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A B S T R A C T 

A new, a l m o s t c o m p l e t e spec imen of t he p t y c t o d o n t i d p l a c o d e r m 
Campbellodus decipiens Miles et Young, 1977 enables description of the skull 
toof, trunk shield, visceral skeleton, pelvic girdle, dermal scale cover, and 
parts of the vertebtal column. A new reconstruction of the head shield of 
Ctenurella gladbachensis 0rvig, 1960 from Bergisch-Gladbach permits this 
taxon to be genetically defined from the Gogo species pteviously referred to 
that genus. The Gogo form is here referred to Austroptyctodus n.g. A new spe
cimen of Austroptyctodus gardineri Miles et Young, 1977, together with new 
observations of Chelyophorus verneuili Agassiz, 1844 and Ctenurella gladba
chensis 0rvig, 1960, shows new information fot the endocranium, the hyoid 
arch and visceral skeleton, identifying the previously identified "metaptery-
goid" elements as paired nasal bones. The large visceral skeleton bone poste
rior to the jaw joint in ptyctodontids is here identified as an elongated 
interhyal. 
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R E S U M E 

Une nouvelle description du toit crânien, de la cuirasse thoracique, du sque
lette viscéral, de la ceinture pelvienne, de l'écaillure et de quelques éléments 
de la colonne vertébtale est proposée à partit d'un nouveau spécimen sub
complet du ptyctodonte Campbellodus decipiens Miles et Young, 1977. Une 
nouvelle reconstitution du toit crânien de Ctenurella gladbachensis 0rvig , 
1960 (Frasnien de Bergish-Gladbach, Allemagne) permet de redéfinir le 
genre Ctenurella, en y incluant les formes de Gogo qui y sont rapportées. Un 
nouveau genre Austroptyctodus est créé. A partir du matériel qui définit 
Austroptyctodus gardineri, espèce-type du génie , et d ' une révision de 
Chelyophorus verneuilli Agassiz, 1844 et de Ctenurella galdbachensis, de nou
velles informations sur l'endocrâne, l'arc hyoïde et le squelette viscéral des 
ptyctodontes sont fournies. Ainsi le « métapterygoïde » est interprété comme 
des os nasaux pairs, de même l'os du squelette viscétal situé en arrière de 
l'articulation de la mandibule serait un interhyal de forme allongée. 
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I N T R O D U C T I O N 

T h e p t y c t o d o n t i d p l a c o d e r m s h a v e for m a n y 
yea r s b e e n a p r o b l e m a t i c a n d p o o r l y - k n o w n 
g roup of extinct fishes. Early workers identified 
p tyc todont ids only from their characteristic too th 
plates a n d thus allied t h e m to the holocephalans 
(Pander 1858; W o o d w a r d 1891) , a l though w h e n 
the exoskeletal t r u n k a r m o u r was descr ibed by 
Jaekel (1907) he compared it favourably wi th the 
s t u r g e o n Acipenser, an o s t e i c h t h y a n fish. B o t h 
Dol lo (1907) a n d Goodr i ch (1909) rejected this 
view a n d argued that they were p lacoderm fishes. 
Wa t son (1934) described more comple te material 
of a n e w form he called Rhamphodopsis a n d fur
ther characterised t h e m as p lacoderm fishes, and 
this view was s t tengthened by further discoveries 
o f w e l l - p r e s e r v e d s p e c i m e n s ( W a t s o n 1 9 3 8 ) . 
M a j o r d iscover ies o f c o m p l e t e , we l l -p rese rved 
p tyc todont ids from the Bergisch-Gladbach region 
of G e r m a n y desc r ibed by O r v i g ( I 9 6 0 , 1 9 6 2 , 
1 9 7 1 , 1980) led h i m to revive the earlier h y p o 
thesis of a holocephalan affinity between ptycto
dont ids and holocephalans , p ropos ing t hem to be 
ancestral to the holocephalans , an op in ion follo
wed by Stensio ( 1 9 6 3 , 1969) a n d Jarvik (1980) . 
However, m a n y researchers work ing wi th placo
d e r m fishes o r c h o n d r i c h t h y a n s o p p o s e d th i s 
view, regarding p tyc todont ids as p lacoderm fishes 
{e.g. P a t t e r s o n 1 9 6 5 ; S tahl 1 9 6 7 ; Mi l e s 1 9 6 7 ; 
Miles & Young 1 9 7 7 ; D e n i s o n 1 9 7 8 ; Forey & 
Gard iner 1986; Young 1986) . Today this view is 
widely held, a n d the p lacoderm affinity of p tycto
d o n t i d s has b e e n b o r n e o u t by several r e c e n t 
c o m p u t e r analyses of p l a c o d e r m i n t e t r e l a t i o n -
ships {e.g. Forey & G a r d i n e r 1986 ; C a r r 1 9 9 1 , 
1995 ; Gouje t & Young 1995) . 
T h e p r o b l e m a t i c p o s i t i o n o f t he g r o u p w i t h i n 
the P lacodermi has been raised. T h e y have been 
p roposed as a pr imit ive sister g roup to o the r pla
coderms (Miles & Young 1977 ; Young 1980) , as 
a p r imi t i ve g r o u p m o r e der ived t h a n a c a n t h o -
thorac ids p lus r h e n a n i d s , b u t p l e s i o m o r p h i c to 
all o the r p lacoderms (Forey & Gard ine r 1986) , 
or as a sister taxon to the petal ichthyids (Goujet 
1984; Gouje t & Young 1995 ; Car r 1995) . 
M o s t o f t h e k n o w n p t y c t o d o n t i d t axa ( s o m e 
for ty-seven species , C a r r 1 9 9 5 , a m e n d e d ) are 
based solely o n t o o t h - p l a t e s ( D e n i s o n 1 9 7 8 ) , 

a l though the following species have been descri
b e d f r o m re la t ive ly c o m p l e t e , w e l l - p r e s e r v e d 
mater ia l of h e a d a n d t r u n k a r m o u r : Ctenurella 
gladbachensis ( O r v i g I 9 6 0 , 1 9 7 1 ) , Austro-
ptyctodus gardineri n .g . (Miles & Y o u n g 1 9 7 7 , 
he r e e r e c t e d as a n e w g e n u s ) , Rhamphodopsis 
threiplandi a n d R. trispinatus ( W a t s o n 1 9 3 4 , 
1 9 3 8 ; M i l e s 1 9 6 7 ) , Rhynchodus tetrodon 
( N e w b e r r y 1 8 7 3 ; J a e k e l 1 9 0 3 ; G r o s s 1 9 3 3 ; 
Stens io 1 9 5 9 ; Mi les 1 9 6 7 ) , Chelyophorus ver-
nueili (Agassiz 1844; Eichwald 1859; O b r u c h e v a 
1983) , a n d Ptyctodopsis menzeli (Den i son 1985) . 
Recent n e w discoveries of o t h e t relatively c o m 
p l e t e p t y c t o d o n t i d s h a v e b e e n m a d e i n 
N o r t h Amer ica from the Frasnian M t . E lden site 
in A t i z o n a ( J o h n s o n & E l l i o t t , in press) a n d 
f r o m t h e P i n i c o n R a n g e F o r m a t i o n , I o w a 
(Hickerson 1993 ; w o r k in prep.) . 
T h e superb three-dimensional ly preserved ma t e 
rial o f p t y c t o d o n t i d s f rom t h e F r a s n i a n G o g o 
Format ion of Western Australia has provided the 
m o s t de ta i led k n o w l e d g e of t he g r o u p to da te . 
Miles & Young (1977) descr ibed several speci
mens of a new species they assigned to the genus 
Ctenurella Orv ig , 1 9 6 0 . Two i n c o m p l e t e speci
mens were placed in the new genus a n d species, 
Campbellodus decipiens. Fu r the r observat ions o n 
the structure of the G o g o "Ctenurella" were descri
bed by Gardiner (1984a) and Forey & Gardiner 
(1986) . N e w finds of G o g o fishes m a d e d u r i n g 
expedit ions in 1986 -1989 by the au thor include 
m a n y new arthrodires (Long 1987, 1988a, 1988b, 
1990b, 1994a, 1995b) as well as two nearly com
p le t e , a r t i c u l a t e d s p e c i m e n s o f p t y c t o d o n t i d s , 
which belong to the previously described taxa. 
T h e a im of this paper was originally to describe 
this n e w material of the G o g o p tyc todon t ids in 
detai l , by c o m p a r i s o n w i t h o t h e r spec imens of 
p tyc todon t ids , m a d e available for the au tho r to 
s tudy at the M u s e u m na t iona l d 'H i s to i r e na tu -
relle. T h e well-preserved na ture of the G o g o spe
cimens has pe rmi t t ed n e w further in terpre ta t ions 
of the s t ructure of these o the r taxa. C o m p a r i s o n s 
wi th the Bergisch-Gladbach Ctenurella indicated 
that its skull roof a n d visceral skeleton could be 
re interpreted. It soon became apparen t tha t this 
species differs in several major features from the 
G o g o spec ies , a n d t h u s a n e w g e n u s , Austro-
ptyctodus n.g., is here erected for the G o g o species. 
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D E R M A L B O N E T E R M I N O L O G Y 

I N P T Y C T O D O N T I D S 

T h e central m e d i a n b o n e tha t bears the X-sha-

p e d c o n f l u e n c e o f t h e t w o m a i n d o r s a l 

sensory-l ine canals has been previously called the 

cen t ro -nucha l (Orv ig 1960) , the cen t ro -med ian 

(Miles 1 9 6 7 ) , t he n u c h a l (e.g. Mi les & Y o u n g 

1977 ; Long 1988a) o t the pos tp ineal (Den i son 

1 9 7 8 , 1 9 8 5 ; J o h n s o n & E l l i o t t 1 9 9 6 ) . 

Confus ion over the n a m e of this b o n e has arisen, 

largely d u e to the supposed ptesence of a small 

p o s t e r i o r m e d i a n e l e m e n t in Rhamphodopsis 

w h i c h was t e r m e d the n u c h a l . E x a m i n a t i o n of 

spec imens o f Rhamphodopsis threiplandi in t h e 

c o l l e c t i o n s o f t h e N a t u t a l H i s t o r y M u s e u m , 

L o n d o n , a n d in t h e Field M u s e u m , C h i c a g o , 

shows tha t the pos te r ior nucha l e l e m e n t is no t 

present in this genus , bu t was mis in terpre ted by 

Watson d u e to the crushed and fractured na ture 

of the E d d e r t o n specimens. T h e area of exposed 

b o n e i m m e d i a t e l y b e h i n d t h e p a i r e d c e n t i a l 

plates is mos t likely the crushed occipital ossifica

t ions of t he bra incase , as this region lacks any 

t tace of dermal o r n a m e n t a t i o n o n the E d d e r t o n 

specimens. 

In o the r p l acoderm groups tha t have the supraor

bital sensory line canals as well as pos t eno r pi t-

line canals converging mesially o n t o o n e med ian 

bone , as in p tyc todont ids , this b o n e is generally 

iden t i f i ed as t h e n u c h a l , especial ly so w h e n it 

extends all the way to the poster ior marg in of the 

skull roof (e.g. as in pe ta l i ch thy ids ; W o o d w a r d 

1 9 4 1 ; Gross 1 9 6 3 ; Young 1985; Liu 1992) . T h i s 

cond i t ion is also seen in the pr imit ive a r throdi re-

like form Wuttagoonaspis (Ri tchie 1973) a n d in 

p h y l l o l e p i d s , w h e t e t h e n u c h a l p l a t e is b r o a d 

ra ther than elongate , bu t still bears the confluen

ce of several sensory-l ine canals (Long 1984b) . In 

m a n y primit ive ar throdires this b o n e has a s imi

lar e longa te shape a n d also has s imilar con t ac t 

relat ionships wi th ne ighbour ing paranucha l , cen

t r a l , a n d p o s t o r b i t a l o r p r e o r b i t a l b o n e s , 

a l t h o u g h t h e c o n v e t g e n c e o f t h e s e n s o r y - l i n e 

canals is lacking. 

T h u s the m e d i a n canal-bear ing b o n e in p tyc to

don t ids is in terpre ted here as h o m o l o g o u s to the 

n u c h a l o f o t h e r p r i m i t i v e p l a c o d e r m s , r a t h e r 

then a postpineal as this e lement , where present 

in s o m e p l a c o d e r m g roups , is always a m e d i a n 

b o n e lacking sensory- l ine canals (e.g. as in an -

t iatchs, Den i son 1978) , or maybe represented by 

a series of irregularly-shaped anamest ic bones (as 

in the t henan id Asterosteus, Stensio 1969 , fig 92) . 

For the o the r bones in the head shield and cheek 

of p tyc todon t ids , pape ts publ i shed since Miles & 

Y o u n g ( 1 9 7 7 ) use a c o n s i s t a n t t e r m i n o l o g y . 

However , t he latge pa i t ed vent ra l bones in t he 

t t u n k sh i e ld t h a t have b e e n ca l led e i t h e r t h e 

anter ior ventrolaterals (Gross 1933 ; Miles 1967) 

o r t h e i n t e r o l a t e r a l s ( W a t s o n 1 9 3 8 ; D e n i s o n 

1 9 7 8 , 1985) t e q u i r e d i scuss ion . O r v i g ( 1 9 6 0 ) 

r e g a r d e d t h e m as a c o m b i n a t i o n o f b o t h e le

m e n t s a n d t e rmed t h e m the interolateral-anterior 

ventrolaterals . T h e anter ior ventrolateral plates in 

p r i m i t i v e p l a c o d e r m s , s u c h as p e t a l i c h t h y i d s 

(Lunaspis, Gross 1961) , eatly a t th tod i t e s (act ino-

lepids, phlyctaenaspids, Gouje t 1984b) , phyllole

pids (Long 1984b) a n d Wuttagoonaspis (Ritchie 

1973) are n a m e d so because there is also a pos te

rior ventrolateral plate present poster ior to t hem. 

All of these forms also bear pai red interola te ta l 

plates forming the anter ior ventral marg in of the 

shield a n d mee t ing the spinal plates dorsally, and 

in all cases having an expanded anteriorly-facing 

p o s t b r a n c h i a l l a m i n a w i t h rows o f t r i a n g u l a r 

tubercles . In acan tho thorac ids (e.g. Romundina, 

O r v i g 1 9 7 5 ) a n d r h e n a n i d s ( e . g . Jagorina, 

Stensio 1969) there is only o n e pair of large ven-

ttal plates and these also form the anter ior mar 

gin of the ventral l amina of the t r u n k shield a n d 

have a postbranchial lamina which in life p resum

ably formed the poster ior wall of the branchia l 

chamber . However, it is k n o w n that the posi t ion 

of t he scapu locoraco id in a r th rod i re s general ly 

sits be tween the an ter ior lateral, t he spinal a n d 

t h e a n t e r i o r v e n t t o l a t e t a l p la tes ( an d also b e 

tween the interolateral in Dicksonosteus, Gou je t 

1984b) . Similatly, in ant iarchs, it lies w i th in the 

b o u n d s o f t h e a n t e t i o r v e n t r o l a t e r a l s , e v e n 

t h o u g h only r emnan t s of it have been found in 

p r imi t i ve forms (e.g. Procondylolepis, Young & 

Z h a n g 1992) . T h u s its cond i t ion in p tyc todon

tids w o u l d imply tha t the interolateral has expan

ded ventrally to inc lude the scapulocoracoid, or 

tha t it has indeed fused wi th the anter ior ven t ro 

lateral to be a c o m p o u n d b o n e (as suggested by 

O r v i g 1 9 6 0 , also S tens io 1 9 5 9 ) . T h e ident i f i -
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c a t i o n o f t h e b o n e s i n p t y c t o d o n t i d s c o m e s 
d o w n to the overall shape in that they are na r row 
bones w i t h o u t posteriorly ex tended ventral lami
nae, border ing , in the t r u n k shield, the anter ior 
vent ta l ma rg in of t he t r u n k a n d con tac t ing the 
spinal plate dorsally, a n d the fact tha t they bear 
t h e w e l l - d e v e l o p e d p o s t b r a n c h i a l l a m i n a w i t h 
rows o f t t i a n g u l a t t u b e r c l e s , a f e a t u r e n e v e r 
f o u n d in any p l a c o d e r m a n t e r i o r ven t ro l a t e t a l 
p la te (because in te to la tera ls are also p resen t in 
the same a t m o u r ) . T h u s it is here suggested tha t 
they represent interolateral plates. T h i s hypo the 
sis implies tha t the p tyc todon t id t r u n k shield is 
more specialised than those of o the r p lacoderms 
in the secondary loss of b o t h anter ior a n d poste
rior ventrolaterals . In this respect they could par-
rallel the evolut ion of phyllolepids, n o w regarded 
as derived ar throdires in the loss of poster ior dor
solateral plates a n d the fusion of upper jaw ele
ment s (based o n materials of a new phyllo-lepid 
f r o m N e w S o u t h W a l e s u n d e t s t u d y b y 
Dr. A. Ritchie, pers c o m m . 1995) . 

