip ,  canal for the posterior branch of  the n. acusticus ; 
I X ,  bran ch of the vagus cana l  for the glossopharyngeus roots ( i n  series E ,  
however ,  I X  m eans t h e  canal through which the n .  glossopharynge us l e ft 
the l abyrinth cavity and arrived i n  the oralo-branchia l  chamber .  [ n  other  
cases  th is  can al i s  l ettered [Xa) ; IXa ,  canal  for the passage o f  the n .  glosso
pharyngeus to the oralo-b ranchia l  chamber ; lXI, canal pro babl  y for a dorsal 
branch of t h e  n. glossopharyngeus ; IXp ,  canal through which the n. glosso
pharyngeus entered the labyrinth cavlty ; IX + X, d ivis ion o f  the vagus 
can al for the glossopharyngeus and vagus roots ; IX + X + Xvcp ,  vagus 
canal ; X ,  branch of the vagus can al  for the vagus roots (and i n  certai n 
cases the canal for th e truncus epibranchia l i s  vagi ) ;  Xbr, canal for a bran
chia l  branch o f  the n .  vagus ; Xbru cana l  for the first branch ia l  branch of the 
n .  vagu s ; Xbr2 -Xbrs ,  can a l s  for  the branch ia l  branches 2-6 o f  the n .  vagus ; 
Xgn , pi t  probably for t h e  main  part of the v agus gangl ion i  ccomplex ; Xl, 
canal probably for a d orsal branch for the n. vagus ; Xvcp ,  branch or  d i v is ion 
of the vagus canal  for the v .  cerebra l i s  posterior .  
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PIs . . 84-88. 
Section series B. 

Transverse sections main ly through the neurocranium of Cephalaspis 
hoeli n. sp. The sections have been made with somewhat d ifferent inter
vals. Specimen no. 30 . Magni fication 6/ 1 . 

As the posterior part of the occipital region was lacking i n  the specimen 
sectioned,  the series begins on ly in the anterior part of  the occipital region . 
In secti ons nos.  1 and 6 also the visceral skeleton of the left s ide is shown . 

Exoskeleton denoted by thick black l ines or else it is denoted by 
transversal striation .  Endoskeletal bone denoted by th i il l ines .  Spaces 
occupied by cartilage shaded . 

The mode l  shown i n  text-fig.  1 4  was made after this section series. 

E x p I a n a t i o n o f i n d e x l e t  t e r  s .  
See section ser ies A .  



De n o rske statsunderstøt. Spitsbergeneksped .  N o .  1 2. PI .  84. 

S e r. B. 

IX . X  

v .ds\' qsf 



De norske stats u n derstøt. Spitsbergeneksped . N o .  1 2. Pl .  85. 

S e r. B. 

B. 11 / D ��" ///6° o( . v� � 
'
/U/.

'

. ...... . . . .. . . .��/�._. _ _ _ _ _ _ _ _ _ IX 

�/ - / :v . · . . . /./ ti!.--- -Xgn 
c.pOst x Xti� !j 

XvFP 
B.l< 

e 
/?/ vest .17f�C1CJ '� �h � 

B.le 

, IX. 
v.lab 



De n o rske statsunderstøt. Spi tsbergeneksped . N o .  1 2. Pl. 86. 

S e r. B. 



De norske statsunderstøt. Spitsbergeneksped.  N o .  1 2 . 

S e r. B.  

B.3> 

B. 37 

IV!, 

B. 3. 

B. 41 

am.ant  

d . se !( aorr .gr Vb 
a .d�ml l�r �X I  

f.opt 
fs.hyp 

VI I"v. ls� 

B . 43 

PI.  87. 

pin 

: )7 
hy.s f:P( �S' 

'-1,.� a/car bu 



De n o rske statsunderstøt. Spi tsbergeneksped .  N o .  1 2. PI.  88. 

S e r. B. 
B.44 

'"� 
0,  

8 .  •• 

B.'.  a · ra 

B . 

riv A� � ! VI'I 

�u 
orb 

aort.gr 

a · fac 



PIs. 89-99. 
Section series C. 

Sagittal seetions through the right half of a eephalie shield of Cephalaspis 
hoeli n .  sp .  The postbranehial wall mueh erushed in the speeimen used. 
The seetions taken with rather d ifferent intervals .  Speeimen no .  29. Mag
n ifieation 4/ l .  

The seetion series begins somewhat to the le ft o f  the m edian l ine , 
and is thus i n  faet made through somewhat more than the right half  of 
the speeimen .  

The exoskeleton of the upper  s ide was to a great extent l aeking, 
being represented mainly only by certain basal parts of  the basal layer. 
I n  the most rostrai part of the ventrai rim and i n  the interzonal part of 
the shield (iz) i t  is ,  however, well  preserved.  In the first-mentioned place, 
where i t  was provided with small tubercles ,  i t  i s  denoted by a thick black 
l i ne .  On  the other hand ,  in  the interzonal part of  the shield ,  i t  i s  denoted 
by  a reticulation .  Periehondral bone layers with thin l ines. The spaces 
occupied by cartilage shaded .  

