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A b s t r a c t

The r e l a t i o n s h i p s  o f  g a r s  t o  o t h e r  a c t in o p t e r y g ia n  

f i s h e s ,  th e  num ber o f  r e c o g n iz a b le  s p e c i e s  o f  g a r s ,  th e  

r e l a t i o n s h i p s  o f  t h e s e  s p e c i e s ,  an d  th e  b io g e o g ra p h y  o f  

th e s e  s p e c ie s  w ere  i n v e s t i g a t e d .  The p h y lo g e n e t ic  

m ethod  o f  H ennig  ( 19 6 6 ) was u se d  t o  a n a ly z e  c u r r e n t  

h y p o th e s e s  c o n c e rn in g  th e  r e l a t i o n s h i p s  among g a r s  and 

o f  g a r s  t o  o t h e r  a c t i n o p t e r y g ia n  g ro u p s .  H e n n ig 's  

m ethod  i s  d i s c u s s e d  and  s e v e r a l  p o i n t s  ta k e n  up i n  

d e t a i l .  C r o i z a t ' s  (19 58 ) m ethod  o f  b io g e o g ra p h ic  

a n a l y s i s  was u s e d  t o  d e s c r ib e  th e  m a jo r  f e a t u r e s  o f  g a r  

b io g e o g ra p h y .

G ars w ere fo u n d  to  c o m p rise  a  m o n o p h y le tic  g ro u p .

G ars a r e  th e  s i s t e r - g r o u p  o f  th e  H a le c o s to ra i (A m iidae 

p lu s  T e l e o s t e i ) .  T hese  t h r e e  t a x a  c o m p rise  a n o th e r  

m o n o p h y le tic  g ro u p , th e  N e o p te r y g i i .  The N e o p te ry g i i  i s  

th e  s i s t e r - g r o u p  o f  th e  C h o n d ro s te i .  T hese  c o n c lu s io n s  

c o r r o b o r a te  c e r t a i n  p r e v io u s  h y p o th e s e s  and  r e f u t e  o t h e r s .

S ix te e n  s p e c ie s  o f  g a r s  a r e  r e c o g n iz e d .  They a r e  s p l i t  

e q u a l ly  among two g e n e r a ,  L e p ls o s te u s  an d  ~A t r a c t o s t e u s .

The g en u s  L e p ls o s te u s  in c lu d e s  an u n d e s c r ib e d  f o s s i l  s p e c ie s  

from  th e  C re ta c e o u s  o f  M ontana an d  th e  f o l lo w in g  sev en  

s p e c ie s  i n  a p p ro x im a te  p h y lo g e n e t ic  o r d e r :  L . c u n e a tu s  

(E o cen e , N o rth  A m e ric a ) ; L . p la to s to m u s  (R e c e n t, N o r th  . 

A m e ric a ); L . i n d ic u s  (C re ta c e o u s ,  I n d i a ) ;  L . o s s e u s  (R e c e n t, 

N o rth  A m e ric a ); L . f in b r a tu s ( E o c e n e  and  O lig o c e n e , E u ro p e ) ;
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L . o c u la tu s  (R e c e n t,  N o rth  A m e ric a ); L. p l a t y r h in c u s  

(R e c e n t,  N o r th  A m e ric a ) . The i n t e r r e l a t i o n s h i p s  o f  

t h e s e  s p e c ie s  a r e  d i s c u s s e d .

The g e n u s  A t r a c to s t e u s  i n c l u d e s ,  i n  a p p ro x im a te  

p h y lo g e n e t ic  o r d e r :  A. s t r a u s i  (E o cen e , E u ro p e ); A. 

t r o p i c u s  (R e c e n t, M idd le  A m e ric a ); A. s im p le x  (E o cen e , 

N o r th  A m e ric a ); A. a f r i c a n u s  (C r e ta c e o u s ,  A f r i c a ) ;

A. o c c l d e n t a l l s  ( C re ta c e o u s ,  N o r th  A m e ric a ) , A. a t r o x  

(E o ce n e , N o r th  A m e ric a ); A. s p a t u l a  (R e c e n t, N o rth  and  

M id d le  A m e ric a ) , and  A. t r l s t o e c h u s  (R e c e n t, Cuba and  

th e  I s l e  o f  P i n e s ) .

T ra c k  a n a l y s i s  o f  th e  b io g e o g ra p h ic  d i s t r i b u t i o n s  o f  

b o th  g e n e ra  i n d i c a t e  t h a t  b o th  may have had  a  P angean  

d i s t r i b u t i o n  and  th e  minimum ag e  f o r  b o th  g e n e ra  i s  

h y p o th e s iz e d  180 m i l l i o n  y e a r s  b e fo r e  p r e s e n t .  V a r io u s  

t r a c k s  w i th in  e ac h  g en u s a r e  d i s c u s s e d  and  r e l a t i v e  l e v e l s  

o f  v i c a r l a n c e  a r e  h y p o th e s iz e d .
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6 1 . D o rs a l  v iew  o f  th e  s k u l l  o f  A t r a c to s t e u s  a t r o x
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6 2 . O u t l in e  d raw in g  o f  f i g u r e  6 1 - ..............................   313

63 . L a t e r a l  ( to p )  and  d o r s a l  (b o tto m ) v iew s o f  t h e
s k u l l  o f  A t r a c to s te u s  s p a t u l a  (AMNH 220946,
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6 4 . L a t e r a l  ( to p )  and  d o r s a l  (b o tto m ) v iew s o f  th e
s k u l l  o f  A t r a c to s te u s  t r i s t o e c h u s  (AMNH
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6 5 . L e a s t  r e j e c t e d  h y p o th e s is  o f  p h y lo g e n e tic  r e l a t i o n ­
s h ip  among r e c e n t  L e p ls o s te u s  g a r s .
S ynapom orph ies ( b la c k  r e c t a n g l e s )  c o n n e c tin g  
ta x a  a r e :  ( 1 ) l a r g e  p igm en t b lo tc h e s  on h e a d ;
( 2 ) no m e d ia l t o o t h p l a t e s  on f i r s t  in f r a p h a ry n g o -  
b r a n c h i a l ;  ( 3 ) s i n g l e  to o th  on o u te r  p r e m a x i l la r y  
to o th  row ; (4 )  lo n g  narrow  s n o u t ;  (5 ) r i d g e s  on 
p r e m a x i l l a r y  arm m is s in g ;  ( 6 ) number o f  t e e t h  on 
o u te r  p r e m a x i l la r y  to o th  row fo u r  o r  l e s s ;
(7 )  a d u l t s  Bhowing a  r e d u c t io n  o f  th e  p r im i t iv e  
c o lo r  p a t t e r n ,  i . e . ,  no b e l l y  s t r i p e s ,  red u c ed  
f l a n k  s t r i p e ,  no t r a n s v e r s e  p igm en t b lo tc h e s  on 
p a i r e d  f i n s ;  (8 ) no e n la rg e d  d e rm o p a la t in e  t e e t h ;
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S ynapom orph ies ( b la c k  r e c t a n g l e s )  c o n n e c t in g  ta x a  
a r e :  (1 )  l o s s  o f  e n a m e lo id  on a l l  s k u l l  r o o f in g
b o n e s ;  (2 )  l o s s  o f  f l a n k ,  b e l l y ,  and  d o r s a l  
s t r i p e s  i n  a d u l t s ;  (3 )  d o r s a l  c i r c u m o r b i t a l  e n ­
l a r g e d ,  d e rm o sp h e n o tic  e x c lu d e d  from  th e  o r b i t ;
(4 )  s u b o r b i t a l s  num erous com pared t o  o t h e r  g a r s ;
(5 )  e n am elo id  e i t h e r  m is s in g  o r  re d u c e d  t o  m in u te  
ro u n d  t u b e r c l e s  on s k u l l  r o o f in g  b o n e s ; (6 )  no 
en am e lo id  on i n f r a o r b i t a l s ;  (7 )  no m e d ia l  
t o o t h p l a t e s  on f i r s t  t h r e e  g i l l  a r c h e s  v e n t r a l l y ;
(8 )  g i l l  r a k e r s  l a r g e ,  l a t e r a l l y  com pressed  and 
w ith  b a s a l  p l a t e s ;  (9 )  i n f r a o r b i t a l  e n am elo id  
re d u c e d  com pred t o  R e c e n t L e p l s o s te u s ;
(1 0 )  sy n ap o m o rp h ie s  o f  t h e  f a m ily  ! L e p is o s te id a e . .

6 8 . L e a s t  r e j e c t e d  h y p o th e s is  o f  p h y lo g e n e tic  r e l a t i o n ­
s h ip  among f o s s i l  and R e c e n t A t r a c to s t e u s  g a r s .  
S ynapom orph ies ( b la c k  r e c t a n g l e s )  c o n n e c t in g  
t a x a  a r e :  (1 ) en am elo id  t u b e r c l e s  m is s in g  o r
m in u te  and n o t  num erous com pared t o  o th e r  
A t r a c t o s t e u s ;  (2 ) e n am e lo id  t u b e r c l e s  m in u te ;
(3 )  d o r s a l  c i r c u m o r b i t a l  e n la r g e d  ( c o n d i t io n  o f  
A. a f r l c a n u s  unknow n); (4 )  no e n am elo id  o r 
v i r t u a l l y  no en am e lo id  on i n f r a o r b i t a l s ;
(5 )  en am elo id  on d e rm a l s k u l l  r o o f in g  bones 
re d u c e d  t o  s m a ll  ro u n d ed  o r  o b lo n g  t u b e r c l e s ,

in  s h e e t s ; sh a p e  o f  th e  genus 317
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I n t r o d u c t io n

The l e p i s o s t e i d s ,  o r  g a r s ,  a r e  c a r n iv o r o u s  f i s h e s  

o f  s l u g g i s h  h a b i t s  t h a t  a r e  now r e s t r i c t e d  t o  th e  

W este rn  H em isphere  from  C o s ta  R ic a  t o  s o u th e r n  C anada. 

F o s s i l  g a r s  a r e  known from  N o rth  A m erica  (C re ta c e o u s  

t o  R e c e n t) ,  E urope (C re ta c e o u s  t o  O l ig o c e n e ) ,  A f r ic a  

( C r e ta c e o u s ) ,  and  I n d i a  (E o c e n e ) . T h e re  a r e  sev en  

c u r r e n t l y  r e c o g n iz e d  R e ce n t s p e c ie s  ( S u t tk u s ,  1963 ) 

and  n in e  d ia g n o s a b le  f o s s i l  s p e c i e s .

The l i v i n g  g a r s  i n h a b i t  th e  l a r g e r  r i v e r s ,  s t r e a m s ,  

and  l a k e s  o f  t h e i r  r a n g e .  Some s p e c ie s  a l s o  f r e q u e n t  

b r a c k i s h  and  m a rin e  c o a s t a l  w a te r s  ( s e e  S u t tk u s ,  1963# 

f o r  a  summary o f  o c c u re n c e  i n  th e s e  h a b i t a t s ) .  

A n a to m ic a l ly ,  th e y  com bine v a r io u s  p r i m i t i v e  ( p l e s i o -  

m orphous) and  d e r iv e d  ( apom orphous) c h a r a c t e r s .  N o ta b ly  

p r i m i t i v e  c h a r a c t e r s  in c lu d e  i n t e r l o c k i n g  g a n o id  s c a l e s ,  

s k u l l  r o o f in g  bones w i th  e n a m e lo id  t u b e r c l e s ,  a  s e m i-  

h e t e r o c e r c a l  t a i l ,  and  f u l c r a l  s c a l e s  on th e  m e d ia l f i n s  

( S u t tk u s ,  1963; P a t t e r s o n ,  1 9 7 3 ) . D e r iv e d  c h a r a c t e r s  n o t  

fo u n d  i n  any  o t h e r  g ro u p  o f  a c t i n o p t e r y g ia n s  In c lu d e  an 

a t t e n u a t e d  s n o u t p ro d u c e d  by e th m o id  e lo n g a t io n ,  

o p i s th o c o e lo u s  v e r t e b r a e  and  p l i c i d e n t i n e  t e e t h .
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The s t r u c t u r e  an d  d ev e lo p m en t o f  g a r s  h av e  b een  

e x t e n s i v e l y  s t u d i e d  s in c e  th e  f i r s t  w orks o f  L o u is  

A g a s s iz  (1 8 3 4 , 1843, anatom y) and  A le x a n d e r  A g a ss iz  

( 1878 , g e n e r a l  a s p e c t s  o f  e a r l y  d e v e lo p m e n t) . T hese 

s t u d i e s  i n c lu d e :

E a r ly  d e v e lo p m e n t: W rig h t, 1879; B a lf o u r  and

P a r k e r ,  1882 (many a s p e c t s  o f  b o th  d ev e lo p m en t and  

s t r u c t u r e ,  c o m p a riso n s  w i th  o t h e r  f i s h e s ) ;  B e a rd ,

1889; M ark, 1890; D ean, 1895a an d  b , 1896  a and  b (c o m p a riso n s  

w i th  Amia) ;  Z i e g l e r ,  1900; R e ig h a rd  and  P h e l p s ,1908 

( a d h e s iv e  o r g a n ) ;  L in d a h l ,  1944 , ( a d h e s iv e  o rg a n  and  

h y p o p h y s is )  an d  V irchow , 1894 .

S k u l l  d e v e lo p m e n t: P a r k e r ,  1882; V e i t ,  1907 , 1911*

1924 (c h o n d ro c ra n iu m ); Ham m arberg, 1937 (ch o n d ro c ra n iu m  and 

d e rm a l b o n e s ) ;  A um onier, 1941 (d e rm a l b o n e s ) .

V e r te b r a e  and  r i b s :  G eg en b au r, 1867; B a u r, 1887  ( r i b s ) ;  

S c h a e f f e r ,  1967a ( v e r t e b r a e ) .

M is c e l la n e o u s  d e v e lo p m e n ta l s t u d i e s :  W ild e r , 1876,1877  

( f i n s  an d  b r a i n ) ;  N ic k e rs o n , 1893 ( s c a l e s ) ;  B e a rd , 1895  

( p r o n e p h r o n s ) ,1896  ( y o lk  sa c  an d  m e ro c y te s ) ;  A l le n ,  1911 

( o r i g i n  o f  s e x  c e l l s ) ;  L an d a rce  and C onger, 1913 ( l a t e r a l  

l i n e  p r im o rd ia )  ; B ro o k o v e r, 1914 ( o l f a c t o r y  n e r v e ) ;

Hammett and  Ham m ett, 1939 ( p r o p o r t i o n a l  s n o u t l e n g t h ) ;

G a r r e t t ,  1942 ( c o r p u s le s  o f  S ta n n iu s ) ;  K u l l in ,  1950
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( f o r e b r a i n ) ;  B odem er, 1957  ( e x t r i n s i c  o c u la r  m u s c le s ) ;

K e r r ,  1967  ( t e e t h ) ;  J e s s e n ,  1972 ( p e c t o r a l  g i r d l e ) .

S k u l l  s t r u c t u r e :  V e i t ,  l o c .  c i t . ;  B a u r, 1889a 

(c o m p a riso n  o f  o c c i p i t a l  r e g io n  w i th  A raia); A l l i s ,  1919 

(c o m p a riso n  o f  o t i c  r e g io n  w ith  o t h e r  f i s h e s ) ;  De B e e r ,

1926 (co m p a riso n  o f  o r b i to - t e m p o r a l  r e g io n  w ith  o t h e r  

f i s h e s ) ;  R a y n er, 1948 ( n e u r o c r a n ia l  o s s i f i c a t i o n s  

com pared  t o  o t h e r  f i s h e s ) ;  P a t t e r s o n ,  1973 (c o m p a riso n s  

w i th  o t h e r  n e o p te r y g ia n s ) ,  1975  (c o m p a riso n  w i th  o t h e r  

a c t i n o p t e r y g i a n s ) ;  R eagan , 1923 ( s k e l e t o n ,  w i th  c o m p a r is o n s ) ;  

Mayhew, 1924 ( s k u l l  o s s i f i c a t i o n s ) ;  G re g o ry , 1933 

(c o m p a riso n s  w i th  o t h e r  f i s h e s ) ;  H olm green and  S te n s io ,

1936 ( s k u l l  and  v i s c e r a l  a r c h e s ) ;  W e s to l l ,  1937 (c h e e k  

b o n e s ) ,  S te n s io ,  1947 ( r e l a t i o n s h i p  o f  l a t e r a l  l i n e  

sy s tem  to  s k u l l  b o n e s ) ;  P a r r in g to n ,  1956 ( p a t t e r n s  o f  

de rm al bone o s s i f i c a t i o n ) ;  G o s l ln e , 1965  ( c i r c u m o r b i t a l  

b o n e s ) ;  G a rd in e r ,  1963  ( s n o u t ) , 1967 ,  ( p r e o p e r c u l a r ) .

S e n so ry  c a n a l s :  C o l l in g e ,  1 8 9 2 , 1895; A l l i s ,  1905* 1934; 

S t e n s io ,  l o c .  c i t .

H yoid  a r c h : T a t a r k e ,1939 , B e r tm a r , 1967; M c A l l is te r ,

1968 ; N e lso n , 1969a .

V i s c e r a l  s k e le to n :  W ijh e , 1880 , 1882; A l l i s ,  1911; 

E dgew orth , 1911, 1935 (m u s c le s ) ;  H olm gren and  S te n s io ,  

l o c .  c i t . ;  N e lso n , 1969a .
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P e c t o r a l  g i r d l e :  S e w e r tz o f f ,  1934; Q u e rte rm u s ,

1967 ( c l e i t h r a l  s h a p e ) ;  J e s s e n ,  1972, 1973 (w ith  

comm ents on c o u rs e  o f  s p i n a l  n e r v e s  I n  v e r t e b r a l  r e g i o n ) .

V e r te b r a e  an d  r i b s :  B a u r, 1887 ,  1889b; H a in e s ,

1942; S c h a e f f e r ,  1967 .

S c a le  m o rpho logy : A g a s s iz ,  1843; W illia m s o n , 1849 ,

I 85I ;  J a c k s o n , 1856 ,  R e is s n e r ,  1859; N ic k e rs o n , 1893;

S c u p in , 1896 ; G o o d ric h , 1909; K u r r ,  1952; S u t tk u s ,  1963* 

Sw im m bladder: V a le n t in e ,  1840; H oeven, 1841; H y r t l ,  

1 8 5 2 a ;P a rk a rd , 1 8 5 9 .

R e s p i r a to r y  f u n c t io n  o f  t h e  sw im m bladder:

W eid e rsh e im , 1904; P o t t e r ,  1927; S u t tk u s ,  1963; McCormack, 

1967 ; R enfo  an d  H i l l ,  1970; R ahn, Rahn, H o w ell, G ans, and  

T enney , 1971; H i l l ,  S c h n e l l ,  an d  E c h e l le ,  1973*

O th e r  a n a to m ic a l  s t u d i e s  in c lu d e :  Wyman, 1844 ( t o o th  

s t r u c t u r e ) ;  M ti l le r ,  1844 , ( g u t ) ;  W ild e r , 1877  ( b r a i n ) ,  1878 , 

( g u t ) ;  H y r t i l ,  1851 , 1852b ( a r t e r i e s ) ;  M acallum , 1886 ,

( g u t  an d  p a n c re a s )  ; K in g sb u ry , 1897 ( e n c e p h a l ic  

i n v a g i n a t i o n s ) ;  M tl l le r ,  1897 (p s e u d o b ra n c h s ) ;  A l l i s ,  1908 

(p s e u d o b ra n c h s ) ;  A l le n ,  1907, 1908 (su b c u ta n e o u s  b lo o d  

v e s s e l s  o f  th e  h ead  and  t a i l  r e s p e c t i v e l y ) ;  B ro o k o v e r,

1908 ( P i n k u s 's  n e r v e ) ;  T h e u n is s e n , 1914 (m o to r n e rv e  

a r r a n g e m e n t) ;  D a n fo r th ,  1916 ( c o ro n a ry  and h e p a t i c  n e r v e s ) ;  

C a s to , 1966  ( l i v e r ) ;  L a n d o lt  and  H i l l ,  1975 ( g i l l  a r e a
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a n d  r e s p i r a t i o n ) .  F i n a l l y ,  G o o d ric h  (1930 ) p r o v id e s  good  

summary in f o r m a t io n  on g a r  a n a to m y .

A lth o u g h  t r a d i t i o n a l l y  c o n s id e r e d  p r i m i t i v e  a c t i n o ­

p t e r y g i a n  f i s h e s ,  th e  r e l a t i o n s h i p s  o f  g a r s  t o  o t h e r  

m a jo r  g ro u p s  have  b een  c o n t r o v e r s i a l .  V a r io u s  a u th o r s  

a l i g n e d  them  w i th  th e  p o l y p t e r i d s  (M &Ller, 1 8 4 4 ) , th e  

ami id a (H u x le y  - 1861: G o o d r ic h , 1909 , 1930; B e rg , 1940 , 

1965; R a y n e r, 1941 , 1948; N e l s o n ,1969a ;  J e s s e n ,  1972 ,

1973 ,  an d  o t h e r s ) ,  and  a  g ro u p  com posed o f  a m iid s  and  

t e l e o s t s  among R e ce n t f i s h e s  ( W e s to l l ,  1944; G a rd in e r ,  

I9 6 0 , 1963 , 1967; P a t t e r s o n ,  1 9 7 3 ) . Among f o s s i l  fo rm s , 

g a r s  have  b een  a l i g n e d  w i th  aspidorhynchids ( R e is ,  1 8 8 7 ) ,  

o r  s e m io n o t id s  (Rayner, 19 4 1 , 1948; G a rd in e r ,  1963 , 1967; 

Romer, 1966 ) ,  o r  have  b e en  s e t  a p a r t  from  o t h e r  known 

f o s s i l  g ro u p s  ( P a t t e r s o n ,  1 9 7 3 )•  R e g a rd le s s  o f  th e  

a lig n m e n t  p ro p o s e d , no a u th o r  h a s  d o u b te d  t h e i r  m onophyly 

and  g a r s  a r e  u s u a l l y  p u t  i n  an  o r d e r  o r  d i v i s i o n  o f  t h e i r  

own (G ing lym od i o f  Cope, 1872; P a t t e r s o n ,  1973; 

L e p id o s te i fo r m e s  o f  B e rg , 1940 , L e p id o s te i  o f  S u t tk u p ,  

1963 ) .  The name G ing lym odi i s  u se d  h e re  f o r  r e a s o n s  o f  

p r i o r i t y .

One o f  th e  m a jo r  a im s o f  t h i s  s tu d y  i s  t o  e v a lu a t e  

th e  v a r io u s  h y p o th e s e s  o f  g i n g ly m o d 'r e l a t io n s h ip s  t o  o t h e r  

a c t in o p t e r y g ia n  g ro u p s  u s in g  th e  p h y lo g e n e t ic  m e th o d o lo g y  

o f  H enn ig  ( 1966 ) .  V a r io u s  c h a r a c t e r s  o f  th e  s k u l l ,  h y o id
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an d  v i s c e r a l  a r c h e s ,  p e c t o r a l  g i r d l e ,  and  a x i a l  s k e le to n  

o f  g a r s  a r e  com pared  t o  c h o n d ro s te a n ,  s e m io n o t id s ,  

h a le c o m o rp h s  (Am la, e t c . ) *  and  t e l e o s t s .  A n a ly se s  o f  

c h a r a c t e r s  a r e  e x te n d e d  t o  o t h e r  g ro u p s  w here n e e d e d . 

C h a r a c te r s  n o t  p r e v i o u s ly  h y p o th e s iz e d  a s  p le s io m o rp h o u s  

o r  apom orphous a r e  i n t e r p r e t e d  w h i le  c h a r a c t e r s  p r e v io u s ly  

i n t e r p r e t e d  a s  p le s io m o rp h o u s  o r  apom orphous ( f o r  

e x a m p le , t h o s e  s t u d i e d  by N e lso n , 1969a, and  P a t t e r s o n ,

1973) a r e  r e - e v a l u a t e d .  P a r t i c u l a r  a t t e n t i o n  i s  p l a c e d  

on synapomorphies w hich  c o r r o b o r a te  th e  m o n o p h y le tic  

n a tu r e  o f  th e  G ing lym odi an d  th e  sy napom orph ic  c h a r a c t e r s  

s h a r e d  among g ro u p s  o f  a c t i n o p t e r y g la n s  w h ich  i n d i c a t e  

G inglym od r e l a t i o n s h i p s .

R e c e n t g a r s  a r e  a  r e l a t i v e l y  w e l l  known com ponent 

o f  th e  N o r th  and  M id d le  A m erican f i s h  f a u n a .  E x c e p t f o r  

t h e  w ork o f  S u t tk u s  (1963)*  t h e r e  h a s  b een  l i t t l e  r e c e n t  

s y s te m a t ic  w ork on th e  g ro u p , and  no c o m p re h en s iv e  s tu d y  

o f  t h e i r  i n t e r r e l a t i o n s h i p s .  G ar n o m e n c la tu re  b eg an  w i th  

L in n a e u s ’ (1758) d e s c r i p t i o n  o f  L e p ls o s te u s  o s s e u s ,  w h ich  

he p la c e d  w i th  th e  p ik e s  i n  th e  g e n u s  E so x . B lo ch  and 

S c h n e id e r  (1801) fo l lo w e d  L in n a e u s ' g e n e r i c  p la c e m e n t when 

th e y  d e s c r ib e d  A t r a c t o s t e u s  t r i s t o e c h u s . L acepede ( 1803 ) 

p l a c e d  th e  g a r s  i n  t h e i r  own g e n u s , L e p i s o s te u s . R a f in e sq u e  

( l 8 l 8 a ,  I 8 l 8 b ,  1820) added  f o u r  g e n e ra  L l t h o l e p l s  (a
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m y th ic a l  f i s h  draw n by A udubon), S a r c h i r u s ,  C y l in d r o s te u s ,  

and  A t r a c t o s t e u s . C u v ie r  (1825) e r e c t e d  th e  f a m ily  

L e p i s o s te id a e .  T h ro u g h o u t th e  n i n e t e e n t h  c e n tu r y  many 

n o m in a l R e ce n t s p e c i e s  w ere  d e s c r ib e d  by su c h  w o rk e rs  

a s  A g a s s iz  ( l8 4 3 ) ,D e  Kay (1 8 4 2 ) ,  G i r a r d  ( 1858 ) ,  G i l l  ( 1863 ) ,  

W in c h e ll  (1 8 6 4 ) , an d  D u m eril ( 1870 ) .  The m a j o r i t y  o f  

t h e s e  nam es have  s in c e  b een  p la c e d  i n  synonom y. The 

p r o l i f e r a t i o n  o f  synonym s was b ro u g h t  a b o u t p r i m a r i l y  

by  a  l a c k  o f  u n d e r s ta n d in g  o f  o n to g e n e t ic  c h an g e s  and  

g e o g ra p h ic  v a r i a t i o n ,  and  a  te n d e n c y  on th e  p a r t  o f  some 

w o rk e rs  t o  d e s c r ib e  sp e c im en s  from  new ly  sam p led  a r e a s  a s  

new s p e c i e s .