M A T E R I A L S A N D M E T H O D S 

T h e p tyc todon t ids from G o g o were prepared by 
the s t a n d a r d acet ic acid t e c h n i q u e us ing a b o u t 
5 - 1 0 % concen t r a t i on , s t r eng thened w i t h d i lu te 
B 3 0 M o w i t a l i n a c e t o n e s o l u t i o n ( f r o m 
Hoesch t ) . T h e delicate na ture of the Austroptyc-
todus s p e c i m e n cal led for e p o x y resin t ransfer 
p repara t ion . Before e m b e d d i n g the spec imen in 
resin, a latex peel of the exposed surface detai l 
was m a d e . AH p h o t o g t a p h s ate of specimens whi 
t ened wi th a m m o n i u m chlor ide , except for the 
Bergisch Gladbach specimens which were p h o t o 
graphed u n d e r alcohol . 

T h e n e w G o g o spec imens were c o m p a r e d w i t h 
t h e f o l l o w i n g p t y c t o d o n t i d m a t e r i a l . T h e s e 
results will form the basis of a future revision of 
the Euramer ican p tyc todon t ids : 
— Austroptyctodus gardineri n .g . (Miles et Young, 
1977) . All specimens held in the Na tu ra l His to ry 
M u s e u m , L o n d o n . U p p e r D e v o n i a n (Frasnian) , 
G o g o Format ion , Wes te rn Australia. 
— Chelyophorus verneuili Agassiz, 1844. Or ig ina l 
Agassiz co l lec t ion he ld in t h e Pa laeonto log ica l 
co l lec t ions o f t h e M u s e u m n a t i o n a l d ' H i s t o i t e 

518 

naturel le , Paris. U p p e r D e v o n i a n ( F a m m e n i a n ) , 
Dankov-Lebedyan beds, USSR. 
- Ctenurella gladbachensis O r v i g , 1 9 6 0 . Five 
nearly comple te well-preserved specimens held in 
the Palaeontological collect ions of the M u s e u m 
nat ional d 'His to i re naturel le , Paris; o t h e t speci
mens in the Na tu ra l His to ry M u s e u m , L o n d o n . 
M i d d l e - U p p e r D e v o n i a n (Upper Give ta in /Lower 
Frasnian), Obe re r Plat tenkalk, Germany . 
- Ptyctodopsis menzelli Den i son , 1985 . Type spe
c imen held (on display) in the C o u n t y M u s e u m , 
Iowa Ci ty , Iowa; add i t i ona l s p e c i m e n s he ld in 
the Geo logy D e p a r t m e n t col lect ion, Univers i ty 
of Iowa , Iowa Ci ty . M i d d l e D e v o n i a n ( U p p e r 
Givet ian) , Ceda r Valley Limes tone , USA. 
- Rhamphodopsis threiplandi W a t s o n , 1 9 3 4 . 
Specimens in the Field M u s e u m , Ch icago a n d in 
the N a t u r a l H i s t o ry M u s e u m , L o n d o n . M i d d l e 
Devon ian (Eifelian), M i d d l e O l d Red Sands tone , 
UK. 
- Rhynchodus tetrodon. Cast of the ho lo type he ld 
in the Natura l His to ry M u s e u m , L o n d o n . U p p e r 
Devon ian (Frasnian), Kellwasserkalk, Germany . 
- S p e c i m e n s o f a n u n d e s c r i b e d n e w g e n u s o f 
p t y c t o d o n t i d f rom t h e S p r i n g G r o v e M e m b e r 
( G i v e t i a n ) , n o r t h e r n I l l i n o i s , h e l d b y t h e 
Geology D e p a r t m e n t , Augus tana College, Rock 
Island, Illinois. 
- S p e c i m e n s o f a n u n d e s c r i b e d n e w g e n u s of 
p t y c t o d o n t i d f r o m t h e G n e u d n a F o r m a t i o n 
( U p p e r G i v e t i a n - L o w e r F r a s n i a n ) , W e s t e r n 
A u s t r a l i a , c o l l e c t e d b y t h e a u t h o r a n d 
K. Trinajstic in 1995 . 
All specimens described or cited in this paper are 
reposi ted in the palaeontology collections of the 
following ins t i tu t ions as deno ted by these abbre
viations: 

M N H N Museum national d'Histoire naturelle, 
Paris; 

N H M Natural History Museum, London; 
WAM Western Australian Museum, Perth, 

Western Australia. 

S Y S T E M A T I C D E S C R I P T I O N S 

G e n u s Campbellodus Miles et Young, 1977 

T Y P E SPECIES. — Campbellodus decipiens Miles et 
Young, 1 9 7 7 . 
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A M E N D E D DIAGNOSIS. — A moderately large ptycto

dontid having a Ptyctodus-like crushing dentition with 
high dorsal process on the upper toothplate; head 
shield having a breadth/length ratio of 90, the nuchal 
is subrectangular, almost as broad as long and partici
pates in the posterior margin of the skull-roof, exclu
ding the centrals from mesial contact; submargin-al 
plate is much deeper posteriorly than anteriorly. 
T r u n k shield with three median dorsal bones, the 
dorsalmost being a broad, flat spine. Spinal plate very 
small; anterior median ventral plate more than twice 
as broad as long. Tail covered with large overlapping 
scales. 

Campbellodus decipiens Miles et Young, 1977 

Campbellodus decipiens Mi les et Y o u n g , 1 9 7 7 : 
145-155, figs 8-14, pis 1, 2A, B, 4A. - Denison 1978: 
28. - Long 1987a: 203; 1988a: 443-4, fig. 7; 1988c: 
141 ,143 ,144 , fig. 2B; 1991 : 366 , 367 , fig. 2 0 H ; 
1995a: 108-110. 
Ptyctodus sp. Gardiner et Miles, 1975. 

" t o o t h - p l a t e s r e sembl ing those of Rhynchodus" 
(Brunton, Miles & Rolfe 1969) 
"tooth-plates which recall those of Ptyctodus" (Miles 
1971) 

HOLOTYPE. — W A M 70.4.252. This number is not 
published in the Miles & Young (1977) as the speci
men had then been a l located by the provis ional 
British Museum of Natural History number P50905. 

O T H E R MATERIAL. — N H M P50907, comprising the 

left spinal plate, left upper toothplate, incomplete left 
interolateral plate, partial dorsal spine, a dermal scale 
and parts of perichondral ossifications of the endocra-
nium (Miles & Young 1977). W A M 86.9.672, an 
almost complete individual, shows the head shield 
mostly complete, missing only part of the posterior 
margin on the right side and a small part of the left 
posterior margin. It shows well the three-dimensional 
form of the entire articulated trunk shield, the pelvic 
girdle and endogirdle, body scales and axial skeletal 
elements. W A M 95.6.112 shows the left upper and 
lower tooth plates, mirror opposites to those seen in 
the holotype. 

REMARKS. — The new material is regarded as cogene-
ric with the holotype as the dorsal spine is of the same 
broad based shape with similar ornamentation, and 
the isolated preorbital, postorbital and submarginals 
of the Holotype are all of similar shape and identical 
proportions in WAM 86.9.672. This genus has been 
redefined in the light of nearly complete material of 
the dermal armour, axial skeleton and squamation. 
Long (1988a) figured a reconstruction of the dermal 
armour, and commented briefly on its overall mor
phology, but it is only within the framework of stu

dying the other Gogo ptyctodontid with the compara
tive material of other European genera that the com
plete description, and new reconstruction provided 
here, could be undertaken. 

D E S C R I P T I O N 

Head shield 

T h e exceptional preservat ion of W A M 8 6 . 9 . 6 7 2 

(Figs 1 A - C , 2) has e n a b l e d t h e h e a d shie ld of 

Campbellodus to be restored in its natural three-

d imens iona l form. T h i s is u n i q u e for p tyc todon-

tids in which restorat ions usually show the head 

shield flattened in dorsal aspect, the one excep

t ion being Ptyctodopsis (Den i son 1985) wh ich is 

preserved in lateral view. Overal l the head shield 

is 9 0 % as b road as long, be ing broades t across 

the postorbi ta l plates poster ior to the large orbi t . 

T h e p r e o r b i t a l p l a t e s are e x c e p t i o n a l l y l a rge , 

abou t twice the size of the o the r skull roof bones , 

w h i c h are app rox ima te ly t he same size as each 

other. A n unusua l feature of the skull roof is that 

t h e p reo rb i t a l p la tes are n o t in mesia l c o n t a c t 

w i t h a p p a r e n t l y an o p e n p inea l n o t c h for t h e 

p i n e a l o r g a n . N o p i n e a l p l a t e was r e c o v e r e d 

d u r i n g the prepara t ion of the spec imen, and , as 

m o s t of t he del icate gill arch e lements of b o t h 

sides were found, it is assumed that a pineal plate 

was ei ther very small (as in Austroptyctodus n .g.) , 

or absent . In lateral view, the skull roof shows a 

slit-like o p e n i n g at the junc t i on of t he pos torbi 

tal, marginal a n d submargina l plates, referred to 

previously by Miles & Young (1977) as the post

orbital fenestra a n d by Long (1988a) as the spira-

cular slit. 

M a r g i n a l p l a t e . It was a p p a r e n t l y n o t t igh t ly 

c o n n e c t e d w i t h t he lateral m a r g i n o f t he h e a d 

shield: as its precise dorsal border does n o t cor

respond to the well-preserved ventral marg in o n 

the lateral face of the head shield, it is p re sumed 

to have been loosely a t tached. T h e submargina l 

was p robab ly also free in the skin of the cheek 

reg ion , b u t an te r io r ly c o n t a i n e d t h e o p e r c u l a r 

ca r t i l age w h i c h a r t i c u l a t e d w i t h t h e e t h m o i d 

ossification of the braincase. 

Preorbital plates . ( P r O ; Figs 1A-C, 2) These are 

the largest bones of the head, be ing just over half 

t h e t o t a l l e n g t h o f t h e sku l l . M i l e s & Y o u n g 

(1977 , fig. 8) described and figured one of these 

plates bu t wrongly identified it as the r ight ele-
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FIG. 1. — Campbellodus decipiens Miles et Young, 1977 , WAM 86 .9 .672 . A-C, h e a d shield; A, dorsa l view, B, ventral view; C, right 
lateral view. D, E, right marginal plate ; D, lateral view; E, mes ia l view. F-H, med ian dorsa l p l a t e s In right lateral view; F, med ian dor
sal sp ine ; G, med ian dorsa l p la te 2; H, med ian dorsa l plate 1. I, J, prepelvic b o n e a n d a t t a c h e d endoske le t a l pelvic girdle; I, ventral 
view; J, dorsal view. K, right q u a d r a t e in mesial view. All p h o t o s whi tened with a m m o n i u m chlor ide. 
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e t h m . ri 

1 cm 

FIG. 2 . — Campbellodus decipiens Miles et Young, 1977 , WAM 86 .9 .672 . A-D, ske tch of h e a d shield; A, dorsa l view; B, ventral view; 
C, right lateral view; D, poster ior view, art.fl, articular f lange of neck joint on PNu plate; Ce , central pla te ; d e p , d e p r e s s i o n ; ethm.ri 
e thmoid ridge; for, fo ramen; gr, g roove ; lie, main lateral line cana l ; Nu, nucha l plate (posterior e l emen t ) ; orb, orbit or orbital margin; 
P, pineal plate or s p a c e provided for it in t he h e a d shield; pit, pit for insertion of e y e m u s c l e s ; PNu, p a r a n u c h a l plate ; pp , poster ior 
sensory- l ine cana l on h e a d shield; ppr, poster ior p r o c e s s of PNu plate; PrO, preorbital p la te ; PtO, postorbital pla te ; s o c , supraorbi ta l 
sensory- l ine cana l ; spir, sp i racular slit; s u o v , supraorbi ta l vault. 

merit w h e n in fact it is the left preorbi tal plate, as 

verified by direct compar i son wi th the ar t iculated 

h e a d shield of W A M 8 6 . 9 . 6 7 2 . T h e preorb i ta l 

p l a t e s a re s u b r e c t a n g u l a r i n f o r m , h a v i n g a 

b read th / l eng th index of be tween 56 -60 , for b o t h 

spec imens . T h e y show a weakly concave lateral 

marg in , gent ly convex anter ior marg in , s t rongly 

c o n v e x p o s t e r i o r m a r g i n , a n d g e n t l y c o n c a v e 

m e s i a l m a r g i n s w i t h a w e l l - d e f i n e d a n t e r i o r 

n o t c h for t h e p i n e a l f o r a m e n . I n la te ra l v iew 

(Figs 1C , 2 C ) , t he preorb i ta l plates are weakly 

curved, flexing over the m i d - p o i n t of the orbi t . 

T h e pa th of the supraorbi ta l sensory-l ine canal is 

only visible in dorsal view in the poster ior par t of 

t he p la te , faint ly seen m a i n l y t h r o u g h a single 

row of m i n u t e pores o p e n i n g f rom w i t h i n t he 

spaces of the reticulate o r n a m e n t a t i o n . In visceral 

view, t he t ubu la r sensory- l ine canals are clearly 

seen (Fig. 2 B , soc, p p , 11c), d isappear ing w i th in 

the centre of the b o n e at the ossification centre 

of the p la te . T h e m a i n lateral l ine sensory- l ine 

canal tha t comes off the marginal plate enters the 
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preorbi ta l at its pos terovent ra l co rne r a n d runs 
directly in to the ossification centre of the plate. 
I n visceral view, t h e p r e o r b i t a l shows areas o f 
cance l lous s p o n g y b o n e above t h e o rb i t s , for
m i n g a sup rao rb i t a l vaul t (suov, Fig. 2 B ) , a n d 
s m o o t h areas of b o n e surface for contac t ing the 
e n d o c r a n i u m , p re sumed here to be most ly cart i
l a g i n o u s . A n a n t e r i o r l y f a c i n g d e p r e s s i o n 
(Fig. 2B , e thm.r i ) is posteriorly b o u n d e d by the 
raised supraorbi ta l sensory-l ine canal (soc) a n d a 
mesially d i rec ted r idge. Presumably, this region 
braced the dorsal wall of the e t h m o i d division of 
the braincase as it does in ar throdires . T h e lateral 
sides of the supraorbi ta l sensory-l ine canal has a 
pi t (Fig. 2B , pit) just poster ior to the e thmoida l 
ridge, possibly a m y o d o m e for eyemuscle at tach
m e n t . T h e r e is a b r o a d t r i a n g u l a r d e p r e s s i o n 
(Fig. 2 B , dep) def ined by the mesial marg in of 
the supraorbi ta l canal and the taised mesial edge 
of the supraorbi ta l vault, a n d a similar poster ior
ly facing depression be tween the two converging 
sensory- l ine canals in t he pos te r io r hal f of t he 
plate. T h e o rnamen t of the preorbital plate is large
ly ret iculate w i t h pa tches of very fine tubercles 
over the orbits a n d towards the anter ior marg in . 
Postorbi ta l p la te . ( P t O ; Figs 1A-C, 2 , 3) It is 
only partially visible in dorsal view, showing its 
l a rges t a rea in l a t e ra l v iew. I ts d o r s a l l a m i n a 
con tac t s t he centra l pos ter ior ly a n d is n o t c h e d 
in to the preorbi ta l anteriorly. In lateral view, it 
has a smoo th ly concave anter ior marg in for the 
orbi t a n d an irregularly convex poster ior marg in 
wh ich in par t forms the marg in for the spiracular 
slit (spir; Figs 2 C , 3 ) . In visceral view, it shows 

n o unusua l features apar t from linear th ickenings 
of b o n e r u n n i n g o u t from the ossification centre 
to the marg in of the spiracular slit (Fig. 3) . These 
th icken ing of b o n e a r o u n d the spiracular slit pre
sumably assisted to direct the flow of water from 
outs ide in to the spiracular groove. 
N u c h a l plate. (Nu; Figs 1A, B, 2A, B, D ) T h i s 
centtal med ian bone of the skull roof is contacted 
anterolaterally by the preorbitals, laterally by the 
centtals, and forms the posterior inden ted ma tg in 
of the skull roof. It is a relatively small bu t broad 
bone for p tyc todont ids , abou t half as long as the 
p r e o r b i t a l , a n d o n l y a l i t t l e l o n g e r t h a n i t s 
breadth. It is qu i te flat. Its margins are all comple
te a n d gent ly concave to mee t t he s u r r o u n d i n g 
bones w h i c h it overlaps. T h e conf luence of the 
sensory-line canals on the nuchal are well-defined 
in dorsal v iew a n d , in vent ra l view, are clearly 
seen by the raised tubes of bone that carried the 
sensory-lines (pp; Fig. 2B). Weak ridges of bone 
radiate outwards from its ossification centre. 
Left c e n t r a l p l a t e . ( C e ; Figs 1 A - C , 2A) It is 
wel l -p rese rved in th is s p e c i m e n a l t h o u g h o n l y 
par t of the r ight e lement is present , b u t nei ther 
shows the posteromesial marg in complete ly pre
served. It has a s trongly concave anter ior ma tg in 
for the preorbi tal plate, straight contac t of latetal 
marg in where it meets the marginals , a s t rongly 
convex lateral con tac t m a t g i n w i t h the pa ranu -
chal plate , a n d a relatively s t ta ight mesial marg in 
w h e r e it lies in c o n t a c t w i t h t h e n u c h a l . T h e 
shor t region of the posteromesial marg in is also 
q u i t e s t r a igh t a n d fo rms p a r t o f t h e i n d e n t e d 
poster ior marg in of the skull roof. 
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Paranuchal plate. (PNu ; Figs 1A-C, 2 A - D , 3) It 

is well preserved o n the left side of the skull roof, 

a n d part ly preserved o n the r ight side. It has an 

irregular shape , d o m i n a t e d by concave marg ins 

where it contac ts the pos torb i ta l an ter ior ly a n d 

the cen t ra l anteromesia l ly . It has sho r t c o n t a c t 

w i t h t he p o s t o t b i t a l before b e i n g i n d e n t e d for 

t he sp i racu la r slit (spir; Fig. 3 ) . T h e pos t e r i o r 

m a r g i n of t he p a r a n u c h a l has a large, u n o r n a -

m e n t e d posteriorly-facing flange of b o n e (art.fl; 