E x p l a n a t i o n o f i n d e x l e t  t e r  s .  
See section series A.  
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PIs. 100-104. 

Section series D. 
H orizontal sections  through th e dorsal part o f  the cephal ic  sh ie ld  o f  

Kiaeraspis auchenaspidoides n .  g . ,  n .  sp. The sections  made with i n tervals 
o f  approx imately 1 /22 m m .  Magni ficat ion about  6/ l .  

The series begins through the ventrai part o f  the endocranium and  
c erta in  adjacent d orsal parts o f  the v i seerai endoskeleton and  proceeds 
d orsal ly .  

Exoskeleton shown as  th ick l i nes ,  peri chondral  bone l ayers as th in  
l i nes .  Spaces occupied by carti lage denoted  by  shading .  

The models  shown in text-figs.  1 9-22 and  27 have been made ent i 
rei  y or ch ie fly  after th is  section series .  

E x p I a n a t i o n o f i n d e x l e t  t e r  s .  

See sect ion series A. 
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Pl. 105. 

Section series E. 
Transverse sections through a part of the left half  of a cephalic shield 

of  Cephalaspis hoeli n .  sp.  The sections taken with somewhat d ifferent inter
vals .  Speeimen no .  29 (part of  the speeimen from which series C was made) .  
Magnification approxi mately 5/ 1 .  

The series begins through the posterior part o f  the occipi tal region 
and the adj acent part of the viseerai skeleton and continues as far for
wards as somewhat in front of  the orbit .  Certain parts of the postbranchial 
wall  are well  displayed in  sections l - 1 2 . 

Bone- Iayers denoted with l ines ; the space occupied by carti lage shown 
by shading.  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  
See secti on series A .  
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Pl. 106-112. 

Section series F. 
Horizontal sections through a fragmentary cephalic shield of  Cephalaspis 

hoeli n .  sp .  Intervals between the d ifferent sections approximately l / IS mm.  
Specimen no .  3 1 .  Magnification somewhat more than 5/2. 

The dorsal part of  the cephalic shie ld was lacking in the specimen 
and the first section cou1d therefore be laid only as far ventrally as through 
the most basal part of  the neurocranium.  

The exoskeleton was  almost entirely lacking on the dorsal parts of  the 
shie ld ,  and it i s  therefore i n  the dorsal sections denoted on ly by narrow 
l ines .  On the other hand it was preserved more basally, and in the more 
basal sections i t  i s  denoted with m ore or less broad black l ines or areas. 
Perichondral bone layers denoted by thin l ines. The spaces occupied by 
cartilage shaded .  

This section ser ies  has been used for making the models shown in  
text-figs. 33-35 and 39-4 1 .  

E x p l a n a t i o n  o f  i n d e x  l e t t e r s .  
See section series A .  
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Results of the Norwegian expeditions to Svalbard 1906-1926 
published in other series. (See No. 1 of this series.) 

The results of the Prince of Monaco's expeditions (Mission Isachsen) 
in 1906 and 1907 were published under the title of 'E x p I o ra t i ond u Nor d-O u e st 
duS p i t s ber gen tre p ris e s o u sle s a u s p i c e s deS. A. S. I e P r i n c e de 
Monaco par la Mission lsachsen', in Resultats des Campagnes 
scientifiques, Albert ler, Prince de Monaco, Fase. XL-XLIV. Monaco. 

ISACHSEN, GUNNAR, Premiere Partie. Recit de voyage. Fase. XL. 1912. 
ISACHSEN, GUNNAR et ADOLF HOEL, Deuxieme Partie. Description du ehamp 

d'operation. Fase. XLI. 1913. 
HOEL, ADOLF, Troisieme Partie. Geologie. Fase. XLII. 1914. 
SCHETELlG,JAKOB, Quatrieme Partie. Les formations primitives. Fase. LXIII. 1912. 
RESVOLL HOLMSEN, HANNA, Cinquieme Partie. Observations botaniques. 

Fase. XLIV. 1913. 

A considerable part of the results of the ISACHSEN expeditions in 1909 and 
1910 have be en published in Videnskapsselskapets Skrifter. I. Mat.
Naturv. Klasse. Kristiania (Oslo). 

ISACHSEN, GUNNAR, Rapport sur I'Expedition Isachsen au Spitsberg. 1912, No.15. 
Kr. 5 ,40. 

ALEXANDER, ANTON, Observations astronomiques. 1911, No. 19. Kr. 0,40. 
GRAARUD, AAGE, Observations meteorologiques. 1913, No. 1. Kr. 2,40. 
HELLAND-HANSEN, BJØRN, and FRIDTJOF NANSEN, The sea west of Spitsbergen. 