The nomenclature and relationships of Recent gars was 
in confusion throughout the nineteenth century and the first 
part of the twentieth century because of a poor understanding 
of the nominal genera and large number of synonyms thought 
valid. Agassiz (1848 ) divided gars into sharp nosed and 
flat nosed species and ( 1850 ) commented on the species 
he thought valid. Cope ( 1865 ) and Fowler (1910) 

recognized two genera, Lepisosteu3 and Cylindrosteus.
Dumeril ( 1870 ) recognized these genera plus Atractosteus. 
Jordan and his colleagues attempted to deal with the 
nomenclature of the entire family, while accepting the 
many genera and species then current (Jordan, 1885 ,

Jordan and Gilbert, 1883; Jordan and Evermann, 1896 ;

Jordan, Evermann, and Clark, 1 9 3 0 )• All of these efforts
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t o  com prehend g a r  r e l a t i o n s h i p s  r e s u l t e d  i n  a  c o m p lic a te d  

n o m e n c la tu re  w h ich  h a s  s in c e  b een  s i m p l i f i e d  by th e  

r e c o g n i t i o n  o f  a  s i n g l e  g e n u s , L e p is o s te u s  (Hubbs and  

L a g le r ,  1943; Eddy, 1957; M oore, 1957 , 1968; S u t tk u s ,

1 9 6 3 ) , and  se v e n  r e c e n t  s p e c ie s  ( S u t tk u s ,  1963)*

S u t tk u s  ( 1963 ) p ro v id e d  a  k ey  to  t h e s e  s p e c i e s ,  r e d e s c r ib e d  

f o u r  o f  them , and  s p l i t  th e  g e n u s  i n t o  two su b g e n e ra , 

L e p is o s te u s  a n d A t r a c t o s t e u s . F o r  r e a s o n s  d i s c u s s e d  

b e lo w , I  r e c o g n iz e  t h e s e  su b g e n e ra  a s  g e n e ra .

The g en u s A t r a c t o s t e u s ,  a s  d e f in e d  h e r e ,  in c lu d e d  

t h r e e  e x ta n t  named s p e c i e s ;  A_. s p a t u l a  L acepede  (N o rth  

and  M idd le  A m e ric a ) , A. t r l s t o e c h u s  (B lo ch  and  S c h n e id e r ,  

Cuba and  th e  I s l e  o f  P i n e s ) ,  and  A. t r o p i c u s  G i l l  

(M id d le  A m e ric a ) . I n  a d d i t i o n  th e r e  i s  a  s t i l l  u n d e s c r ib e d  

lo n g - s n o u te d  m orpho type  from  th e  c o a s t a l  p l a i n  o f  T e x a s .

The s t a t u s  o f  t h i s  m orpho type  can  n o t  be d e c id e d  u n t i l  

m ore m a t e r i a l  i s  a v a i l a b l e  f o r  s tu d y .

The g e n u s  L e p is o s te u s ,  a s  d e f in e d  h e r e ,  in c lu d e s  

f o u r  l i v i n g  s p e c i e s ,  L. p la to s to m u s  ( R a f in e s q u e ) ,  L. 

o s s e u s  ( L in n a e u s ) ,  L . o c u la tu s  W in c h e ll ,  and  L . 

p l a t y r h in c u s  (D eK ay). A ll  f o u r  s p e c ie s  a r e  fo u n d  i n  th e  

e a s t e r n  h a l f  o f  N o rth  A m erica .

F o s s i l  g a r s  a r e  fo u n d  i n  N o rth  A m erica , E u ro p e , A f r i c a ,  

and  I n d i a .  M ost nam es a r e  b a se d  on f ra g m e n ta ry  m a t e r i a l  

and  th e  num ber o f  v a l i d  m o rp h o ty p es  and t h e i r  i n t e r ­

r e l a t i o n s h i p s  a re  e s s e n t i a l l y  unknown. N e v e r th e le s s ,  a s
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d i s c u s s e d  b e lo w , a l l  o f  t h e  f o s s i l  m a t e r i a l  c an  be 

a s s ig n e d  t o  one o r  th e  o t h e r  R e c e n t g e n u s .

Wood (1846) d e s c r ib e d  th e  f i r s t  f o s s i l  g a r ,  L e p is o s te u s  

f l m b r i a t u s , a  E u ro p ean  s p e c i e s  from  th e  E ocene and  

O lig o c e n e  commonly known a s  L . s u e s s lo n e n s i s  G e rv a is  

(1 8 5 3 ) . L e id y  d e s c r ib e d  t h r e e  o f  th e  f i v e  N o rth  

A m erican  s p e c i e s  r e c o g n iz e d  h e r e ;  A. o c c l d e n t a l l s  

(L e id y , 1856a ;  C r e ta c e o u s ) ,  A. a t r o x  (L e id y , 1 8 73a , E o c e n e ) , 

an d  A. s im p le x  (L e id y , 1 8 73a , E o c e n e ) . The sp ec im en s 

L e id y  u s e d  f o r  h i s  d e s c r i p t i o n s  w ere  u n d ia g n o s a b le ,b u t  

l a t e r  w o rk e rs  (E astm an , 1900a ; E s t e s ,  1964) d e s c r ib e d  t h e s e  

m o rp h o ty p e s  an d  a s s o c i a t e d  th e  nam es w i th  m ore c o m p le te  

an d  d i a g n o s t i c  m a t e r i a l .  Cope (1884) d e s c r ib e d  th e  

f o u r t h  r e c o g n iz e d  m orp h o ty p e  from  th e  N o rth  A m erican  E ocene , 

L . c u n e a tu s . He p la c e d  t h i s  m orpho type  i n  th e  g en u s C l a s t e s .

T hese  an d  o th e r  w o rk e rs  a l s o  named a  num ber o f  fo rm s n o t

c o n s id e r e d  v a l i d  h e r e .  The l a s t  N o rth  A m erican  m orpho type  

r e c o g n iz e d  h e r e ,  L . o p e r t u s ,  i s  d e s c r ib e d  a s  a  new s p e c ie s  

from  th e  C re ta c e o u s .  K in k e l in  (1884) ddded  th e  se co n d  

E u ro p ean  s p e c ie s  r e c o g n iz e d  h e r e ,  A. s t r a u s i . Woodward 

(1903) d e s c r ib e d  L. i n d ic u s  from  th e  C re ta c e o u s  o f  I n d i a .

The l a s t  fo rm  re c o g n iz e d  h e re  i s  A. a f r i c a n u s ,  d e s c r ib e d  by

A ram bourg and  J o le a u d  (1943) u n d e r  th e  g e n e r i c  name

P a r a l e p l d o s t e u s .
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Two w o rk e rs ,  Woodward (1 8 9 5 ) and  Hay (1 9 0 2 , 1929),  

a t te m p te d  to  d e a l  w i th  f o s s i l  g a r s  a s  a  g ro u p . Woodward 

(1895 ) j u s t i f i a b l y  d o u b te d  th e  v a l i d i t y  o f  many o f  th e  

d e s c r ib e d  fo rm s . Hay (1 9 0 2 , 1929) sum m arized  th e  l i t e r a t u r e  

on N o rth  A m erican  f o s s i l  g a r s .

The s p e c i e s  l i s t e d  above  a r e  t r e a t e d  i n  a  fo rm a l  

s y s te m a t ic  a c c o u n t .  T h is  i s  o r g a n iz e d  a c c o rd in g  to  

th e  p h y lo g e n e t ic  r e l a t i o n s h i p s  among th e  s p e c i e s .  The 

d i v i s i o n ,  f a m i ly  and  g e n e ra  a r e  d ia g n o s e d  by  sy n a p o m o rp h ie s  

( s h a r e d  d e r iv e d  c h a r a c t e r s ) .  E ach s p e c i e s  i s  p l a c e d  i n  

p h y lo g e n e t ic  o r d e r  w i th in  t h e i r  r e s p e c t i v e  g e n u s  by a  

l i s t i n g  c o n v e n tio n  t h a t  was p r e v i o u s ly  d i s c u s s e d  by N e lso n  

( I9 7 2 a )a n d  a p p l i e d  t o  n e o p te r y g ia n  f i s h e s  by P a t t e r s o n  

and  R osen ( i n  p r e s s ) .  The s p e c ie s  a r e  d ia g n o s e d  and  

synonom ies p r o v id e d .  The synonomies o f  R e c e n t s p e c ie s  

in c lu d e  o n ly  name c h a n g e s  o r  s i g n i f i c a n t  s y s te m a t ic  r e f e r e n c e s  

w h e reas  t h a t  o f  f o s s i l  fo rm s in c lu d e s  a l l  R e fe re n c e s  

fo u n d . F o s s i l  m a t e r i a l  n o t  d ia g n o s a b le  t o  s p e c i e s  i s  

l i s t e d  by i t s  a s s ig n e d  name a t  th e  l e v e l  a t  w hich  i t s  

a f f i n i t i e s  can  be a s s e s s e d  ( f o r  ex am p le , A t r a c t o s t e u s  

s p . i n d e t . ,  l n c e r t a e  s e d l s  A t r a c t o s t e u s  a f r i c a n u s , e t c . ) .

The o b j e c t i v e  o f  t h i s  s e c t i o n  i s  to  e l u c i d a t e  r e l a t i o n ­

s h ip s  among s p e c ie s  an d  n o t  to  e v a lu a te  i n t r a s p e c i f i c  

v a r i a t i o n .  Thus th e  d e s c r i p t i v e  comments a r e  l a r g e l y  

c o n f in e d  to  c h a r a c t e r s  im p o r ta n t  f o r  r e l a t i o n s h i p s  o f
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nam ed t a x a  a n d  o n ly  s e c o n d a r i ly  i n t r a s p e c i f i c  v a r i a t i o n  

w h ich  m ig h t c a u se  p ro b le m s i n  i d e n t i f i c a t i o n  o f  th o s e  

t a x a .

I n  th e  a n a l y s i s  o f  th e  p h y lo g e n e t ic  r e l a t i o n s h i p s  

among g a r s ,  e a c h  c h a r a c t e r  i s  a n a ly z e d  to  d e te rm in e  

i t s  r e l a t i v e  apom orphous ( d e r iv e d )  o r  p le s io m o rp h o u s  

( p r i m i t i v e )  n a t u r e .  A f t e r  c h a r a c t e r  a n a l y s i s ,  th e  

r e l a t i o n s h i p s  among t a x a  a r e  sum m arized  i n  a  s e r i e s  o f  

p h y lo g e n e t ic  h y p o th e s e s  f o r  e a c h  g e n u s .

T h e re  h av e  b een  few  d i s c u s s io n s  o f  g a r  b io g e o g ra p h y  

o u t s i d e  o f  d e s c r i p t i o n s  o f  r a n g e s ,  e a s i e r  (1961 ) 

d i s c u s s e d  th e  b io g e o g ra p h y  o f  f o s s i l  g a r s .  R osen ( i n  

p r e s s )  h a s  d i s c u s s e d  th e  d i s t r i b u t i o n  o f  A t r a c t o s t e u s  

i n  r e l a t i o n  to  g e n e r a l i z e d  f e a t u r e s  o f  th e  M idd le  

A m erican  an d  A n t i l l i a n  b i o t a s .  R o se n ’ s d i s c u s s io n  

fo l lo w e d  a  " v i c a r i a n c e "  m eth o d o lo g y  p ro p o s e d  by C ro z ia t 

(1 9 5 8 , 1962) an d  sum m arized  by C r o z ia t ,  N e lso n , and  

R osen (1 9 7 4 ) .  H is  v iew s a r e  e v a lu a te d  i n  l i g h t  o f  

c u r r e n t  know ledge o f  g a r  r e l a t i o n s h i p s .  D i s t r i b u t i o n  

o f  th e  o t h e r  R e ce n t and  f o s s i l  s p e c i e s  a r e  a l s o  a n a ly a e d  

by th e  same " v ic a r ia n c e "  m e th o d o lo g y .

permission of the copyright owner. Further reproduction prohibited without permission.



12.

The p u rp o s e s  o f  t h i s  s tu d y ,  s t a t e d  a b o v e , c an  be 

sum m arized  i n  a  s e r i e s  o f  q u e s t io n s :

(1 )  A re th e  g a r s  a  m o n o p h y le tic  g ro u p ?  I f  s o , w hat 

c h a r a c t e r s  do th e y  e x h i b i t  t h a t  c o r r o b o r a te  t h i s  

h y p o th e s is ?

(2 )  What c h a r a c t e r s  s h a r e d  by  g a r s  w i th  o t h e r  

a c t i n o p t e r y g ia n s  p e rm i t  th e  e v a l u a t i o n  o f  v a r io u s  

h y p o th e s e s  o f  a c t i n o p t e r y g ia n  r e l a t i o n s h i p s ?  Which 

h y p o th e s is  i s  to  be  p r e f e r r e d ?

(3 )  What R e ce n t and  f o s s i l  s p e c i e s  can  be 

r e c o g n iz e d  w i th in  th e  F a m ily  L e p is o s te id a e ?  What a r e  

th e  r e l a t i o n s h i p s  among th e s e  s p e c ie s  a s  e v id e n c e d  by 

s h a r e d  d e r iv e d  ( sy napom orphous) c h a r a c t e r s ?

(4 )  What a r e  th e  d i s t r i b u t i o n a l  p a t t e r n s  o f  th e  

f a m i ly  and  th e  m o n o p h y le tic  g ro u p s  w i th in  th e  fa m ily ?  

Can th e s e  p a t t e r n s  be  t i e d  to  g e n e r a l i z e d  p a t t e r n s  o f  

d i s t r i b u t i o n  r e p o r t e d  by o t h e r  w o rk e rs?
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13-

M a te r i a l s  and  M ethods

F o s s i l  and  R e ce n t sp ec im en s from  a  num ber o f  i n s t i t ­

u t io n s  w ere  u s e d . The m a t e r i a l  exam ined  i s  l i s t e d  f o r  

e a c h  s p e c ie s  i n  th e  s y s te m a t ic  a c c o u n t by s t a t e  and  

l o c a l i t y  (an d  fo r m a t io n ,  i f  a  f o s s i l )  b e lo w . O th e r  

a c t in o p te r y g ia n  sp ec im en s a r e  r e f e r r e d  t o  by c a ta lo g u e  

num ber i n  e i t h e r  th e  t e x t  o r  f i g u r e s .  I n s t i t u t i o n a l  and  

s t r u c t u r a l  a b b r e v ia t i o n s  a r e  fo u n d  i n  th e  a b b r e v ia t io n  

s e c t i o n .

F o s s i l  p r e p a r a t i o n s . F o s s i l  p r e p a r a t i o n s  in c lu d e  

a c i d ,  m e c h a n ic a l ,  and  ly e  p r e p a r a t i o n s .  The ly e  te c h n iq u e  

was a p p a r e n t ly  o r i g i n a t e d  by H e r r  O tto  F e i s t  o f  N e id e r -  

R a m s ta d t, W est Germany who u s e s  th e  te c h n iq u e  f o r  p r e p a r in g  

sp ec im en s from  th e  M esse l f o rm a t io n ,  in c lu d in g  th e  

A t r a c to s t e u s  s t r a u s i  sp ec im en s d e s c r ib e d  h e r e .  H e rr  F e i s t  

im beds th e  sp ec im en s i n  f i b e r g l a s s  ( a p p a r e n t ly  i n  th e  

f i e l d ) ,  so a k s  them  i n  a  ly e  s o l u t io n  an d  s c ru b s  them  w ith  

b r u s h e s ,  b e g in n in g  w i th  w ire  and  e n d in g  w ith  a  to o th b r u s h .

I  have  u se d  a  s t r o n g  KOH s o l u t io n  w i th  th e  same r e s u l t s .  

Specim ens n eed  l i t t l e  a d d i t i o n a l  p r e p a r a t i o n .  The ly e  

a p p a r e n t ly  b re a k s  down th e  h y d ro c a rb o n s  i n  th e  M esse l 

m a t r ix ,  w hich  I s  a  k in d  o f  co m p ressed  p e a t .

R ecen t p r e p a r a t i o n s . R e ce n t sp ec im en s exam ined 

in c lu d e d  a r t i c u l a t e d  and  d i s a r t i c u l a t e d  R ecen t o s t e o l o g i c a l  

m a t e r i a l ,  a l i z a r i n  p r e p a r a t i o n s ,  and a lc o h o l  p r e s e r v e d  

w hole m a t e r i a l .  G i l l  a r c h  s t r u c t u r e  was s tu d ie d  in
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a lc o h o l  p r e s e r v e d  sp ec im en s  by e x c i s in g  th e  a r c h ,  so a k in g  

i t  i n  d i s t i l l e d  w a te r  o v e r n ig h t ,  s t a i n i n g  i t  w i th  A l i z a r i n  

r e d  S , d e s t a i n in g  i n  d i s t i l l e d  w a te r ,  and  r e t u r n i n g  i t  t o  

a lc o h o l  ( t h i s  p ro c e d u re  from  0 .  N e lso n , p e r s .  com m .). 

M u sc le , b o n e , an d  c a r t i l a g e  p a t t e r n s  w ere  d e te rm in e d  by  

v i s u a l  i n s p e c t i o n .  C a r t i l a g e  was s t a i n e d  w i th  M eth y len e  

b lu e  an d  d e s t a i n e d  i n  a lc o h o l  d u r in g  i n s p e c t i o n .

G e n e ra l m e th o d s . O s te o lo g ic a l  an d  m y o lo g ic a l  

p a t t e r n s  an d  m e r i s t i c  c o u n ts  w ere d e te rm in e d  by  v i s u a l  

i n s p e c t io n  w i th  and  w i th o u t  o p t i c a l  a i d s .  B o th  B ausch  and  

Lomb and  W ild  d i s s e c t i n g  m ic ro sc o p e s  w ere  u s e d .  M e r i s t i c  

c o u n ts  f o l lo w  th o s e  o f  S u t tk u s  (1963)*  E nam elo id  p a t t e r n s  

w ere  d e te rm in e d  by  v i s u a l  i n s p e c t io n  o f  u n p re p a re d  bone and  

c h ec k ed  i n  r e p r e s e n t a t i v e  sp ec im en s o f  e a c h  s p e c ie s  by 

e i t h e r  s t a i n i n g  th e  bone w i th  a l i z a r i n  (w h ich  d o es  n o t  

s t a i n  th e  e n a m e lo id )  o r  by "sm oking" th e  bone w ith  

ammonium c h lo r i d e  (w h ich  b r in g s  o u t  th e  e n a m e lo id  an d  

bony r i d g e s  i n  r e l i e f ) .  The ammonium c h lo r id e  te c h n iq u e  

was u s e d  f o r  bone p h o to g ra p h y . D raw ings w ere  made w i th  th e  

u s e  o f  s e v e r a l  o p t i c a l  d e v ic e s  in c lu d in g  th e  cam era  l u c i d a ,  

copy s t a n d ,  an d  t r a c i n g  from  p h o to g ra p h s .  A pprox im ate  

d im e n s io n s  o f  d ra w in g s  o r  p h o to g ra p h s  a r e  p ro v id e d  by a 

10 mm b a r  be low  th e  f i g u r e  o r  by s t a t i n g  th e  g r e a t e s t  

l e n g th  o f  th e  f i g u r e d  sp e c im en .

C o lo r  p a t t e r n s  w ere d e te rm in e d  by v i s u a l  i n s p e c t io n  o f  

p r e s e r v e d  sp e c im e n s . The fo l lo w in g  te rm s  a r e  u se d  to
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d e s c r i b e  t h e s e  c d l o r  p a t t e r n s :

B lo tc h :  a  c o n c e n t r a t i o n  o f  m e la n o p h o re s  fo rm in g  a  

l a r g e  p ig m e n t p a tc h  w i th  m ore o r  l e s s  d e f i n i t e  b o r d e r s .

P la n k  s t r i p e :  a  p ig m e n t s t r i p e  ru n n in g  a n t e r i o r l y  

a lo n g  th e  s id e  from  th e  b a s e  o f  th e  c a u d a l  f i n  t o  o r  

th ro u g h  th e  e y e .

D o rs a l  s t r i p e :  a  p ig m e n t s t r i p e  n a m in g  a n t e r i o r l y  

a lo n g  th e  dorsum  from  th e  b a s e  o f  th e  c a u d a l  f i n  t o  th e  

n ap e  o f  th e  h e a d .

B e l ly  s t r i p e :  a  p ig m e n t s t r i p e  ru n n in g  p o s t e r i o r l y  

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

f i n  a lo n g  th e  l a t e r a l  edge  o f  t h e  b e l l y  on e a c h  s id e  o f  th e  

m id l ln e .  B e l ly  s t r i p e s  on e a c h  s id e  u s u a l l y  J o in  a t  t h e  

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

s t r i p e  on th e  c a u d a l  p e d u n c le .

P r e o p e r c u l a r  s t r i p e :  a  p ig m e n t s t r i p e  ru n n in g  a lo n g  

th e  l a t e r a l  arm  o f  th e  p r e o p e r c u l a r  from  i t s  J u n c t io n  w i th  

th e  s u b o p e rc w la r  a n t e r i o r l y  t o  t h e  lo w e r  Jaw .

R e t r o a r t i c u l a r  s t r i p e :  a  s m a ll  v e r t i c a l  p ig m e n t s t r i p e  

on th e  b a ck  o f  th e  lo w e r  Jaw .

Low er-Jaw  s t r i p e :  u s u a l ly  a  c o n t in u a t io n  o f  th e  f l a n k  

s t r i p e  on th e  lo w e r Jaw , and  o c c a s i o n a l l y  a  s e p a r a t e  

p ig m e n t s t r i p e  on th e  c o ro n o id  p r o c e s s .

M easu rem en ts w ere  ta k e n  w i th  e i t h e r  a  d i a l  m ic ro ­

m e te r  o r  d i v i d e r s  m e a su re d  a g a i n s t  a  m e t r ic  r u l e .  R e p o r te d  

m easu rem en ts  w ere  s e l e c t e d  b e c a u se  th e y  w ere  o b t a in a b le  o r
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p a r t l y  o b t a i n a b l e  from  some f o s s i l ,  a s  w e l l  a s  R e ce n t 

sp ec im en s*  N e i th e r  th e  m easu rem en ts  n o r  m e r l s t l c s  

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

n o r  t o  c h a r a c t e r i z e  a d e q u a te ly  t h e  v a r i a t i o n  e x p e c te d  In  

R e c e n t N o r th  A m erican  s p e c ie s *  D r. R oyal S u t tk u s  h a s  ta k e n  

a n d  c o n t in u e s  t o  t a k e  e x te n s iv e  m e r i s t i c  a n d  m o rp h o m e trlc  

d a t a  on R e c e n t N o r th  A m erican  g a r s  and  my e f f o r t s  i n  t h i s  

r e g a r d  w ou ld  s im p ly  p ro d u c e  d u p l i c a t i o n .  The p u rp o se  o f  

m ea su re m e n ts  i n  t h i s  a c c o u n t  i s  t o  p r e s e n t  a  s m a ll  num ber 

o f  m ea su re m e n ts  r e p o r t e d  a s  p r o p o r t io n s  o f  d o r s a l  h ead  

l e n g t h  f o r  R e c e n t s p e c ie s  to  be  com pared w i th  s i m i l a r  

p r o p o r t i o n s  o b ta in e d  from  f o s s i l s .  D r ie d ,  a r t i c u l a t e d  

m a t e r i a l  w as u s e d  e x c l u s i v e l y  w i th  two e x c e p t io n s :  ( l )

I f  t h e  R e c e n t s p e c ie s  i s  n o t  w e l l  known (A. t r l s t o e e h u s ,

A. t r o p i c u s ) ; o r  (2 )  i f  l e s s  th a n  10 a r t i c u l a t e d  s k u l l s  

w ere  a v a i l a b l e .  The m easu rem en ts  u s e d  i n  t h i s  s tu d y ,  

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

b e lo w . M easu rem en ts w ere  ta k e n  to  th e  n e a r e s t  0.1mm.

DHL (D o rs a l  h ead  l e n g t h ) :  from  th e  m o st a n t e r i o r  

e n d  o f  t h e  e n a m e lo id  d ev e lo p m en t o f  th e  p r e m a x i l l a r y  

p r o c e s s  t o  t h e  p o s t e r i o r  J u n c t io n  o f  th e  p a r i e t a l s .

MHL (M e d ia l h ead  l e n g t h ) :  from  th e  a n t e r i o r  t i p  o f  

t h e  ro s t ru m  t o  t h e  p o s t e r i o r  J u n c t io n  o f  th e  o p e rcu lu m  

and  su b o p e rc u lu m .

SL (S n o u t l e n g t h ) :  from  th e  a n t e r i o r  t i p  o f  th e  

ro s tru m  t o  th e  o r b i t a l  edge  o f  th e  a n t e r i o r  m e d ia l c irc u m -
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o r b i t a l .

PS ( P o s t  s n o u t  l e n g t h ) :  from  th e  o r b i t a l  edge  o f  th e  

a n t e r i o r  m e d ia l  c i r c u m o r b i t a l  t o  th e  p o s t e r i o r  j u n c t i o n  

o f  t h e  o p e r c u l a r  a n d  s u b o p e r c u la r .

NSW (Maximum sn o u t  w id th ) :  d i s t a n c e  a c r o s s  th e  s n o u t 

a t  t h e  J u n c t io n  o f  th e  p o s t e r i o r  i n f r a o r b i t a l s  an d  th e  

a n t e r i o r  l a c r i m a l s .

LSW ( L e a s t  s n o u t  w id th ) :  d i s t a n c e  a c r o s s  th e  s n o u t  a t  

t h e  j u n c t i o n  o f  t h e  a n t e r i o r  i n f r a o r b i t a l s  and  th e  

a n t o r b i t a l s •

PL ( P a r i e t a l  l e n g t h ) :  d i s t a n c e  b e tw een  th e  a n t e r i o r  

a n d  p o s t e r i o r  j u n c t io n s  o f  th e  p a r i e t a l s .

PL ( F r o n t a l  l e n g t h ) :  d i s t a n c e  b e tw een  th e  p o s t e r i o r  

an d  a n t e r i o r  J u n c t io n s  o f  th e  f r o n t a l s .

PmL (L e n g th  o f  p r e m a x i l l a r y  p r o c e s s ) :  d i s t a n c e  from  

th e  p o s t e r i o r  J u n c t io n  o f  th e  p r o c e s s e s  t o  th e  a n t e r i o r  

en d  o f  th e  s u r f a c e  o rn a m e n ta t io n .

L U  (L e n g th  lo w e r  ja w ):  from  th e  sym physis  to  th e  

en d  o f  t h e  a n g u la r .

OrW ( O r b i t  w id th ) :  d i s t a n c e  b e tw een  th e  o r b i t s  a c r o s s  

t h e  to p  o f  th e  s k u l l .

OrD ( O r b i t  d ia m e te r ) :  maximum d i s t a n c e  a c r o s s  th e  

o r b i t .