Fig. 2 D ) for contac t w i th the similarly flat p ro 

cess o n t he an te r io r dorsola tera l p la te (ar t .con, 

Figs 13 , 14). T h e ventral marg in of this at t icula-

t o r y flange has a small f o t a m e n (for; Fig 2 B ) , 

cor responding well to the pos i t ion of the e n d o 

lympha t i c duc t o p e n i n g o n the visceral surface of 

the plate in ar throdires . Yet as the plate lacks an 

external (dorsal open ing) , I conc lude it is possi

bly just a nutr i t ive canal. As the two ar t icula to ty 

surfaces of the paranucha l a n d the anter ior dor

solateral p la tes d o n o t precise ly fit t oge the r , a 

t h i n pad of cart i lage p r o b a b l y d iv ided t h e two 

flat processes to allow some slight degree of vert i

cal flexibility in t he neck jo in t . T h e r e is also a 

s m o o t h process of d e r m a l b o n e (ppr ; Fig. 2B) 

wh ich projects poster ior ly from the lateral mar 

gin of t he p a r a n u c h a l , a n d weakly overlaps the 

an te r io r m a r g i n of t he a r t icu lar process of t he 

a n t e r i o r d o r s o l a t e r a l p l a t e . T h e r e is a g r o o v e 

a l o n g t h e p o s t e r o v e n t r a l m a r g i n o f t h e p a r a 

nuchal plate in posterior view (Fig. 2 D , gr; Fig. 6) . 

Marginal plate. (M; Figs I D , E, 4 , 6) It is well-

preserved o n the r ight side only. It is a wedge-

shaped bone , slightly longer t h a n the preorbitals 

and , w i th a b read th / l eng th index of ab o u t 3 7 , is 

na r rower t h a n for m o s t o the r p t y c t o d o n t i d s . It 

lacks t h e s t r o n g inf lec t ion seen in s o m e o t h e r 

forms , such as Rhynchodus a n d Rhamphodopsis, 

a n d is p ropor t iona t e ly m u c h smaller relative to 

the head shield t h a n for those genera. It has an 

a l m o s t s t r a i g h t d o r s a l m a r g i n b o r d e r i n g t h e 

orb i t , a n d telatively s t ra ight , sho r t marg ins for 

con tac t ing the postorbi ta l a n d paranucha l plates. 

T h e viscera l su r face s h o w s a p a i r o f mes i a l l y 

directed laminae ex tend ing ou t f rom the centre 

of the plate (Fig. 4A, C , D ) . These laminae are 

t r iangular in dorsal view a n d have a roughened 

surface b e t w e e n t h e m p r e s u m a b l y for c o n t a c t 

w i t h t h e o r b i t a l oss i f i ca t ion o f t h e b r a inca se . 

T h i s s t ruc tu te in p tyc todon t ids is bet ter preser-

FIG. 4 . — Campbellodus decipiens Miles ef Young, 1977, WAM 86 .9 .672 . A-D, right marginal p la te ; A, mes ia l view; B, lateral view; 
C, anter ior view; D, dorsa l view, m e s . l a m , mes ia l per ichondral lamina ex tending from marginal plate ; ov .PtO, over lap s u r f a c e s for 
postorbital p la te . 
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ved in the n e w G o g o spec imen of Austroptyctodus 
a n d is d e s c r i b e d i n f u r t h e r de t a i l b e l o w (see 
Figs 2 8 , 29) . T h e poster ior division of the visce
ral surface of t he m a r g i n a l p la te has a s m o o t h 
tr iangular region e m a n a t i n g from b e h i n d the pai
red laminae. T h e overlap area for the postorbi ta l 
p l a t e is w e l l - d e v e l o p e d o n t h e l a te ra l su r face 
(Fig. 4 B). 

Submarginal plate. (SM; Figs 5, 6) It is preser
ved on ly for the left side, b u t is also well-preser
v e d i n t h e h o l o t y p e a n d w a s f i g u r e d a n d 
described by Miles & Young (1977 , fig. 10). It is 
b r o a d , pos ter ior ly , n a r r o w i n g to a s l ight ly u p 
tu rned , wel l - rounded anter ior end . It is p ropor 
t ionately deeper in its poster ior e n d t h a n in all 
o ther p tyc todon t ids for wh ich it is k n o w n , as in 
m o s t o t h e r p t y c t o d o n t i d g e n e r a it is a l m o s t 
bar-like. T h e visceral surface is s m o o t h wi th the 
anter ior e n d having the per ichondra l shell of the 
opercu la r cart i lage in situ. In ventra l view, this 
per ichondra l l amina is mesially developed in to a 
s t rong process (mes.pr; Fig. 5 C ) , wh ich is inter
preted to have suppor t ed a th ick a n d presumably 
large opercular cartilage (Fig. 6) . 

A 

mes .p r 

FIG. 5 . — Campbellodus decipiens Miles e i Young, 1977 , WAM 
8 6 . 9 . 6 7 2 . A-C, left s u b m a r g i n a l p la te ; A, mes ia l v iew; B, left 
lateral view; C, ventral view, showing opercu la r car t i lage ossifi
cat ion, m e s . p r , mes ia l p r o c e s s on opercu la r car t i lage; op .car , 
opercu la r car t i lage. 

Visceral skeleton 
Several pa i r ed a n d o n e u n p a i r e d p e r i c h o n d r a l 
ossification of the visceral skeleton were recover
ed from the spec imen . N u m e r o u s visceral arch 
bones shou ld be found in the skeleton of any fish 
tha t h a d t h e m well-ossified, yet only a few bones 
have been found in this specimen, a n d in o the r 
a r t i c u l a t e d s p e c i m e n s o f t h e G o g o f o r m 
Austroptyctodus, a n d the G e r m a n Ctenurella. T h i s 
suggests tha t only some bones of the anter ior gill 
arches in p t y c t o d o n t i d s were ossified. Schul tze 
( 1 9 9 3 : 213) poin ts ou t tha t in e lasmobranchs the 
dorsal hyoid arch e lements are the first to chon -
drify (epihyal, ceratohyal) , followed by the pha -
r y n g o b r a n c h i a l s , e p i b r a n c h i a l s a n d c e r a t o -
branchials , t hen lastly by the hypobranchia l s a n d 
basibranchials. It is possible tha t on ly those ele
m e n t s of the first gill arch a n d possibly one pos
terior to it were invested wi th per ichondra l b o n e 
in p tyc todon t ids . T h i s could be explained by the 
need to s t r e n g t h e n the bones in d i rec t con tac t 
w i th the s t rong jaw mechan i sm, the m o r e distal 
arch elements r emain ing as cart i laginous uni ts . 
T h e provis ional ident i f icat ion of these gill arch 
e lements is based o n compar i sons wi th art iculat
ed m a t e r i a l of t h e o t h e r G o g o p t y c t o d o n t i d , 
Austroptyctodus, as well as ar t icula ted specimens 
of Ctenurella gladbachensis in the M N H N , Paris. 
T h e r e is n o direct evidence, because n o n e of the 
smaller e lements are preserved in life posi t ion in 
any specimen examined . T h e posi t ion a n d iden
tification of the larger e lements is based on ly on 
the i r general shape a n d a r t i cu la t ion surfaces in 
relation to o the r large bones {e.g. the art icular) , 
a n d compar i sons w i t h the general shapes of these 
e lements in o ther pr imi t ive gna thos tomes (chon-
dr ichthyans , o the r p lacoderms, pr imit ive osteich-
thyans) . 

T h e l a r g e s t o f t h e g i l l a r c h e l e m e n t s i n 
Campbellodus are a pair of inwardly curved, dis-
tally b r o a d e l emen t s . N o c o m p a r a b l e shape to 
bones previously identif ied in t he p t y c t o d o n t i d 
v i s c e r a l s k e l e t o n b y W a t s o n ( 1 9 3 4 ) , 0 r v i g 
(1960) , Ga rd ine r (1984a) or Forey & Gard ine r 
(1986) . These bones (Fig. 7) are s trongly curved 
mesially a n d have grooves for vascular or nerve 
passages o n t h e la te ra l surface n e a r t h e d is ta l 
(smaller) end. T h e y are too curved mesially and 
t oo n a r r o w dorsal ly t o be mecke l i an cart i lages 
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FIG. 6 . — Campbellodus decipiens Miles et Young, 1 9 7 7 . At tempted reconst ruct ion of de rmal exoske le ton a n d visceral a r c h e s , from 
WAM 8 6 . 9 . 6 7 2 . St ippled a r e a s a r e hypo the t i ca l ^ res tored car t i lage b o n e s . ADL, anterior dorsola tera l plate; AL, anterior lateral plate; 
Art, articular; Aut, Autopala t ine; BH, bas ihyal ; Ce , central p la te ; CH, ce ra tohya l ; HH, hypohyal ; Hym, hyomandibula r ; IH, Interhyal 
e l e m e n t ; IL, Interolateral plate ; l.tpl, lower tooth p la te ; M, marginal p la te ; MD, MD1, 2 , 3 , m e d i a n dorsa l plate(s) or s p i n e s ; Nu, 
nuchal plate (posterior e l emen t ) ; op .car , ope rcu la r car t i lage; PNu, p a r a n u c h a l plate ; PRO, preorbital p la te ; PtO, postorbltal plate; 
Qd, q u a d r a t e ; SM, submarg ina l plate ; S p , spinal plate ; u.tpl, uppe r tooth p la te . 

suppor t i ng the toothpla tes . By compar i son wi th 

o the r g n a t h o s t o m e fishes they cou ld be ce ra to-

hyals, wh ich are also large, flat bones w i t h mesial 

c u r v a t u r e i n p r i m i t i v e o s t e i c h t h y a n s l i k e 

Medoevia ( L e b e d e v 1 9 9 5 ) , Glyptolepis ( Ja rv ik 

1 9 7 2 ) o r p r i m i t i v e l u n g f i s h e s ( M i l e s 1 9 7 7 ; 

Campbe l l & Barwick 1988) . However it is no t ed 

t h a t t he presence of an e x p a n d e d cera tohyal is 

regarded as a s y n a p o m o r p h y of h igher os te ich

t h y a n s ( G a r d i n e r 1 9 8 4 b ) as t h e c o n d i t i o n in 

acan thod ians (Miles 1973) or p r imi t ive ac t ino-

p t e t y g i a n s ( G o g o p a l a e o n i s c o i d s , G a r d i n e r 

1984b) is to have a slender rod-l ike ceratohyal of 

similar form to the ceratobranchials . 

W h a t therefore is t h e ev idence for cal l ing t h e 

elongate bone , brac ing the articular in Ctenurella 
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FIG. 7. — Campbellodus decipiens Miles et Young, 1977 , WAM 
86 .9 .672 . A-C, left ce ra tohya l ; A, mes ia l view; B, do rsa l view; 
C, left lateral view, gr, g roove . 

gladbachensis, a " c e r a t o h y a l " {e.g. F o r e y & 
G a r d i n e r 1986)? T h e b o n e lies ven t r a l t o t he 
inferred pos i t i on of t he dorsa l h y o i d e a n b o n e , 
wh ich w o u l d primit ively lie next to the quadra te , 
a n d is a la rge b o n e w i t h a c o m p l e x p r o x i m a l 
head. As restored by Forey & Gard ine r (1986) , it 
w o u l d distally mee t w i th the restored h y o m a n d i -
bular and form par t of a n o r m a l hyoidean arch 
system, except for the fact tha t it braces the jaw 
jo in t ra ther t h a n carries o n ventrally to the basi-
hyal or hypohyal bones . In this respect it w o u l d 
be u n i q u e a m o n g s t ver tebra tes if regarded as a 
ceratohyal. I p ropose an alternative explanat ion: 
t h e e l o n g a t e d b o n e w i t h an e x p a n d e d d o u b l e 
ar t iculatory head , wh ich braces the lower jaw, is a 
specialised interhyal (or "symplectic" in the ter
m i n o l o g y of Veran 1 9 8 8 , b u t n o t h o m o l o g o u s 
wi th the symplect ic of h igher act inopterygians) . 
T h u s I r ega rd t h e b r o a d , e x p a n d e d b o n e s in 
Campbellodus as t rue ceratohyals tha t have inde

p e n d e n t l y a c q u i r e d t h e d e r i v e d c o n d i t i o n o f 
being expanded for larger a t t a c h m e n t area of the 
depressor m a n d i b u l a e a n d in te rhyoideus muscle 
groups . Such an adap ta t ion w o u l d benefit a spe
cialised feeding mechan i sm as it occurs in p tyc to-
d o n t i d s w h i c h w e r e s t r o n g b i t e r s ( i n t h e 
e c o m o r p h o l o g i c a l c o n t e x t o f L i e m 1993) a n d 
thus requi red ex t reme modif ica t ions of the jaw 
m u s c u l a t u r e system to increase b i t ing pressure , 
r e l a t i v e t o t h e c o n s e r v a t i v e m u s c l e s y s t e m s 
hypothetical ly restored in o the r p lacoderms such 
as ar throdires {e.g. Stensio 1963 ; Long 1995a) . 
T h e visceral skeleton is virtually u n k n o w n in all 
o t h e r p l a c o d e r m s , apa r t f rom a serial g r i n d i n g 
series by Stensio ( 1 9 6 3 , fig. 8) showing only the 
v e n t r a l g i l l a r c h s y s t e m i n t h e a r t h r o d i r e 
Tapinosteus. T h u s the presence or absence of an 
interhyal in o ther p lacoderm groups is u n k n o w n . 
T h e funct ion of this unusua l a r rangement for the 
expanded interhyal in p tyc todon t ids can only be 
suggested as an a t t a ch men t brace for suppor t i ng 
the large opercu la r cover ing over t he b ranch ia l 
lamina , possibly by a t t a ch men t of addi t ional car
t i laginous opercular e lements (as in the opercular 
cart i lages of c h i m a e r i d s w h i c h e m a n a t e d f rom 
b o t h t he ep ihyal a n d ce ra tohya l e l emen t s ; e.g. 
Rhinochimaera a n d Callorhynchus, Jarv ik 1 9 8 0 , 
vol. 1, figs 2 9 9 , 3 0 3 ) . 

T h e next largest bones in the visceral skeleton of 
Campbellodus are elongated paired bones wi th an 
expanded head (Fig. 8), directly comparable wi th 
the elements identified as ceratohyals by Forey & 
G a r d i n e r ( 1 9 8 6 ) , a n d f o u n d in t he n e w G o g o 
specimen described below, and also in art iculated 
pos i t i on in Ctenurella gladbachensis (see below, 
Fig. 2 5 ) . T h e s e are n o t i n t e r p r e t e d as epihyals 
(= hyomand ibu la r ) because of the presence of a 
separate epihyal in posi t ion o n the new specimen 
of Austroptyctodus (Fig. 2 9 , H y m ) . I regard these 
as interhyal elements wh ich braced the lower jaw 
jo in t (Fig. 6, I H ) , the ventral mos t articular head 
mee t ing the small ar t icula t ion surface described 
o n the articular b o n e in Austroptyctodus (Miles & 
Y o u n g 1 9 7 7 , "a r thy" , fig. 2 4 ) . T h e r e is a well 
defined foramen at this articular head (for; Fig. 8) 
wh ich m a y have t ransmi t ted the hyomandibula r i s 
nerve. T h e nar row distal end of the bone is com
pressed laterally and ends in a slit-like art iculat ion 
s u r f a c e ( s h o w n in F ig . 8 E ) , p r e s u m a b l y for 
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FIG. 8. — Campbellodus decipiens Miles ef Young, 1977 , WAM 
86 .9 .672 . A-D, left interhyal; A, dorsa l view; B, left lateral view; 
C, D, c r o s s - s e c t i o n s of t he interhyal, respect ively in distal a n d 
proximal s ec t ions ; E, ventral view, for, fo ramen. 