1912, No. 12. Kr. 3,60. 
ISACHSEN, GUNNAR, The hydrographie observations 1912, No. 14. Kr. 4,20. 
HOEL, A. et O. HOLTEDAHL, Les nappes de lave, les voleans et les sourees 

thermales dans les envirous de la Baie Wood au Spitsberg. 1911, No. 8. Kr. 4,00. 
GOLDSCHMIDT, V. M., Petrographische Untersuehung einiger Eruptivgesteine 

von Nordwestspitzbergen. 1911, No. 9. Kr. 0,80. 
BACKLUND, H., Ober einige Olivinknollen aus der Lava von Wood-Bay, 

Spitzbergen. 1911, No. 16. Kr. 0,60. 
HOLTEDAHL, OLAF, Zur Kenntnis der Karbonablagerungen des westlichen 

Spitzbergens. I. Eine Fauna der Moskauer Stufe. 1911, No. 10. Kr. 3,00. 
Il. Allgemeine stratigraphisehe und tektonisehe Beobaehtungen. 1912, No. 23. 
Kr. 5,00. 

HOEL, ADOLF, Observations sur la vitesse d'eeoulement et sur I'ablation du 
Glaeier Lilliehook au Spitsberg 1907-1912. 1916, No. 4. Kr. 2,20. 

VEGARD, L., L'influenee du sol sur la glaciation au Spitsberg. 1912, No. 3. 
Kr. 0,40. 

ISACHSEN, GUNNAR, Travaux topographiques 1915, No. 7. Kr. 10.00, 
GUNNAR ISACHSEN has also published: Green Harbour, in Norsk Geogr. Selsk. 

Aarb., Kristiania. 1912-13, Green Harbour, Spitsbergen, in Seot. geogr. Mag., 
Edinburgh, 1915, and Spitsbergen: Notes to aecompany map, in Geogr. journ., 
London, 1915. 

Al! the above publieations have been eollected into two volum es as Expedition 
Isaehsen au Spitsberg 1909-1910. Resultats seientifiques. I, Il. 
Christiania 1916. 

As the result of the expeditions of ADOLF HOEL and ARVE STAXRUD 1911-
1914 the following memoir has be en published in Videnskapsselskapets 
S kri fte r. I. M a-..=N a t li r-v. K I a S:5 e. 

HOEL, ADOLF, Nouvelles observations sur le district volcanique du Spitsberg 
du Nord. 1914, No. 9. Kr. 2,50. 

The following topographieal maps have been published separate ly ; 
Bjørnøya (Bear Island). Oslo 1925. Scale, l; 25000. Kr. 10,00. 
Bjørnøya (Bear Island). Oslo 1925. Seale, l : 10000. (In six sheets.) Kr. 30,00. 

A prelimin-ary edition of topographieal maps on the seale of l : 50 000 inc1uding 
the regions around lee Fjord and Bel! Sound together with the map of Bear 
Island, seale l: 25 000 is published in: 

S val bar d C o mmi s s i o n e r [K ris t i anS i n d b a Il e], Report eoneerning 
the c1aims to land in Svalbard. Part I A, Text; I B, Maps; Il A, Text; Il B. Maps. 
Copenhagen and Oslo 1927. Kr. 150,00. 



SKRIFTER 
OM SVALBARD OG NORDISHAVET 
RESULTATER AV DE NORSKE STATSUNDERST0TTEDE 

SPITSBERGENEKSPEDITIONER 
(RESULTS OF THE NORWEGIAN STATE-SUPPORTED 

SPITSBERGEN EXPEDITIONS) 

OSLO 

Prices are quoted in Norwegian Currency 

VOL. I 
No. l. HOEL, ADOLF, De norske statsunderstøttede Spitsbergenekspe

ditioner, 1906-1926. A Brief Review of the Expeditions, 
(in preparation). 

" 2. RAVN, J. P.J., On the Mollusca of the Tertiary of Spitsbergen. 
J une 1922. Kr. 1,60. 

" 3. WERENSKIOLD, W. and IVAR OFTEDAL, A burning Coal Seam 
at Mt. Pyramide, Spitsbergen, October 1922. Kr. 1,20. 

" 4. WOLLEBÆK, ALF, The Spitsbergen Reindeer. April 1926. 
Kr. 10,00. 

" 5. LYNGE, BERNT, Lichens from Spitsbergen. December 1924. 
Kr. 2,50. 

" 6. HOEL, ADOLF, The Coal Deposits and Coal Mining of Svalbard 
(Spitsbergen and Bear Island). July 1925. Kr. 10,00. 

" 7. DAHL, KNUT, Contributions to the Biology of the Spitsbergen 
Char. March 1926. Kr. 1,00. 

" 8. HOLTEDAHL, OLAF, Notes on the Geology of Northwestern 
Spitsbergen. May 1926. Kr. 5,50. 

" 9. LYNGE, BERNT, Lichensfrom Bear Island (Bjørnøya). May 1926. 
Kr. 5,80. 

" 10. IVERSEN, THOR, Hopen (Hope Island), Svalbard, November 1926. 
Kr. 7,50. 

" 11. QUENSTEDT, WERNER, Mollusken aus den Redbay- und Greyhook
schichten Spitzbergens. December 1926. Kr. 8,50. 

From No. 12 the papers will not be collected into volum es, but only numbered 
consecutively. 

NO.12. STENSIO, ERIK A:SON, The Downtonian and Devonian Verte
brates of Spitsbergen. September 1927. Part , I A, Tekst, and 
B. Plates. Kr. 60,00. 
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