OpW ( O p e r c u la r  w id th ) :  from  th e  p o s t e r i o r  j u n c t i o n  

o f  th e  o p e r c u la r  and  s u b o p e rc u la r  a n t e r i o r  t o  th e  end  o f  

th e  s u r f a c e  o r n a m e n ta t io n .
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S y s te m a tic  m e th o d o lo g y . G ar r e l a t i o n s h i p s  a r e  

e v a lu a te d  u s in g  H e n n ig 1s  (1966 ) m ethod  o f  p h y lo g e n e t ic  

a n a l y s i s  u n d e r  th e  p h i lo s o p h y  o f  d e d u c t iv e  h y p o th e s is  

t e s t i n g  a d v o c a te d  by  P o p p e r  ( 1968a ,  b ) . B o p p e r’ s a p p ro a c h  

d i c t a t e s  th e  a d o p tio n  o f  an  e m p i r ic a l  m eth o d o lo g y  an d  th e  

a t t i t u d e  on th e  p a r t  o f  th e  i n v e s t i g a t o r  t h a t  he  a t te m p t  

t o  f a l s i f y  r a t h e r  th a n  c o n firm  h i s  h y p o th e s e s .  H y p o th eses  

w h ich  have  n o t  b een  r e f u t e d  a r e  s a i d  to  be  c o r r o b o r a te d  

and  th e  d e g re e  o f  c o r r o b o r a t io n  i s  d i r e c t l y  r e l a t e d  

t o  t h e  num ber an d  s e v e r i t y  o f  th e  v a l i d  t e s t s  a p p l i e d  to  

them . Where c o n f l i c t i n g  h y p o th e s e s  com pete b e c a u se  none  a r e  

t o t a l l y  f a l s i f i e d  by th e  e v id e n c e  a t  h an d , th e  h y p o th e s is  

w hich  h a s  b een  r e j e c t e d  th e  l e a s t  num ber o f  t im e s  i s  

p r e f e r r e d  (W iley , 1 9 7 5 ) . R e g a rd le s s  o f  th e  num ber o f  t im e s  

a  h y p o th e s is  i s  c o r r o b o r a te d ,  i t  i s  n e v e r  c o n s id e r e d  

c o n f irm e d . R a th e r  a  h y p o th e s is  m ust a lw ay s rem a in  f a l s i f i -  

a b le  and  th u s  s u b j e c t  to  r e f u t a t i o n  i f  i t  i s  to  rem a in  

s c i e n t i f i c .

The p h y lo g e n e t ic  m ethodo logy  o f  H ennig  ( 1966 ) h a s  been  

e x te n s iv e ly  d i s c u s s e d  by i t s  p ro p o n e n ts  (H en n ig , 1950, 1966, 

1975; B r u n d in ,1966 , 1968; S c h le e ,  1969 , 1971; N e lso n , 1969a, 

1969b , 1970, 1971, 1 9 7 2 a ,b , 1 9 73a , 1 9 7 4 ;C raw son, 1970 ; F a r r i s  

e t  a l .  1970; G r i f f i t h s ,  1972, 1973; C r a c r a f t ,  1974 , 1975; 

W iley , 1975) a s  w e l l  a s  i t s  c r i t i c s  ( C o l le s s ,  1967* 1969a , 

1969b ; M ayr, 1969 , 1974; D a r l in g to n ,  1970; Bock, 1973; 

A sh lo c k , 1972a, 1972b, 1974; S n e a th  and S o k a l, 1973;
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S o k a l ,  1975, and  o t h e r s ) .  I  do n o t  i n t e n d  to  d i s c u s s  a l l  

t h e  p r o s  and  c o n s  o f  th e  a rg u m e n ts  p r e s e n t e d  by th e  above 

m e n tio n e d  a u th o r s .  I  w i l l  s t a t e  t h a t  w here c r i t i c i s m s  o f  

t h e  p h y lo g e n e t ic  m ethod  h av e  p ro v e n  v a l i d  t h a t  p a r t  o f  th e  

m eth o d o lo g y  h a s  b een  d e -e m p h a s iz e d  o r  d ro p p ed  w ith o u t  

i n v a l i d a t i n g  th e  m e th o d o lo g y  ( f o r  ex am p le , th e  " d e v ia t i o n  

r u l e , "  S c h le e ,  1971 and  th e  " b io g e o g ra p h ic "  o r  " p r o g r e s s io n "  

r u l e ,  C r o z ia t  e t - a l . ,  197**> an d  N e lso n , 197*0 • O th e r  

o b j e c t i o n s  have e i t h e r  p ro v e d  i n s u b s t a n t i a l  o r  hav e  b een  

s u c c e s s f u l l y  an sw e red  by  th e  p ro p o n e n ts  o f  th e  m eth o d o lo g y  

( f o r  ex am p le , M a y r 's  197** o b j e c t i o n s  a r e  an sw ered  by R osen , 

1 9 7 4 b ,a n d  H en n ig , 1975)* T h ere  a r e  two a l t e r n a t e  m eth o d ­

o l o g i e s .  The e v o lu t io n a r y  tax o n o m ic  m ethod  o f  Sim pson 

( 1961 ) ,  Mayr ( 1 9 6 9 ) ,  and  o t h e r s  i s  n o t  u se d  h e re  b e c a u se  i n  

th e  o n ly  i n s t a n c e s  i n  w h ich  i t  d i f f e r s  from  H e n n ig 's  m ethods 

th e  e v o lu t io n a r y  tax o n o m ic  m eth o d s r e s u l t  i n  u n t e s t a b l e  

h y p o th e s e s  (W iley , 1 9 7 5 )•  The o t h e r  a l t e r n a t e ,  n u m e r ic a l  

taxonom y (S n e a th  and  S o k a l ,  1 9 7 3 ) j i s  n o t  u se d  h e re  b e c a u se  

i t  i s  c o n c e rn e d  w i th  p h e n e t ic  n o t  p h y lo g e n e t ic  r e l a t i o n ­

s h i p s .

H e n n ig 's  m a jo r  p h y lo g e n e t ic  p r i n c i p l e s  may be b r i e f l y  

sum m arized . S p e c ie s  o r  g ro u p s  o f  s p e c ie s  a r e  r e l a t e d  by 

r e l a t i v e  re c e n c y  o f  common a n c e s t r y .  O th e r  c r i t e r i a  su c h  

a s  o v e r a l l  re s e m b la n c e  o r  o c c u p a tio n  o f  s i m i l a r  " a d a p t iv e  

zo n es"  a r e  r e j e c t e d  a s  v a l i d  g ro u p in g  c r i t e r i a .  T axa w h ich
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s h a r e  a  common a n c e s t o r  a r e  te rm ed  s i s t e r  g ro u p s  an d  s in c e  

th e y  o r i g i n a t e  from  a  s p l i t t i n g  o f  th e  common a n c e s t r a l  

s p e c i e s ,  th e y  have  th e  same tim e  o f  o r ig in *  O nly th o s e  

f e a t u r e s  ( c h a r a c t e r s )  o f  t a x a  w h ich  i n d i c a t e  im m ed ia te  

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

b e tw een  s i s t e r  g r o u p s .  C h a r a c te r s  w h ich  p u r p o r t  t o  

d e m o n s tra te  s i s t e r - g r o u p  r e l a t i o n s h i p s  a r e  te rm e d  

apom orphous c h a r a c t e r s  and  t a x a  w h ich  s h a r e  th e s e  

c h a r a c t e r s  a r e  s a i d  t o  have  synapom orphous c h a r a c t e r s  i n  

common. C h a r a c te r s  w h ich  i n d i c a t e  a  p h y lo g e n e t ic  r e l a t i o n  

s h ip  b u t  n o t  a  s i s t e r - g r o u p  r e l a t i o n s h i p  a r e  te rm e d  p l e s i o  

m o rp h ic  c h a r a c t e r s .  C h a r a c te r s  w h ich  do n o t  d e m o n s tra te  

common a n c e s t r y  a t  any  l e v e l  a r e  te rm ed  nonhom ologous 

c h a r a c t e r s .  N e i th e r  p le s io m o rp h o u s  n o r  nonhom ologous 

c h a r a c t e r s  a r e  p e r m i t t e d  i n  th e  a n a l y s i s  b e c a u se  th e y  do 

n o t  p e r t a i n  t o  th e  p ro b lem  a t  han d : th e  e l u c i d a t i o n  o f

im m ed ia te  common a n c e s t r y  b e tw een  t a x a .  Taxa m ust be mono 

p h y l e t i c  i n  th e  s t r i c t  s e n s e ,  t h a t  i s ,  d e sc e n d e d  from  a 

s i n g l e  a n c e s t r a l  s p e c ie s  an d  in c lu d in g  a l l  d e s c e n d e n ts  o f  

t h a t  s p e c i e s .  A n c e s to rs  a r e  n o t  i d e n t i f i e d  b u t  rem a in  

h y p o t h e t i c a l .  F i n a l l y ,  c l a s s i f i c a t i o n s  d e r iv e d  from  p h y lo  

g e n e t ic  h y p o th e s e s  m ust r e f l e c t  f u l l y  th e  r e l a t i o n s h i p s  o f  

th e  p h y lo g e n e t ic  h y p o th e s e s .  T h is  p r i n c i p l e  d i c t a t e s  t h a t  

s i s t e r  g ro u p s  have c o o r d in a te  p o s i t i o n s ,  and  t h e r e f o r e  

c o o rd in a te  r a n k s  i n  th e  c l a s s i f i c a t i o n  b e c a u se  th e y  have 

th e  same tim e  o f  o r i g i n .
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I  w i l l  c o n s id e r  t h r e e  a s p e c t s  o f  t h i s  m e th o d o lo g y  i n  

d e p th .  The r e l a t i o n s h i p  b e tw een  a  p h y lo g e n e t i c  c o n c e p t  o f  

hom ology an d  th e  te rm s  apom orphous, p le s io m o rp h o u s , and  

nonhom ologous a r e  d i s c u s s e d .  The u s e s  o f  c h a r a c t e r s  f o r  

t e s t i n g  p h y lo g e n e t i c  h y p o th e s e s  u n d e r  P o p p e r 's  p h i lo s o p h y  

o f  d e d u c t iv e  h y p o th e s is  t e s t i n g  a r e  o u t l i n e d .  F i n a l l y ,  

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

a n c e s t o r s  i s  d i s c u s s e d .

Hom ology. A c o n c e p t  o f  hom ology i s  b a s i c  t o  any  

m e th o d o lo g y  w h ich  m akes c o m p a riso n s  b e tw een  two o r  m ore 

o rg a n s is m  o r  t a x a .  I n  a  g e n e r a l  s e n s e ,  c h a r a c t e r s  w h ich  

can  be v a l i d l y  com pared  i n  s tu d y in g  r e l a t i o n s h i p s  among 

o rg a n is m s  a r e  c o n s id e r e d  hom ologues w h e re a s  i n v a l i d  

c o m p a riso n s  in v o lv e  nonhom ologous c h a r a c t e r s .  T h is  i s  n o t  

to  s a y  t h a t  n o n -h o m o lo g u es  c a n n o t be v a l i d l y  com pared  i n  

p ro b le m s  n o t  c o n c e rn e d  w i th  r e l a t i o n s h i p s .  F o r  ex am p le , 

c o m p a riso n s  o f  b a t  and  b i r d  w ings may be  p e r f e c t l y  v a l i d  

to  an  i n v e s t i g a t o r  i n t e r e s t e d  i n  co m p arin g  two ty p e s  o f  

v e r t e b r a t e  f l i g h t  d y n a m ics .

The d e f i n i t i o n  an d  u se  o f  th e  te rm  hom ology d ep en d s 

l a r g e l y  on th e  a im s an d  i n t e r e s t s  o f  th e  i n v e s t i g a t o r s  

em p lo y in g  th e  te rm . I f  one w ish e s  to  s tu d y  o n ly  th e  

p h e n e t ic  r e l a t i o n s h i p s  among t a x a ,  th e n  one w i l l  u se  a  

d e f i n i t i o n  l i k e  t h a t  d i s c u s s e d  by S n e a th  and  S o k a l (1973 ) 

T hose i n t e r e s t e d  i n  p h y lo g e n e t ic  r e l a t i o n s h i p s  w i l l  a d o p t
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a  d e f i n i t i o n  s i m i l a r  t o  t h a t  o f  S im pson (1 9 6 1 ) , Bock, 

( 1969 ) ,  o r  H en n ig  ( l 966) ,  I  h a v e  a rg u e d  t h a t  a  p h y lo ­

g e n e t i c  d e f i n i t i o n  i s  p r e f e r a b l e  to  a  p h e n e t ic  d e f i n i t i o n  

b e c a u s e  i t  l e a d s  t o  h y p o th e s e s  o f  hom ology w h ich  c o n ta in s  

a l l  t h e  p o t e n t i a l  f a l s i f i y i n g  o b s e r v a t io n s  o f  p h e n e t ic  

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

f a l s i f i e r s  p r o v id e d  by  r e j e c t i o n  o r  c o r r o b o r a t io n  o f  t h e  

p h y lo g e n e t i c  h y p o th e s e s  w i th  w h ich  th e  h o m o lo g ie s  a r e  

a s s o c i a t e d  (W ile y , 1975)*

I n  t h i s  s tu d y ,  two o r  m ore c h a r a c t e r s  a r e  s a i d  t o  be  

hom ologous i f  th e y  a r e  t r a n s f o r m a t io n  s t a g e s  o f  th e  same 

o r i g i n a l  c h a r a c t e r  p r e s e n t  i n  th e  a n c e s t o r  o f  t h e  t a x a  

w h ich  d i s p l a y  th e  c h a r a c t e r  (W iley , 1975> m o d if ie d  from  

H e n n ig , 1966 ) .  T h ere  a r e  two l o g i c a l  d e r i v a t i o n s  o f  t h i s  

d e f i n i t i o n .  F i r s t ,  c h a r a c t e r s  w h ich  a r e  d e r iv e d  i n  th e  

im m e d ia te  common a n c e s to r  o f  th e  t a x a  com pared , and  r e t a i n ­

e d  i n  t h e s e  t a x a  may b e  te rm e d  synapom orphous c h a r a c t e r s .  

Such c h a r a c t e r s  a r e  h y p o th e s iz e d  a s  h a v in g  o r i g i n a t e d  i n  

th e  im m e d ia te  a n c e s t r a l  s p e c i e s  a s  u n iq u e  o r  au tap o m o rp h o u s 

c h a r a c t e r s .  The p r e s e n c e  o f  t h e s e  c h a r a c t e r s  i n  th e  

d e s c e n d e n t  t a x a  i s  e v id e n c e  o f  im m ed ia te  common a n c e s t r y  

o f  th e  d e s c e n d e n t  t a x a .  S eco n d , c h a r a c t e r s  w h ich  a r e  

d e r iv e d  i n  an  a n c e s to r  m ore g e n e a lo g i c a l ly  d i s t a n t  th a n  th e  

im m e d ia te  common a n c e s to r  and  r e t a i n e d  i n  a l l  s u b s e q u e n t  

common a n c e s t o r s  o f  th e  t a x a  i n  q u e s t io n  may b e  te rm ed
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sy m p le s io m o rp h ic  c h a r a c t e r s .  S y m p les io m o rp h ies  a r e  n o t  

e v id e n c e  o f  Im m ed ia te  common a n c e s t r y  o f  th e  t a x a  co n ­

s i d e r e d  b e c a u se  th e y  a r e  n o t  u n iq u e  to  th e  Im m ed ia te  

common a n c e s to r  o f  th e  t a x a .  S im i la r  c h a r a c t e r s  h y p o th e s iz ­

e d  n o t  to  be  p r e s e n t  i n  th e  im m ed ia te  common a n c e s to r  o f  

t h e  d e s c e n d e n t  t a x a  b u t  p r e s e n t  i n  two o r  m ore o f  th e  

d e s c e n d e n t  t a x a  may be  te rm e d  non-hom ologous c h a r a c t e r s .  

C o n v e rg en t and  p a r a l l e l  c h a r a c t e r s  a r e  h e re  c o n s id e r e d  

nonhom ologous.

W hether a  p a r t i c u l a r  hom ologous c h a r a c t e r  i s  

c o n s id e r e d  a  p le s io m o rp h y  o r  an  apom orphy d epends on th e  

l e v e l  o f  u n i v e r s a l i t y  o f  th e  p h y lo g e n e t ic  h y p o th e s is  w i th  

w h ich  th e  c h a r a c t e r  i s  a s s o c i a t e d  a s  a  s u b s e t .  A p h y lo ­

g e n e t i c  h y p o th e s is  a t  th e  h ig h e s t  l e v e l  o f  u n i v e r s a l i t y  

w ould  i n c o r p o r a te  a l l  s p e c ie s  o f  o rg a n ism s  known

o r  r e c o g n iz e d .  A l l  c h a r a c t e r s  a s s o c i a t e d  w ith  t h i s  

h y p o th e s is  a s  s u b s e t s  w ould be sy n ap o m o rp h ies  b e c a u se  a l l  

h y p o t h e t i c a l  im m ed ia te  common a n c e s to r s  w ould be p r e s e n t  

i n  th e  a n a l y s i s .  T hus, c h a r a c t e r s  w ould  be i n c o r p o r a te d  

i n t o  th e  h y p o th e s is  a t  th e  p o i n t  w here th e y  o r i g i n a t e d  

an d  a l l  hom ologous c h a r a c t e r s  w ould  be sy n a p o m o rp h ic . 

P le s io m o rp h ie s  w ould  n o t  be p r o p e r  s u b s e t s  i n  su c h  an 

h y p o th e s is  b e c a u se  a l l  hom ologous c h a r a c t e r s  w ould  a l r e a d y  

b e  i n c o r p o r a te d  i n t o  th e  h y p o th e s is  w here th e y  e x i s t  a s  

sy n a p o m o rp h ie s . I n c o r p o r a t io n  o f  a  p le s io m o rp h y  w ould
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mean t h a t  a  s i n g l e  hom ologous c h a r a c t e r  h a d  b e en  u se d  

tw ic e  I n  t h e  same a n a l y s i s .  B u t, no  one h a s  a t te m p te d  

to  p ro d u c e  a  h y p o th e s is  o f  th e  h ig h e s t  u n i v e r s a l i t y .

R a th e r ,  s u b s e t s  o f  t h i s  p h y lo g e n y  a r e  e v a lu a t e d .  F o r  

ex am p le , t h e  lo w e s t  l e v e l  o f  u n i v e r s a l i t y  ( i f  s p e c ie s  

a r e  ta k e n  a s  th e  m in im a l tax o n o m ic  u n i t s )  w ould  be a  

p h y lo g e n e t ic  h y p o th e s is  c o n c e rn in g  th e  r e l a t i o n s h i p s  

o f  t h r e e  s p e c i e s .  B etw een th e  lo w e s t  and  h i g h e s t  l e v e l s  

o f  u n i v e r s a l i t y  a r e  p h y lo g e n e t ic  h y p o th e s e s  o f  v a ry in g  

l e v e l s  o f  u n i v e r s a l i t y .  The l e v e l  o f  u n i v e r s a l i t y  a  g iv e n  

h y p o th e s is  o c c u p ie s  d ep en d s on th e  num ber o f  b ra n c h in g  

se q u e n c e s  i t  i n c o r p o r a t e s .  F o r  ex am p le , a  h y p o th e s is  

in c o r p o r a t i n g  f o u r  s p e c ie s  e x i s t s  on a  h ig h e r  l e v e l  o f  

u n i v e r s a l i t y  th a n  a  h y p o th e s is  i n c o r p o r a t i n g  t h r e e  s p e c i e s .

A t any  p a r t i c u l a r  l e v e l  o f  p h y lo g e n e t ic  u n i v e r s a l i t y  

o t h e r  th a n  th e  h i g h e s t  b o th  p le s io m o rp h o u s  and  apom orphous 

c h a r a c t e r s  m ust be  c o n s id e r e d  b e c a u se  th e  i n v e s t i g a t o r  m ust 

s o r t  o u t  th o s e  c h a r a c t e r s  p r e s e n t  i n  th e  o rg a n ism s  w h ich  

d e m o n s tra te  im m ed ia te  common a n c e s t r y  from  th o s e  w h ich  do 

n o t .  The p r i n c i p l e  may be fram ed  a s  a  q u e s t io n :  W hich 

c h a r a c t e r s  a r e  u n iq u e ly  d e r iv e d  i n  a n c e s to r s  in c lu d e d  i n  

th e  h y p o th e s is  an d  w h ich  a r e  u n iq u e ly  d e r iv e d  i n  a n c e s to r s  

n o t  in c lu d e d  i n  th e  h y p o th e s i s ,  b u t  r e t a i n e d  by a n c e s to r s  

in c lu d e d  i n  th e  h y p o th e s is ?  The sy n ap o m o rp h ies  o f  a  p h y lo ­

g e n e t i c  h y p o th e s is  a r e  th e  c h a r a c t e r s  w hich  d e m o n s tra te
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Im m ed ia te  common a n c e s t r y  a t  th e  l e v e l  o f  u n i v e r s a l i t y  

c o n s id e r e d ,  w h e re a s  sy m p le s io m o rp h ie s  d e m o n s tra te  

im m ed ia te  common a n c e s t r y  a t  a  l e v e l  o f  u n i v e r s a l i t y  h ig h e r  

th a n  t h a t  u n d e r  c o n s i d e r a t i o n .  T hus, sy m p le s io m o rp h ie s  

a r e  n o t  r e l e v a n t  t o  th e  p ro b le m  a t  han d  ( a s  w e l l  a s  b e in g  

u n t e s t a b l e  h y p o th e s e s  f o r  r e a s o n s  d i s c u s s e d  a b o v e ) .  I t  

i s  c h a r a c t e r i s t i c  o f  sy m p le s io m o rp h ie s  t h a t  t h e i r  n a tu r e  

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

p ro b le m . P le s io m o rp h ie s  becom e a p o m o rp h ie s  when th e  l e v e l  

o f  u n i v e r s a l i t y  i s  r a i s e d  h ig h  e n o u g h . I t  I s  c h a r a c t e r i s t i c  

o f  sy n a p o m o rp h ie s  t h a t  th e y  do n o t  change  r e l a t i v e  t o  th e  

l e v e l  o f  u n i v e r s a l i t y  o f  th e  p ro b le m  so  lo n g  a s  th e  

o r i g i n a l  b ra n c h in g  se q u en c e  i s  r e t a i n e d  i n  th e  h y p o th e s i s .  

They become sy m p le s io m o rp h ie s  o n ly  when a  s u b s e t  o f  th e  

p ro b le m  I s  b e in g  c o n s id e r e d ,  i . e .  when b ra n c h e s  w h ich  fo rm  

a  s u b s e t  o f  one o f  th e  o r i g i n a l  b ra n c h e s  a r e  i n v e s t i g a t e d .  

P le s io m o r p h ie s ,  t h e r e f o r e  d i s p l a y  t h r e e  c h a r a c t e r i s t i c s :

( l )  th e y  c a n n o t e l u c i d a t e  p ro b le m s  o f  im m ed ia te  common 

a n c e s t r y ;  (2 )  th e y  a r e  n o n - t e s t a b l e  h y p o th e s e s  o f  hom ology; 

an d  (3 )  t h e i r  n a tu r e  i s  ch an g ed  by  r a i s i n g  th e  l e v e l  o f  

u n i v e r s a l i t y  o f  th e  p h y lo g e n e t ic  h y p o th e s e s .

A utapom orphous c h a r a c t e r s  p r o p e r l y  b e lo n g  o n ly  t o  

s p e c i e s .  When th e  te rm  i s  a p p l i e d  t o  a  c h a r a c t e r  b e lo n g ­

in g  to  a  h ig h e r  ta x o n , I t  I s  o n ly  b e c a u se  t h a t  h ig h e r  ta x o n  

i s  c o n s id e r e d  a  s i n g l e  e n t i t y  f o r  th e  p u rp o s e  o f  t e s t i n g  a
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h y p o th e s i s  o f  r e l a t i o n s h i p  an d  i s  r e a l l y  b e in g  a p p l i e d  to  

th e  h y p o t h e t i c a l  a n c e s t r a l  s p e c i e s  o f  th e  m em bers o f  t h a t  

t a x o n .  When u s e d  i n  t h i s  w ay, i t  h a s  some o f  th e  same 

p r o p e r t i e s  a s  a  p le s io m o rp h y  i n  t h a t  ( l )  i t  c a n n o t 

e l u c i d a t e  p ro b le m #  o f  im m e d ia te  a n c e s t r y  b e tw ee n  t a x a ,  

an d  (2 )  i t  i s  an  u n t e s t a b l e  hom ology (b e c a u s e  th e  a n c e s t o r  

i s  n o t  o b s e r v e d ) .  Two f u r t h e r  c h a r a c t e r i s t i c s  a r e  

a p p a r e n t :  ( l )  t h a t  i t s  n a tu r e  d o e s  n o t  change  a s  t h e  l e v e l  

o f  u n i v e r s a l i t y  i s  r a i s e d  ( l i k e  a  syn ap o m o rp h y ),  an d  (2 )  

i t s  n a tu r e  d o e s  c h an g e  w i th  a  lo w e r in g  o f  th e  l e v e l  o f  

u n i v e r s a l i t y  ( l i k e  a  sy n ap o m o rp h y ),  b u t  i t  d o e s  n o t  

im m e d ia te ly  c h an g e  to  a  sy m p les io m o rp h y , b u t  r a t h e r  t o  a  

synapom orphy . A t a  l e v e l  a t  w h ich  i t  i s  synapom orphous, 

i t  i s  b o th  t e s t a b l e  a s  an  hom ology an d  p e r t i n e n t  t o  

e l u c i d a t i o n  o f  common a n c e s t r y .

When t h e  te rm  au tap o m o rp h y  i s  a p p l i e d  a t  th e  s p e c ie s  

l e v e l ,  i t  i s  s im p ly  a  u n iq u e  c h a r a c t e r .  T h ere  seem s to  be  

no p h y lo g e n e t i c  a rg u m en t w h ich  c a n  be  a p p l i e d  t o  t e s t  a  

u n iq u e  c h a r a c t e r  a s  d e r iv e d  o t h e r  th a n  by show ing  i t  t o  

be a  member o f  a  synapom orphous p a i r .  Thu3, u n iq u e  

c h a r a c t e r s  a r e  a c c e p te d  a s  apom orphous o n ly  by p a rs im o n y . 

B e ca u se  p a rs im o n y  d o es  n o t  c o n s t i t u t e  a  t e s t  o f  a  s c i e n t i f i c  

h y p o th e s i s ,  I  c o n c lu d e  t h a t  a u ta p o m o rp h ie s , l i k e  

s y m p le s io m o rp h ie s , a r e .  n o t  t e s t a b l e  p r o p o s i t i o n s  an d  

c a n n o t  th e m s e lv e s  b e  a p p l i e d  a s  t e s t s  o f  p h y lo g e n e t ic  

h y p o th e s e s .
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Each h y p o th e s is  o f  synapom orphy i s  t e s t e d  i n  a  tw o - 

s t e p  p r o c e s s .  F i r s t ,  i t  may be  t e s t e d  by  i t s  own s e t  o f  

p o t e n t i a l  f a l s i f i e r s  w i th o u t  r e f e r e n c e  t o  t h e  p h y lo g e n e t ic  

h y p o th e s is  w i th  w h ich  i t  i s  a s s o c i a t e d  a s  a  p r o p e r  s u b s e t .  