FIG. 9. — Campbellodus decipiens Miles et Young, 1977, WAM 
86 .9 .672 . A, B, bas ihyal ; A, ventral view; B, dorsa l view. C-E, 
hypohyal ; C, mes ia l view; D, do r sa l view; E, lateral view, art, 
articulation face t s ; d e p , d e p r e s s i o n . 

con tac t ing the similar-sized ar t icula t ion area o n 

the ceratohyal. Two small paired elements having 

three ar t icu la t ion surfaces are here identif ied as 

p o s s i b l e h y p o h y a l s ( F i g . 9 C - E ) . T h e y a r e 

f lask-shaped e l emen t s w i t h a small an t e r io r (?) 

a r t icu la t ion surface (art 1), a n d t w o m u c h pre 

s u m e d larger, mesial (art 2) and dorsal (art 3) arti

c u l a t i o n facets. T h e p r e s u m e d dorsa l ly - fac ing 

art iculat ion surface is the largest of the three a n d 

matches closely wi th the long ventral art iculat ion 

facet o n t he dis tal e n d o f t h e ce r a tohya l . T h e 

second largest art iculat ion is here assumed to be 

for mesial contac t wi th the oppos ing hypohyal , as 

in m a n y m o d e r n selachians (e.g. Chlamydo-sela-

chus, S m i t h 1 9 3 7 ) . T h e y c o m p a r e well t o t h e 

basic pa t te rn of hypohyals seen in early osteich-

thyans (Gardiner 1984b; Lebedev 1995) . 

A small unpa i red b o n e , p resumably the m e d i a n 

hyoid arch e lement or basihyal (Fig. 9A, B), is an 

a l m o s t c i rcu la r b o n e w i t h a s ingle p r o t r u d i n g 

ar t iculat ion facet, giving it t he ovetall shape of a 

circular water -canteen . T h i s b o n e was identified 

by G a r d i n e r ( 1 9 8 4 a , fig. 3) a n d b y F o r e y & 

G a r d i n e r (1986) in Austroptyctodus as t h e u r o -

hyal, yet this identif icat ion was based only o n its 

overall shape as it was found on ly in o n e speci

m e n , a n d in wh ich case the gill arch bones were 

n o t in natural ar t iculat ion. T h e author 's identifi

cat ion of the e lement as a basibranchial is based 

on the fact tha t only o n e large m e d i a n e lement 

o f t h e o s s i f i e d h y o i d a i c h is p r e s e n t i n 

Campbellodus, a n d t h a t b o n e is therefore m o s t 

likely to be the basihyal. Its r o u n d e d overall m o r 

p h o l o g y is s imilar to tha t o f the os teo lep i form 

Medoevia (Lebedev 1995) . T h e single ar t iculat-

o ry facet faced pos te r io r ly a n d a c c o m m o d a t e d 

the smaller anter ior ly facing ar t iculatory surfaces 

o n the hypobranchia l s , or alternatively, m a y have 

m e t w i t h a second smaller media l basibranchial 

e lement . 

Dentition and jaw cartilages 

T h e too thp la tes a n d jaw cartilages of Campbel

lodus have b e e n we l l -desc r ibed a n d figured by 

Miles & Young (1977) , a n d Long (1988b) des

c r i b e d a n i s o l a t e d u p p e r j a w t o o t h p l a t e o f 

Campbellodus s p . f r o m t h e s l i g h t l y y o u n g e r 

N a p i e r Range , to the west of Fitzroy Cross ing . 

N e w m a t e r i a l o f Campbellodus s h o w i n g t h e 
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FIG. 10. — Campbellodus decipiens Miles et Young, 1 9 7 7 , W A M 
9 5 . 6 . 1 1 2 . A, B, u p p e r t o o t h p l a t e , A, ven t r a l view; B, m e s i a l 
view; C, D, lower t o o t h p l a t e ; C, mes i a l view; D, d o r s a l view. 
Whi tened with a m m o n i u m chloride. 

upper a n d lower toothpla tes ( W A M 95 .6 .112) is 
shown here (Fig. 10), b u t adds n o further infor
m a t i o n to t he publ i shed descr ip t ion. T h e t oo th 
plates h a d a c rush ing ac t ion w i t h the pos ter ior 
e n d of each t oo th plate being broadest and thick
est, a n d increased wear on the t oo th plates result 
in d i f f e r ing m o r p h o l o g i e s , e spec i a l l y for t h e 
u p p e r t o o t h pla te , as n o t e d by Miles & Young 
(1977 : 150) . A mos t peculiar feature of the den 
t i t ion is that the lower too thp la t e extends an te
riorly well forward of the anter ior marg in of the 
upper too th plate w h e n they occlude, as shown 
in the recons t ruc t ion (Fig. 6) . 
Left quadrate. (Figs IK, 11) It is well-preserved 
in W A M 8 6 . 9 . 6 7 2 . It is a robus t p e r i c h o n d r a l 
ossified shell consist ing of a m a i n division wi th 
an inner flange, as described for Austroptyctodus 
gardineri (Miles &C Young 1977 , figs 24 , 25) . T h e 
m a i n shaft is flat in cross-sect ion wi th a b r o a d 
a r t i c u l a r e n d . La te ra l to t h e a r t i c u l a r su r face 
(ar t .md) is a break in the per ichondra l b o n e sur
r o u n d e d by a th icken ing a r o u n d it. T h i s process 
(pr.det) is possibly a h o m o l o g u e w i t h the "detent 
process" o n the posterolateral region of the qua
dra te in ar throdires (e.g. Goujetosteus pulchellus, 
Gard ine r & Miles 1990, fig. 2 0 ; Mcnamaraspis, 
Long 1995b , fig. 16). T h i s raises the ques t ion of 

whe the r the "detent process" o n the quadra te of 
p tyc todon t ids is actually h o m o l o g o u s to tha t of 
ar throdires or cor responds to o n e of the several 
pala tobasal a r t icu la t ions wi th t he e n d o c r a n i u m 
seen on the quadra te or pa la toquadra te of o the r 
p r i m i t i v e p l a c o d e r m s (e.g. Romundina, Y o u n g 
1986, fig. 12C) . T h e funct ion of the de ten t p ro 
cess in ar throdires is to l imit m o v e m e n t or lateral 
slip of the jaw joint . Th i s is clearly seen by physic
ally mov ing the lower jaws and fixed cheek uni ts 
a g a i n s t o n e a n o t h e r i n w e l l - p r e s e r v e d G o g o 
ar throdi res . In acan tho thorac ids a n d rhenan ids , 
the palatobasal a n d nearby ar t iculatory facets o n 
t he p a l a t o q u a d r a t e were for a t t a c h m e n t to t he 
e n d o c r a n i u m . In Campbellodus t he q u a d r a t e is 
s i t ua t ed a cons ide rab l e d i s t ance ven t ra l to t h e 
extent of the braincase as deduced from similar 
p o s i t i o n s o f t he e n d o c r a n i a l oss i f ica t ions a n d 
jaws in Austroptyctodus n .g. , a n d thus the process 
in p tyc todon t ids is here seen to be h o m o l o g o u s 
to the de ten t process in ar throdires , a cons t ra in t 
to lateral m o v e m e n t d u r i n g o p e n i n g a n d closing 
of the jaws. T h e large well-defined cavity for the 
pos t e r io r d iv is ion o f t he a d d u c t o r m a n d i b u l a e 
m u s c l e s ( a d d . f o s s ) is s e e n i n m e s i a l v i e w 
(Fig. 11B). T h e ventral surface of the quadra t e 
(Fig. 11C) is relatively flat to weakly concave. It 
shows a r o u g h e n e d musc le or l i gamen t a t t ach 
m e n t area (m.a t t ) i m m e d i a t e l y an t e r i o r to t he 
a r t i cu la t ion area w h i c h m a y have been for the 
m a n d i b u l o h y o i d l igament . 

T h e a r t i c u l a r is n o t p r e s e r v e d i n a n y o f t h e 
Campbellodus s p e c i m e n s , b u t t h e a u t o p a l a t i n e 
ossification is k n o w n from the holo type , and has 
been descr ibed a n d f igured by Mi les & Young 
(1977 , fig. l l . p l . 2B) . 

Trunk shield 
T h e t r u n k shield of Campbellodus (Figs 6, 12 , 
14) comprises large paired anter ior lateral plates, 
paired anter ior dorsolaterals, three m e d i a n dorsal 
e lements , the mos t distal of wh ich is developed 
as a m e d i a n sp ine , a pai r of large in te ro la te ra l 
p la te s , pa i r ed smal l sp ina l p la tes , a n d a smal l 
anter ior med ian ventral plate. T h e restored t r u n k 
s h i e l d ( F i g s 6 , 14 ) is s i m i l a r t o t h a t o f 
Rhynchodus tetrodon in hav ing a very extensive 
b r a n c h i a l l a m i n a o n t h e a n t e r i o r la te ra ls a n d 
interolaterals wi th large hooked stellate tubercles, 
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b u t differs f rom all o the r k n o w n p tyc todon t id s 

in hav ing th ree m e d i a n dorsa l bones , a n d dis

t inct ly small spinal plates. 

M e d i a n dorsal plates. ( M D 1 ; Fig. 1H) Si tuated 

ven t ra l ly it s t radd les t h e an t e r i o r dorso la te ra l s 

a n d is a t h in b o n e lacking a m e d i a n vent ta l keel, 

as in Rbamphodopsis, Chelyophorus, Ctenurella 

a n d Austroptyctodus (e.g. Mi les & Young 1 9 7 7 , 

fig. 2 9 D ) . It is t he largest of t he th ree dorsal 

t r u n k bones a n d has a s t rongly convex anter ior 

marg in tha t slightly ove rhung the nucha l gap of 

t he head shield w h e n the head was fitted o n t o 

the ar t iculated t r u n k armour . It has a small dor

sal overlap flange for t he second m e d i a n dorsal 

plate ( M D 2 ; Fig. 1G) . T h i s plate is slightly more 

e longated tha t the ma in m e d i a n dorsal, a n d also 

has a short , na r row overlap shelf o n its pos tero-

dorsal marg in for t he m e d i a n dorsal spine. T h i s 

spine ( M D 3 ; Fig. IF ) is similar to that figured by 

M i l e s & Y o u n g ( 1 9 7 7 , fig. 13) for s p e c i m e n 

N H M P 5 0 9 0 7 . It is a hol low b o n e wi th a groo

ved p o s t e r i o r face a n d has o n l y few sca t t e r ed 

t u b e r c l e s o n i t s s u r f a c e , u n l i k e t h e s t r o n g l y 

developed dermal o r n a m e n t a t i o n in the spines of 

Rbamphodopsis a n d Ptyctodopsis. 

Anterior dorsolateral plate. (ADL; Figs 12-14) 

It is of regular shape for p tyc todont ids , no t unlike 

tha t of Ctenurella or Rhynchodus. It has a well-
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FIG. 12. — Campbellodus decipiens Miles ef Young, 1977, WAM 
8 6 . 9 . 6 7 2 . Partially a r t i cu la ted t runk sh ie ld in left la teral view. 
ADL, anter ior dorso la te ra l plate ; AL, anter ior lateral pla te ; S p , 
spinal p la te . 

developed anter ior ventral process of o r n a m e n t e d 
dermal b o n e tha t meets the anter ior lateral plate 
(v.pr; Fig. 13), a n d the ma in lateral-line sensory 
canal (11c) passes th rough a tube wi th in the bone 
and is no t externally visible, no r is it expressed as 
a t h i c k e n e d t u b e o n the visceral surface of the 
plate as occurs in p tyc todon t id head shield bones . 
T h e articular condyle (art.con) for the neck jo in t 
is a b road flat surface wi th a weak med ian ridge 
w h i c h is hard ly visible in lateral view (Figs 13 , 
14). Not iceable difference in the anter ior dorsola
teral plate of Campbellodus to those of o ther ptyc-
t o d o n t i d s is t h a t it lacks t h e d i s t i n c t a n g u l a r 
inflection seen in the anterior dorsolateral plate of 
Rhynchodus tetrodon (Gross 1933 , pi . 10, figs 2-4) 
or Chelyophorus vernemli (pers. obs.) . It is broa
dest a b o u t two- th i rd s d o w n its he igh t f rom its 
dorsal margin , unl ike the dorsally broader plate in 
Austroptyctodus (Miles & Young 1977 , fig. 30 ) , 
a n d the external ly exposed region is not iceably 

b r o a d e r i n its v e n t r a l d i v i s i o n t h a n in e i t h e r 
Ctenurella or Rhamphodopsis. T h e overlap area for 
t h e m e d i a n d o r s a l 1 p l a t e ( o v . M D ) is m u c h 
smaller than the large ventral overlap surface for 
the anter ior lateral plate (ov.AL). 
Anterior laterals. (AL; Figs 6, 12, 14) These are 
the largest bones of the dermal skeleton, as in all 
p tyc todon t ids . T h e dorsal region of the plate is 
very broad , be ing approximate ly three t imes the 
w id th of the na r row ventral division of the lateral 
lamina. T h e dorsal region of t he anter ior marg in 
of the b o n e is s t rongly concave where the post-
branchial l amina (Fig. 14, b . lam) begins. It has a 
well-defined lateral l amina wi th finely o r n a m e n t 
ed rugose d e r m a l b o n e , m e r g i n g mesial ly i n t o 
t he extensive flat pos tb ranch ia l l a m i n a covered 
wi th well-ordered rows of large, t r iangular pect i 
n a t e d tube rc les . E a c h o f these tube rc l e s has a 
spray of ab o u t five or six inwardly po in t ed t ips, 
the central o n e be ing the largest, a n d the head of 
the tubercles facing towards the centre of ossifi-

ov.MD 

1 cm 

FIG. 1 3 . — Campbellodus decipiens Miles e r Young, 1977 , WAM 
86 .9 .672 . A, B, anter ior dorsola tera l plate ; A, right lateral view; 
B, mes ia l view, ar t . con , articular condy le or face on ADL plate; 
lie, main lateral line cana l ; ov.AL, over lap s u r f a c e s of anter ior 
lateral pla te ; ov.MD, over lap s u r f a c e s of m e d i a n dorsa l plate; 
v.pr, ventral p r o c e s s of o r n a m e n t e d b o n e on anter ior do r so la t e 
ral p la te . 
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ca t i on of t he b o n e , close t o its sp ina l m a r g i n . 

Miles & Young (1977 , figs 1, 2F, pi . 4A) showed 

par t of this pos tbranchia l l amina o n the type spe

c i m e n , a n d figured a s c a n n i n g e lec t ron m i c r o 

graph showing clearly the m o r p h o l o g y of o n e of 

these tubercles. T h e contact marg in for the spi

nal plate is a shor t , s t ta ight horizontal ly-directed 

edge of b o n e above the embayed marg in for the 

pectoral fin. 

FIG. 1 4 . — Campbellodus decipiens Miles ef Young, 1 9 7 7 , WAM 
8 6 . 9 . 6 7 2 . A, B, t runk shield; A, anter ior view; B, ventral view. 
ADL, anterior dorsola tera l plate ; AL, anterior lateral p la te ; AMV, 
anter ior med ian ventral pla te ; art .con, articular condy le or face 
on ADL plate; b. lam, branchial lamina of trunk shield; IL, intero-
lateral pla te ; MD1, m e d i a n dorsa l plate ; pec . in , pectora l fin inci
sion on trunk shield; S p , spinal p la te . 

Unl ike the cond i t i on in mos t o the r p lacoderms 

where the spinal plate projects anter ior ly to the 

pectoral fin, it is clear that in Campbellodus the 

spinal p la te is i m m e d i a t e l y dorsa l t o t he m a i n 

e m b a y m e n t in t he t r u n k shie ld lateral l a m i n a . 

T h e pos i t ion of t he scapu loco taco id in Austro-

ptyctodus, also s h o w i n g the fin e m e r g e d be low 

the junc t ion of the anter ior lateral a n d the intero-

lateral, confirms tha t the pectoral fin did emerge 

v e n t r a l t o t h e p o s i t i o n o f t h e s p i n a l i n 

Campbellodus. 