M ost p o t e n t i a l  f a l s i f i e r s  i n  t h i s  ro u n d  o f  t e s t i n g  a r e  

s i m i l a r i t i e s  an d  d i f f e r e n c e s ,  m o rp h o lo g ic a l  o r  o th e rw is e  

(W ile y , 1975)* I n  th e  se c o n d  s t a g e  o f  t e s t i n g  th e  

h y p o th e s is  o f  synapom orphy i s  a s s o c i a t e d  w i th  a  h y p o th e s is  

o f  p h y lo g e n y  and  th e  p h y lo g e n y  a n d  synapom orphy a r e  t e s t e d  

w i th  o t h e r  h y p o th e s e s  o f  synapom orphy . I f  th e s e  o t h e r  

h y p o th e s e s  o f  synapom orphy r e f u t e  t h e  p h y lo g e n y , th e y  a l s o  

r e f u t e  th e  su p p o sed  synapom orphy u n l e s s  one o f  two 

c o n d i t i o n s  i s  fo u n d : ( l )  t h e  o t h e r  h y p o th e s e s  o f  sy n a p o ­

m orphy a r e  shown t o  be  sy m p le s io m o rp h ie s , o r  (2 )  n o n ­

h o m o lo g ie s . N e i th e r  o f  t h e s e  c o n d i t i o n s  r e p r e s e n t s  a  

v a l i d  t e s t  and  t h e r e f o r e  n e i t h e r  w ou ld  r e p r e s e n t  v a l i d  

r e f u t a t i o n s  o f  t h e  p h y lo g e n e t ic  h y p o th e s i s .  I f  t h e  o t h e r  

h y p o th e s e s  o f  synapom orphy a r e  c o n g ru e n t  w i th  th e  p h y lo g e n y  

and  i t s  a s s o c i a t e d  synapom orphy , th e n  b o th  h y p o th e s e s  

( p h y lo g e n e t ic  an d  hom ologous) a r e  s a i d  to  be  c o r r o b o r a te d .

The r e f u t a t i o n  o f  a  c h a r a c t e r  a s  a  synapom orphy and  

c o r r o b o r a t io n  o f  t h a t  c h a r a c t e r  a s  a  sym p lesiom orphy  can  

o n ly  be a c c o m p lish e d  by  r a i s i n g  t h e  l e v e l  o f  u n i v e r s a l i t y  

o f  th e  p ro b lem  a t  h an d  e i t h e r  (1 ) by f i n d in g  th e  c h a r a c t e r
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i n  th e  s i s t e r  g ro u p  o f  th e  e n t i r e  sy s te m  t e s t e d ,  (2 )  by 

f i n d in g  th e  c h a r a c t e r  so  commonly o u t s id e  th e  g ro u p  t h a t  

i t  i s  c o n s id e r e d  a  sy m p lesio m o rp h y , o r  (3 )  by a p p ly in g  a  

d e v e lo p m e n ta l  o r  o n to g e n ic  r u l e  o f  c h a r a c t e r  t r a n s f o r ­

m a t io n .  (3 )  a u to m a t i c a l l y  r a i s e s  th e  l e v e l  o f  p h y lo g e n e t ic  

i n q u i r y  b e c a u s e  su ch  r u l e s  a r e  h e ld  o n ly  b e c a u se  th e y  a r e  

common t o  l a r g e  nu m b erso o f o rg a n ism s  o u t s id e  th e  g ro u p  o f  

im m ed ia te  i n t e r e s t .

T e s t in g  p h y lo g e n e t ic  h y p o th e s e s . A l l  s ta te m e n ts  o f  

p h y lo g e n e t ic  r e l a t i o n s h i p s  in v o lv e  a  minimum o f  t h r e e  t a x a  

a t  th e  lo w e s t  l e v e l  a t  w h ich  th e y  c an  be  t e s t e d .  Such 

h y p o th e s e s  u s u a l l y  t a k e  th e  fo rm  t h a t  two ta x a  a r e  s a i d  to  

s h a r e  a  common a n c e s to r  n o t  s h a r e d  by  th e  t h i r d  ta x o n .

T h is  r e l a t i o n s h i p  can  be  e x p re s s e d  by a  p h y lo g ram . The 

d i s t r i b u t i o n  o f  c h a r a c t e r s  among th e  t h r e e  t a x a  p ro v id e  

d e d u c t iv e  t e s t s  o f  th e  r e l a t i o n s h i p .  W ith o u t r e f e r e n c e  

to  H e n n ig ’ s  s p e c i f i c  m ethod  b u t  w ith  r e f e r e n c e  t o  any  t e s t  

o f  r e l a t i o n s h i p  we may sa y  t h a t  th e  o n ly  t e s t s  w h ich  can  

be c o n s id e r e d  v a l i d  a t t e m p ts  t o  r e f u t e  a  g iv e n  th r e e  ta x o n  

p ro b lem  a r e  th o s e  w h ich  in v o lv e  a  s i n g l e  c h a r a c t e r  p r e s e n t  

i n  two an d  o n ly  two o f  th e  t h r e e  t a x a .  T h is  i s  b e c a u se  

o n ly  su c h  a  c h a r a c t e r  i s  c a p a b le  o f  r e f u t i n g  a  g iv e n  

h y p o th e s is  o f  r e l a t i o n s h i p .  C h a r a c te r s  s h a re d  by a l l  

t h r e e  t a x a  o r  c h a r a c t e r s  u n iq u e  to  o n ly  one a r e  c o n g ru e n t 

w i th  th e  t h r e e  p o s s i b l e  t e s t a b l e  h y p o th e s e s  f o r  any  th r e e
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t a x a .  I n  a  p u r e l y  p h e n e t ic  sy s te m , a l l  s h a r e d  c h a r a c t e r s ,  

w h e th e r  p r i m i t i v e  o r  d e r iv e d ,  h av e  e q u a l  s t a t u s  I n  

d i s c u s s io n s  a b o u t  w h ich  b ra n c h in g  d iag ra m  sh o u ld  b e  a d o p te d  

a s  th e  m ost p a r s im o n io u s .  H e n n ig 's  (1 9 6 6 ) m ethod  d i f f e r s  

f u n d a m e n ta l ly  fro m  a  p u r e l y  p h e n e t ic  m ethod  i n  t h a t  a l l  

o f  t h e  s h a re d  c h a r a c t e r s  a r e  n o t  u s e d  t o  r e f u t e  a  g iv e n  

r e l a t i o n s h i p .  R a th e r ,  o n ly  synapom orphous c h a r a c t e r s  a r e  

u s e d .  Such t e s t i n g  can  be  a c c o m p lish e d  o n ly  i n  an  open  

sy s te m , t h a t  i s ,  by  c o n s id e r in g  t a x a  o u t s i d e  th e  t h r e e  

ta x o n  sy s te m . Such c o n s i d e r a t i o n s  may be te rm e d  o u t -g r o u p  

c o m p a r is o n s . The one c o n d i t io n  p la c e d  on t h i s  p ro c e d u re  i s  

t h a t  t h e  t h r e e  t a x a  m u st fo rm  a  m o n o p h y le tic  g ro u p . The 

d e s ig n a t io n  o f  o u t - g r o u p s  f o r  co m p a riso n  p e r m i ts  an  

i n v e s t i g a t o r  t o  s o r t  o u t  w h ich  o f  th e  o b s e rv e d  c h a r a c t e r s  

a r e  u n iq u e  to  th e  t h r e e  ta x o n  sy s te m  an d  w h ich  c h a r a c t e r s  

have a  m ore g e n e r a l  d i s t r i b u t i o n .  The o u t-g ro u p  co m p a riso n  

a u to m a t i c a l ly  r a i s e s  th e  l e v e l  o f  u n i v e r s a l i t y  o f  th e  

p h y lo g e n e t ic  h y p o th e s is  t o  a  new l e v e l .  And, i t  a l lo w s  

th e  i n v e s t i g a t o r  t o  p u t  h i s  t h r e e  ta x o n  p ro b lem  i n  c o n te x t  

w i th  a  h y p o th e s is  o f  a  h ig h e r  l e v e l  o f  u n i v e r s a l i t y .  The 

m ost p a rs im o n io u s  p h e n e t ic  s o l u t i o n  w i th o u t  r e f e r e n c e  to  

th e  o u tg ro u p  may n o t  n e c e s s a r i l y  be  th e  m ost p a rs im o n io u s  

p h y lo g e n e t ic  s o l u t i o n  w i th in  th e  c o n te x t  o f  th e  h ig h e r  

l e v e l  p h y lo g e n y . So , t o  a c h ie v e  o v e r a l l  p a rs im o n y  th e  

p h y lo g e n e t ic  i n v e s t i g a t o r  w i l l  have  t o  r e j e c t  c e r t a i n
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c h a r a c t e r s  a s  v a l i d  i n d i c a t o r s  o f  r e l a t i o n s h i p .  And, 

i t  i s  th e  c h a r a c t e r s  a n a ly z e d  a s  sy m p le s io m o rp h ie s  o r  

n o n h o m o lo g ie s  w h ich  can  o b j e c t i v e l y  be  r e j e c t e d  a s  v a l i d  

i n d i c a t o r s  o f  r e l a t i o n s h i p  w i th in  t h e  t h r e e  ta x o n  p ro b le m . 

T h is  i s  b e c a u se  ( l )  th e y  a r e  n o t  p e r t i n e n t  to  th e  

e l u c i d a t i o n  o f  im m ed ia te  common a n c e s t r y  an d  r e p r e s e n t  

a d  hoc  h y p o th e s e s ,  a s  d i s c u s s e d  a b o v e , an d  (2 )  a c c e p ta n c e  

o f  p le s io m o r p h ie s  a s  v a l i d  i n d i c a t o r s  w i th in  th e  c o n te x t  

o f  th e  h ig h e r  l e v e l  p h y lo g e n y  w ould  l e a d  t o  r e j e c t i o n  o f  

th e  t h r e e  ta x o n  u n i t  a s  a  m o n o p h y le tic  g ro u p  an d  t h i s  

w ould  v i o l a t e  th e  b a s i c  c o n d i t i o n  o f  th e  v a l i d i t y  o f  th e  

i n v e s t i g a t i o n  i t s e l f .  S y n ap o m o rp h ie s , th e n ,  a r e  th e  o n ly  

v a l i d  t e s t s  o f  a  p h y lo g e n e t ic  h y p o th e s is  an d  t h i s  t e s t i n g  

i s  c a r r i e d  o u t  a s  d i s c u s s e d  above  i n  th e  p a ra g ra p h  a b o u t 

t e s t i n g  sy n a p o m o rp h ie s . I t  s h o u ld  be  p o in te d  o u t  h e re  t h a t  

a  synapom orphy w h ich  I s  u s e d  t o  p ro d u c e  a  p h y lo g e n e t ic  

h y p o th e s is  v i a  i n d u c t io n  d o es  n o t  t e s t  t h a t  p h y lo g e n y .

O nly a f t e r  th e  p h y lo g e n y  i s  p ro p o s e d  do sy n ap o m o rp h ies  

p r o v id e  v a l i d  t e s t s .  F i n a l l y ,  when a  s i t u a t i o n  e x i s t s  

w here  a l l  h y p o th e s e s  hav e  b een  r e j e c t e d ,  th e n  t h a t  one 

w h ich  h a s  b e en  r e j e c t e d  th e  l e a s t  num ber o f  t im e s  i s

p r e f e r r e d  on th e  b a s i s  o f  p a rs im o n y .

H y p o th e t ic a l  v s . R e co g n ized  A n c e s to r s . A m a jo r

p o r t i o n  o f  t h i s  s tu d y  i s  c o n c e rn e d  w i th  t e s t i n g  r e l a t i o n ­

s h ip s  b e tw een  f o s s i l  and  R e ce n t g a r s .  One o f  th e  b a s i c
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q u e s t io n s  t o  b e  s e t t l e d  I n  su c h  an  a n a l y s i s  i s  w h e th e r  

h y p o th e s e s  o f  a n c e s to r - d e s c e n d e n t  r e l a t i o n s h i p s  a r e  t o  be  

p e r m i t t e d  i n  t h e  a n a l y s i s ,  t h a t  i s ,  w h e th e r  a n c e s t r a l  

s p e c i e s  can  b e  r e c o g n iz e d .  N e lso n  (1 9 7 3 a ) o u t l i n e d  two 

c o n c e p ts  o f  k i n s h i p  i n  p h y lo g e n y  r e c o n s t r u c t i o n :  ( l )  

e i t h e r  a n c e s t r a l  u n i t s  a r e  assum ed  t o  b e  know o r  p o t e n t ­

i a l l y  know ab le  e m p i r i c a l l y ;  o r  (2 ) a n c e s t r a l  u n i t s  a r e  

assum ed  to  b e  e m p i r i c a l l y  u n k n o w ab le . P a t t e r s o n  and  

R osen ( i n  p r e s s )  h av e  a rg u e d  t h a t  t h i s  a n c e s t r a l  u n i t  

m u st be  a  s p e c i e s  o r  p o p u la t i o n  and  t h a t  h ig h e r  t a x a  

c a n n o t b e  c o n s id e r e d  a n c e s t r a l  u n i t s .  T h is  a rg u m en t 

i s  b a s e d  p r i m a r i l y  on a  s t r i c t  c o n c e p t o f  m onophyly 

se n su  H enn ig  ( 1 9 6 6 ) .  T h is  c o n c e p t l e a d s  to  t h e  c o n c lu s io n  

t h a t  a  h i g h e r  ta x o n  c a n n o t  be  c o n s id e r e d  a n c e s t r a l  b e c a u s e , 

i f  i t  w e re , i t  w ou ld  n o t  b e  m o n o p h y le t ic .  T h is  i s  b e c a u se  

some o f  i t s  i n c lu d e d  m em bers w ould  be  m ore c l o s e l y  r e l a t e d  

t o  t a x a  o u t s i d e  o f  i t s  g ro u p  th a n  t o  some t a x a  i n s i d e  i t s  

g ro u p . H en n ig * s c o n c e p t  o f  m onophyly  h a s  a t  l e a s t  t h r e e  

p o i n t s  w h ic h , i n  my o p in io n ,  make i t  s u p e r i o r  t o  c o n c e p ts  

o f  m onophyly o u t l i n e d  by  Sim pson (1 9 6 1 ) , A sh lo c k  (1 9 7 2 a , 

1 9 7 2 b ), and  M ayr (1 9 7 4 ) .  The f i r s t  p o i n t  c o n c e rn s  th e  

e v o lu t io n a r y  p r o c e s s ,  What l i t t l e  we know o f  e v o lu t io n a r y  

p r o c e s s  i n d i c a t e s  t h a t  p o p u la t io n s  a r e  th e  h i g h e s t  l e v e l  

ta x a  t h a t  e v o lv e .  S in c e  h ig h e r  t a x a  do n o t  e v o lv e ,  th e n  

th e y  c a n n o t b e  c o n s id e r e d  a n c e s t r a l  u n i t s .  The r e a l i t y
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o f  h i g h e r  t a x a  i s  "based s o l e l y  upon w h e th e r  o r  n o t  th e y  

a r e  a c c u r a t e  r e f l e c t i o n s  o f  p a s t  s p e c i a t i o n  e v e n ts  an d  

th u s  h i g h e r  t a x a  a r e  h i s t o r i c a l  c o n s t r u c t s  an d  h av e  no  

r e a l i t y  a s  a c t i v e  u n i t s  o f  e v o lu t i o n .  The se c o n d  p o i n t  

c o n c e rn s  t h e  c o n c e p t o f  g ro u p  m em b ersh ip . H e n n ig 's  (19 6 6 ) 

d e f i n i t i o n  o f  m onophyly d i c t a t e s  t h a t  a l l  t h e  d e s c e n d e n ts  

o f  an  a n c e s t o r  be  p la c e d  i n  t h e  same g ro u p  a s  th e  a n c e s t o r .  

T h is  d e f i n i t i o n  con fo rm s t o  b a s i c  s e t  th e o r y  an d  i s  m eth o d ­

o l o g i c a l l y  p r e c i s e .  The rem o v a l o f  a  s p e c i e s  o r  g ro u p  o f  

s p e c i e s  from  a  ta x o n  w h ich  in c lu d e s  i t s  a n c e s t o r  and  

s i s t e r  g ro u p  an d  th e n  te rm in g  t h i s  ta x o n  m o n o p h y le tic  

an d  a n c e s t r a l  t o  t h e  s p e c ie s  o r  g ro u p  o f  s p e c i e s  i s  

u n te n a b le  b e c a u s e :  ( l )  i t  b r e a k s  up a  l o g i c a l  s e t  o f  two 

l o g i c a l  s u b s e t s  i n t o  one l o g i c a l  s e t  ( t h e  s p e c ie s  o r  

g ro u p  o f  s p e c i e s )  and  one i l l o g i c a l  s e t  ( t h e  ' 'a n c e s t r a l "  

ta x o n  w hose g e n e r a l  com ponen ts can  no  lo n g e r  b e  l o g i c a l l y  

d e f i n e d ) ,  and  (2 ) i t  m akes th e  te rm  m onophyly an  open  te rm , 

t h a t  i s ,  any  ta x o n  c o u ld  be te rm e d  m o n o p h y le tic  (H e n n ig , 

1 9 6 6 ) . T h ir d ,  R osen ( i n  p r e s s )  h a s  p o in te d  o u t  t h a t  th e  

u s e  o f  n o n -m o n o p h y le tic  g ro u p s  s e n su  H enn ig  (19 6 6 ) i n  

b io g e o g ra p h ic  a n a l y s i s  l e a d s  t o  d i s t r i b u t i o n  p a t t e r n s  w hich  

a r e  in c o m p le te  b e c a u se  some s p e c i e s ,  o r  g ro u p s  o f  s p e c i e s ,  

a r e  n o t  c l a s s i f i e d  w i th  t h e i r  n e a r e s t  r e l a t i v e s .  T h is  

l e a d s  t o  an  u n d e r e s t im a t io n  o f  th e  a n c e s t r a l  ra n g e  o f  

th e  h y p o t h e t i c a l  common a n c e s to r  o f  th e  n o n -m o n o p h y le tic
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g ro u p . Thus a d o p t io n  o f  a n  e v o lu t io n a r y  tax o n o m ic  

d e f i n i t i o n  su c h  a s  t h a t  o f  Sim pson (1961) o b f u s c a te s

b lo g e o g ra p h lc  a n a l y s i s .

Two o f  H e n n ig ’ s o r i g i n a l  p re m is e s  a r e  t h a t  a n c e s to r s  

re m a in  h y p o t h e t i c a l  and  t h a t  th e  s e a r c h  f o r  a n c e s to r s  i s  

f u t i l e .  H ennig  s p e c i f i c a l l y  r e j e c t e d  th e  id e a  t h a t  

a n c e s to r - d e s c e n d e h t  r e l a t i o n s h i p s  b e tw een  two o r  m ore 

s p e c i e s  c o u ld  be  s c i e n t i f i c a l l y  d e m o n s tra te d  i n  e i t h e r  

t h e  p h y l e t i c  s e n s e  (A g iv e s  r i s e  t o  B th ro u g h  t im e  w i th o u t  a 

g e o g ra p h ic  i s o l a t i o n  e v e n t)  o r  th e  c l a d i s t i c  s e n s e  (A g iv e s  

r i s e  t o  B and  C by s p l i t t i n g ) .  N e lso n  ( 1 9 7 0 a , 1 9 7 3 a )an d  

C r a c r a f t  (1974) s t a t e  t h a t  a n c e s to r s  a r e  e m p i r i c a l l y  unknow­

a b l e .

P a t t e r s o n  an d  Rosen ( i n  p r e s s )  have  d e a l t  w i th  th e  

p ro b lem  o f  a n c e s to r  r e c o g n i t i o n .  They c o n c lu d e  t h a t :

(1 )  The o b j e c t i o n s  o f  H ennig  (1 9 6 6 ) , Crowson (1 9 7 0 ) , 

and  o t h e r s  to  th e  i n t e g r a t i o n  o f  f o s s i l  an d  R e c e n t ta x a  

i n t o  a  s i n g l e  a n a l y s i s  can  be  c irc u m v e n te d  by  r e g a r d in g  

f o s s i l  t a x a  a s  t e r m in a l  b r a n c h e s .

(2 )  An a n c e s t r a l  u n i t ,  i f  r e c o g n iz e d ,  m ust be  a  s p e c ie s  

o r  lo w e r g ro u p .

(3 )  The i d e n t i f i c a t i o n  o f  a  p a r t i c u l a r  f o s s i l  s p e c ie s  

a s  an  a n c e s to r  o f  a  p a r t i c u l a r  g ro u p  m ust be p re c e d e d  by 

an  a n a l y s i s  w h ich  d e m o n s tra te s  t h a t  th e  p a r t i c u l a r  f o s s i l  

s p e c ie s  i s  a  member o f  th e  g ro u p  to  w hich  i t  i s  su p p o s e d ly  

a n c e s t r a l .  I n  o t h e r  w o rd s , by d e m o n s tra t in g  t h a t  th e  

p a t t e r n  o f  c h a r a c t e r s  o f  th e  f o s s i l  s p e c ie s  d o es n o t  r e f u t e
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an  h y p o th e s is  t h a t  th e  f o s s i l  s p e c i e s  b e lo n g s  to  th e  

g ro u p . And, t h i s  a n a l y s i s  I s  a  c l a d i s t i c  a n a l y s i s ,  

b a s e d  on c l a d i s t i c  I n f o r m a t io n .

(4 )  A lth o u g h  th e  f o s s i l  s p e c i e s  m ust s h a r e  a l l  t h e  

g ro u p  m em bership  c h a r a c t e r s  o f  th e  g ro u p  ( th e  sy n a p o -  

m o rp h ie s  o f  th e  g ro u p ) ,  i t  c a n n o t s h a r e  a  synapom orphy 

w i th  any  one o r  o t h e r  member o f  th e  g ro u p . T h a t i s ,  i t s  

r e l a t i o n s h i p  t o  t h e  g ro u p  m u st b e  e q u a l  t o  i t s  r e l a t i o n ­

s h ip  w ith  a l l  m embers o f  t h e  g ro u p , i t  can  n o t  be  m ore 

c lo s e l y  r e l a t e d  t o  one member o f  th e  g ro u p  th a n  to  

a n o th e r .

(5 ) T h is  ty p e  o f  a n a l y s i s  becom es c l a d i s t i c  o n ly  

by a ssu m in g  an  e v o lu t io n a r y  p r o c e s s  w h ich  assum es an  

a n c e s t r a l - d e s c e n d a n t  i n t e r p r e t a t i o n  o f  th e  t a x a  an d  

t h e i r  o b s e rv e d  c h a r a c t e r s .

(6 )  The i d e n t i f i c a t i o n  o f  a n c e s t r a l  s p e c ie s  i n  th e  

f o s s i l  r e c o r d  i s  t a u t o l o g i c a l  b e c a u s e :

( c h a r a c t e r s  o f  a n c e s t r y )  = ( c h a r a c t e r s  o f  g ro u p  m em bersh ip ) 

b u t :  ( c h a r a c t e r s  o f  a n c e s t r y )  -  ( c h a r a c t e r s  o f  g ro u p  m em bersh ip ) 

=0 th u s :  ( c h a r a c t e r s  o f  a n c e s t r y )  = ( c h a r a c t e r s  assum ed

a n c e s t r a l ) ,  t a u to lo g y .

I f  one w ish e s  to  ig n o r e  th e  t a u to lo g y ,  o r  i f  one con ­

c lu d e s  t h a t  th e  r e a s o n in g  w h ich  l e d  t o  th e  t a u to lo g y  i s  

i n v a l i d ,  th e n  th e  p ro b lem  becom es a  q u e s t io n  o f  w h e th e r  

a n c e s to r -d e s c e n d e n t  hypotheses a r e  t e s t a b l e  a s  s c i e n t i f i c
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h y p o th e s e s  s e n s u  P o p p e r ( 1 9 6 8 )* a s  Bock (1 9 7 3 ) h a s  s t a t e d ,  

o r  w h e th e r  th e y  a r e  n o n t e s t a h l e .  T h is  q u e s t io n  I s  im p o r ta n t  

m e th o d o lo g ic a l ly  f o r  two r e a s o n s ,  F i r s t ,  i f  t h e s e  

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

o b j e c t i v e l y  t e s t a b l e ,  th e n  th e y  w ould  seem  t o  convey  m ore 

i n f o n n a t io n  th a n  th e  s i s t e r  g ro u p  s t a t e m e n t s .  S eco n d , 

i f  th e y  a r e  o b j e c t i v e l y  t e s t a b l e  th e n  e x c lu d in g  them  

from  H e n n ig 1 s  m e th o d o lo g y  seem s n o n - o b je c t iv e  and  th e  

a x io n  o f  e x c lu d in g  a n c e s to r - d e s c e n d e n t  h y p o th e s e s  from  

p h y lo g e n e t ic  a n a l y s i s  w ou ld  seem in v & lid .

I n  th e  a b s t r a c t ,  t h r e e  c o n d i t i o n s  m u st be  m et f o r  a  

f o s s i l  s p e c i e s  t o  be  c o n s id e r e d  a n c e s t r a l  t o  o t h e r  s p e c i e s  

o r  h ig h e r  t a x a  on p u r e ly  m o rp h o lo g ic a l  g ro u n d s  (w i th o u t  

r e f e r e n c e  t o  ag e  o f  o c c u r r e n c e ) • F i r s t ,  i n  a l l  c h a r a c t e r s  

w here  th e  su p p o se d  a n c e s to r  d i f f e r s  from  d e s c e n d e n ts  i t  

m u st h av e  th e  r e l a t i v e l y  p le s io m o rp h o u s  c h a r a c t e r  i n  t h e  

t r a n s f o r m a t io n  s e r i e s .  S eco n d , i t  m ust h av e  a l l  o f  th e  

apom orphous c h a r a c t e r s  s h a r e d  by th e  d e s c e n d e n t  t a x a  and  

t h e s e  c h a r a c t e r s  m ust hav e  e x i s t e d  a s  a u ta p o m o rp h ie s  i n  

t h e  a n c e s t r a l  s p e c ie s  b e f o r e  th e  s p e c i a t i o n  e v e n t  w h ich  

r e s u l t e d  i n  th e  d e s c e n d e n t  s p e c i e s .  T h ir d ,  i t  m ust h av e  

n o  a d d i t i o n a l  ap o m o rp h ies  o f  i t s  own, t h a t  i s ,  i t  c a n n o t 

h av e  any  a tito p o m o rp h ie s  w h ich  w ere  n o t  p a s s e d  on to  I t s  

d e s c e n d e n t  t a x a .
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I t  w ou ld  seem  t h a t  th e  s t r o n g e s t  c a s e  f o r  t e s t i n g  

a n c e s to r - d e s c e n d e n t  r e l a t i o n s h i p s  b y  th e  h o lo m o rp h o lo c ic a l  

m ethod  I s  t h a t  e v e ry  p le s io m o rp h y  fo u n d  I n  t h e  su p p o se d  

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

w h e re a s  f i n d i n g  a n  a titapom orphy  w o u ld  r e s u l t  i n  a  

r e f u t a t i o n  o f  t h e  h y p o t h e s i s .  B u t ,  p le s io m o r p h ie s  

a r e  u n t e s t a b l e  a d  h o c  h y p o th e s e s  o f  hom ology an d  th u s  

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

o f  u n i v e r s a l i t y  th e y  e x i s t e d  a s  p le s io m o r p h ie s .  T h u s, 

t h e i r  a p p l i c a t i o n  t o  an  a n c e s to r - d e s c e n d e n t  h y p o th e s is  

d o e s  n o t  r e p r e s e n t  v a l i d  t e s t s  o f  t h e  h y p o th e s i s  an d  

c o r r o b o r a t i o n  o f  a n  a n c e s to r - d e s c e n d e n t  h y p o th e s is  i s  

n o t  p o s s i b l e .  I f  a u ta p o m o rp h ie s  d i d  r e p r e s e n t  v a l i d  

t e s t s  th e n  we w ou ld  have  a  p a ra d o x , a  h y p o th e s is  w hich  

c o u ld  b e  r e f u t e d  b u t  w h ich  h ad  no v a l i d  c o r r o b o r a t i n g  

i n s t a n c e s .  B u t a s  r e c o g n iz e d  by  H enn ig  ( 1 9 6 6 ) an d  o t h e r s ,  

u n iq u e  c h a r a c t e r s  do n o t  i n d i c a t e  r e l a t i o n s h i p s ,  th e y  

d e f in e  t a x a .  And, s im p ly  b e c a u s e  a  c h a r a c t e r  i s  u n iq u e  

d o e s  n o t  a u to m a t i c a l l y  d i c t a t e  t h a t  i t  i s  a u ta p o m o rp h ic , 

( t h e  g a r  s n o u t  s e n s o ry  c a n a l  p a t t e r n  i s  u n iq u e  b u t  n o t  

a u ta p o m o rp h ic , s e e  d i s c u s s i o n  b e lo w ) .  The e f f e c t  o f  

a c c e p t in g  a  u n iq u e  c h a r a c t e r  a s  a u ta p o m o rp h ic  i s  th e  

e f f e c t  o f  r e j e c t i n g  th e  a l t e r n a t e  c h a r a c t e r  a s  apom orphous 

an d  a c c e p t in g  I t  on th e  g ro u n d s  o f  p a rs im o n y  a s  

a u ta p o m o rp h o u s . I  w ould  t h e r e f o r e  s u g g e s t  t h a t  a u ta p o ­

m o rp h ie s  a r e  a d  hoc h y p o th e s e s  r e s u l t i n g  i n  an  a p p e a l
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t o  p a rs im o n y , and  t h u s  c o u ld  n o t  be  u se d  t o  t e s t  

h y p o th e s e s  o f  a n c e s t r a l - d e s c e n d e n t  r e l a t i o n s h i p s .