S p i n a l p l a t e . (Sp; Figs 6, 12 , 14) T h i s smal l 

bone , w i th a very shor t project ion of the poste

riorly-facing spinal process, contacts the anter ior 

lateral a long almost all of its dotsal marg in , bu t 

has on ly a very sho r t an te r io r c o n n e c t i o n w i t h 

the interolateral plate. In internal view, the spinal 

plate is hollow. It has been previously identified 

and described for the N H M P 5 0 9 0 7 by Miles & 

Young (1977 , fig. 12). 

I n t e r o l a t e r a l p l a t e s . ( IL ; Figs 6 , 14) T h e s e 

consist most ly of the anter ior ly facing pos tb ran

chial lamina , w i th n o external lateral lamina. T h e 

ventral laminae (Fig. 14B) are well-developed as 

in al l p t y c t o d o n t i d s a n d m e e t t h e a n t e r i o r 

m e d i a n ven t r a l b o n e mesial ly, n o t c o n t a c t i n g 

e a c h o t h e r as o c c u r s in Rhynchodus tetrodon 

(Gross 1933) . As n o t ed for the spinal, they have 

a well-defined pectoral incision for the pectoral 

fin (pec.in; Fig. 14A), and venttal ly b roaden ou t 

mesially. T h e pos tbranchia l l amina has a s trongly 

convex con tac t marg in wi th the an ter ior lateral 

p l a t e s , s i m i l a r t o t h e c o n d i t i o n i n b o t h 

Rhynchodus and Austroptyctodus. 

Anter ior m e d i a n ventral plate. (AMV; Fig. 14 

A, B) Unusual ly broad, it is more t h a n twice as 

b road as its length , a l though its externally expos

ed surface in the ar t iculated a r m o u r is very nar

r o w . M o s t o f i t s b r e a d t h is for t h e o v e r l a p 

laminae for the interolateral plates, a n d these sur

faces have a f lu ted b o n e t ex tu re . T h e an t e r i o r 

marg in of the pla te is qu i t e straight , unl ike the 

V - s h a p e d a n t e r i o r m e d i a n v e n t r a l p l a t e i n 

Chelyophorus. 

Pelvic girdle and endoskeleton 

T h e pelvic girdles are well-preserved in the speci

m e n s h o w i n g t w o p r i n c i p a l c o m p o n e n t s , t h e 

d e r m a l pelvic bones a n d associated endog i rd le , 
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ar t . s 1 cm 

FIG. 15 . — Campbellodus decipiens Miles ef Young, 1977, WAM 
86 .9 .672 . A, B, prepelvic b o n e and a s s o c i a t e d endoske l e t a l pel
vic g i rd le ; A, d o r s a l v iew; B, ven t r a l v iew, art.s, a r t icu la t ion 
s c a r s for mesial a t t a chmen t ; for, for 1, 2, fo ramen or Identified 
s e r i e s of foramina; pe l .g , g roove b e t w e e n b a s a l art iculat ions on 
pelvic endoske le t a l ossification; pr.pel, de rma l p r o c e s s of pelvic 
girdle; rad.art, 1 , 2 , 3 , articular f ace t s for fin radials . 

a n d a pa i r of a s y m m e t r i c la rge , s m o o t h basal 
plates for the pelvic fin, s imilar to the e l ement 
described in the female specimens of Rhampho-
dopsis threiplandi (Miles 1967 , figs 13, 15). 
External pelv ic girdle. (Figs I I , J, 15, 17) It has 
a large, na r row ventrolateral l amina wi th external 
o r n a m e n t m a t c h i n g that of the de rmal bones and 
scales . T h i s p a r t (p r .pe l ; Fig. 15) is p r o b a b l y 
equ iva l en t t o t h e pa i r ed prepe lv ic b o n e s ly ing 
a n t e r i o r t o t h e pe lv i c fins in Rhamphodopsis, 
a l though the associated endoskeletal girdle is no t 
k n o w n in tha t fo rm. In t he n e w spec imen the 
p e r i c h o n d r a l l y ossified e n d o g i r d l e shows th ree 
large, e longated ar t iculat ion surfaces for the pel
vic fin radials ( rad .a r t 1-3; Fig. 15) , w i t h t w o 
large foramina ( for i , 2) be tween the fin a t tach
m e n t surface a n d the ou te r de rmal bone , for the 
passage of nerves, veins a n d arteries to the pelvic 
fin. Muscula ture of the pelvic fin probably at tach
ed to the roughened area s u r r o u n d i n g these fora
m i n a a n d to the de rmal c o m p o n e n t of the pelvic 
girdle. These paired e lements m e t mesially by a 
roughened connec t ion area (art.s) w i t h an inter-
d ig i ta t ing su ture (Fig. 17). T h e s m o o t h surface 
su r round ing this connect ive region was n o d o u b t 

covered wi th muscle or l igamentous connec t ion 
in life. W h e n the two parts of the pelvic girdle 
a n d endogi rd le are reassembled in this way, the 
dermal prepelvic bones are no t seen to have any 
mesial contact , as seen in Rhamphodopsis, b u t are 
wide ly separa ted . In res to r ing t h e pelvic girdle 
and endogirdles (Fig. 17), the bones were assem
bled w i t h plasticine ho ld ing the basal plates toge
t h e r a n d t h e n m a t c h e d u p w i t h t h e p o s t e r i o r 
w i d t h of the t r u n k shield, so tha t the es t imated 
w i d t h of the prepelvic bones correlated wi th the 
natural curvature of the body. 
Fin basal p la t e .The large fin basal plate (Fig. 16) 
is represen ted by b o t h left a n d r igh t e l emen t s , 
a l though, as prepared, it is n o t k n o w n wh ich is 
which . T h e e lement has s t rong curvature in b o t h 
mesial-lateral d i rect ion a n d ros t rocaudad, unl ike 
in Rhamphodopsis spec imens , in w h i c h it seems 
to be a flat, subt r iangular bone . A long its inner 
v e n t r a l m a r g i n is a w e l l - d e v e l o p e d r i d g e ( r i ; 
Fig. 16A), p resumably for inser t ion of the large 
pelvic scales a long a broad, s m o o t h flange (fl). A 
roughened area (r.a) is seen next to the centrally 
raised m e d i a n area, p r e sumab ly for a t t a c h m e n t 
of l igaments and scales of the lateral flank of the 
fish. T h e visceral surface is s m o o t h b u t has a 

FIG. 16. — Campbellodus decipiens Miles et Young , 1977 , WAM 
86 .9 .672 . A, B, right female pelvic basa l plate ; A, ventral view; 
B, dorsa l view (slightly oblique, s e e figure 17 for poss ib le orien
tation with r e s p e c t to prepelvic b o n e s a n d pelvic girdle), fl, flan
g e ; r.a, articulatory ridge on pelvic basa l p la te ; ri, ridge for s c a l e 
over lap on pelvic b a s a l p la te . 
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F I G . 1 7 . — Campbellodus decipiens Miles ef Y o u n g , 1 9 7 7 . 
Recons t ruc t i on of pelvic region of a f e m a l e s h o w i n g p o s s i b l e 
or ien ta t ion of p repe lv ic b o n e s , pelvic gi rdle a n d pelvic b a s a l 
p la tes , ventral view; ant, anterior direction; p e l . b a s , pelvic basa l 
b o n e (female b a s a l ossification); pr.pel, de rmal p r o c e s s of pel
vic girdle; rad.art, 1, 2 articular face t s for fin radiais . 

well-def ined r idge (ri; Fig. 16B) r u n n i n g a long 

its vent ta l lamina. 

Scapulocoracoid? 

A poor ly preserved par t of a per ichondra l ossifi

c a t i o n s h o w i n g w h a t a p p e a r s t o b e a g l e n o i d 

facet is here shown in figure 18 (glen), a l though , 

FIG. 18. — Campbellodus decipiens Miles ef Young, 1977 , WAM 
8 6 . 9 . 6 7 2 . P o s s i b l e right s c a p u l o c o r a c o i d oss i f ica t ion ( incom
plete) , g l en , glenoid condyle of e n d o c r a n i u m . 

as m o s t of the b o n e is missing, its identif icat ion 

is unce r t a in . It is possibly p a r t of t he scapu lo

coracoid from the shoulder girdle, or al ternative

ly m a y be a piece of the occipital ossification of 

the e n d o c r a n i u m , as described below in Austro-

ptyctodus. 

Axial skeleton 

T h e ver tebra l c o l u m n compr i s e s t he synarcua l 

(Fig. 19) and n u m e r o u s paired per ichondra l ele

m e n t s t h a t s t r a d d l e d t h e c a r t i l a g i n o u s n o t o -

c h o r d , as d e s c r i b e d for Rhamphodopsis (Mi les 

1 9 7 6 ) , Ctenurella gladbachensis ( 0 r v i g 1 9 6 0 ) , 

and similar to t he vertebral ossifications seen in 

o t h e r p l a c o d e r m s ( e .g . Coccosteus, M i l e s & 

W e s t o l l 1 9 6 8 ; Austrophyllolepis, L o n g 1 9 8 4 b ; 

Incisoscutum, D e n n i s - B r y a n & M i l e s 1 9 8 1 ; 

Eastmanosteus, Denn i s -Bryan 1987) . Some of the 

haemal arch e lements have reasonably long ven

t r a l p r o c e s s e s c o m p a r e d t o t h o s e s e e n i n 

Ctenurella or Rhamphodopsis. 

S y n a r c u a l . It is s i m i l a r t o t h a t d e s c r i b e d for 

Austroptyctodus (Miles & Young 1977 , fig. 3 2 ) , 

showing clearly t he no tocho rda l groove (not .g t ; 

Fig. 19) canal for the spinal cord (sp.c) a n d lateral 

FIG. 19 . — Campbellodus decipiens Miles ef Young, 1977 , WAM 
86 .9 .672 . A-D, syna rcua l ; A, anter ior view; B, obl ique poster ior 
view; C, lateral view; D, ventral view, for, fo ramen or identified 
s e r i e s of foramina; not .gr, notochordal g roove ; s p . c , spinal cord 
cana l . 
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FIG. 20 . — Campbellodus decipiens Miles et Young, 1977, WAM 
8 6 . 9 . 6 7 2 . A, d e r m a l s c a l e showing overall s h a p e ; B, detai l of 
external ly o r n a m e n t e d a r e a of s a m e s c a l e . SEM pho tomic ro 
g r a p h s . 

slit-like foramina (for) for the spinal nerve roots. 
Large basal e l e m e n t s for t h e m e d i a n fins are 
f o u n d in t h e m a t e r i a l a n d in g e n e r a l o u t l i n e 
m a t c h t h o s e d e s c r i b e d fo r Austroptyctodus 
(Miles & Young 1977 , figs 3 3 , 34) . In addi t ion 
there is a posteriorly s i tuated second med ian dor
sal b o n e t h a t bears a close r e semblance to t he 
m e d i a n d o r s a l 1 o f t h e t r u n k s h i e l d . As for 
Ctenurella gladbachensis, this is p r e s u m e d to be 
the dorsal spine preceding the second dorsal fin. 

Squamation 
T h e s p e c i m e n c o n t a i n e d m a n y h u n d r e d s o f 
scales d i s t r i b u t e d t h r o u g h o u t t h e n o d u l e , a n d 
n o t c o n c e n t r a t e d specifically a r o u n d the pelvic 
girdle. T h u s , as in t he a r t i cu la ted spec imen of 
Austroptyctodus described below, in which order
ed scale rows are seen on the flank of the t r u n k 
region, the w h o l e of the b o d y pos te r io r to t he 
t r u n k shield is assumed to have been covered by 
large over lapping scales. Each scale has an o rna
m e n t e d external region wh ich is subrec tangular 
in fo rm b u t q u i t e var iable as t o precise shape 
(Figs 20 , 21) a n d a large, ventrally-facing s m o o t h 
overlap surface. T h e scales are macromer ic , from 

their large size a n d the relative size of the neural 
arch e lements it is suggested tha t there was a cor
r e s p o n d e n c e of o n e scale r o w per s o m i t e , a n d 
tha t t hey were o rde red in nea t rows w i t h large 
over lapping ventral flanges. 
Long (1995b : 110) gives an a t t e m p t e d life resto
r a t i o n of Campbellodus decipiens based o n the 
new material described herein. 

R E V I S I O N O F T H E G E N U S 
Ctenurella Orv ig , 1960 

A l t h o u g h the original descr ip t ion of Ctenurella 
gladbachensis by O r v i g (1960) d id no t recognise 
the presence of the submarg ina l b o n e , this was 
soon corrected a long wi th further observat ions of 
the mater ial by h i m (1962) . A n o t h e r peculiari ty 
of C. gladbachensis n o t e d from Orvig 's descr ip
t i o n is t h e p u r p o r t e d a b s e n c e o f t h e a n t e r i o r 
m e d i a n ventral plate, present in all o ther p tycto-
d o n t i d s w h e r e t h e a r m o u r is w e l l - p r e s e r v e d , 
i n c l u d i n g C. gardineri (Miles & Y o u n g 1 9 7 7 , 
fig. 3 1 ) . H i s last r econs t ruc t ion of the head of 
C. gladbachensis was modi f ied to s h o w b roade r 
anter ior margins o n the preorbi tal plates and was 
s u b s e q u e n t l y a d o p t e d b y S t e n s i o ( 1 9 6 9 , 
fig. 40A) a n d used by O r v i g (1971) a n d Miles & 
Young (1977 , fig. 15). It incorpora ted a smaller 
d e r m a l b o n e a n t e r i o r t o t he m a r g i n a l p la te (a 
possible suborbi tal bone ) . 

Den i son (1978 , fig. 3B) a t t empted to reconstruct 
parts of the visceral skeleton of C. gladbachensis, 
adding the h y o m a n d i b u l a r as an anteroventral ly 
di rected b o n e , brac ing the jaw ar t icu la t ion a n d 
m e e t i n g w i t h an o p e r c u l a r ca r t i l age . Forey & 
Gard iner (1986) described a new specimen of the 
G o g o "Ctenurella" a n d figured newly p repared 
N M H specimens of C. gladbachensis in which the 
"ceratohyal" was clearly identified. 
Original specimens in the M N H N , Paris, include 
a r t i c u l a t e d i n d i v i d u a l s s h o w i n g de ta i l s o f t h e 
skull roof, jaws a n d visceral ske le ton (Fig. 22) 
and one superb specimen, bo th part and counter
par t (Figs 2 3 , 2 4 B , 2 5 ) , me t i cu lous ly p repared 
by Dr. D . Goujet , showing the dermal bones of 
the skull a n d t r u n k shield, as well as jaws a n d 
associated ossifications, the hyoid e lements , ros-
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FIG. 2 1 . — Campbellodus decipiens Miles ef Young, 1 9 7 7 , WAM 
8 6 . 9 . 6 7 2 . Dermal s c a l e s . A, ba sa l view; B, C, coronal v iews . 

tral cartilages a n d o the r visceral arch e lements . 

F o u r wel l -preserved spec imens were s tud i ed in 

order to de t e rmine the na ture of the hyo id arch 

bones , the jaw cartilages a n d the recons t ruc t ion 

of the head shield. T h e new specimens examined 

at the M N H N , Paris, cor robora te the or ien ta t ion 

o f the in te rhya l b o n e , as observed by Forey &C 
G a r d i n e r ( 1 9 8 6 , called t he "cera tohyal") in its 

posteroventral ly slanted posi t ion b e h i n d the art i

cular , as seen also in Austroptyctodus (Figs 2 8 , 

29 ) . Closer examina t ion reveals tha t the expan

ded head of the interhyal in C. gladbachensis on ly 

makes contac t w i t h the poster ior marg in of the 

ar t icular a n d does n o t m e e t w i t h the pos te r io r 

edge of the quadra te (Fig. 25) . 

T h e skul l r o o f is we l l -p rese rved in t h e N H M 

specimens bu t differs in several respects from the 

r e c o n s t r u c t i o n s given by 0 r v i g ( 1 9 6 0 , 1 9 7 1 ) , 

S t e n s i o ( 1 9 6 9 ) , M i l e s & Y o u n g ( 1 9 7 7 ) a n d 

D e n i s o n (1978) . In all four of t he N H M speci

m e n s e x a m i n e d , t h e c e n t r a l p l a t e s m e e t each 

o the r b e h i n d the nucha l plate, unl ike the cond i 

t ion in b o t h the G o g o p tyc todon t id s , in wh ich 

the nucha l forms the med ian poster ior marg in of 

the head shield (Figs 2 3 , 25 B). T h e anter ior mar 

g in o f t h e h e a d sh ie ld is re la t ive ly b r o a d a n d 

straight w i th the pineal b o n e t ightly enclosed by 

the anteromesial corners of the preorbital plates. 

T h e closure of the central plates to form the pos

te r io r m a r g i n of t he head shie ld in Ctenurella 

gladbachensis is also h i n t e d at in t he o n e skull 

figured by 0 r v i g (1960 , pi . 26 , 1, 2) where the 

left cen t r a l p la te p r o t r u d e s b e h i n d the n u c h a l 

plate . T h e pineal plate is always firmly enclosed 

by the preorbi tal plates wi th on ly a shor t anter ior 

marg in fo rming the anter ior border of the head 

shield, unl ike the G o g o form wh ich has a pineal 

p la te significantly smaller t h a n the gap def ined 

for it by the preorbitals . 