B io g e o g ra p h ic  m e th o d . The p a n b io g e o g ra p h ic  o r  

" v ic a r ia n c e "  m ethod  i s  u s e d  to  d e s c r ib e  c e r t a i n  

d i s t r i b u t i o n a l  p a t t e r n s  among g a r s .  T h is  m eth o d o lo g y  

h a s  b e e n  e x te n s i v e l y  d i s c u s s e d  by  i t s  o r i g i n a t o r ,

C r o z ia t  (1 9 5 8 , 1 9 6 2 ) , an d  sum m arized  by  C r o z i a t ,

N e lso n , an d  R osen (1 9 7 ^ ) an d  R osen ( l 9 7 ^ a ) .

The v i c a r i a n c e  m ethod  a t te m p ts  t o  f i n d  g e n e r a l  

p a t t e r n s  o f  d i s t r i b u t i o n  so  t h a t  a  g e n e r a l  s o l u t i o n  

can  b e  so u g h t w h ich  w ou ld  e x p la in  t h e  i n d i v i d u a l  s p e c ie s  

p a t t e r n  i n  t h e  m ost e c o n o m ic a l m an n e r. T h is  i s  

a c c o m p lish e d  by  t r a c k  a n a l y s i s .  A t r a c k  i s  a  l i n e  a ro u n d  

th e  ra n g e  o f  a  s p e c ie s  o r  e n c lo s in g  th e  v a r io u s  r a n g e s  

o f  t h e  t a x a  o f  a  m o n o p h y le tic  g ro u p . When m ore th a n  

one s p e c ie s  i s  e n c lo s e d  w i th in  th e  t r a c k ,  th e n  th e  t r a c k  

i s  a n  e s t im a te  o f  th e  ra n g e  o f  th e  a n c e s t o r  o f  th e  

m o n o p h y le tic  g ro u p . T ra c k s  e n c lo s in g  n o n -m o n o p h y le tic  

g ro u p s  su c h  a s  p a r a p h y l e t i c  g ro u p s  a r e  n o t  a s  i n f o m a t i v e  

a s  th o s e  e n c lo s in g  m o n o p h y le tic  g ro u p s  b e c a u se  th e y  e n c lo s e  

o n ly  p a r t  o f  a  m o n o p h y le tic  g roup  an d  t h e r e f o r e  u n d e r ­

e s t im a te  th e  ra n g e  o f  th e  common a n c e s t o r  o f  th e  t a x a -  

in c lu d e d  w i th in  th e  t r a c k .
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A n a ly s is  b e g in s  by  p l o t t i n g  a s  many a s  p o s s i b l e  

o f  th e  t r a c k s  o b s e rv e d  and  lo o k in g  f o r  g e n e r a l  

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

p a t t e r n s  c o m p r is in g  m ore th a n  a  s i n g l e  t r a c k .  T hese  

g e n e r a l  d i s t r i b u t i o n a l  p a t t e r n s  a r e  te rm e d  g e n e r a l i z e d  

t r a c k s .  The m ore i n d i v i d u a l  t r a c k s  m ak ing  up  th e  

g e n e r a l i z e d  t r a c k ,  th e  m ore c o r r o b o r a te d  th e  g e n e r a l i z e d  

t r a c k .  A d d i t io n a l ly ,  g e n e r a l i z e d  t r a c k s  made up o f  a  

num ber o f  d i s t a n t l y  r e l a t e d  t a x a  a r e  m ore h ig h ly  

c o r r o b o r a te d  th a n  g e n e r a l i z e d  t r a c k s  w i th  t h e  same 

num ber o f  i n d i v i d u a l  t r a c k s  made up o f  c l o s e l y  r e l a t e d  

t a x a .  The g e n e r a l i z e d  t r a c k  e s t im a t e s  an  a n c e s t r a l  

b i o t a  i n  th e  sam e way an  i n d i v i d u a l  t r a c k  e s t im a te s  

th e  a n c e s t r a l  r a n g e  o f  th e  a n c e s t r a l  s p e c ie s  o f  th e  

m o n o p h y le tic  g ro u p .

The p r e s e n c e  o f  a  g e n e r a l i z e d  t r a c k  r e j e c t s  th e  

h y p o th e s is  t h a t  th e  i n d i v i d u a l  s h o u ld  have  o r i g i n a t e d  

by  th e  s e p a r a t e  change d i s p e r s a l  o f  o r  m ig r a t io n  o f  e a c h  

i n d i v i d u a l  s p e c i e s  c o m p r is in g  th e  t r a c k .  T h is  i s  b e c a u se  

i t  i s  assum ed t h a t  th e  c h a n c e s  o f  a  g e n e r a l  d i s t r i b u t i o n a l  

p a t t e r n  e m e rg in g  from  th e  d i s p e r s a l  o f  many com ponent 

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

d i s p e r s a l  c a p a b i l i t i e s  i s  n i l .  I n s t e a d ,  a  g e n e r a l i z e d  

t r a c k  c a l l s  f o r  e x p la n a t io n  on a  g e n e r a l  l e v e l .  T h a t i s ,
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I t  c a l l s  f o r  an  e x p la n a t io n  w h ich  w ould  a f f e c t  t h e  b i o t a  

a s  a  w hole  t o  p ro d u c e  th e  o b s e rv e d  p a t t e r n  r a t h e r  th a n  

s e p a r a t e  e x p la n a t io n s  w h ich  w ould  a f f e c t  e a c h  member 

o f  th e  b i o t a  i n d i v i d u a l l y .

The v i c a r i a n c e  m ethod  r e c o g n iz e s  th e  r e a l i t y  o f  

d i s p e r s a l .  D i s p e r s a l  I s  I d e n t i f i e d  I n  one  o f  f o u r  w ays: 

(1 )  by  th e  o v e r la p  o f  g e n e r a l i z e d  t r a c k s ,  (2 )  by  th e  

o b s e r v a t io n  t h a t  a  s p e c i e s  o r  g ro u p  o f  s p e c ie s  d o e s  n o t  

conform  to  an y  g e n e r a l i z e d  t r a c k ;  (3 )  by  d i r e c t  

o b s e r v a t io n  o f  d i s p e r s a l  o r  m ig r a t io n  an d  s u b s e q u e n t 

s e t t l e m e n t ;  an d  (4 )  by  sy m p a try  b e tw een  s i s t e r  g r o u p s .  

A l l  o f  t h e s e  m eth o d s o f  i d e n t i f y i n g  d i s p e r s a l  e x c e p t

(3 )  a r e  fo u n d e d  on th e  a ssu m p tio n  t h a t  th e  p r o c e s s  

o f  s p e c i a t i o n  i s  u s u a l ly  a l l o p a t r i c .
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M a te r ia l Examined

Specim ens o f  g a r s  used in  t h i s  s tu d y  a r e  l i s t e d  by 

Country or S ta te  and museum number f o r  r e c e n t  s p e c i e s ,  and 

C ountry, S ta t e  (o r  r e g io n )  and Form ation f o r  f o s s i l  sp e c ­

im en s. Fragm entary m a te r ia l  n o t i d e n t i f i a b l e  t o  s p e c ie s  

a r e  n o t l i s t e d .  The u se  o f  a  "p." in  f r o n t  o f  th e  c a ta lo g u e  

number in d ic a t e s  th a t  th e  specim en i s  on d e p o s i t  in  th e  

P a le o n to lo g y  Departm ent o f  th e  i n s t i t u t i o n  c i t e d  whereas 

no p r e f ix  in  fr o n t  o f  th e  number in d ic a t e s  t h a t  th e  specim en  

i s  on d e p o s it  in  th e  Ic h th y o lo g y  Departm ent o f  th e  i n s t i ­

t u t io n  c i t e d .  Specim ens c a ta lo g u e d  in  a se p a r a te  

o s t e o l o g ic a l  c o l l e c t i o n  a re  p r e f ix e d  by " o s t ."  The 

fo l lo w in g  i n s t i t u t i o n a l  a b b r e v ia t io n s  a re  used :

AMNH, The American Museum o f  N a tu ra l H is to r y  

ANSP, Academy o f  N a tu ra l S c ie n c e s ,  P h ila d e lp h ia  

BMNH, B r i t i s h  Museum (N a tu ra l H is to r y )

LACM, Los A n g e les  County Museum

MCZ, Museum o f  Com parative Z oo logy , Harvard U n iv e r s ity

MHNP, Museum N a tio n a l d ’H is t o ir e  N a tu r e l le ,  P a r is

SMC, Sedgwick Museum, Cambridge U n iv e r s ity

TU, Tuland U n iv e r s ity  C o l le c t io n  o f  F is h e s

UMMP, U n iv e r s ity  o f  M ichigan Museum o f P a le o n to lo g y

UMMZ, U n iv e r s ity  o f  M ichigan Museum o f  Z oology

USNM, U n ited  S t a t e s  N a tio n a l Museum o f  N a tu ra l H is to r y
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L e p is o s te u s  o p e r tu s  

M ontana , H e l l  Creek  F o rm a tio n :  MCZ ( c a ta lo g u e  

num bers f o r  t h i s  new s p e c i e s  a r e  on r e q u e s t ) ,

L e p is o s te u s  c u n e a tu s  

U ta h . M a n ti F o rm a tio n :  AMNH P . 2517 ( t y p e ) .  AMNH

P . 4 6 2 2 -4 6 2 5 ; MCZ P . 13325 .

L e p is o s te u s  p la to s to m u s  

A rk a n s a s :  TU 447722  (2  s p e c . ) ;  TU 59709 (1  s p e c . ) ;  

K a n sa s : ANSP 621 (1  s p e c . ,  ty p e  C y l in d r o s te u s  s c a b r l c e p s  

C o p e ). I l l i n o i s :  UMMZ 14705 (4  s p e c . ) .  L o u is ia n a :  TU o s t .  

2 97 -290  (1  s p e c ,  e a c h ) ;  TU o s t . 397 -398  (1  s p e c ,  e a c h ) ;

TU 47529 (3 s p e c . ) ;  TU 475^6  (4  s p e c . ) ;  TU 47579 (2  s p e c . ) ;  

TU 47657 (1  s p e c . ) ;  TU 70151 (2  s p e c . ) ;  TU 87357 (7  s p e c . ) ;  

USNM 172825 (6  s p e c . ) ;  USNM 1 7 3088 (2  s p e c . ) .  Io w a: UMMZ 

10115 (9  s p e c . ) ;  M i s s i s s i p p i : USNM 129249 (6  s p e c . ) ;  USNM 

129334 (2  s p e c . ) ;  USNM 129342 (8  s p e c . )  USNM 129^59 

(5 s p e c . ) .  M is s o u r i :  TU 53817 (8  s p e c . ) ;  UMMZ 147916

(2  s p e c . ) ;  UMMZ 190842 (1  s p e c . ) ;  UMMZ 190846 (2  s p e c . ) .  

N e b ra s k a : UMMZ 134778  (1  s p e c . ) .  T e n n e s s e e : USNM 32373 

(1  s p e c . ) .

L e p is o s te u s  ln d lc u s  

I n d i a :  D o n g a rg o an , C e n t r a l  P r o v in c e s :  KWH P . 12178 

( t y p e ) :  40 m i. WNW o f  N agpur; BMNH P . 12186 . n e a r  T a k l i :

BMNH P . 12185.
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L e p is o s te u s  o s s e u s  

F l o r i d a : IACM 33915-33921  (2 2  s p e c ,  t o t a l ) ;  I n d ia n a :  

USNM 64917 (1  s p e c . ) ;  I o n a : UIMZ 173448 (3  s p e c . ) .  K entacIcy: 

USNM 89440 (1  s p e c . ) .  M ic h ig a n : UMMZ 173340 (1  s p e c . ) ;

UMMZ 174554 (4  s p e c . ) ;  UMMZ 174558 (3  s p e c . ) ;  UMMZ 180463 

(1  s p e c . ) ;  UMMZ 182051 (1  s p e c . ) ;  UMMZ 189179 (4  s p e c . ) ;

UMMZ 56017 (100  s p e c . ) ;  UMMZ 60648 (4  s p e c . ) ;  UMMZ 82335 

(1  s p e c . ) .  M i s s i s s i p p i : USHM 129231 (1  s p e c . ) ;  M is s o u r i :

UMMZ 147917 (4  s p e c . ) ;  UMMZ 148093 (1  s p e c . ) ;  UMMZ 148825 

(3  s p e c . ) ;  UMMZ 150213 (2  s p e c . ) ;  UMMZ 150762 (1  s p e c . ) .

New Y o rk : AMNH 599 (1  s p e c . ) ;  AMNH 28657 (2  s p e c . ) ;  USNM 

69947  (1  s p e c . ) ;  O h io : ANSP 77987 (1  s p e c . ) .  T e x a s :

USHM 89430 (1  s p e c . ) ;  AMNH u n c a t .  (4  s p e c . ) .

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

E n g la n d . U .K . D u lw ic h , W oolwich B ed s: BMNH P . 5504 ;

P . 15588 ; P . 20127; P . 33531 ; P . 37201 ; P . 38602 ; P . 39001 ;

P .4 0 3 3 8 ; P .4 1 0 8 0 . H a n ts . , B a r to n  B ed s: BMNH P . 12625 ;

P . 13057; P . 3 9 1 8 5 -3 9 1 8 9 . Headron B eds: BMNH P . 1529 and 

1 5 2 9 a ; P . 1700 ; P .1 3 3 3 0 ; P . 21058; P . 25252 and P . 25254 

( t y p e s ) ;  P . 25258; P . 27603 ; P . 27607; P . 27706; P . 28540;

P . 30295 ; P . 33522 -3 3 5 2 6 ; P . 33530 ; P . 38104 ; P .4 6 3 8 8 -4 6 3 8 9 ;

P . 4 7 5 6 8 -4 7 5 6 9 ; SMC P .3 1 3 8 9 -3 1 4 0 5 ; SMC P . 3 1 4 1 4 . K e n t.

Oldhaven B e d s :BMNH P . 1 6695 -16696 ; P . 3 1189 . B la ck h ea th  B eds: 

BMNH P . 14610 ; P . 14613; P . 1 4635 -14637 ; P . 14640; P .1 4 6 8 0 ;

P . 14753; P .1 5 2 8 0 ; P . 16333 -1 6 3 3 4 ; P .1 9 8 3 4 ; P . 1 9 9 0 8 -19933 ;

P . 20010 - 20018 ; P . 28066- 28067 ; P . 28575-28576 ; P .39313;
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P . 4 l 6 l l a - i ;  P . 46074-460755 P . 51284 ; P . 51297 ; P . 51648 ;

P .55510; P .55512-55517; P. 55742-55748; P .55941-55947.

S u f f o lk  P e b b le  B eds: BMNH P . 29017 . F ra n c e .  P a r i s  B a s in :

MHNP P . 8 9 5 9 ; MHBP P . 1 8 7 4 -6 3 8 ; MHNP P .4 -1 8 7 6 ;  MHNP. Lem oine 

c o l l e c t i o n s ,  l o t s  1 - 3 .

L e p is o s te u s  o c u la tu s  

Alabam a: UMMZ 103506 (1  s p e c , ) .  A rk an sas: UMMZ 123149 

(1  s p e c , ) .  F lo r id a : IACM 33914-33916  (2 2  s p e c . ,  t o t a l ) ;

IACM 33912  (1  s p e c . ) ;  TU 23157 (1  s p e c . ) ;  TU 23795 (1  s p e c . ) ;  

TU 23337 (1  s p e c . ) ;  TU 40572  (1  s p e c . ) ;  UMMZ 165168 (1  s p e c . ) .  

L o u is ia n a : TU 268 (1  s p e c . ) ;  TU o s t . 300 (1  s p e c . ) ;  TU 6376 

(1  s p e c . ) ;  TU 6506  (1  s p e c . ) ;  TU 14447 (5 s p e c . ) ;  TU 11618 

(2  s p e c . ) ;  TU 13877  (3  s p e c . ) ;  TU 16842 (1 s p e c . ) ;  TU 17115 

(2  s p e c . ) ;  TU 17680 (1  s p e c . ) ;  TU 41453 (1  s p e c . ) ;  UMMZ 

170787 (1  s p e c . ) ;  BSNM 172093 (1  s p e c . ) .  M ich igan :

UMMZ 166511 (1  s p e c . ) ;  UMMZ 178806 ( l  s p e c . ) .  M i s s i s s i p p i :

TU 85996 (3  s p e c . ) ;  TU 86199 (1  s p e c . ) ;  TU 86464 (1  s p e c . ) .  

T e x a s : TU 22289 (5 s p e c . ) ;  TU 24597 (2  s p e c . ) ;  TU 66629 

(1  s p e c . ) ;  TU 85567 (1  s p e c . ) ;  UMMZ 165203 (2  s p e c . ) ;  UMMZ 

165210 (1  s p e c . ) ;  UMMZ 166184 (1  s p e c . ) .

L e p is o s te u s  p la ty r h ln c u a  

F lo r id a : IACM 33912-33913  (2 2  s p e c . ,  t o t a l ) ;  UMMZ 158596  

(1  s p e c . ) ;  UMMZ 158624 (7  s p e c . ) ;  UMMZ 159305 (5  s p e c . ) ;

UMMZ 166536 (1  s p e c . ) ;  USHM 26214 (1  s p e c . ) ;  USNM 92832  

(1  s p e c . ) ;  USNM 133399 (1  s p e c . ) ;  USHM 133429 (4  s p e c . ) ;
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G e o rg ia : OTMZ 158093 (1  s p e c . ) .

A tr a c to s tc a s  s t r a a s i  

Germany. V ic in i t y  o f  D arm stadt,  M esse l Form ation: 

AMNH P .4 6 2 6 ; AMNH 338395 AMNH 33856; a l s o  16 u n cata logu ed  

c a s t s  o f  p r iv a t e ly  h e ld  sp ecim ens a t  AMNH; BMNH P .3 3 5 0 6 - 

33519 .

A tr a c to s te u s  tr o p ic u s  

C osta R ic a : UMMZ 175920 (1  s p e c . ) ;  USHM 6806 (1  s p e c . ,  

h o lo ty p e ) .  G uatem ala: AMNH 2209-22099  (1  s p e c , e a c h );

AMNH 25192 (3  s p e c . ) ;  AMNH 25622 (1  s p e c . ) ;  AMNH 25649 

(4  s p e c . ) ;  AMNH 25790 (1 s p e c . ) ;  AMNH 27937 (1  s p e c . ) ;

AMNH 28075-28076 (1  s p e c ,  e a c h ) ;  AMNH 33851 (1  s p e c . ) ;

UMMZ 144241 (1  s p e c . ) ;  UMMZ 144244 (1  s p e c . ) ;  UMMZ 144247- 

144249 (1  s p e c ,  e a c h ) ;  UMMZ 144251-144252 (1  s p e c ,  e a c h ) ;  

UMMZ 144254 (1  s p e c . ) ;  M ex ico : TU 84923 (10  s p e c . ) ;

UMMZ 184612 (2  s p e c . ) ;  UMMZ 184631 (1  s p e c . ) ;  UMMZ 187727 

(1  s p e c . ) ;  UMMZ 187747 (1  s p e c . ) ;  UMMZ 187793 (1  s p e c ) .  

N ic a ra g u a : TU 24277 (2  s p e c . ) ;  USNM 44175 (1  s p e c . ) ;

USNM 120715 (1  s p e c . ) .

A t r a c to s t e u s  s im p le x  

Wyoming: B r id g e r  F o rm a tio n : USNM P . 2174 ( t y p e ) ;

USNM P . 21173 ( c o ty p e ) ;  G reen  R iv e r  F o rm a tio n : AMNH P . 4302 ; 

AMNH P .4305 ; MCZ P .5318 ; USNM P . 22752.
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4 5 .

New M ex ico : W asatch  F o rm a tio n :  USNM P . 2582 ( ty p e  o f  C.

ag a n u s  C o p e ); USNM P . 2584 ( ty p e  C. I n t e r g e r  Cope)*

A t r a c t o s t e u s  o c c l d e n t a l l s  

Wyoming. H e l l  C reek  F o n a a t io n :  AMNH P .4 3 0 4 ; BMNH

P . 5 6 5 3 3 -5 6 5 3 7 ; MCZ P . 9 3 7 7 -9 3 7 9 ; MCZ P . 9 3 8 5 . L ance Forn*- 

a t I o n :  BMNH P .4 8 l4 0 - 4 8 l5 3 ;  L aram ie  F o rm a tio n ; BMNH P . 1 0738 - 

10739 . C an ad a . B e l ly  R iv e r  F o rm a tio n , A l b e r t a :  BMNH

P . 11906 , BMNH P . 1 2 2 2 2 -12223 .

A t r a c t o s t e u s  a t r o x  

Wyoming: B r ld g e r  F o rm a tio n : USNM P . 2145 ( t y p e ) ;

USNM P .4 7 5 5 ; MCZ P . 5 168 . G reen  R iv e r  F o rm a tio n ; USNM 

P . 3974 ( ty p e  C la s te s  a n a x  C o p e ).

A tr a c to s te u s  sp a tu la  

L o u is ia n a : TU o s t .119-123; TU o s t . 131; TU o s t . 315;

TU o s t . 3 4 7 -3 4 8 ; TU o s t . 3 5 1 -3 5 2 ; TU o s t . 364 -3 6 5  (1  s p e c ,  

e a c h ) ;  TU 17115 (2  s p e c . ) .  T e x a s : UMMP 5 5 4 6 2 -5 5 4 6 3 ; UMMZ 

111049 (1  s p e c . ) ;  UMMZ 1131001 (1 2  s p e c . ) ;  UMMZ 131165 

(1  s p e c . ) .  M exico: TU o s t .4 1 5  ( p a r t s  o f  5 s p e c . ) ;  TU o s t . 477 

( p a r t s  o f  8 s p e c . ) ;  USNM 1003 (1  s p e c . ,  ty p e  A. b e la n d e r l  

G a r a r d ) .  N ic a ra g u a : TU o s t . 3 8 8 .

A t r a c t o s t e u s  t r l s t o e c h u s  

C uba: AMNH 3097  (9  s p e c . ) ;  UMMZ 30745 ( l  s p e c . ) ;  USNM

12496 (1  s p e c . ,  ty p e  L . m an .ju a rl P o e y ) ;  USNM 24794 (1  s p e c . ) ;  

USNM 11309 ( p a r t s  o f  5 s p e c . ) .
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A b b r e v ia t io n s  Used in  F ig u r e s

a , a n g u la r

ACH, a n t e r i o r  c e r a to h y a l  

a b d  h y o , a b d u c to r  h y o id e s  

A n t, a n t o r b i t a l  

A r, a r t i c u l a r

A r to ,  a r t i c u l a r  s u r f a c e  o f  bone nam ed

B, b r a n c h io s t e g a l

BB 1 - 4 ,  b a s i b r a n c h i a l s  1 -4

BBC, b a s i b r a n c h i a l  c a p u la

BHTP, b a s i h y a l  t o o t h  p l a t e s

BOC, b a s i o c c p i t a l

c ,  c o ro n o id  

Clm, c le i th r u m  

CO, c i r c u m o r b i t a l  

comm, com m issure

d , d e n ta r y

D p t, d e rm o p te r o t ic  

D sp, d e rm o s p h e n o tic  

E , e th m o id

EB 1 - 4 ,  e p i b r a n c h i a l s  1 -4  

E c p t ,  e c to p te r y g o id  

E n p t, E n d o p te ry g o id  

Exo, e x o c c i p i t a l
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PH, f r o n t a l

HA, h y o id  a r c h

HB 1 -4 ,  h y p o b r a n c h ia l  1 -4

HH, h y p o h y a l

Hyo, h y o m a n d ib u la r

IB , 1 - 3 ,  i n f r a p h a r y n g o b r a n c h ia l s  1 -3

I .  com, i n t e r n e r i a l  com m issure

1 0 , i n f r a o r b i t a l

I o c ,  i n f r a o r b i t a l  c a n a l

L a, l a c r i m e l

LABE, l e v a t o r  a r c u s  b r a n c h i a l i s ,  e x t e r i o r  

LABEI, l e v a t o r  a r c u s  b r a n c h i a l i s ,  i n t e r i o r  

lw p , l a t e r a l  w ing  o f  p r e a r t i c u l a r  

Me

MEC, M eck e l’ s c a r t i l a g e

M pt, m e ta p te r y g o id

rase , m a n d ib u la r  s e n s o r y  c a n a l

MTP, m e d ia l  t o o t h p l a t e s

M.W. e lm . ,  m e d ia l  w ing  o f  c le i th r u m

Na, n a s a l

0D, o b l iq u e  d o r s a l i s  

O rs , o r b i to s p h e n o id  

Op, o p e r c u l a r  

0V, o b l iq u e  v e n t r a l i s

t e n d .  OVp, te n d o n  o f  p o s t e r i o r  o b l iq u e  v e n t r a l i s
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p ,  p r e a r t i c u l a r  

P a , p a r i e t a l

PCH, p o s t e r i o r  c e r a to h y a l  

P co m ,, p o s t - n a r e s  com m issure  

Pmx, p r e m a x i l l a r y  

P o p , p r e o p e r c u l a r  

p r  ,  p r o c e s s  

P ro * , p r o o t i c

p ro  h y o , p r o t r a c t o r  h y o id e s

P s p , p a ra s p h e n o id

P t ,  p o s t - t e m p o r a l

P to ,  p t e r o t i c

P t s ,

Q, q u a d r a te

Q j, q u a d r a to ju g a l

r ,  r e t r o a r t i c u l a r

RAB, r e t r a c t o r  a r c u s  b r a n c h i a l i s

RC, r e c t u s  communis

Ro, r o s t r a l

R o -D e th , ro s to -d e rm e th m o id

s ,  s u r a n g u la r

SB, s u p ra p h a ry n g o b ra n c h ia l

Sclm , s u p r a c le i th r u m

Spo, s p h e n o t ic

So , s u b o r b i t a l s

S oc , s u p r a o c c i p i t a l

S o r ,  s u p r a o r b i t a l  s e n s o r y  c a n a l
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S t ,  s u p ra te m p o ra l  

S th y o , s te m o h y o id e s  

Sym, s y m p le c tic  

Sop, s u b o p e r c u la r  

TD, t r a n s v e r s e  d o r s a l i s  

t e n d ,  te n d o n  

UP, u n c in a te  p r o c e s s  

Vo, vom er
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The R e la t io n s h ip  o f  Gars to  O ther A c tin o p te r y g ia n s

G ars have  t r a d i t i o n a l l y  b een  c o n s id e r e d  p r i m i t i v e  

a c t i n o p t e r y g ia n  f i s h e s  b u t  t h e i r  e x a c t  s i s t e r  g ro u p  

r e l a t i o n s h i p s  have  b een  s u b j e c t  t o  d i s p u t e .  M u lle r  (1844) 

in c lu d e d  th e  g a r s  w i th  th e  p o l y p t e r i d s  i n  h i s  o r d e r  H o l o s t e i .  

H ux ley  (1861) ad d ed  Amia to  th e  H o lo s te i  and  rem oved 

p o l y p t e r i d s  to  th e  C r o s s o p te r y g i i .  T h is  a lig n m e n t o f  Amia 

and  g a r s  was a c c e p te d  by m o st w o rk e rs  o f  th e  n i n e t e e n t h  

c e n tu r y  and  h a s  m ost r e c e n t l y  been  a d v o c a te d  by N e lso n  

(1 9 6 9 a )and J e s s e n  (1 9 7 2 , 1973)*  O th e rs  have a rg u e d  t h a t  

Amia i s  m ore c l o s e l y  r e l a t e d  t o  t e l e o s t s  th a n  to  g a r s  and  

t h a t  H o lo s te i  i s  a  g ra d e  o r  p a r a p h y l e t i c  g ro u p  (W e s to l l ,

1944; G a rd in e r ,  i 9 6 0 , 1963 ,  19675 J o l l i e ,  1962; P a t t e r s o n ,  

1973)* When f o s s i l  f i s h e s  a r e  c o n s id e r e d ,  g a r s  h av e  been  

c o n s id e r e d  by m ost w o rk e rs  a s  b e in g  m ost c l o s e l y  r e l a t e d  to  

s e m io n o tifo rm s  (G o o d ric h , 1909 , 1930; R ay n er, 1941 , 1948; 

G a rd in e r ,  i 960 ,  1963 , 1967; Romer, 1966 ) o r  a s p id o rh y n c h id s  

( R e is ,  1887 , G o o d ric h , 1904 , 1 9 3 0 ) . T hese c o n c lu s io n s  w ere 

c h a l le n g e d  by P a t t e r s o n  (19 7 3 ) who a rg u e d  t h a t  s e m io n o t i ­

fo rm s a r e  m ore c l o s e l y  r e l a t e d  to  h a leco m o rp h s (Amia) and  

t e l e o s t s  th a n  to  g a r s  and  t h a t  a s p id o rn y n c h id s  a r e  t e l e o s t s .

I n  an  e f f o r t  t o  a s s e s s  th e  r e l a t i o n s h i p s  o f  g a r s  to  

o t h e r  a c t i n o p t e r y g ia n s ,  I  h av e  a t te m p te d  below  to  e s t a b l i s h  

w h ich  o f  th e  c h a r a c t e r i s t i c s  d i s p la y e d  by g a r s  a r e  a u ta p o ­

m o rp h ic , w h ich  a r e  synapom orph ic  w ith  one o r  m ore n o n -g a r
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a c t in o p t e r y g ia n  g ro u p s ,  an d  w h ich  a r e  sy m p le s io m o rp h ic  

o r  non  hom ologous an d  th u s  o f  no  v a lu e  I n  a s s e s s in g  

p h y lo g e n e t ic  a f f i n i t i e s .  T h ree  m a jo r  a n a to m ic a l  a r e a s  

a r e  c o v e re d :  th e  s k u l l ,  t h e  v i s c e r a l  a r c h e s ,  and  th e  

p o s t - c r a n i a l  s k e l e t o n .

P o u r  m a jo r  h y p o th e s e s  o f  g a r  r e l a t i o n s h i p s  a r e  

t e s t e d :

(1 )  G ars  and  Amia a r e  s i s t e r - g r o u p s  and  a r e  m ore 

c l o s e l y  r e l a t e d  t o  t e l e o s t s  th a n  a r e  

c h o n d ro s te a n s  (N e ls o n , 196Sh, f i g .  l a ) .

(2 )  G ars an d  Amia a r e  s i s t e r - g r o u p s  and  c h o n d ro s te a n s  

a r e  th e  s i s t e r - g r o u p  o f  t e l e o s t s  ( J e s s e n ,  1972 , 

f i g .  l b ) .

(3 )  Amia i s  th e  s i s t e r - g r o u p  o f  t e l e o s t s  an d  g a r s  a r e  

m ore c l o s e l y  r e l a t e d  t o  t h i s  g ro u p  (h a la c o s to m e s )  

th a n  a r e  c h o n d ro s te a n s  ( P a t t e r s o n ,  1973* f ig *  H e )

(4 )  S e m io n o tid s  a r e  th e  s i s t e r - g r o u p  o f  g a r s  and  t h i s  

g ro u p  th e  s i s t e r  g ro u p  o f  a m iid s  and  t e l e o s t s  

(W e s to l l ,  1944 and  o t h e r s  c i t e d  a b o v e , f i g  I d ) .

The S k u l l

The p a t t e r n  o f  d e rm a l an d  e n d o c h o n d ra l  o s s i f i c a t i o n s  

i s  b a s i c a l l y  s i m i l a r  i n  g a r s ,  o t h e r  n e o p te r y g ia n s ,  and  in  

many c h o n o d ro s te a n s , m aking  h y p o th e s e s  o f  hom ology p o s s i b l e  

( P a t t e r s o n ,  1973, P* 2 3 9 ) .  The p a t t e r n  o f  d e rm al o s s i f i c a t  

io n  o f  g a r s  i s  i l l u s t r a t e d  i n  F ig u re  2 .
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52.

R ie  e th m o id  r e g io n  o f  g a r s  d i f f e r s  from  th o s e  o f  o t h e r  

a c t i n o p t e r y g i a n s  i n  b e in g  e lo n g a te d  t o  p ro d u c e  th e  

c h a r a c t e r i s t i c  l e p i s o s t e i d  s n o u t .  T h ere  a r e  no e th m o id  

o s s i f i c a t i o n s .  P a t t e r s o n  (1975* P» 499) re v ie w e d  th e  

o c c u r r e n c e  o f  e th m o id  o s s i f i c a t i o n s  i n  v a r io u s  a c t i n o -  

p t e r y g i a n  g ro u p s  a n d  c o n c lu d e d  t h a t  e th m o id  o s s i f i c a t i o n s  

sire  p r i m i t i v e  f o r  o s t e i c h th y a n s .  L a t e r a l  e th m o id s  a r e  

fo u n d  i n  t e l e o s t s ,  Am ia. l a r g e  A c lp e n s e r ,  P o ly p te r u s .  

a n d  L a t lm e r la  ( P a t t e r s o n ,  1975)* They a r e  a l s o  fo u n d  i n  

p a la e o n i s c o i d s  (B e r g e r i a ,  N e i l s e n ,  1949; P e r l e l d u s ,  

P a t t e r s o n ,  1975)* f o s s i l  h a le co m o rp h s  ( C a tu ru s ,  R ay n er, 

1948; S ln a m la , S t e n s i o ,  1935)* " h o lo s te a n s "  (M a c r e p l s t lu s ,  

S c h a e f f e r ,  1971; L e p ld o te s ,  P a t t e r s o n ,  1975)* F u l ly  

o s s i f i e d  fo rm s su c h  a s  some p a la e o n i s c o i d s ,  a l l  

p a r a s e m io n o t id s ,  an d  th e  se m io n o tifo rm s  H e te r o le p ld o te s  

a n d  D apedlum , p r o b a b ly  h a d  i n t e r n a l  o s s i f i e d  e th m o id s  

d u r in g  d e v e lo p m e n t ( P a t t e r s o n ,  1975* P» 499). I  c o n c lu d e  

t h a t  th e  e lo n g a t io n  o f  th e  e th m o id  c a r t i l a g e  and  th e  l a c k  

o f  o s s i f i c a t i o n s  i n  t h i s  c a r t i l a g e  a r e  synapom orphous 

c h a r a c t e r s  s h a re d  by  g a r s .

G ars and  p a la e o n i s c o i d s  l a c k  an  e n d o s k e le ta l  ro s tru m  

o f  th e  ty p e  se e n  i n  R e c e n t c h o n d ro s te a n s ,  s a u r i c h t h y id s ,  

a m i id s ,  an d  t e l e o s t s .  In d e p e n d e n t o s s i f i c a t i o n s  o f  t h i s  

c a r t i l a g e  a r e  known o n ly  i n  Amia, p a c h y c o rm id s , and  R e c e n t 

t e l e o s t s ,  b u t  c o u ld  have  b een  p r e s e n t  d u r in g  th e  o n to g en y
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o f  s o l i d l y  o s s i f i e d  fo rm s su c h  a s  s a u r i c h t h y i d s ,  

p h o l id o p h o r id s ,  D apedium , a n d H e te r o l e p ld o te s  ( P a t t e r s o n ,

1975» P« 5 0 2 ) .  P a t t e r s o n  (1 9 7 5 ) c o n d lu d e s  t h a t  ( l )  an  

e n d o s k e l e t a l  r o s t ru m  w ith  a  w e l l  d e f in e d  n a s a l  sep tum  and  

l a t e r a l l y  o r  d o r s a l l y  o r i e n t e d  n a s a l  p i t s  was In d e p e n d e n t ly  

d e r iv e d  i n  s e v e r a l  l i n e a g e s  an d  t h a t  a  l a c k  o f  t h i s  

c a r t i l a g e  i s  p le s io m o rp h ic  f o r  a c t i n o p t e r y g i a n s ,  a n d  (2 ) 

an  e n d o c h o n d ra l r o s t r a l  bone  i n  f r o n t  o f  t h e  l a t e r a l  

e th m o id s  i s  synapom orph ic  f o r  h a le c o s to m e s  ( th e  p r e -  

e th m o id s  o f  Amia an d  P ach y co rm u s, t h e  s u p r a -  an d  v e n t r a l  

e th m o id s  o f  t e l e o s t s ) .

The d e rm a l com ponen ts o f  th e  l e p i s o s t e i d  sn o u t  

c o n s i s t  o f  a  m e d ia l  r o s t r a l ,  p a i r e d  n a s a l s  and  a n t o r b i t a l s ,  

u n d e r l a in  by th e  p r e m a x i l l a  and  p a i r e d  v o m ers . The num ber 

a n d  p o s i t i o n  o f  d e ira a l s n o u t  e le m e n ts  hav e  b e en  d i s c u s s e d  

by many a u th o r s .  G a rd in e r  ( 1963 ) c o n c lu d e d  t h a t  th e  

p r i m i t i v e  p a t t e r n  o f  o s s i f i c a t i o n  c o n s i s t e d  o f  a  p o s t -  

r o s t r a l  s e p a r a t in g  th e  n a s a l s  an d  a  p a i r  o f  compound r o s t r o -  

p r e m a x i l l o - a n t o r b i t a l s .  S c h a e f f e r  (1 973 ) s u g g e s te d  t h a t  

t h e r e  was a  m e d ia l  r o s t r a l  a s  w e l l  a s  p o s t r o s t r a l .  Wenz 

( 1968 ) c o n c lu d e d  t h a t  e v id e n c e  d id  n o t  p e rm i t  a  p r i m i t i v e  

b a u p la n  f o r  th e  a c t i n o p t e r y g ia n  s n o u t  t o  be  e s t a b l i s h e d ,  

an d  P a t t e r s o n  (1 975 ) a p p a r e n t ly  a g r e e d .  A lth o u g h  th e  s n o u t 

o s s i f i c a t i o n s  o f  c h o n d ro s te a n s  a r e  v a r i a b l e ,  th e  p a t t e r n  

w i th in  th e  N e o p te ry g i i  i s  m ore 3 t a b l e  and  p e r m i ts  unam biguous

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



c o m p a r is o n s . G ars a r e  s i m i l a r  to  o t h e r  n e o p te r y g ia n s  in  

h a v in g  a  m e d ia l  d e rm a l r o s t r a l  w hich  c a r r i e s  th e  e th m o id  

com m issure  o f  th e  i n f r a o r b i t a l  c a n a l s ,  p a i r e d  n a s a l s  w hich  

c o n ta c t  e a c h  o t h e r  an d  c a r r y  th e  s u p r a o r b i t a l  c a n a l s ,  and  

s e p a r a te d  a n t o r b i t a l s  w h ich  c a r r y  th e  i n f r a o r b i t a l  c a n a l s .  

T hese a r e  u n d e r l a in  by  p a i r e d  p r e m a x i l l a r i e s  and  vom ers .

The r e s t  o f  t h e  s n o u t i s  o v e r l a in  by th e  a s c e n d in g  p r o c e s s e s  

o f  th e  p r e m a x i l l a r i e s  and  th e  f r o n t a l s .  B o th  p a i r s  o f  

b o n e s  c a r r y  t h e  s u p r a o r b i t a l  s e n s o ry  c a n a l .  The s n o u t  i s  

b o rd e re d  by  a  s e r i e s  o f  to o th e d  i n f r a o r b i t a l s  w hich  c a r r y  

th e  i n f r a o r b i t a l  s e n s o ry  c a n a l .

G ars d i f f e r  from  o t h e r  a c t in o p te r y g ia n s  i n  h a v in g  

two com m issu res b e tw een  th e  s u p r a -  an d  i n f r a o r b i t a l  s e n s o ry  

c a n a ls  ( f i g .  3 a ) .  The f i r s t  i s  p ro d u c e d  by a  backw ard  

b e n d in g  o f  th e  s u p r a o r b i t a l  c a n a l  on th e  n a s a l .  T h is  

com m issure  j o i n s  th e  two s e n s o ry  c a n a ls  b e tw een  th e  n a r e s  

an d  t r a v e r s e s  th e  n a s a l s  an d  a n t o r b i t a l s .  The seco n d  

com m issure  i s  a  b ra n c h  o f  th e  i n f r a o r b i t a l  c a n a l  w hich  ru n s  

from  th e  a n t o r b i t a l  t o  th e  p r e m a x i l l a r y  arm p o s t e r i o r  t o  

th e  n a r e s  ( J o l l i e ,  1969 ) .  J o l l i e  ( 1969 ) s t a t e s  t h a t  t h i s  

c o n d i t io n  i s  u n iq u e  among a c t in o p te r y g ia n s  and  h a s  s u g g e s te d  

t h a t  th e  i n t e m a r i a l  com m issure  i s  hom ologous w i th  t h a t  i n  

P o ly p te r u s  and  A c lp e n se r  b u t  n o t  hom ologous w ith  th e  

i n t e m a r i a l  com m issure  in  Amia (w hich  ru n s  be tw een  th e  n a r e s  

b u t  do es n o t  in v o lv e  th e  n a s a l  and  d e v e lo p s  l a t e  in  o n to g e n y ,
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f i g .  3 b ) .  The t e l e o s t e a n  sn o u t h a s  a  s i n g l e  com m issure  

w h ich  i s  a  b ra n c h  o f  th e  i n f r a o r b i t a l  c a n a l  w h ich  t r a v e r s e s  

th e  a n t o r b i t a l  ( a s  i n  Amia) and  e i t h e r  c o n n e c ts  w i th  th e  

s u p r a o r b i t a l  c a n a l  p o s t e r i o r  t o  th e  n a r e s  ( o s t e o g l o s s i d s ,  

N e lso n , p e r s .  comm.) o r  e n d s  b e fo r e  m e e tin g  th e  s u p r a ­

o r b i t a l  c a n a l  (E lo p s , N e lso n , 1 9 6 9 c ,f ig *  3 c ) .

T hese  d i f f e r e n c e s  a r e  b e s t  a s s e s s e d  by  s u rv e y in g  

p a t t e r n s  o f  s e n s o ry  c a n a ls  an d  co m m issu res  among o t h e r  

g n a th o s to m e s . I n  t h e  s n o u t  o f  s h a r k s ,  th e  p r i m i t i v e  

p a t t e r n  may b e  t h a t  o f  C h lam y d o se lach u s w here  th e  i n f r a -  

an d  s u p r a o r b i t a l  c a n a ls  m ee t b e h in d  th e  n a r e s  ( J o l l i e ,  

1969). I n  a c a n th o d ia n s  th e  s u p r a o r b i t a l  c a n a l  i s  jo in e d  

t o  th e  i n f r a o r b i t a l  c a n a l  a n t e r i o r  t o  th e  o r b i t ,  b u t  th e  

r e l a t i o n s h i p  o f  th e  com m issure  t o  th e  n a r e s  i s  a p p a r e n t ly  

unknown ( s e e  W atson , 1937). Among s a r c o p te r y g ia n s  t h e r e  

a r e  s e v e r a l  s n o u t  p a t t e r n s .  The d ip n o a n s  P r o to p te r u s  

(Panchen,1967) and  N e o c e ra to d u s  ( S t e n s i o ,  19^7) have no 

co m m issu res b e tw een  th e  s u p r a -  an d  i n f r a o r b i t a l  c a n a ls  

b u t  e a c h  i s  c o n n e c te d  v i a  a  com m issure  t o  i t s  c o u n te r p a r t  

a c r o s s  th e  s n o u t .  I n  r h i p i d i s t i a n s  ( f i g .  3d) t h e r e  i s  a  

s i n g l e  com m issure  b e tw een  th e  s u p r a -  and  i n f r a o r b i t a l  

c a n a ls  i n  f r o n t  o f  th e  s n o u t and  th e  i n f r a o r b i t a l  c a n a ls  

a r e  c o n n e c te d  t o  e a c h  o t h e r  a c r o s s  th e  s n o u t ( H o lo p ty c h iu s ,  

J a r v i c k ,  19^7 ; E u s th e n o p te ro n , J a r v i c k ,  19^4; se e  S t e n s io ,  

194-I f  f o r  summary b u t  n o te  t h a t  f i g u r e  29b , p .  106  i s  

p ro b a b ly  i n c o r r e c t ) .  I n  L a t im e r ia  chalum nae t h e r e  a r e
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co m m issu res  b e tw ee n  th e  s u p r a -  an d  i n f r a o r b i t a l  c a n a l s  

b o th  a n t e r i o r  t o  th e  n a r e s  and  b e tw een  th e  n a r e s  ( M i l lo t  

and  A n th o n y , 1958; J o l l i e ,  1969)* I n  a t  l e a s t  one  f o s s i l  

c o e la c a n th  (N e s id e s  s c h m ld t l )  t h e r e  i s  no i n d i c a t i o n  o f  an  

i n t e m a r i a l  co m m issu re . I t  i s  i n t e r e s t i n g  t o  n o te  h e re  t h a t  

P o ly p te r u s  d i s p l a y s  th e  s a r c o p te r y g ia n  p a t t e r n  ( s e e  J o l l i e ,  

1969 ,  and  S t e n s i o ,  19^7 > f o r  i l l u s t r a t i o n s ) .

W ith in  t h e  A c t in o p t e r y g i i  th e  p r i m i t i v e  c o n d i t i o n  

( f i g .  3c ) seem s t o  be  t h a t  w here  th e  i n f r a o r b i t a l  an d  

s u p r a o r b i t a l  c a n a l s  a r e  c o n n e c te d  by an  i n t e m a r i a l  

com m issure  an d  th e  i n f r a o r b i t a l  c a n a l s  on  e a c h  s i d e  o f  

th e  h e a d  a r e  c o n n e c te d  v i a  th e  r o s t r a l  com m issure  ( G a r d in e r ,  

1963 ; J o l l i e ,  1 969 ) .  T h is  c o n d i t io n  i s  fo u n d  i n  .

P t e r o n i s c u i u s  (N fc ilse n , 1 9 ^ 2 ) , B e r g e r la  an d  A u s tra lo so m u s  

( N e i l s e n ,  19^9),  M oythom asia  ( J e s s e n ,  1 968 ) , A te g o t r a c h e lu s , 

K e n tu c k la  an d  o t h e r s  ( G a r d in e r ,  1963  ) b u t  n o t  i n  C an o b lu s 

and  B a b a s t r a n i a ) . T h is  s n o u t  s e n s o ry  c a n a l  p a t t e r n  i s  

p ro b a b ly  apom orph ic  f o r  th e  A c t in o p te r y g i i  and  th u s  

p le s io m o rp h ic  w i th in  th e  g ro u p . What th e  p le s io m o rp h o u s  

p a t t e r n  i s  f o r  te le o s to m e s  i n  g e n e r a l  i s  n o t  c l e a r .  The 

p a t t e r n  se e n  i n  t h e  c o e la c a n th  L a te im e r ia  i n c o r p o r a t e s  

b o th  th e  r h i p i d i s t i a n  an d  a c t in o p t e r y g ia n  p a t t e r n s .

D ip n o an s  hav e  a  d i f f e r e n t ,  and  p re su m a b le  apom orphous, 

p a t t e r n .  B u t w h a te v e r  t h e  b a s i c  te le o s to m e  p a t t e r n  may be 

i t  i s  l o g i c a l  t o  assum e t h a t  th e  i n t e m a r i a l  com m issure  

b e tw ee n  th e  s u p r a -  and  i n f r a o r b i t a l  c a n a ls  se e n  i n  g a r s  i s
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hom ologous w i th  t h e  same oom m lssure  s e e n  I n  m o st 

c h o n d ro s te a n s .  And, t h e  p r e s e n c e  o f  a  p o s t n a r l a l  com m issure 

b e tw ee n  th e s e  s e n s o r y  c a n a l s  I s  h y p o th e s iz e d  apom orphous 

f o r  t a x a  w i th in  th e  A c t i n o p t e r y g i i .  Two q u e s t io n s  re m a in : 

( l ) i s  t h e  i n t e m a r i a l  com m issu re  o f  Amia hom ologous t o  th e  

i n t e m a r i a l  com m issu re  o f  g a r s  an d  c h o n d ro s te a n s ? ;  and  (2 )  

w hat a r e  t h e  h o m o lo g ie s  o f  th e  p o s t n a r i a l  com m issu re  o f  

g a r s  a n d  t e l e o s t s ?  J o l l i e  (1 9 6 9 ) s t a t e s  t h a t  th e  i n t e m a r i a l  

com m issu re  o f  Amia c a lv a  i s  n o t  f u l l y  d e v e lo p e d  u n t i l  

r e l a t i v e l y  l a t e  i n  d ev e lo p m e n t (200 mm). A l l i s  (18 8 9 ) 

f i g u r e s  th e  e a r l y  d ev e lo p m e n t o f  th e  co m m issu re . I n  10 mm 

sp e c im e n s  o f  Amia c a lv a  th e  com m issure  h a s  th e  same 

o r i e n t a t i o n  a s  a d u l t  E lo p s ,  t h a t  i s ,  t h e  b ra n c h  o f  th e  

i n f r a o r b i t a l  c a n a l  i s  d i r e c t e d  upw ard and  i s  b e h in d  th e  

n a r e s .  I t  th e n  c o n ta c t s  th e  edge  o f  th e  p o s t e r i o r  n a r e s  

( 1 1 .5  ram), a n d , a s  th e  p o s t e r i o r  n a r e s  move f a r t h e r  b ack  

d u r in g  d e v e lo p m e n t, t h e  i n f r a o r b i t a l  b ra n c h  comes t o  l a y  

b e tw ee n  th e  n a r e s .  T hese  o n to g e n e t ic  ch an g es  c o r r o b o r a te  

a  h y p o th e s is  t h a t  th e  i n t e m a r i a l  com m issure  o f  g a r s  and  

Amia a r e  n o n -h o m o lo g o u s . F u r t h e r ,  i t  c o r r o b o r a te s  a 

h y p o th e s is  o f  synapom orphy b e tw een  th e  i n t e m a r i a l  com m issure 

o f  Amia and  th e  p o s t n a r i a l  com m issure  o f  t e l e o s t s  an d  g a r s .  

Thus i t  w ould seem t h a t  a  p o s t n a r i a l  com m issure  o r  a  i n f r a ­

o r b i t a l  b ra n c h  on th e  a n t o r b i t a l  i s  apom orphous f o r  

n e o p te r y g ia n s .  G ars a r e  u n iq u e  i n  h a v in g  b o th  th e
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p le s lo m o rp h o u s  an d  apom orphous c o m m issu re s . Amia an d  

t e l e o s t s  l a c k  th e  i n t e m a r i a l  com m issure  o f  g a r s  and  

an d  c h o n d ro s te a n s ,  an  apom orphous c o n d i t i o n .  F u r t h e r ,

Amia c a lv a  i s  au tap o m o rp h o u s i n  h a v in g  th e  p o s t n a r i a l  

com m issure  b e tw ee n  t h e  n a r e s .

The p r e m a x i l l a  o f  th e  g a r s  i n c lu d e s  a  to o th e d  

a n t e r i o r  p a r t ,  t h e  p r e m a x i l l a  p r o p e r ,  an d  th e  p r e m a x i l l a r y  

o r  n a s a l  p r o c e s s  (pmx, f i g .  2 ,  and  P a t t e r s o n ,  1973) m akes 

up a s  much a s  50^  o f  t h e  l e n g t h  o f  t h e  sn o u t  a n d  c a r r i e s  

t h e  s u p r a o r b i t a l  c a n a l .  Hammarberg (1 9 3 7 ) c o n te n d e d  t h a t  

th e  s u p r a o r b i t a l  c a n a l  was fo u n d  on th e  n a s a l  p r o c e s s  

b e c a u se  two n a s a l  o s s i f i c a t i o n  c e n t e r s  and  t h e i r  a s s o c i a t e d  

s e n s o ry  p la c o d e s  w ere  in c o r p o r a te d  i n t o  th e  n a s a l  p r o c e s s .  