T h u s , a n e w recons t ruc t ion of the skull roof of 

Ctenurella gladbachensis is p r e s e n t e d h e r e 

(Fig. 26B) which shows not iceable differences to 

the G o g o specimens. 

It is no t ed tha t the sclerotic r ing, n o t previously 

described for p tyc todon t ids , is well preserved in 

o n e B e r g i s c h - G l a d b a c h s p e c i m e n , a n d s h o w n 

clearly in figure 22A ( b o t t o m right corner above 

the lower too th plate) . It comprises four sclerotic 

bones a n d matches closely wi th the supraorbi ta l 

vaul t def ined by the preorbi ta l a n d pos torb i ta l 

plates. 

T h e lower t oo th plates of Ctenurella gladbachen

sis h a v e a w e l l - d e v e l o p e d v e n t r a l p r o c e s s 

(Figs 22A, 25 ) , a feature also seen in the G o g o 

Austroptyctodus (Fig. 3 4 ; Miles & Young 1977 , 

pi . 5B) . Fu r the r differences be tween Ctenurella 

and Austroptyctodus are seen in the m e d i a n dorsal 

p l a t e s . I n Ctenurella (Fig. 2 2 A ) it has weak ly 

convex lateral marg ins and the poster ior margin 

e v e n h a s a t a p e r t o a p o s t e r i o r p o i n t . I n 

Austroptyctodus, t h e m e d i a n dorsa l p la te has a 

m u c h broader anter ior marg in t h a n its pos te t ior 

m a r g i n , weak ly concave la teral m a r g i n s a n d a 

m o r e s t r o n g l y d e v e l o p e d p o s t e r i o r p r o c e s s 

(Miles & Young 1977 , fig. 2 9 D ) . 
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FIG. 2 2 . — Ctenurella gladbachensis 0 rv ig , 1960 . S p e c i m e n s in the pa laeonto logica l col lect ions of the M u s e u m national d'Histoire 
naturel le , Par i s . A, MNHN ARD 2 2 9 , no te p r e s e n c e of small sclerotic ring n e a r lower jaw tooth pla te , B, MNHN ARD 2 3 1 . S c a l e bar : 
1 cm. 
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A M E N D E D G E N E R I C D I A G N O S I S 

A small p t y c t o d o n t i d wi th a nucha l comple te ly 
enclosed by the centrals a n d preorbitals; preorbi -
tals mee t in mid l ine and su ture wi th the pineal; 
nucha l plate anter ior ly po in ted . Margina l plates 
wi th well-developed ventral process. Toothpla tes 
of the shearing type, lower t oo th plates having a 
well-developed ventral process near the articular 
end . T r u n k shield lacking a spinal plate, m e d i a n 
dorsal plate approximate ly as b road as long, lack
ing a dorsal spine, a n d wi th lateral margins gent 
ly convex. Body lacking squamat ion . 

R E M A R K S 

T h e g e n u s Ctenurella is d i s t i n g u i s h e d f r o m 
Rhynchodus, Rhamphodopsis, Ptyctodopsis, Tollodus 
a n d Campbellodus by its absence of a spinal plate. 
Chelyophorus differs in having grooves developed 
for t h e external sensory- l ine sys tem, a shor te r , 
b roader nuchal plate a n d higher, shor ter anter ior 
dorsolateral plate . Austroptyctodus n .g . is d is t in
g u i s h e d by its sku l l - roo f p a t t e r n , w i t h n u c h a l 
plate opened , posteriorly, the different shape of 
the m e d i a n dorsal plate a n d the presence of body 
scale cover. 

FIG. 2 4 . — Ctenurella gladbachensis 0 r v i g , 1 9 6 0 . S k e t c h e s of s p e c i m e n s s h o w i n g h e a d sh ie ld p l a t e s in a r t icu la ted pos i t ion . 
A, MNHN ARD 2 3 3 ; B, MNHN ARD 2 3 0 b ; C, MNHN ARD 2 3 2 . C e , central plate ; MD, MD1, 2, 3 , med ian dorsa l plate(s) or s p i n e s ; 
Nu, nucha l plate (posterior e l emen t ) ; P, pineal plate or s p a c e provided for it in t he h e a d shield; PNu, p a r a n u c h a l plate ; pp, poster ior 
sensory- l ine c a n a l on h e a d shield; PRO, preorbltal plate ; PTO, postorbltal plate ; s o c , supraorbi ta l sensory- l ine cana l ; s u o v , s u p r a 
orbital vault. 
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FIG. 2 5 . — Ctenurella gladbachensis 0 rv ig , 1960. Ske tch of s p e c i m e n M N H N A R D 2 2 9 ( a s s h o w n p h o t o g r a p h e d in figure 22) . Art, 
articular; Aut, au topa ia t ine ; Ep, ep lbranchla l s ; IH, interhyal e l emen t ; l.tpl, lower tooth plate; M, marginal p la te ; n a s . o s s , na sa l ossifi
cation of e n d o c r a n i u m ; o r b . o s s , orbital ossification of e n d o c r a n i u m ; PM, pos tmargina l p la te ; pr., dorsal p r o c e s s of the upper tooth 
plate; Qd, q u a d r a t e ; ros .car , rostral car t i lages (paired); SM, submarg ina l plate ; u.tpl, uppe r tooth plate . 

Austroptyctodus gardinieri 

(Miles et Young, 1977) n.g. 

Austroptyctodus n .g . 

TYPE SPECIES. — Austroptyctodus gardineri Miles et 

Young, 1977. 

ETYMOLOGY. — From the continent Australia and the 
form genus Ptyctodus. 

DIAGNOSIS. — A ptyctodontid placoderm having a 
Ptyctodus-like crushing denti t ion, preorbital plates 
sepatated from each othet by a median gap. Canal-
bearing nuchal participating in the posterior margin 
of the skull roof, trunk shield lacking a spinal plate, 
median dorsal plate with much wider anterior margin 
than posterior margin. The body was covered by large 
overlapping scales. 

REMARKS. — Austroptyctodus n.g. is clearly distinguish
ed from all other well-known ptyctodontids (i.e. those 

known from most of the de tmal a rmour) except 
Ctenurella and Chelyophorus, in lacking a spinal plate. 
It is distinguished from Ctenurella by several features 
noted above under "Remarks" for Ctenurella gladba
chensis. 

Austroptyctodus gardineri 
Miles et Young, 1977 

Ctenurella gardineri Miles et Young, 1977. - Denison 
1978: 2 9 . - Long 1984a: fig. 17I-L. - Forey & 
Gardiner 1986: fig. 2. - Long 1991: 366, fig. 201, 
377. 

HOLOTYPE. — WAM 70.4.253, previously described 
and figured by Miles & Young (1977, pl. 2 D , E , 
pl. 3B, pl. 4B) with the provisional Natural History 
Museum number for the specimen ( P . 57637). 

O T H E R M A T E R I A L . — N H M , L o n d o n : P 5 0 9 0 6 , 
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FIG. 2 6 . — Compar i son b e t w e e n the r econs t ruc ted h e a d sh ie lds in dorsa l view: A, Austroptyctodus gardineri (Miles ef Young, 1 9 7 7 ) 
n.g.; B, Ctenurella gladbachensis 0 rv lg , 1 9 6 0 ; C, Rhynchodus tetrodon (after t he Holotype); D, Campbellodus decipiens Miles ef 
Young 1 9 7 7 . Ce , central plate ; Nu, nuchal plate (posterior e l emen t ) ; P, pineal p la te , or s p a c e provided for it in t he h e a d shield; 
PNu, p a r a n u c h a l p la te ; PRO, preorbltal plate ; PTO, postorbital plate . 

P50908, P50909, P50910, P57654, P57655; WAM 
86.9.662. 

D E S C R I P T I O N 

T h e n e w G o g o spec imen of Austroptyctodus gar
dineri ( W A M 8 6 . 9 . 6 6 2 , Figs 27-29) was collec
ted by the a u t h o r in August 1986 . It is an almost 
comple te specimen preserved as far posteriorly as 
approximate ly the midd le of the ma in dorsal fin. 
It has been prepared by the resin transfer m e t h o d 
for b o t h par t a n d counte rpar t . As Miles & Young 
(1977) have already descr ibed in detail m o s t of 
the de rmal skeleton in this form, the following 
d e s c r i p t i o n focuses o n l y o n n e w i n f o r m a t i o n , 

a n d provides n e w reconst ruct ions for the dermal 
skul l r o o f a n d viscera l s k e l e t o n , a n d ex t e rna l 
a r m o u r in lateral view. 

Skull roof and cheek 
T h e skull roof was no t recons t ruc ted by Miles & 
Young ( 1 9 7 7 , 157) as they s t a ted t h a t "several 
p r o b l e m s w e r e e n c o u n t e r e d i n a t t e m p t i n g to 
r e c o n s t r u c t t h e sku l l - roo f f rom t h e accura te ly 
k n o w n s h a p e o f i n d i v i d u a l b o n e s " . T h e n e w 
knowledge of the skull roof of Campbellodus pre
sen ted above shows there is n o t a close fit bet
w e e n all skul l r o o f b o n e s . Ear l ie r , i n a c c u r a t e 
reconst ruct ions of the skull roof of A. gardineri 
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FIG. 2 9 . — Austroptyctodus gardineri n.g. (Miles ef Young , 1977) . WAM 8 6 . 9 . 6 6 2 , ske tch interpretation ( s e e figure 27) . ADL, anterior 
dorsola tera l plate ; AL, anter ior lateral pla te ; AMV. anterior med ian ventral p la te ; Art, articular; Aut, au topa la t ine ; Ep, ep ibranchia l s ; 
e t h . o s s , e thmoid ossification of e n d o c r a n i u m ; Hym, hyomandibu la r ; IH, interhyal e l emen t ; M, marginal p la te ; MD, MD1, 2, 3 , med ian 
dorsa l plate(s) or s p i n e s ; m.ros .cart . , med ian rostral ossification; Nu, nuchal plate (posterior e l emen t ) ; O c c . o s s , occipital ossifica
tion of e n d o c r a n i u m ; op .car , opercu la r car t i lage; o r b . o s s , orbital ossification of e n d o c r a n i u m ; PNu, p a r a n u c h a l plate ; PRO, p re-
orbital pla te ; Qd, q u a d r a t e ; s c , s c a l e s ; SM, submarg ina l plate ; u.tpl, u p p e r tooth plate; v i s , "visceral ske le ton e l e m e n t s ? " . 
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were given by L o n g (1984a, 1991) , m a d e by fit
t ing these bones toge ther f rom sketches. W h e n 
the bones of one individual are accurately assem
b led (e.g. P 5 7 6 3 7 , W A M 8 6 . 9 . 6 6 2 ) , t h e skull 
roo f closely resembles t h a t of Campbellodus in 
h a v i n g a m e d i a n gap b e t w e e n the p reo rb i t a l s . 
T h e p i n e a l p l a t e is a c t u a l l y s m a l l e r t h a n t h e 
n o t c h as defined, for it by the associated preorbi-
tal plates (Fig. 26A) , as no t ed by Miles & Young 
( 1 9 7 7 ) . T h e visceral surface o f t h e skul l r o o f 
shows only weak deve lopmen t of the supraorbi 
tal vault , w i t h o u t substant ial deve lopmen t of an 
inwardly project ing l amina from the orbital r im, 
as seen in Campbellodus. 
T h e margina l a n d submarg ina l plates were well 
described by Miles & Young (1977) . T h e r e is no 
evidence of a smaller pos tmargina l bone , as sug
gested to be p resen t in Ctenurella gardineri by 
0 r v i g ( 1 9 7 0 , a l t h o u g h th is obse rva t i on is n o t 
conf i rmed by the present s tudy) . 

Visceral skeleton 
As discussed above for Campbellodus, the evidence 
from specimens of Ctenurella gladbachensis sug
gests t ha t t he hyo id arch was well-ossified wi th 
an expanded interhyal e lement poster ior ly exten
ded to provide an extra a t t a c h m e n t region for a 
flexible opercular m e m b r a n e . T h i s e l ement was 
i d e n t i f i e d as t h e " c e r a t o h y a l " b y F o r e y & 
G a r d i n e r ( 1 9 8 6 ) , a n d is here s h o w n in various 
v i e w s ( F i g . 3 0 ) . I t h a s t w o a r t i c u l a r h e a d s 
proximal ly where it meets t he art icular a n d the 
h y o m a n d i b u l a r d o r s a l l y (as i n Ctenurella, 
Fig. 25 ) . T h e broad, inwardly curved ceratohyal 
w h i c h is f o u n d in Campbellodus has n o t been 
positively identified in the Austroptyctodus ma t e 
r ia l . I t was p r o b a b l y n o t p r e s e r v e d in W A M 
8 6 . 9 . 6 6 2 as t he an t e r i o r reg ion of t he h e a d is 
missing, inc lud ing the lower t oo th plates. 
O p e r c u l a r c a r t i l a g e a n d h y o m a n d i b u l a r . 
(op.car; Fig. 29) It is found o n the inside of the 
h e a d of t he s u b m a r g i n a l as in all o t h e r p l aco -
derms where it is preserved (see Young 1986 , for 
a review of t he d i s t r i b u t i o n of this s t r u c t u r e ) . 
T h i s s t ruc tu re was ident if ied in Austroptyctodus 
by Forey & Gard ine r (1986 , fig. IB) as the hyo
mandibular , a n d restored as having an enclosed, 
tubu la r head . In Campbellodus, t he cor respond
i n g oss i f i ca t ion is b r o a d e r , w i t h an ex tens ive 

ventral lamina . T h e r e is n o evidence that it was 
an elongate e lement , a n d a large cartilage s t ruc
ture that acted as the flexible gill-cover has been 
restored (Fig. 6 ) . W A M 8 6 . 9 . 6 6 2 gives fur ther 
suppo r t for in te rpre t ing this as an opercular car
tilage ra ther than as an epihyal, as the h y o m a n d i 
bular is seen in situ, lying immedia te ly dorsal to 
the quadra te ( H y m ; Figs 2 8 , 29) . T h e proximal 
head of the h y o m a n d i b u l a r is no t preserved bu t 
it t e r m i n a t e s in close p r o x i m i t y ven t r a l t o t he 
o p e r c u l a r c a r t i l a g e , p r e s u m a b l y m e e t i n g t h e 
an te r io r pos to rb i t a l process of the bra incase (a 
per ichondra l shell inside the marginal plate), just 
forward of the centre of the orbi tal cavity, as it 
does in Brindabellaspis (Young 1980) . 