T h u s, he  c o n c lu d e d  t h a t  th e  p r e m a x i l l a  i s  a  compound bone 

com posed o f  one a n a s m a tic  bone and  p a r t s  o f  one  s e n s o ry  

c a n a l  b o n e . He te rm e d  t h i s  bone th e  p r e m a x i l l o - n a s a l s  

( o t h e r  nam es a p p l i e d  t o  th e  p r e m a x i l l a  o f  g a r s  in c lu d e  th e  

e th m o - n a s a ls ,  A l l i s ,  1905; and  th e  n a s o - p r e m a x i l l a r i e s ,  

Mayhew, 1 9 2 4 ) , A um onier (1 9 4 1 ) s t u d i e d  th e  p r e m a x i l l a r y  

p r o c e s s  and  c o n c lu d e d  t h a t  no n a s a l  o s s i f i c a t i o n  c e n t e r s  

w ere, in v o lv e d  an d  t h a t  th e  a s s o c i a t i o n  o f  th e  p r e m a x i l l a r y  

p r o c e s s  w i th  th e  s u p r a o r b i t a l  c a n a l  was p ro d u c e d  by s im p le  

p o s t e r i o r  g ro w th  o f  th e  p r e m a x i l l a r y  arm . F u r t h e r ,  he  

c o u ld  f i n d  no e v id e n c e  t h a t  t h e  p r e m a x i l l a  a r o s e  from  two 

o s s i f i c a t i o n  c e n t e r s .
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P a t t e r s o n  (1973) com pared  th e  p r e m a x i l l a r y  p r o c e s s  

o f  g a r s  w i th  t h a t  o f  Amia and  he p o in te d  o u t  t h r e e  b a s ic  

s i m i l a r i t i e s  b e tw een  th e  tw o: ( l )  b o th  l i n e  th e  n a s a l  

p i t s ;  ( 2 ) b o th  s u tu r e  w i th  th e  f r o n t a l ,  and  ( 3 ) b o th  a r e  

p e r f o r a t e d  by  th e  o l f a c t o r y  n e r v e .  He s u rv e y e d  th e  

d i s t r i b u t i o n  o f  n a s a l  p r o c e s s e s  an d  fo u n d  them  i n  

p a ra s e m io n o t id s ,  s e m io n o t id s ,  c a t u r i d s ,  an d  a m iid s .  The 

o l f a c t o r y  n e rv e  p e r f o r a t e d  th e  n a s a l  p r o c e s s  i n  S e m io n o tu s ,
't

L e p id o te s ,  and  E urycarm us ( l o c .  p .  3 1 0 ) .  P a t t e r s o n

a l s o  fo u n d  t h a t  th e  l a t e ^ a T ~ ^ 3Snethm oids o f  p h i lo d o p h o r id s  

o c c u p ie s  th e  same to p o g ra p h ic  p o s i t i o n  a s  th e  n a s a l  

p r o c e s s e s  o f  a m iid s  an d  th e  f o s s i l s  named a b o v e , and  t h a t  

th e s e  l a t e r a l  de rm ethm oids d i f f e r  from  th e  n a s a l  p r o c e s s  

an d  a r e  p r i m i t i v e l y  to o th e d .  P a t t e r s o n  (1975 ) c o n c lu d e d  

t h a t  th e  p r e m a x i l l a r y  p r o c e s s e s  o f  a l l  n e o p te r y g ia n s  a r e  

b a s i c a l l y  hom ologous an d  t h a t  p r e m a x i l l a r y  p r o c e s s e s  a ro s e  

by b ack g ro w th  o f  th e  s m a ll  p r o c e s s  su c h  a s  t h a t  s e e n  i n  

p a r a s e m io n o t id s .

T h ere  a r e ,  h ow ever, d i f f e r e n c e s  b e tw een  th e  p r e m a x i l l a r y  

p r o c e s s e s  o f  g a r s  and  Am ia. P e h rso n  (19^0) s t u d i e d  th e  

o n to g en y  o f  th e  p r e m a x i l l a  o f  Amia an d  c o n c lu d e d  t h a t  i t  was 

a  compound bone com posed o f  two o s s i f i c a t i o n  c e n t e r s ,  th e  

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

te rm ed  by  B j e r r i n g  (1972) th e  r h i n a l  b o n e . I n  c o n t r a s t  th e  

g a r  p r e m a x i l l a  h a s  e i t h e r  a  s i n g l e  o s s i f i c a t i o n  c e n t e r
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( A um onier, 1941 , p .  2 0 ) ,  o r  i s  d e r iv e d  from  an  a n a s m a tic  

bone an d  p a r t s  o f  a  s e n s o ry  bone (Ham m arburg, 1937)* I t  

w ould  seem  t h a t  th e  d e v e lo p m e n ta l seq u en ce  o f  th e  p r e m a x i l l a  

o f  Amia an d  g a r s  d i f f e r s .  I n  a d d i t i o n ,  th e  p r e m a x i l l a r y  

p r o c e s s  o f  g a r s  m akes up a  s i g n i f i c a n t  p o r t i o n  o f  th e  

d o r s a l  s u r f a c e  o f  t h e  s n o u t  w h e rea s  t h a t  o f  Amia an d  th e  

s e m io n o t id s  I  have  exam ined  l i e s  b e n e a th  th e  n a s a l s .

F i n a l l y ,  p a r a s e m io n o t id s ,  th e  p resu m ed  s i s t e r  g ro u p  o f  

a m iid s ,  l a c k  a  w e l l  d e v e lo p e d  p r e m a x i l l a r y  p r o c e s s ,  an d , 

u n l e s s  p a ra s e m io n o t id s  a r e  apom orph ic  i n  l a c k in g  a  w e l l  

d e v e lo p e d  p r o c e s s ,  we m ust assum e t h a t  th e  common a n c e s to r  

o f  a l l  h a le co m o rp h s  a l s o  la c k e d  a  w e l l  d e v e lo p e d  p r e ­

m a x i l l a r y  p r o c e s s .  R e g a rd le s s  o f  th e  s i g n i f i c a n c e  p la c e d  

on  th e  to p o g ra p h ic  d i s s i m i l a r i t y  o r  d e v e lo p m e n ta l 

d i s s i m i l a r i t y ,  th e  p h y lo g e n e t ic  a rgum en t seem s t o  r e f u t e  

th e  c o n je c tu r e  t h a t  th e  p r e m a x i l l a r y  p r o c e s s  o f  g a r s  and  

Amia i s  hom ologous. W hether th e  p r e r a a x i l la  o f  Amia i s  

hom ologous t o  t h a t  o f  t e l e o s t s  ( P a t t e r s o n ,  1973) i s  a l s o  

open  to  q u e s t io n ,  b u t  I  have  no  a d d i t i o n a l  o b s e r v a t io n s  

t o  add  to  th o s e  o f  P a t t e r s o n  (1973* 1975)*

The vom ers o f  g a r s  a r e  p a i r e d .  T h is  i s  a p p a r e n t ly  

th e  p le s io m o rp h o u s  c o n d i t io n  and  i s  fo u n d  i n  a  v a r i e t y  o f  

o t h e r  a c t i o n p t e r y g ia n s  ( s e e  P a t t e r s o n ,  1 9 7 3 )- L e p id o te s  

h a s  a  s i n g l e  vom er (R a y n e r , 1 9 4 8 ) , a  c h a r a c t e r  w hich  

r e f u t e s  th e  a n c e s to r - d e s c e n d e n t  o r  s i s t e r  g ro u p  r e l a t i o n ­

s h ip  p ro p o se d  by R ayner (19 4 8 ) f o r  g a r s  and  L e p id o te s
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( P a t t e r s o n ,  1 9 7 3 ) . The vom ers o v e r l i e  th e  p a ra s p h e n o id  

an d  th e  e c t o p te r y g o i d s .  T h ese  b o n es  w i l l  be d i s c u s s e d  

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

The re m a in d e r  o f  th e  d o r s a l  s n o u t  i s  made up o f  th e  

a n t e r i o r  h a l f  o f  th e  f r o n t a l s  b o rd e re d  by  a  s e r i e s  o f  5 

t o  10 to o th e d  i n f r a o r b i t a l  b o n e s  an d  th e  a t r o p h i e d  m a x i l l a .  

B o th  th e  lo n g  s e r i e s  o f  to o th e d  i n f r a o r b i t a l s  and  th e  

a t r o p h i e d  m a x i l l a  a r e  u n iq u e  f o r  g a r s  and  a r e  c o n s id e r e d  

a u ta p o m o rp h ic . I n  e a r l y  g ro w th  s t a g e s  t h e  m a x i l l a  i s  

much l a r g e r  an d  o c c u p ie s  th e  c o r r e c t  to p o g r a p h ic  p o s i t i o n  

o f  th e  n o rm al a c t i n o p t e r y g ia n  m a x i l l a .  I t  b e g in s  t o  

a tro p h y  r e l a t i v e  t o  o t h e r  b o n es when th e  young r e a c h  

a b o u t 26  mm t o t a l  l e n g t h  (Ham m arburg, 1937i A um onier,

1 9 4 1 ) . L e p id o te s  h a s  a  s m a ll  s e r i e s  o f  i n f r a o r b i t a l s  

ru n n in g  o n to  th e  sn o u t  ( W e s to l l ,  1937 )> t u t  t h e s e  a r e  n e i t h e r  

to o th e d ,  n o r  a s  num erous a s  th o s e  o f  g a r s ,  n o r  do th e y  

b o r d e r  th e  s n o u t  m a rg in . I  c o n c lu d e  t h a t  a  h y p o th e s is  o f  

synapom orphy b e tw een  th e  i n f r a o r b i t a l s  o f  g a r s  and 

L e p id o te s  i s  a  weak h y p o th e s is  an d  t h a t  th e  p r e s e n c e  o f  

n o n - to o th e d  i n f r a o r b i t a l s  i n  L e p id o te s  i s  a  p le s io a o r p h o u s  

c o n d i t i o n .

The d e rm a l b o n es  p o s t e r i o r  t o  th e  sn o u t o f  g a r s  

c o n s i s t s  o f  th e  u s u a l  f r o n t a l s ,  p a r i e t a l s ,  d e r m o p te r o t ic s ,  

s u p ra te m p o r a ls ,  and  p o s t - t e m p o r a l s  d o r s a l l y ,  and  th e  

l a c r i m a l s ,  c i r c u m o r b i t a l s ,  s u b o r b i t a l s ,  and  th e  o p e r c u la r  

s e r i e s  l a t e r a l l y  ( s e e  f i g .  2 ) .
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G ars d i f f e r  fro m  o t h e r  a c t i n o p t e r y g ia n s  i n  th e  

r e l a t i o n s h i p s  o f  t h e  d e r m o p te r o t ic  and  d e rm o s p h e n o tic  

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

an d  p t e r o t i c .  G a rs  have  a  d e r m o p te r o t ic - s p h e n o t ic  

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

f r e q u e n t l y  b e in g  s e e n  e x t e r n a l l y  u n d e r  th e  l a t e r a l  w ing 

o f  th e  d e r m o p te r o t i c .  I f  P a t t e r s o n 's  (1 9 7 5 ) h y p o th e s is  

t h a t  th e  p t e r o t i c  i s  p r e s e n t  i n  g a r s  and  m is s in g  i n  a m iid s  

i s  c o r r e c t  ( s e e  d i s c u s s i o n  o f  n e u ro c ra n iu m  b e lo w ) , th e n  

g a r s  have  b o th  th e  s p h e n o t ic  and  p t e r o t i c  a r t i c u l a t i n g  

w i th  th e  d e rm o p te r o t ic  and  th e y  have  a  d e rm o s p h e n o tic  

w i th o u t  an  e n d o c h o n d ra l  a r t i c u l a t i o n .  A m iids an d  

t e l e o s t s  d i f f e r  i n  h a v in g  an  e p i o c c i p l t a l - d e r m o p t e r o t i c  

a r t i c u l a t i o n  and  th e  u s u a l ,  s p h e n o t ic -d e rm o s p h e n o tic  

a r t i c u l a t i o n  p r i m i t i v e  f o r  a c t i n o p t e r y g i a n s . And, a m iid s  

a r e  u n iq u e  i n  h a v in g  l o s t  th e  p t e r o t i c  an d  th u s  i n  

l a c k in g  a  p t e r o t i c - d e r m o p t e r o t i c  a r t i c u l a t i o n .

B eh in d  th e  p a r i e t a l s  an d  d e rm o p te r o t ic s  o f  

a c t i n o p t e r y g ia n s  i s  an  s u p ra te m p o ra l  s e r i e s  w h ich  c a r r i e s  

th e  e x t r a s c a p u l a r  o r  s u p ra te m p o ra l  com m issure  b e tw een  th e  

s u p r a o r b i t a l  c a n a l s .  G ars have two to  s i x  s u p ra te m p o ra ls  

on e a c h  s id e  o f  th e  m id l in e  ( f i g .  4b) w h e rea s  a m iid s  and 

t e l e o s t s  have  a  s i n g l e  s u p ra te m p o ra l  on e a c h  s i d e  o f  th e  

m id l in e  ( f i g .  4 c , d) ( o r ,  i n  some t e l e o s t s ,  a  c o m p le te  

l o s s  o f  th e  s u p r a t e m p o r a l s ) . P a la e o n is c o id s  su c h  a s
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M oythom asla ( J e s s e n ,  1968 ) and  P t e r o n l s c u l u s  ( f i g .  4 a , 

from  N e i l s e n ,  1 9 4 2 ) ,b r a n c h o p te r y g ia n s  (P o ly p te r u s ,  D a g e t, 

1 9 5 0 ) ,and  a  v a r i e t y  o f  s a r c o p te r y g i a n s  h av e  two o r  m ore 

s u p ra te m p o ra ls  on e a c h  s id e  o f  th e  m id l in e  ( f i g .  4 a ) .

I  h y p o th e s iz e  t h a t  t h i s  c o n d i t io n  i s  p le s io m o rp h o u s . 

W ith in  th e  N e o p te r y g i i ,  s e m io n o tifo rm s  h av e  two p e r  

s i d e .  A s i n g l e  s u p ra te m p o ra l  p e r  s id e  i s  fo u n d  i n  th e  

f o s s i l  h a le co m o rp h s  ( a s  f i g u r e d  from  v a r io u s  s o u rc e s  by 

L ehm an^l966) P a r a s im lo n o tu s  ( f i g .  1 1 8 ) ,  P rom ecosom ia 

( f i g .  1 2 2 ) , E o eu g n a th u s  ( f i g .  126} , H e te r o le p ld o te s  

( f i g .  1 2 9 ) ,  F u ro  ( f i g .  1 2 8 ) , C a tu ru s  ( f i g .  1 3 3 b  

O neoscopus ( f i g .  1 3 5 b  U ro c le s  ( f i g .  1 3 6 ) ,  M ic ro sem iu s  

( f i g .  1 4 3 ) , O p h io p s is  ( f i g .  1 4 1 ) . A s i n g l e  s u p ra te m p o ra l  

p e r  s id e  i s  a l s o  fo u n d  i n  Pachycorm us (Lehm an, 1966 , f i g .  

1 4 7 ) ;  and  i n  th e  p h i lo d o p h o r id s  and  l e p t o l e p i d s  ( b u t  n o t  

i n  S in a m ia , Lehman, 1966 , f i g .  1 3 8 ) .  I  h y p o th e s iz e  t h a t  

a  s i n g l e  s u p ra te m p o ra l  on e a c h  s i d e  o f  th e  m id l in e  i s  a  

sy n ap o p o rp h y  u n i t i n g  h a leco m o rp h s and  t e l e o s t s .

G ars  have  a  c o m p le te  c i r c u m o r b i t a l  r i n g  e n d in g  

a n t e r i o r l y  i n  t h r e e  l a c r im a l s ,  a  c o n d i t io n  r e g a rd e d  by 

G o s lin e  ( 1965 ) a s  p r i m i t i v e  ( f i g .  2 ) .  P a t t e r s o n  (1973) 

fo u n d  t h i s  c o n c lu s io n  p re m a tu re .  Some p a la e n o s c o id s  do 

n o t  have a  c o m p le te  c i r c u m o r b i t a l  r i n g .  R a th e r ,  th e  

n a s a l s  fo rm  th e  a n t e r i o r  b o rd e r s  o f  th e  o r b i t s  

^ P te r o n ls c u lu s ,  B oreo3om us, C a n o b iu s , an d  p la ty s o m id s ,
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S t e n s i o ,  1947; P o ly p te r u s ,  J a r v i c k ,  1 9 ^ 7 ) . O th e rs  have  a  

c o m p le te  c i r c u m o r b i t a l  s e r i e s  ( C h e l r o le p l s ,  W atson , 1925; 

D lc e l lo p y g e , B rough , 1931)* The m ost a n c i e n t  s e m io n o tifo rm  

A c e n tro p h o ru s , h a s  a  co m p le te  c i r c u m o r b i t a l  r i n g  ( G i l l ,  

1923) a s  do o t h e r  s e m io n o tifo rm s  su c h  a s  L e p id o te s  (W e s to l l  

1 9 3 7 ) , S em io n o tu s (Lehm an, 1 9 6 6 ) , Dapedlum  (Wenz, 1 9 6 8 ) , 

Thus i t  a p p e a rs  t h a t  a  c o m p le te  c i r c u m o r b i t a l  r i n g  i s  

p r i m i t i v e  w i th in  th e  N e o p te r y g i i ,  r e g a r d l e s s  o f  i t s  

c o n d i t io n  w i th in  A c t in o p t e r y g i i .  I  c o n c lu d e  t h a t  th e  

s e c o n d a ry  l o s s  o f  come com ponents o f  th e  c i r c u m o r b i t a l  

s e r i e s  i s  a  synapom orphy u n i t i n g  h a le c o s to m e s .

The d e rm o sp h e n o tic  c a r r i e s  th e  j u n c t io n  o f  th e  o t i c  

an d  p o s t o r b i t a l  p o r t i o n s  o f  th e  i n f r a o r b i t a l  c a n a l .  I n  

some g a r s  th e  d e rm o sp h e n o tic  i s  in c o r p o r a te d  i n t o  th e  

c i r c u m o r b i t a l  r i n g ,  a  p le s io m o rp h o u s  c h a r a c t e r  s h a re d  

w i th  some p a la e o n i s c o id s ,  Amia, and  t e l e o s t s .

The r e l a t i o n s h i p s  o f  th e  s u p r a -  and  i n f r a o r b i t a l  

c a n a ls  r e l a t i v e  to  th e  d e rm a l r o o f in g  b o n es  show much 

v a r i a t i o n  w i th in  th e  A c t in o p t e r y g i i .  I n  p a la e o n i s c o id s  

t h e r e  i s ,  p r i m i t i v e l y ,  no com m issure  be tw een  th e  two c a n a ls  

( f i g .  4 a ) .  T h is  c o n d i t io n  i s  a l s o  se e n  i n  young Amia c a lv a  

( A l l i s ,  I 889 ) and  a d u l t  P h o lid o p h o ru s  m a c ro c e p h a lu s  

( P a t t e r s o n ,  1 9 7 5 )• I n  g a r s  t h e r e  i s  a  com m issure be tw een  

th e  o t i c  b ra n c h  o f  th e  i n f r a o r b i t a l  c a n a l  an d  th e  s u p ra ­

o r b i t a l  c a n a l  on th e  d e rm o p te ro t ic  ( f i g .  4 b ) .  In  Amia
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t h e  com m issure  i s  f u r t h e r  fo rw a rd  an d  in v o lv e s  th e  

f r o n t a l s  ( f i g .  4 c ) .  T e l e o s t s  p r i m i t i v e l y  l a c k  a  com m issure  

( p h o l id o p h o r id s ,  l e p t o l e p i d s ,  E lo p s , f i g .  4 d ) ,  b u t  m ore 

d e r iv e d  g ro u p s  have a  com m issure  (G o s l in e ,  1 9 6 5 ) . The 

c o n d i t io n  i n  g a r s  (a n d  p e rh a p s  Amia and  some R e ce n t 

t e l e o s t s )  i s  a p p a r e n t ly  d e r iv e d ,  an d  th e  p r e s e n c e  o f  su c h  

co m m issu res  h a s  a p p a r e n t ly  b e en  d e r iv e d  in d e p e n d e n t ly  i n  

s e v e r a l  l i n e a g e s .

G ars have a  m o sa ic  o f  s u b o r b i t a l s  b e tw een  th e  

c i r c u m o r b i t a l s  an d  th e  o p e r c u l a r  s e r i e s  (SO, f i g .  2 ) .

The p r e s e n c e  o f  s u b o r b i t a l s  i s  c o n s id e r e d  p le s io m o rp h o u s  

by S c h a e f f e r  (1973) an d  P a t t e r s o n  (1 9 7 3 )• They a r e  fo u n d  

i n  a  l a r g e  num ber o f  p a l a e o n l s c i d s  and  f o s s i l  h a le c o s to m e s  

( s e e  P a t t e r s o n ,  1973* f o r  d i s c u s s io n )  b u t  a r e  m is s in g  i n  

Amia c a lv a  and  r e c e n t  t e l e o s t s .  P a t t e r s o n  (1973* P« 245) 

i n t e r p r e t s  t h i s  a b se n c e  o f  s u b o r b i t a l s  a s  e v id e n c e  f o r  

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

( i . e .  p h o l id o p h o r id s )  have  a  few  s u b o r b i t a l s ,  th e  

p a r a l l e l i s m  i s  an  " a lm o s t u n iq u e  c o n d i t i o n ."  I  c a n n o t 

a c c e p t  t h i s  c o n c lu s io n .  A c h a r a c t e r  w h ich  p u r p o r t s  to  

d e m o n s tra te  r e l a t i o n s h i p s  i s  one fo u n d  i n  th e  cammon 

a n c e s t o r  o f  th e  t a x a  r e l a t e d .  B u t th e  b u lk  o f  e v id e n c e  

l e a d s  to  th e  c o n c lu s io n  t h a t  th e  common a n c e s to r  o f  a m iid s  

and  t e l e o s t s  had  s u b o r b i t a l s  an d  t h a t  p r i m i t i v e  t e l e o s t s  

( p h o l id o p h o r id s  and  l e p t o l e p i d s )  r e t a i n e d  t h i s  c h a r a c t e r .
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I k e  a b se n c e  o f  s u b o r b i t a l s  I s  a  p a r a l l e l i s m  an d  n o t  a  

synapom orphous c o n d i t io n  i n  s p i t e  o f  th e  u n iq u e n e s s  o f  

th e  p a r a l l e l i s m .  T hus, i t  c a n n o t be  u se d  t o  i n d i c a t e  

a  s i s t e r - g r o u p  r e l a t i o n s h i p  b e tw ee n  Amia an d  t e l e o s t s .

I n c o r p o r a te d  i n  th e  s u b o r b i a l  m o sa ic  o f  g a r s  i s  a  

b one  i d e n t i f i e d  by J o l l i e  ( 1 9 6 2 ) a s  th e  de rm o h y a l (Dhy, 

f i g .  2 ) .  P a t t e r s o n  (1973* P« 245) c o n c lu d e s  t h a t  th e  

e v id e n c e  f o r  i d e n t i f i c a t i o n  o f  t h i s  bone i s  w eak , and  

t h a t  w h ile  i t  may b e  th e  d e rm o h y a l i t  c o u ld  a l s o  b e  th e  

hom ologue o f  th e  s u p ra p re p e rc u lu m . I  a g re e  w i th  

P a t t e r s o n 's  c o n c lu s io n  an d  h a v e  b e en  u n a b le  t o  d e te rm in e  

i f  t h e  bone i s  a  d e rm o h y a l. The q u e s t io n  h a s  some 

p h y lo g e n e t ic  s i g n i f i c a n c e ,  f o r  i f  i t  i s  th e  d e rm o h y a l, 

th e n  a m iid s  an d  t e l e o s t s  w ou ld  s h a re  th e  synopom orphy o f  

l o s s  o f  th e  b o n e . I f  i t  i s  n o t  th e  d e rm o h y a l, th e n  g a r s  

s h a r e  th e  l o s s  w i th  o t h e r  n e o p te r y g ia n s ,  y a k in g  th e  

c h a r a c t e r  a  synapom orphy o f  n e o p te r y g ia n s .

The o p e r c u l a r  s e r i e s  o f  g a r s  in c lu d e s  th e  o p e r c u l a r ,  

su b o p e rc u l& r , an d  p r e o p e r c u l a r  ( f i g .  2 ) .  G ars l a c k  an 

i n t e r o p e r c u l a r ,  a s  do p a l a e o n i s c i d s .  H alecom orphs, 

s e m io n o tifo rm s , and  t e l e o s t s  have an  i n t e r o p e r c u la r . ,  

a  synapom orphous c o n d i t io n  r e l a t i n g  them and  e x c lu d in g  

g a r s .  C o n je c tu re s  c o n c e rn in g  th e  s e c o n d a ry  l o s s  o f  th e  

i n t e r o p e r c u l a r  o f  g a r s  (R a y n e r , 1948) d ep en d s on th e  

a ssu m p tio n  t h a t  g a r s  a r e  th e  d i r e c t  d e s c e n d a n ts  o f  

se m io n o tifo rm s  ( M c A l l i s te r ,  1968 ) .  T h is  a ssu m p tio n  i s
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r e j e c t e d  on t h e  b a s i s  o f  o t h e r  e v id e n c e  ( P a t t e r s o n ,  1973)* 

The p a l a t e  o f  g a r s  c o n s i s t s  o f  e lo n g a te  

e c to p te r y g o id s  o v e r l a i n  by  to o th e d  d e rm o p te ry g o id s  

( d e r m o p a la t i n e s ) ,  e n d o p te r y g o id s ,  an d  m e ta p te r y g o id s  

( f i g .  5 ) .  G a rs  l a c k  a n  a u t o p a l a t i n e ,  a  e n d o c h o n d ra l  bone 

fo u n d  i n  Am ia, t e l e o s t s  ( P a t t e r s o n ,  1975)* "Gogo 

p a l a e o n i s c i d s "  ( G a r d in e r ,  1973)*  P t e r o n l s c u l u s  ( N e i l s o n ,

1 9 4 2 ) , s e n i o n o t i d s  ( G a r d in e r ,  I9 6 0 , Wenz, 1 9 6 8 ) , and  

a c a n th o d ia n s  (M i le s ,  1 9 7 3 )-  G ars d i f f e r  fro m  o t h e r  

a c t i n o p t e r y g i a n s  i n  t h a t  th e  m e ta p te r y g o id  i s  c o n n e c te d  

to  t h e  h y o m a n d ib u la r  a n d  p r e o p e r c u l a r  o n ly  b y  c a r t i l a g e  

and  c o n n e c t iv e  t i s s u e .

The s u s p e n s o r iu m  o f  g a r s  i n  u n iq u e  i n  s e y e r a l  

r e s p e c t s  ( f i g .  6 ) .  The q u a d ra te  i s  s u p p o r te d  e n t i r e l y  by 

th e  e c t o p te r y g o i d  m e d ia l ly  and  th e  q u a d r a to ju g a l  p o s t e r i o r l y .  

The q u a d r a te  i s  s i t u a t e d  i n  f r o n t  o f  t h e  o r b i t  r a t h e r  th a n  

b e h in d .  The s y r a p le c t ic  i s  n o t  i n  c lo s e  a s s o c i a t i o n  f r i th  

th e  q u a d r a te  b u t  i s  fo u n d  f a r  p o s t e r i o r l y  on th e  

p r e o p e r c u l a r .