Endocranium 
Endocran ia l ossifications in p t y c t o d o n t i d s were 
first n o t e d by Eichwald (1859 , pi. 57 , fig. 1) in a 
well-preserved spec imen of Chelyophorus verneui-
li, in wh ich two pairs of roughly circular ossifica
t ions were found in the ar t iculated head, below 
the occipi tal region a n d u n d e r n e a t h the orbi ts . 
T h i s s p e c i m e n has n o w been acid p r e p a r e d to 
c o n f i r m t h e p l a c e m e n t of t h e s e o s s i f i ca t i ons 
(Dr. A. Ivanov, pers. c o m m . 1995) . O r v i g (1962 , 
1971) observed per ichondra l ly ossified l aminae 
in the orbitals regions of the Bergisch-Gladbach 
Ctenurella s pec imens , a n d Mi les ( 1 9 6 7 : 105a) 
conf i rmed the presence of a small semi-circular 
bone in the orbital region of Rhamphodopsis, pre
viously al luded to by Wat son (1938) . 
Miles & Young (1977) gave the first detailed des
cr ip t ion of the endocrania l c o m p o n e n t s of p tyc
t o d o n t i d s b a s e d o n t h e G o g o s p e c i m e n s o f 
Austroptyctodus. T h e y iden t i f i ed at least t h r e e 
pairs of perichondrally-ossified bones wh ich they 
t e rmed (1) the occipital ossification, (2) the orbi 
tal ossification, a n d (3) the e t h m o i d ossification. 
A l t h o u g h var ious f o r a m i n a were desc r ibed o n 
these ossifications, their outl ines were n o t c o m 
pletely clear a n d so they were on ly given approxi
m a t e cor re la t ions w i t h t he l a n d m a r k fo ramina 
k n o w n o n the braincases o f o t h e r p l a c o d e r m s . 
T h e y fur ther s ta ted tha t the exact a r r angemen t 
a n d r e l a t i onsh ip o f these e n d o c r a n i a l ossifica
t ions wi th in the ar t iculated head were no t clear 
at all. T h e n e w s p e c i m e n desc r ibed here gives 
m o r e precise i n f o r m a t i o n o n t h e m o r p h o l o g y , 
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FIG. 30 . — Austroptyctodusgardineri(Miles e f Y o u n g , 1977) n.g. 
WAM 86 .9 .662 , right interhyal b o n e ; A, C, lateral v iews; B, dor
sal view, art, articulation face t s for hyomandibula r ; art .hym, arti
culation for hyomandibula r ; gr, g roove . 

for .mag 

1 c m 

F I G . 3 1 . — Chelyophorus verneuili A g a s s i z , 1 8 4 4 . Art iculated 
s p e c i m e n , r e d a w n after p l a t e 5 7 , fig. 1 of E i chwa ld ( 1 8 5 9 ) . 
A, h e a d shield in dorsa l view; B, h e a d in ventral view showing 
orbital a n d occipital ossif ications of b r a i n c a s e ; C, h e a d shield In 
left la te ra l v i ew; D, p o s t e r i o r v iew of h e a d s h o w i n g g l e n o i d 
condy l e s of b r a i n c a s e a n d articular f lange of p a r a n u c h a l p l a t e s , 
art .con. articular condy le or face on ADL plate; for .mag , fora
m e n m a g n u m of e n d o c r a n i u m ; g l e n , glenoid condy le of e n d o -
c r a n i u m ; M, marg ina l p la te ; o c c . o s s , occipi tal ossi f icat ion of 
e n d o c r a n i u m ; o r b . o s s , orbi ta l o s s i f i c a t i on of e n d o c r a n i u m ; 
P, p i n e a l p l a t e or s p a c e p r o v i d e d for It in t h e h e a d s h i e l d ; 
PNu, p a r a n u c h a l p la te ; PrO, preorbital p la te . 

pos i t ion a n d con tac t re la t ionships o f these ele

m e n t s a n d can be cor robora ted by n e w observa

t ions o n the endocran ia l ossifications examined 

in b o t h Chelyophorus verneuili a n d Ctenurella 

gladbachensis. Recen t ly p r e p a r e d ma te r i a l o f a 

n e w g e n u s o f p t y c t o d o n t i d f r o m t h e L a t e 

D e v o n i a n G n e u d n a F o r m a t i o n o f W e s t e r n 

A u s t r a l i a also s h o w s t h e occ ip i t a l a n d o r b i t a l 

ossifications perfectly preserved in 3-d imens ional 

form, co r robora t ing the foramina a n d m o r p h o 

logical fea tures w i t h t h o s e p r e se rved in o t h e r 

p tyc todon t ids . 

T h r e e pai ted ossifications of the e n d o c r a n i u m of 

Austroptyctodus are preserved in W A M 8 6 . 9 . 6 6 2 

(occ.oss, orb.oss, eth.oss; Figs 2 8 , 29) , all in close 

association and only displaced slightly from art i 

culated posi t ion, as suppo r t ed by the close arti

c u l a t i o n o f t h e o t h e r n e i g h b o u r i n g d e r m a l 

bones . A four th pair of bones lies dorsal to the 

pa la toquadra te wh ich precede the nasal capsules. 

These have been labelled as "metapterygoids" in 

previous descr ip t ions . T h e r e are also pe r i chon

dral conical shells of bone a t tached to the inside 

wal l o f t h e m a r g i n a l p l a t e t h a t c o n t a c t e d t h e 

orbital ossifications laterally. T h e s e are here assu

m e d to have h o u s e d t h e p o s t e r i o r p o s t o r b i t a l 

process , as for o t h e r p l acode rms (Young 1979 , 

1980, 1986; Lelievre 1995) . 

T h e p re sumed posi t ion of the poster ior three of 

these paired endocrania l ossifications, w i th rela

t ion to the dermal exocran ium, was p roposed by 

Mi l e s &C Y o u n g ( 1 9 7 7 , fig. 22 ) w h o cor rec t ly 

pos i t i oned the occipi ta l bones b u t res tored the 

orbitals as o r ien ted wi th their flat l amina vert ic

ally. T h e y did n o t a t t e m p t to place the e t h m o i d 

oss i f i ca t ion in r e l a t i o n t o t h e sku l l roof, b u t 

no t ed tha t its large anter ior ar t iculat ion facet was 

mos t likely an ar t iculat ion to the autopala t ine , as 

a lso p o i n t e d o u t by Y o u n g ( 1 9 8 6 ) . E v i d e n c e 

from the new spec imen (Fig. 28) shows an align

m e n t of the occipital , orbital a n d e t h m o i d bones , 

each pa r t on ly sl ightly displaced from its an t i -

mere . T h e assumed fit of these bones is in line 

forming the ventral wall of the e n d o c r a n i u m , as 

s h o w n b y Chelyophorus verneuili ( F i g . 3 1 , 

redrawn from Eichwald 1859) a n d in several spe

c imens of Ctenurella gladbachensis in w h i c h the 

p a i r e d o r b i t a l oss i f ica t ions r e m a i n a r t i c u l a t e d 

mesially, usually found in close prox imi ty to the 
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o r b i t s (as i t a l so o c c u r s i n t h e h o l o t y p e o f 
Austroptyctodus, W A M 7 0 . 4 . 2 5 3 ) . O t h e r speci
m e n s of this species show the e t h m o i d articula
t i o n i n t h e a n t e r o v e n t r a l c o r n e r o f t h e o r b i t , 
c lose ly a s s o c i a t e d w i t h t h e a u t o p a l a t i n e a n d 
metapterygoid , a n d wi th t he head of the submar -
ginal b o n e snuggled in to a depression immedia 
te ly b e h i n d its large a r t i c u l a t o r y facet. T h u s , 
from these various specimens it is n o w possible 
t o r e d e s c r i b e a n d a c c u r a t e l y r e c o n s t r u c t t h e 
e n d o c r a n i u m in Austroptyctodus, a n d to discuss 
the h o m o l o g y of parts of its s t ruc ture to tha t in 
o the r p lacoderms . 

Occipital ossification 
T h e occipital ossification was well descr ibed by 
Mi les & Y o u n g ( 1 9 7 7 , fig. 2 0 ) , a l t h o u g h t h e 
m a r g i n s o f t h e i r s p e c i m e n w e r e n o t w e l l -
preserved e n o u g h to show its comple te shape. In 
Austroptyctodus ( W A M 8 6 . 9 . 6 6 2 ) , as well as in 
Chelyophorus a n d in t he n e w G n e u d n a p t y c t o -
d o n t i d , t h e o c c i p i t a l o s s i f i c a t i o n s a re w e l l -
preserved a n d show their comple te out l ines . T h e 
mater ia l largely suppor t s the recons t ruc t ions of 
Miles & Young (1977) , showing that the ventral 
l a m i n a of t h i s b o n e posses sed a l a rge g r o o v e 
(gr, dla; Fig. 3 2 C ) tha t p r e s u m a b l y carr ied t he 
dorso la te ra l ao r t a , w i t h each s ide ca r ry ing the 
g r o o v e a n t e r o l a t e r a l l y a w a y f r o m t h e g l e n o i d 
condy les . I n la teral v iew (Fig. 3 2 A ) , t h e r e are 
three large foramina visible and the outer d a m a 
g e d p a r t o f t h e a s c e n d i n g o c c i p i t a l p r o c e s s 
(pr.oc; Fig. 32 A) reveals that there was a hol low 
tube in the ou te r wall of the ossification, proba
b l y o p e n i n g in t h e p o s i t i o n w h e r e M i l e s & 
Y o u n g ( 1 9 7 7 , fig. 2 0 C ) o b s e r v e d a slit in t h e 
endocrania l wall. T h e anter ior two of these large 
foramina in the lateral wall of the occipital ossifi
ca t ion (Fig. 32A, B, for 2 , 3) were t en ta t ive ly 
identified as for the vagus and glossopharnygeal 
nerves by Mi les & Young . T h i s i n t e r p r e t a t i o n 
w o u l d seem correct by compar i son wi th the fora
m i n a found in the similar region of lateral e n d o 
c r a n i a l w a l l o c c u p i e d b y o t h e r k n o w n 
p l a c o d e r m s (e.g. Brindabellaspis, Y o u n g 1 9 8 0 ; 
Dicksonosteus, Gou je t 1984a; Macropetalichthys, 
as re interpreted by Young 1986) . The re is also a 
large ventral slit conta ining a foramen lateral to the 
glenoid process (Fig. 32A, for), also recognised by 

Mi les & Young ( 1 9 7 7 , fig. 2 0 , c l , si). As this 
o p e n i n g is posteriorly directed and n o t conf luent 
w i t h t h e p a t h w a y for t he dorso la te ra l aor ta , it 
m a y possibly represent the p a t h of the occipital 

gr.dla 

FIG. 3 2 . — Austroptyctodus gardineri (Miles et Young, 1977) n.g. 
WAM 8 6 . 9 . 6 6 2 ; A, B, right occipital ossif icat ion of b r a l n c a s e ; 
A, mes ia l view; B, lateral view. C, r econs t ruc t ion of pos te r ior 
view of b r a l n c a s e . for, for 1, 2, 3 , foramen or Identified s e r i e s of 
foramina; for .mag, fo ramen m a g n u m of e n d o c r a n i u m ; g l e n , gle
noid condyle of e n d o c r a n i u m ; gr.dla, g roove for o n e b ranch of 
t he d o r s o l a t e r a l a o r t a ; p r . o c , a s c e n d i n g occipi ta l p r o c e s s of 
b r a inca se . 
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a r t e r y ( a l s o l o c a t e d i n t h i s p o s i t i o n i n 

Brindabellaspis, Young 1980, figs 7, 8) . 

Orbital ossification 

T h e o r b i t a l o s s i f i c a t i o n f i g u r e d by M i l e s & 

Young (1977) was in terpre ted o n the basis of its 

p r e s u m e d o r i en ta t ion . T h e y restored it as lying 

vertically b e h i n d the orbital cavity based o n one 

spec imen ( P 5 0 9 0 8 ) , wi th the s t ruc ture interpre

ted as the a t t a chm en t for an eyestalk located far 

poster ior of the eyeball. T h e foramina for t rans

m i t t i n g vessels or nerves were thus seen passing 

from wi th in the braincase to the orbi tal cavity. 

Specimens of Ctenurella gladbachensis show tha t 

t he orbital ossifications are always jo ined mesially 

a n d lie w i th in the orbit , imply ing that they m a y 

have been p o s i t i o n e d ho r i zon ta l ly in life, t h u s 

f o r m i n g the ven t r a l wall of t he o rb i t a l cavity. 

T h i s i n t e r p r e t a t i o n is f u r t h e r s u p p o r t e d b y 

Eichwald 's (1859) figuted a r t icu la ted spec imen 

of Chelyophorus verneuili, wh ich shows in ventral 

v i e w t h e p a i r e d o c c i p i t a l oss i f i ca t ions in situ 

(Fig. 31) , w i th o n e of the paired orbital ossifica

t ions laying just an te t io r to these. A n excellent 

s p e c i m e n o f a n o r b i t a l o s s i f i c a t i o n o f 

Chelyophorus verneuili in the M N H N collections 

has been freed f rom the m a t r i x a n d is figured 

here alongside those of the Austroptyctodus speci

m e n s (Fig. 3 3 C , D ) to illustrate further the m o r 

pho logy of this bone . Addi t ional evidence for the 

hor izonta l pos i t ion of the orbi ta l ossification is 

p rov ided by the extensive mesial l amina of the 

marg ina l p la te in b o t h G o g o p t y c t o d o n t i d s , in 

w h i c h an extensive dorsal l a m i n a is developed, 

a n d which still bears its connec t ion to the orbital 

ossification in the ho lo type specimen of Austro

ptyctodus gardineri. 

I have restored the orbital ossifications as be ing 

or iented transversely and longitudinally below the 

orbit , in mesial contact wi th each other, connected 

by cartilage to the dorsal, mesially directed shelf 

above the p e r i c h o n d r a l cone , for t he pos t e r io r 

postorbital process of the endoc ran ium (Fig. 34) . 

Th i s is based o n several pieces of evidence: 

1. T h e i r p o s i t i o n in t h e a r t i c u l a t e d s p e c i m e n 

W A M 8 6 . 9 . 6 6 2 (orb.oss; Figs 2 8 , 29) in which 

the paired orbi ta l ossifications lay very close to 

each other, a shor t dis tance anter ior to the paired 

occipital ossifications (seen in ventral view) a n d 

in close prox imi ty to the e t h m o i d ossification. 

2 . In the holotype of Austroptyctodus gardineri the 

orbital ossification is ar t iculated wi th the mesial 

per ichondra l process of the marginal plate, sug

gesting horizontal a l igment as the mesial lamina 

of the marginal is horizontal in life posi t ion. 

3 . T h e fact that they are jo ined mesially in some 

specimens of Ctenurella gladbachensis. 

4. T h e fact tha t the art iculated, unc rushed speci

m e n of Chelyophorus verneuili shows the hor izon

t a l p o s i t i o n o f t h e o r b i t a l o s s i f i c a t i o n s i n 

c o n t i n u i t y w i t h t h e h o r i z o n t a l l a m i n a e of t h e 

occipital ossifications (see Fig. 3 1 ) . 

T h e o rb i t a l oss i f icat ions are seen to lie in t h e 

transverse p lane fo rming the central division of 

t h e v e n t r a l e n d o c r a n i a l w a l l , m o s t o f w h i c h 

forms the extensive subocular shelf. T h e dorsally 

e l eva ted p roces s o n t h e la te ra l m a r g i n o f t h e 

o r b i t a l o s s i f i ca t ion is m o s t l ike ly an eyes ta lk 

a t t a c h m e n t , s i t ua t ed m o r e to t he an t e romes ia l 

pa r t of the orbi t , as it is in o the r p lacoderms (e.g. 

Buchanosteus, Brindabellaspis, Young 1986) . 

A large robus t ar t icula t ion, lying to the an te ro -

latetal corner of the orbi tal ossification, can be 

in t e tp t e t ed as a s t rong car t i laginous connec t ion 

to t he pe r i chond ra l , t h i c k e n i n g o n the visceral 

surface of the marg ina l p la te , t hus b rac ing the 

lateral wall of the e n d o c r a n i u m w i t h the margi

nal p la te . In this respect it is m o s t possibly an 

h o m o l o g u e of the poster ior postorbi tal process of 

o t h e r p l a c o d e r m s , w h i c h a b u t s t h e m a r g i n a l 

plate in ar throdires [Buchanosteus, Young 1979) . 

It appears to be too posteriorly s i tuated ei ther for 

the opercular cartilage or for h y o m a n d i b u l a r arti

cula t ion to the braincase, which are located adja

cent to the e t h m o i d ossification and can be seen 

by the an te t io t posi t ion of the head of the sub-

marginal plate wi th respect to the orbi t o n art i 

c u l a t e d s p e c i m e n s of b o t h Ctenurella gladba

chensis a n d Austroptyctodus gardineri. 

T h e two fo ramina p ie rc ing the orbi ta l ossifica

t ion are small in compar i son wi th those for the 

m a j o r ne rves in p l a c o d e r m s , a n d d o n o t pass 

from the brain cavity, bu t from the ventral sur

face of the e n d o c r a n i u m in to the orbital tegion. 

T h e s e fo ramina are clearly seen in the isolated 

o r b i t a l o s s i f i c a t i o n o f Chelyophorus verneuili 

(Fig. 3 3 C , D) bu t they are so small in the G o g o 

spec imen tha t they t e n d to be obscured by the 
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c o n s o l i d a t i n g glue a n d are seen as depress ions 
(Fig . 3 3 ) . T h u s , o n l y o n e l a rge cana l is seen 
p e n e t r a t i n g t h e b o n e near t he eyestalk a t t a ch 
m e n t in the G o g o specimen, a n d this is possibly 
the canal for the orbital ar tery (orb.a; Fig. 33 ) . A 
la rger cana l m o r e p o s t e r i o r l y s i t u a t e d o n t h e 
o rb i t a l oss i f ica t ion o f Chelyophorus, e m e r g i n g 
f rom a w e l l - d e f i n e d p i t o n t h e dorsa l sur face 
(orb i ta l cavi ty) , is m o s t l ikely for t h e i n t e rna l 
ca ro t id a r te ry e m e r g i n g f rom t h e vent ra l m y o -

d o m e ( i . c a r , v . m y ; F i g . 3 3 C , D ) w h i c h i n 
Dicksonosteus (Goujet 1984a) a n d Brindabellaspis 
(Young 1980) r u n s u p t h r o u g h t h e s u b o c u l a r 
shelf and in to the ventral m y o d o m e for the eye 
muscles . O t h e r smaller fo ramina w h i c h d o n o t 
seem to pene t r a t e t h r o u g h the ossification m a y 
be vascular supply canals for t he in te rpe r i chon-
d r i u m . 
T h e r e are two well defined notches embayed in to 
the lateral margins of the orbital ossifications in 

ar .Eth 

1 mm 

1 m m 

5 mm 

FIG. 3 3 . — Austroptyctodus gardineri n.g. (Miles et Young , 1977) . WAM 86 .9 .662 , orbital ossif icat ions of b r a i n c a s e . A, pai red units 
a s p r e s e r v e d ( s e e f igures 27 , 2 8 for position with r e spec t to rest of s p e c i m e n ) ; B, detail of left orbital ossification In ventral view. C, 
D, Chelyophorus verneuili Agass iz , 1844 , MNHN s p e c i m e n , Agass i z type collection ( u n n u m b e r e d , Collection of Verneuil , Laboratoire 
d e Pa léonto logie , MNHN): left orbital ossification; C, ventral view; D, dorsa l view, ant, anter ior direction; ar.Eth, articulation for e th
moid ossification; ar.M, articulation for marginal plate ; ar .Occ , articulation for occipital ossification; e s , eyes ta lk a t t a chmen t ; gr, g roo
ve; i.car, internal carotid fo ramen; n, notch; orb.a, fo ramen for orbital ar tery; p.ppr poss ib le h o m o l o g u e of t he poster ior postorbital 
p r o c e s s of endoc ran ium; s o c . s h . s u b o c u l a r shelf; v .my, ventral m y o d o m e . 

548 G E O D I V E R S I T A S • 1 9 9 7 • 1 9 ( 3 ) 



Ptyctodontid fishes from the Late Devonian Gogò Formation 

b o t h Gogoptyctodus a n d Chelyophorus (gr, n ; 

Fig. 33 ) . As these are considerably larger t h a n the 

ar ter ial fo ramina , t he largest of these , s i t ua t ed 

p o s t e r i o r t o t h e eyes ta lk a n d i n t e r n a l c a r o t i d 

foramen, is possibly for the p i tu i ta ry vein. 

Ethmoid ossification 

T h e e t h m o i d ossification has been well-described 

by Miles & Young (1977) , b u t was no t restored 

in re la t ion to t he rest of t he e n d o c r a n i u m a n d 

j a w s u s p e n s o r y m e c h a n i s m . T h e n e w mate r i a l 

adds n o t h i n g n e w to the descr ipt ion of the e th

m o i d ossification, as n o isolated e t h m o i d ossifi

cat ions have yet been recovered from the Russian 

m a t e r i a l o r t h e n e w G n e u d n a s p e c i m e n s . I t 

shou ld be no t ed that 0 r v i g (1962) restored the 

e t h m o i d ossification in C. gladbachensis w i t h a 

large an te t io t ly facing a r t icu la tory facet for the 

pa la toquadra te , a n d labelled it as the "metaptery-

goid". It seems likely that the large anter ior facets 

o n the e t h m o i d faced anterolaterally, as suggested 

by Miles & Young, to ar t iculate wi th the art icu

latory facets o n t he autopala t ine , the midl ines of 

the e t h m o i d ossifications mee t ing medial ly held 

by cartilage. 

Nasal ossification 

Observa t ion of the Bergisch-Gladbach material of 

Ctenurella gladbachensis a n d o f Austroptyctodus 

gardineri shows tha t the e t h m o i d ossification is 

a lways p r e s e r v e d in a p o s i t i o n v e n t r a l t o t h e 

"me tap te rygo ids" of the p a l a t o q u a d r a t e . In t he 

h o l o t y p e o f Austroptyctodus ( M i l e s & Y o u n g 

1977; Fig. 23) the right "metapterygoid" is sepa

rated from the autopala t ine a n d tests immedia te ly 

dorsal to the e t h m o i d ossification, wh ich clearly 

separates this ossification from the upper jaw ossi

f i c a t i o n s . T h i s l eads m e t o p r o p o s e t h a t t h e 

"metap te rygoid" has been mis in te rp re ted a n d is 

actually no t part of the upper jaw apparatus b u t 

could represent a paired nasal ossification part ly 

enclosing the nasal capsules. These bones sit ante

rior to the orbits directly dorsal to the upper jaw 

os s i f i ca t i ons (nas .os s ; F ig . 3 5 ) , in a p o s i t i o n 

appropr ia te for the external nares by compar i son 

wi th o ther p lacoderms. T h e shape of the ossifica

t ion as described for Austroptyctodus by Miles & 

Young (1977 , fig. 26) shows tha t the lateral face is 

concave and wou ld have been able to suppor t the 

olfactory bulb , in a way similar to the preorbital 

recess of an t ia rchs , immed ia t e ly an te r io r to the 

orbit . T h e presence of paired nasal ossifications is 

k n o w n in a r throdi res as cribrosal bones , clearly 

seen in m a n y of the G o g o eubrachythoracids (e.g. 

Eastmanosteus, Dennis -Bryan 1987; Latocamurus, 

Long 1988c; plourdosteids, see Gard iner & Miles 

1990) . T h e r e is a groove a n d a ridge developed 

on the mesial side of the bone , n o t ed by Miles & 

Young (1977 : 176) as possibly being for at tach

m e n t t o t h e e n d o c r a n i u m . T h e w e l l - d e f i n e d 

groove which runs dorsally and anteriorly above 

the cavity for the nasal capsule is possibly for a 

terminalis nerve, wh ich has been identified mesial 

t o t h e n a s a l c a p s u l e s i n t h e a r t h r o d i r e 

Latocamurus ( L o n g 1988c ) . T h e nasal ossifica

t ions h a d well-developed posterodorsal processes 

(Miles & Young 1 9 7 7 , " p r m p t " fig. 26) w h i c h 

m a y have mesially been joined by l igaments . T h e 

funct ion of this unusual process o n the nasal ossi

fications could have been as an a t t achmen t region 

for t h e m e d i a n r o s t r a l c a r t i l a g e ( m . r o s . c a r t , 

F i g . 2 8 ) , a n o s s i f i c a t i o n p r e s e n t i n s o m e 

p tyc todon t ids bu t absent in all o the r p lacoderms . 

Reconstruction of the endocranium 

A recons t ruc t ion of the e n d o c r a n i u m in p tyc to

d o n t i d s was g iven b y M i l e s & Y o u n g ( 1 9 7 7 , 

fig. 2 2 ) b a s e d o n t h e ava i l ab l e s p e c i m e n s o f 

Austroptyctodus gardineri. In l i gh t o f t h e n e w 

material and the evidence from n e w observat ions 

o n the ar t iculated posi t ion of braincase ossifica

t ions in b o t h Chelyophorus a n d Ctenurella, it is 

n o w possible to provide a n e w sketch reconst ruc

t ion of the p tyc todon t id e n d o c r a n i u m (Fig. 34) . 

T h e posi t ion of the occipital ossifications is clear 

as the glenoid processes are always al igned w i t h 

h o r i z o n t a l l o n g axes , as c o r r e c t l y r e s t o r e d by 

Miles & Young (1977 , fig. 2 2 B , a n d shown here 

Fig. 3 2 C ) , as it also occurs in the ar t iculated spe

c imen of Chelyophorus (Fig. 31 ) . T h a t the paired 

orb i ta l ossif icat ions lie in t he ho r i zon t a l p l ane 

below the o tb i t has been argued above from evi

dence seen in unc rushed art iculated spec imen of 

Chelyophorus, plus observat ions on the G o g o a n d 

Bergisch-Gladbach specimens. T h e relative sizes 

of the occipital , orbi tal , e t h m o i d a n d nasal ossifi

ca t ions in re la t ion to t he skull roof are clearly 

seen from W A M 9 6 . 9 . 6 6 2 , u p o n which the dor -
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sal v i e w o u t l i n e r e c o n s t r u c t i o n o f t h e e n d o -
c r a n i u m was largely based. T h e pos i t ion of t he 
e t h m o i d ossifications immedia te ly anter ior to the 
o r b i t a l oss i f ica t ions a n d a r t i c u l a t i n g w i t h t h e 
pa l a toquad ra t e is also based o n observat ions of 
Ctenurella a n d of the W A M 8 6 . 9 . 6 6 2 spec imen 
of Austroptyctodus. Finally, t h e p o s i t i o n of t h e 
paired nasal ossifications, anter ior to the e t h m o i d 
o s s i f i c a t i o n s a n d s i t t i n g a b o v e t h e p a l a t o 
quadra te a n d b e h i n d the inferred posi t ion of the 
nares, is a n e w in te rpre ta t ion based o n observa
t i o n s o f s e v e r a l s p e c i m e n s o f a r t i c u l a t e d 
Ctenurella a n d Austroptyctodus. 

T h e b r a i n c a s e o f p t y c t o d o n t i d s , as r e s t o r e d 
herein, is un ique amongs t placoderms in compris
ing at least four paired per ichondra l c o m p o n e n t s , 
f o r m i n g a sol id f loor t o t h e e n d o c r a n i u m b u t 
lacking any dorsal ossification. F u r t h e r m o r e it is 
unl ike any o ther p l acoderm in having a m e d i a n 
su ture r u n n i n g d o w n its mid l ine where oppos i te 
sides of the paired ossifications are jo ined by car
tilage. T h e r o u n d e d shape of the orbital ossifica
t ions impl ies tha t a space exists an te r io r to the 
mesia l c o n n e c t i o n b e t w e n these u n i t s a n d t h e 
e t h m o i d oss i f ica t ions i m m e d i a t e l y a n t e r i o r t o 
t h e m . T h i s co u l d be for a ven t ra l hypophys i a l 

FIG. 34 . — At tempted reconstruct ion of the e n d o c r a n i u m in dorsa l view ( s h a d e d ) of Austroptyctodus gardineri (Mlles et Young , 1977) 
n.g., b a s e d largely on WAM 86 .9 .662 . Outline of skull roof b o n e s s h o w n a s t r anspa ren t , e s , eyes t a lk a t t a c h m e n t ; e t h . o s s , e thmoid 
ossification of e n d o c r a n i u m ; g l e n , glenoid condyle of e n d o c r a n i u m ; n a s . c a p , na sa l c a p s u l e ; n a s . o s s , na sa l ossification of e n d o c r a 
nium; o c c . o s s , occipital ossification of endoc ran ium; o r . o s s , orbital ossification of e n d o c r a n i u m . 
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open ing . T h e r e is n o parasphenoid ossification as 

in ar throdires , phyl lolepids a n d in the a c a n t h o -

thorac id Kosoraspis. 

Figure 35 provides a revised r econs t ruc t ion for 

the dermal exoskeleton a n d visceral skeleton, as 

k n o w n for Austroptyctodus gardineri. 

Dermal scales 

T h i n scales covered the tail o f Austroptyctodus 

gardineri, as p rese rved in W A M 8 6 . 9 . 6 6 2 (sc; 

Figs 2 7 - 2 9 ) . T h e y c lose ly r e s e m b l e t h o s e o f 

Campbellodus in overall form, be ing b o o m e r a n g -

shaped , m u c h h igher than long in the ar t iculated 

squama t ion , w i th a dorsal external l amina a n d a 

ven t r a l o v e r l a p p e d r eg ion . T h e ex te rna l o r n a 

m e n t a t i o n is a very fine reticulate pa t te rn . 

S U M M A R Y A N D C O N C L U S I O N S 

1. T h e g e n u s Campbellodus decipens M i l e s et 

Young is redescribed from a comple te new speci

m e n , s h o w i n g it t o have t h r e e m e d i a n do r sa l 

p l a t e s , a d e r m a l scale cover a n d wel l -oss i f ied 

anter ior gill arch series. T h e skull roof shows tha t 

the preorbitals plates did n o t su ture in the m i d 

line, as it is n o w k n o w n to occur in some o ther 

FIG. 3 5 . — At tempted reconstruct ion of t he de rma l exoske l e ton and visceral endoske l ton of Austroptyctodus gardineri n.g. (Miles et 
Young, 1977) , b a s e d largely on WAM 86 .9 .662 a n d on the holotype, WAM 7 0 . 4 . 2 5 3 . ADL, anter ior dorsola tera l plate ; AL, anterior 
lateral plate; Art, articular; Aut Autopala t ine ; ba a, ba p, anter ior a n d poster ior b a s á i s p la t e s ; BH, bas ihyal ; Ce , central pla te ; CH, 
cera tohya l ; Ep, ep lbranchia l s ; Hym, hyomandibula r ; IH, interhyal e l e m e n t ; IL, Interolateral plate ; l.tpl, lower tooth plate ; M, marginal 
p l a t e ; MD, M D 1 , 2 , 3 , m e d i a n d o r s a l p l a t e ( s ) or s p i n e s ; n a s . o s s , n a s a l oss i f ica t ion of e n d o c r a n i u m ; neur , n e u r a l s a r c h e s ; 
Nu, nuchal p la te (posterior e l emen t ) ; orb, orbit; PNu, p a r a n u c h a l plate ; PRO, preorbltal pla te ; PTO, postorbltal p la te ; Qd, q u a d r a t e ; 
ros .car , rostral ca r t i l ages (paired); SM, submarg ina l p la te ; u.tpl, uppe r tooth p la te . 
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p t y c t o d o n t i d s ( e . g . Austroptyctodus n . g . , 

Rhynchodus tetradon). 

2 . T h e large, posteroventra l ly d i rec ted gill arch 

bones that lie immedia te ly b e h i n d the jaw art icu

l a t i o n in p t y c t o d o n t i d s h a d p r e v i o u s l y b e e n 

in terpre ted as "ceratohyals" in Ctenurella a n d in 

t h e G o g o fo rm Austroptyctodus. N e w ev idence 

from Campbellodus and Austroptyctodus n .g . sug

gests tha t these are modif ied interhyal e lements 

a n d that the ceratohyals are large, deep bones , as 

occur in Campbellodus. 

3 . Revis ion o f s o m e B e r g i s c h - G l a d b a c h speci 

m e n s o f Ctenurella gladbachensis 0 r v i g , I 9 6 0 

shows t h a t t h e skull roof h a d been incor rec t ly 

res tored , a n d tha t t he centra ls d o in fact m e e t 

each o t h e r b e h i n d the n u c h a l p l a t e . A revised 

diagnosis of the genus is given. 

4. "Ctenurella' gardineri Miles et Young, 1977 is 

shown to differ from Ctenurella gladbachensis in 

t he a r r a n g e m e n t o f skull roof bones a n d b o d y 

squamat ion , a n d is here referred to a new genus, 

Austroptyctodus gardineri n .g . 

5. T h e braincase in p tyc todon t ids is in terpre ted 

t o c o m p r i s e a t least four p a i r e d p e r i c h o n d r a l 

ossifications, the occipital , orbi tal , e t h m o i d a n d 

nasal uni ts . T h e lat ter was previously identified 

as be ing the "metapterygoid" . Per ichondral uni ts 

a t tached to the inside of the marginal plate m a y 

have housed the poster ior postorbi ta l process of 

t h e e n d o c r a n i u m , as i n o t h e r p l a c o d e r m s . 

P tyc todont ids apparent ly lacked a parasphenoid . 

A c k n o w l e d g m e n t s 
T h e n e w specimens of G o g o p tyc todon t ids were 

collected in 1986 by the au tho r whilst u n d e r the 

s u p p o r t of t he N a t i o n a l G e o g r a p h i c Society of 

A m e r i c a ( g r a n t # 3 3 6 4 - 8 6 ) . I a l s o t h a n k 

Prof. P. Taque t a n d Dr. P. Janvier for offering m e 

a visiting professor posi t ion for three m o n t h s and 

p r o v i d i n g r e s e a r c h f a c i l i t i e s ( S e p t e m b e r -

N o v e m b e r 1 9 9 5 ) , a n d t h e T r u s t e e s o f t h e 

Wes te rn Austral ian M u s e u m for suppor t i ng this 

research proposal . M y colleagues in France gave 

freely of their t ime and discussed various aspects 

o f t h e w o r k , I a m e s p e c i a l l y g r a t e f u l t o 

D r s P. J a n v i e r , D . G o u j e t , H . L e l i e v r e a n d 

Z . M i n . T h a n k s a l so t o D r P. F o r e y o f t h e 

N a t u r a l H i s t o r y M u s e u m , L o n d o n , w h o gave 

access to the collections a n d discussed aspects of 

the w o r k . I t h a n k Dr . L. G r a n d e for access to 

co l l ec t ions in t h e Field M u s e u m , C h i c a g o , in 

A p r i l 1 9 9 6 , a n d to B . H i c k e r s o n , A u g u s t a n a 

College, Illinois, for showing m e his new finds of 

p t y c t o d o n t i d s from the Spr ing Grove M e m b e r . 

D r s D . G o u j e t a n d G . Young are t h a n k e d for 

discussing aspects of the work a n d reviewing the 

m a n u s c r i p t . Fo r s o m e o f t h e p h o t o g r a p h s o f 

G o g o specimens , I t h a n k M s K. Br immel l , a n d 

for s o m e o f t h e G o g o s p e c i m e n d r a w i n g s , I 

t h a n k Miss D . Hendr i cks . 
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