P a t t e r s o n  (1 9 7 3 ) re v ie w e d  th e  s u s p e n s o r iu m  o f  

n e o p te r y g ia n s  a n d  c o n c lu d e d  t h a t  ( l )  t h e  p la c e m e n t o f  

th e  q u a d r a te  i n  f r o n t  o f  th e  o r b i t  i s  an  au tap o rao rp h y  o f  

g a r s ,  (2 )  t h e  l o s s  o f  th e  q u a d r a to ju g a l  an d  th e  d o u b le  

a r t i c u l a t i o n  o f  th e  lo w e r  jaw  v i a  b o th  th e  s y m p le t ic  and  

th e  q u a d r a te  w as an  apom orphy o f  a m iid s  ( i n c lu d in g  C a tu ru s
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a n d  P u r o ) ,  an d  (3 )  th e  f u s io n  o f  th e  q u a d ra te  and  th e  

q u a d ra to  J u g a l  i s  an  apom orphy o f  t e l e o s t s .  The s e p a r a t e  

q u a d r a to ju g a l  o f  g a r s  i s  a  p r i m i t i v e  c h a r a c t e r  s h a re d  

w i th  L e p id o te s  ( f i g u r e d  by P a t t e r s o n ,  1973)* I n  many 

sp e c im en s  o f  g a r s  th e  q u a d r a to ju g a l  m akes up an  e x t e r n a l  

com ponent o f  t h e  s k u l l  and  w i th  th e  e c t o t e r y g o i d  p r o v id e s  

th e  o n ly  o s s i f i e d  s u p p o r t  o f  t h e  q u a d r a t e .  The s y m p le c tic  

o f  g a r s  i s  "L" sh a p ed  an d  a r t i c u l a t e s  o n ly  w i th  th e  

q u a d r a to ju g a l  and  th e  p r e o p e r c u l a r .  The sh a p e  and  to p o ­

g r a p h ic  p o s i t i o n  o f  th e  s y m p le c t ic  o f  g a r s  i s  u n iq u e  

among a c t i n o p t e r y g i a n s .

I n  r e g a r d  t o  th e  t e l e o s t e a n  c o n d i t i o n  o f  th e  

q u a d r a te  a n d  q u a d r a to ju g a l  A l l i s  (1909) an d  H olm gren 

an d  S te n s io  (1936) a g re e  w i th  P a t t e r s o n  (1973) i n  

i d e n t i f y i n g  th e  s p l i n t - l i k e  p r o c e s s  o f  th e  t e l e o s t  

q u a d ra te  a s  th e  q u a d r a to ju g a l .  F re d  C ochock i and  I  

o b s e rv e d  t h i s  p r o c e s s  i n  th e  l e p to c e p h a lu s  l a r v a  o f  

E lo p s  s a u ru s  (UMMZ 165213* 25 mm) b e f o r e  i t  f u s e d  to  

th e  q u a d r a t e .  The s p l i n t - l i k e  bone w as n o t  a s s o c i a t e d  

w i th  any  c a r t i l a g e  and  o c c u p ie d  th e  e x a c t  to p o g ra p h ic  

p o s i t i o n  o f  th e  q u a d r a to ju g a l  o f  L . o s s e u s  o f  th e  same 

l e n g t h .  I n  l a t e r  s t a g e s  o f  E lo p s  s a u r u s  th e  p r o c e s s  

f u s e s  w i th  th e  q u a d r a te .  T hese  o b s e r v a t io n s  c o r r o b o r a te  

th e  h y p o th e s e s  o f  P a t t e r s o n  an d  o t h e r  w o rk e r s .  The 

q u a d ra te  o f  t e l e o s t s ,  t h e n ,  i s  a  compound bone com posed 

o f  one  e n d o c h o n d ra l ( q u a d r a te )  and  one d e rm al ( q u a d r a to ­

ju g a l )  e le m e n t .
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The h y o m a n d ib u la r  o f  g a r s  a r t i c u l a t e s  w i th  th e  

a u d i t o r y  c a p s u le  o f  th e  n e u ro c ra n iu m  above th e  fo ram en  

f o r  th e  l a t e r a l  h e a d  v e in  and  th e  ram us h y o m a n d ib u la r is  

V I I .  L ik e  o t h e r  a c t in o p te r y g ia n s  t h e r e  i s  an  a r t i c u l a t i o n  

w i th  th e  o p e r c u l a r ,  and  th e  h y o m an d ib u la r f i t s  i n t o  a  

g ro o v e  o f  th e  d e r m o p te r o t ic .  The p o s i t i o n  o f  th e  

h y o m a n d ib u la r  i n  r e l a t i o n  to  th e  l a t e r a l  h e a d  v e in  and  

ram us h y o m a n d ib u la r is  V II  o f  a c t in o p te r y g ia n s  a g re e s  

w i th  t h a t  o f  P o ly p te r u s  (G o o d ric h , 1 9 3 0 ) , a c a n th o d ia n s  

(M ile s ,  1968 ) ,  an d  p a le o z o ic  s h a rk s  ( S c h a e f f e r ,  1 9 6 7b ).

I n  d ip n o a n s  and  R e c e n t s h a rk s  th e  h y o m an d ib u la r  

a r t i c u l a t e s  below  th e  fo ram en  o f  th e  l a t e r a l  h ead  v e in  

and  ram us h y o m a n d ib u la r is  V II  and  t h i s  lo w e r a r t i c u l a t i o n  

i s  c o n s id e r e d  by  G o o d rich  (1930) t o  be  th e  p le s io m o rp h o u s  

g n a th o s to m e  c o n d i t i o n .  S c h a e f f e r  ( 1967b) and  G a rd in e r  

(19 7 3 ) d i s a g r e e  an d  s t a t e  t h a t  th e  p le s io m o rp h o u s  c o n d i t io n  

I s  a  h ig h  a r t i c u l a t i o n .  I f  t h i s  i s  t r u e ,  th e n  th e  

c o n d i t io n  in  R e ce n t s h a rk s  may be a  synapom orphy f o r  t h a t  

g ro u p .

The ram us h y o m a n d ib u la r is  V II  o f  a c t in o p te r y g ia n s  

p a s s e s  m e d ia l ly  t o  th e  h y o m an d ib u la r and  e i t h e r  

p e n e t r a t e s  th e  bone ( p a l a e o n i s c o id s ,  n e o p te r y g ia n s )  o r  

c o n t in u e s  to  p a s s  l a t e r a l l y  (A c lp e n s e r ) . I n  e i t h e r  c a se  

I t  d o es n o t  b ra n c h  i n t o  th e  m a n d ib u la r  and  h y o id  b ra n c h e s  

u n t i l  i t  h a s  e i t h e r  p a s s e d  o r  p e n e t r a t e d  th e  h y o m a n d ib u la r .
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I n  d ip n o a n s  ( a s  so  f a r  a s  a  h y o m an d ib u la r can  be i d e n t i f i e d )  

and  R e ce n t s h a rk s  t h e  ram us h y o m a n d ib u la r is  V II  p a s s e s  

th e  h y o m and ibu la  l a t e r a l l y  and  th e n  b r a n c h e s .  I n  

r h i p i d i s t r i a n  s a r c o p te r y g ia n s  (E u s te n o p te ro n , M e g a llc h th y e s ,  

and  o t h e r  o s te o le p i f o r m s  and  p o ro le p i fo rm s  w here  th e  

c o n d i t io n  i s  known; J a r v i k ,  195*0 311(1 111 c o e la c a n th s  

(N e s id e s , J a r v i k ,  1954; L a t lm e r ia ,  M i l lo t  and  A nthony ,

1958 ,  1965 ) th e  o r i e n t a t i o n  o f  th e  ram us h y o m a n d ib u la r is  

V II  t o  th e  h y o m an d ib u la  i s  s i m i l a r  t o  a c t in o p t e r y g ia n s  

b u t  th e  m a n d ib u la r  and  h y o id  b ra n c h e s  a p p a r e n t ly  f o r k  

b e fo r e  p e n e t r a t i n g  th e  h y o m a n d ib u la r . The s i g n i f i c a n c e  

o f  th e  s i m i l a r i t y  b e tw een  d ip n o a n s  and  R e c e n t s h a r k s  i s  

o b s c o r e .  P o ly p te r u s  h a s  th e  b ra n c h in g  o f  th e  ram us 

h y o m a n d ib u la r is  V II  b e fo r e  th e  h y o m a n d ib u la r , l i k e  

r h i p i d i s t i a n s ,  b u t  o n ly  th e  h y o id  b ra n c h  p e n e t r a t e s  th e  

h y o m an d ib u la  w h e reas  th e  m a n d ib u la r  b ra n c h  c u rv e s  i n  

f r o n t  o f  th e  h y o m a n d ib u la r  (G o o d ric h , 1930 , f i g .  4 4 6 ) .

The s t r u c t u r e  o f  th e  lo w e r  Jaw o f  a c t in o p t e r y g ia n s  

h a s  r e c e n t l y  been  s t u d i e d  by N e lso n  (1 9 7 3 b ) . He c o n s id e r e d  

th e  p re s e n c e  o f  d i s c r e t e  a r t i c u l a r ,  r e t r o a r t i c u l a r ,  and  

m en to m eck e lian  e n d o c h o n d ra l o s s i f i c a t i o n  and  d i s c r e t e  

p r e a r t i c u l a r  and  s u r a n g u la r  d e rm al o s s i f i c a t i o n s  u n fu s e d  

w ith  e n d o c h o n d ra l e le m e n ts  o r  th e m se lv e s  t o  be p le s io m o rp h o u s  

c h a r a c t e r i s t i c s  o f  a c t i n o p t e r y g ia n s .  The o s s i f i c a t i o n s  

o f  th e  lo w e r Jaw o f  g a r s  i s  shown i n  f i g u r e  7* N e lso n
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( 1 9 7 3 b ) s t a t e s  t h a t  a  m e n to m e c k e lia n  i s  p r e s e n t  a s  a 

s e p a r a t e  o s s i f i c a t i o n  i n  Amia an d  i s  p r e s e n t  an d  f u s e d  

t o  th e  d e n ta r y  i n  t e l e o s t s .  C i t i n g  S ta r k s  ( 1916 ) ,

N e lso n  m e n tio n s  th e  bone i n  l a r g e  s tu r g e o n s .  I t  i s  a l s o  

p r e s e n t  i n  P t e r o n i s c u l u s  ( N e i l s e n ,  1 9 ^ 2 ) , L a t im e r ia ,  and  

a n d  P o ly p te r u s  (N e lso n , 1 9 7 3 b ) . 3he a b se n c e  o f  a  

m e n to m e c k e lia n  may be a  synapom orphy o f  g a r s .

C h o n d ro s te a n s , g a r s ,  an d  Amia hav e  u n fu s e d , d i s c r e t e  

a r t i c u l a r  and  r e t r o a r t i c u l a r  o s s i f i c a t i o n s .  I n  

c h o n d ro s te a n s  an d  Amia th e  s u r a n g u la r  an d  r e t r o a r t i c u l a r  

a r e  s e p a r a te d  by  an u n r e s t r i c t e d  m ass o f  M eckels 

c a r t i l a g e  w h e re a s  i n  g a r s  t h e s e  b o n es  a r e  i n  c o n t a c t .  

T e l e o s t s  l a c k  a  s u r a n g u la r .  G ars d i f f e r  from  o t h e r  

a c t i n o p t e r y g ia n s  i n  h a v in g  a  l a t e r a l  w ing ( iw p , f i g .  7) 

on  th e  p r e a r t i c u l a r  w h ich  r e s t r i c t s  M eckels c a r t i l a g e  

an d  a r t i c u l a t e s  w i th  th e  s u r a n g u la r .  The v e n t r a l  s u r f a c e  

o f  th e  l a t e r a l  w ing o f  th e  p r e a r t i c u l a r  fo rm s th e  d o r s a l  

r o o f  o f  th e  c a v i t y  t h a t  h o u se s  th e  i n s e r t i o n  o f  th e  

a d d u c to r  m a n d ib u la r  m u s c le . The p r e a r t i c u l a r  and  s u r a n g u la r  

m ee t above to  p ro d u c e  a  c o ro n o id  p r o c e s s .  The d e n ta r y  i s  

lo n g ,  r e f l e c t i n g  th e  g e n e r a l  le n g th e n in g  o f  th e  s k u l l .  I n  

d r i e d  p r e p a r a t i o n s ,  th e  M e c k e lia n  g ro o v e  ru n s  o n e - t h i r d  

t o  o n e - h a l f  o f  th e  l e n g th  o f  th e  d e n ta r y .  C o ro n o id s  cap  

th e  d e n ta r y  m e d ia l ly  and  s u p p o r t  an  o u t e r  row o f  sm a ll  

t e e t h  and  an  i n n e r  row o f  l a r g e  t e e t h .  The m a n d ib u la r

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



sensory c a n a l  p e n e t r a t e s  t h e  a n g u la r  an d  ru n s  t h e  l e n g th  

o f  t h e  d e n ta r y  (m sc , f i g .  7; A } l i s ,  1905)*

The d e v e lo p m e n t a n d  s t r u c t u r e  o f  th e  g a r  n e u ro c ra n iu m  

h a s  b e e n  s t u d i e d  b y  S e it  (1 9 0 7 , 1911 , 1 9 2 7 ) , Mayhew (1 9 2 4 ) , 

Hammarberg (1 9 3 7 ) an d  D eB eer (1937 )*  R ay n er (19*18) com pared  

t h e  n e u r o c r a n i a l  o s s i f i c a t i o n s  o f  g a r s  w i th  th o s e  o f  

s e m io n o t id s  a n d  p o i n t e d  o u t  th e  s i m i l a r i t i e s  b e tw een  th e  

n e u ro c ra n iu m  o f  g a r s  an d  L e p id o te s . H er c o n c lu s io n s  have  

fo rm ed  th e  m a jo r  b a s i s  f o r  c o n s id e r in g  g a r s  t o  be  

s e m io n o t id s .  An e x te n s iv e  s tu d y  o f  t h e  n e u ro c ra n iu m  o f  

a c t i n o p t e r y g ia n s  h a s  b e en  p u b l i s h e d  by P a t t e r s o n  (1975)*

He sum m arized  p e r t i n e n t  d a t a  from  p r e v io u s  s t u d i e s  and  

a d d ed  new in f o r m a t io n  on t h e  s t r u c t u r e  o f  th e  n e u ro c ra n iu m  

o f  p h y l o g e n e t l c a l l y  im p o r ta n t  t a x a .  The o s s i f i c a t i o n s  o f  

th e  n e u ro c ra n iu m  o f  L e p is o s te u s  o c c u la tu s  a r e  shown in  

f i g u r e  8 .

P a t t e r s o n  (1 9 7 5 , P» 566) c o n c lu d e d  t h a t  a  h y p o th e s is  

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

one o f  f r a g m e n ta t io n  o r  g a in  o f  n e u r o c r a n i a l  o s s i f i c a t i o n  

c e n t e r s .  F u r t h e r ,  he  c o n c lu d e d  t h a t  th e  p a la e o n i s c o id  

P e r l e l d u s  d i s p l a y s  th e  p r i m i t i v e  a c t i n o p t e r y g ia n  p a t t e r n .  

T ab le  1 i s  a  summary o f  th e  o s s i f i c a t i o n  c e n t e r s  p r e s e n t  

i n  m a jo r  g ro u p s  o f  a c t i n o p t e r y g i a n s .  The p r i m i t i v e  p a t t e r n  

o f  P e r l e l  dus i s  m o st c l o s e l y  a p p ro x im a te d  by th o s e  o f  

p a r a s e m io n o t id s  a n d  p h i lo d o p h o r id s .  F o llo w in g  t h i s  

h y p o th e s is  g a r s  an d  L e p id o te s  a r e  m ore apom orph lc  th a n
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h a le co m o rp h s  and  t e l e o s t s .  B o th  have  l o s t  th e  

e n d o c h o n d ra l i n t e r c a l a r ,  th e  o p i s t h o t l c ,  and  

( f o l lo w in g  P a t t e r s o n ,  1975) th e  " e p i o c c i p i t a l s . "

The g a r s  d i f f e r  from  L e p i to d e s  i n  t h a t  g a r s  have  a l s o  

l o s t  th e  b a s i s p h e n o id .  The e n d o c h o n d ra l i n t e r c a l a r  

h a s  b een  l o s t  w i th in  b o th  th e  H a le c o m o rp h ii ( a m iid s )  

and  th e  t e l e o s t e i  ( p h o l id o p h o r id s ,  l e p t o l e p i d s  and  m ore 

d e r iv e d  g ro u p s )  b u t  th e  d e rm a l i n t e r c a l a r  i s  fo u n d  i n  

a l l  h a le c o a to m e s  ( P a t t e r s o n ,  1 9 7 5 )•  The o p i s t h o t i c  h a s  

b een  l o s t  w i th in  th e  T e l e o s t e i .  F u r t h e r ,  t h e  a m iid s  

have l o s t  th e  p t e r o t i c  ( f o l lo w in g  P a t t e r s o n ,  1975)*

The l o s s  o f  b o th  th e  o p i s t h o t i c  a n d  e n d o c h o n d ra l 

i n t e r c a l a r  i s ,  t h e r e f o r e ,  n o t  a  u n iq u e  f e a t u r e  o f  o n ly  

g a r s  and  L e p id o te s  w i th in  th e  A c t i n o p t e r y g i i .  R a th e r ,  

b o th  have b een  l o s t  a t  l e a s t  tw ic e  w i th in  o t h e r  g ro u p s .

To c o n s id e r  th e s e  l o s s e s  a s  sy n ap o m o rp h ie s  u n i t i n g  g a r s  

an d  L e p id o te s  i n t o  a  s i n g l e  g ro u p , i s ,  a t  t h e  l e a s t ,  a  

weak h y p o th e s i s .  Such a  h y p o th e s is  i s  r e f u t e d  by s e v e r a l  

o t h e r  c h a r a c t e r s  u n i t i n g  L e p id o te s  to  h a le co m o rp h s  and  

t e l e o s t s .  To c o n s id e r  th e s e  l o s s e s  a s  p le s io m o rp h o u s  o f  

N e o p te r y g i i  w ould  be u n p a rs im o n io u s  i n  v iew  o f  th e  

s i m i l a r i t i e s  b e tw een  p a r a s e m io n o t id s ,  p h o l id o p h o r id s ,  

and  P e r l e l d u s . The a d o p tio n  o f  t h i s  h y p o th e s is  w ould  

r e q u i r e  th e  in d e p e n d e n t  a c q u i s i t i o n  o f  s e v e r a l  o s s i f i c a t i o n  

c e n t e r s  i n  h a le c o s to m e s  and  p a le o n i s o o id s ,  o r  th e  l o s s  o f
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o s s i f i c a t i o n  c e n t e r s  i n  th e  a n c e s to r  o f  n e o p te r y g ia n s  

fo l lo w e d  by  a  r e - a c q u i s i t i o n  i n  two l in e a g e s  and  a  l o s s  

w i th in  e a c h  l in e a g e  in d e p e n d e n t ly .  W hile  su c h  h y p o th e s e s  

sire  p o s s i b l e ,  i t  i s  m ore p a rs im o n io u s  t o  c o n s id e r  th e  l o s s e s  

by  g a r s  and  L e p id o te s  to  be in d e p e n d e n t l o s s e s  and  t h e r e ­

f o r e  n o n -h o m o lo g o u s.

F i n a l l y ,  g a r s  have no a n t e r i o r  myodomes. The a n t e r i o r  

myodomes a r e  fo u n d  i n  a  num ber o f  c h o n d ro s te a n s ,  

p a r a s e m io n o t id s ,  D apedium , c a t u r i d s ,  and  a m iid s  ( P a t t e r s o n ,  

1975y PP* 5 1 5 -5 1 6 ) . P a t t e r s o n  c o n s id e r e d  th e  g a r  c o n d i t io n  

se c o n d a ry ; i t  w ould  th u s  be a  synapom orphous c h a r a c t e r  o f  

g a r s .  G ars s h a re  w i th  P o ly p te r u s  and  m ost p r i m i t i v e  

p a la e o n i s c o id s  a  t r a n s v e r s e  c a n a l  i n  th e  o t i c  r e g io n ,  a  

c h a r a c t e r i s t i c  P a t t e r s o n  (1973* P» 254) th o u g h t p r e c lu d e s  

g a r s  h a v in g  s e c o n d a r i ly  l o s t  a  p o s t e r i o r  myodome. T hus, 

P a t t e r s o n  r e a s o n e d  t h a t  th e  l a r g e  p o s t e r i o r  myodome o f  

Amia and  t e l e o s t s  i s  a  synaporaorphy o f  h a le c o s to m e s .

P a t t e r s o n  (1973* PP» 2 5 3 -2 5 4 ) s t a t e d  t h a t  th e  

b a s ip te r y g o id  p r o c e s s  o f  g a r s  i s  in te r m e d ia te  be tw een  th e  

c o n d i t io n  i n  c h o n d ro s te a n s  w here th e  p r o c e s s  i s  e n t i r e l y  

e n d o c h o n d ra l ( i . e .  v i a  th e  p r o t i c )  and  th e  d e r iv e d  c o n d i t io n  

i n  a m iid s  an d  t e l e o s t s  w h e r e . i t  i s  e n t i r e l y  derm al 

( l a t e r a l  w ings o f  th e  p a r a s p h e n o id ) .
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The H yoid and V is c e r a l  A rches

H yoid a r c h . The h y o id  a r c h  o f  g a r s  c o n s i s t s  o f  p a i r e d  

en d o d erm al h y p o h y a ls , a n t e r i o r  an d  p o s t e r i o r  c e r a t o h y a l s ,  

i n t e r h y a l s ,  and  d e rm a l p a i r e d  p r im a ry  b a s ih y a l  t o o th  p l a t e s  

and  b r a n c h io s t e g a l s  ( f i g .  9)*  G a rs , l i k e  a m iid s  and 

c h o n d ro s te a n s ,  l a c k  th e  b a s ih y a l  o f  t e l e o s t s  ( W ijh e ,

1882; V e i t ,  1911; H am m arberg, 1937 ; K e lso n , 1969a ) .  A 

b a s ih y a l  i s  h y p o th e s iz e d  h e r e  t o  be a  synapom orphy o f  

t e l e o s t s ,  and  may be d e r iv e d  from  a n t e r i o r  p r o lo n g a t io n  o f  

th e  f i r s t  b a s i b r a n c h ia l  c o p u la  (N e ls o n , 1969a ) .

The h y p o h y a ls  o f  g a r s  a r e  r e c t a n g u l a r  and  c o n n e c te d  v ia  

c o n n e c t iv e  t i s s u e  t o  th e  b a s ih y a l  t o o t h p l a t e s  o f  th e  

s p a t u l a t e  " to n g u e ."  The a n t e r i o r  c e r a to h y a l  i s  lo n g  and  

uncom pressed  w hereas t h a t  o f  h a le c o s to m e s  i s  l a t e r a l l y  

c o m p re sse d . The p o s t e r i o r  c e r a t o h y a l  i s  b e n t  upward a t  a  

r i g h t  a n g le  t o  th e  v e r t i c a l  p la n e  o f  th e  a r c h ,  a r t i c u l a t i n g  

w ith  t h e  a n t e r i o r  c e r a t o h y a l ,  t h e  i n t e r h y a l ,  and  th e  

p r e o p e r c u l a r .  The i n t e r h y a l  i s  u s u a l ly  u n o s s i f i e d  and 

c o n n e c ts  th e  h y o id  a r c h  w ith  th e  s k u l l  a t  t h e  j u n c t io n  o f  th e  

s y m p le c tic  and h y o m an d ib u la r c a r t i l a g e s .  T h ree  b r a n c h i ­

o s t e g a l s  a r e  p r e s e n t  ( M c A l l i s te r ,  1 9 6 8 ) . Two b r a n c h io s t e g a l s  

a r t i c u l a t e  w ith  p o s t e r i o r  c e r a t o h y a l  and one a r t i c u l a t e s  

w ith  th e  a n t e r i o r  c e r a t o h y a l ,  o r  o c c a s io n a l ly  a t  th e  j u n c t i o n  

o f  th e  two c e r a t o h y a l s .  T h a t  th e  m ost p o s t e r i o r  c e r a to h y a l  

i s  th e  hom ologue o f  th e  i n t e r o p e r c u l a r  o f  h a le c o s to m e s  

(D eB eer, 1937) h as  b een  r e j e c t e d  by M c A ll is te r  (1 9 6 8 ) .
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W hat, i f  a n y , p h y lo g e n e t ic  s i g n i f i c a n c e  c a n  be a t t a c h e d  t o  

th e  low num ber o f  b r a n c h io s t e g a l s  i n  g a r s  i s  n o t  c l e a r  

b e c a u se  many g ro u p s  have  a p p a r e n t ly  re d u c e d  th e  num ber o f  

b r a n c h i o s t e g a l s  in d e p e n d e n t ly  ( s e e  M c A l l i s te r ,  1968 , f o r  

d i s c u s s i o n ) .

G ars a r e  th e  o n ly  known a c t in o p t e r y g ia n  g ro u p  h a v in g  a  

lo n g  s e r i e s  o f  p a i r e d  p r im a ry  b a s i h y a l  t o o t h p l a t e s  a s s o c ­

i a t e d  w ith  a  lo n g  s p a t u l a t e  " to n g u e "  (H e lso n , 1969a ) .

T h ese  t o o t h p l a t e s  make up th e  d o r s a l  s u r f a c e  o f  th e  to n g u e ,  

a r t i c u l a t e  w ith  e a c h  o th e r  and  a r e  s u p p o r te d  by th e  d e n se  

c o n n e c t iv e  t i s s u e  u n d e r ly in g  them  ( f i g .  1 0 ) .  W hereas t h e  

p re s e n c e  o f  b a s i h y a l  t o o t h p l a t e s  i s  p ro b a b ly  p le s io m o rp h o u s  

f o r  a c t i n o p t e r y g i a n s ,  th e  num ber and  a rra n g e m e n t o f  th e  

b a s ih y a l  t o o t h p l a t e s  in  g a r s  i s  h y p o th e s iz e d  a s  

sy napom orphous.

The h y o id  a r c h  i s  c o n n e c te d  t o  tn e  c le i th r u m  by th e  

s te r n o h y o ld s  w hich  o r i g i n a t e s  on th e  m d d la l w ing o f  th e  

c le i th r u m  and  i n s e r t  on th e  h y p o h y a ls  ( s t  h y o , f i g .  9 ) .

The p r o t r a c t o r  h y o id e u s  o r i g i n a t e s  on th e  p o s t e r i o r  h a l f  o f  

th e  a n t e r i o r  c e r a to h y a l  and  i n s e r t s  a lo n g  th e  lo w e r edge  o f  

th e  p o s t e r i o r  h a l f  o f  th e  lo w e r jaw  (p ro  h y o , f i g .  9 ) .  G ars 

have  a  l ig a m e n t  n o t  fo u n d  i n  o t h e r  f i s h e s  w h ich  c o n n e c ts  th e  

p o s t e r i o r  c e r a to h y a l  w ith  th e  r e t r © a r t i c u l a r  o f  th e  lo w e r 

jaw  ( t e n d ,  f i g .  9 ) .  T h is  l ig a m e n t does n o t  seem to  be th e  

f u n c t i o n a l  a n a lo g u e  o f  th e  te n d o n  o f  h a le c o s to m e s  w hich  

c o n n e c ts  th e  i n t e r o p e r c u l a r  w ith  t h e  lo w er jaw  and w hich  h a s  

a  r e s p i r a t o r y  f u n c t io n  ( S c h a e f f e r  and  R o sen , 1 9 6 1 ) . I n  g a r s
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t h e  l ig a m e n t  may p r o v id e  t h e  f u n c t i o n a l  e q u iv a le n t  of* t h e  

h a le c o s to m e  p r o t r a c t o r  h y o id e u s .  In  h a le c o s to m e s  t h i s  

m u sc le  i s  w e l l  d e v e lo p e d  and  i n s e r t s  on th e  lo w e r jaw  

sy m p h y sis  w h e reas  i n  g a r s  i t  i s  w eak, n o t  i n s e r t e d  a t  th e  

sy m p h y sis  and  i s  p ro b a b ly  n o t  c a p a b le  o f  c o o r d in a t in g  th e  

m ovem ent o f  t h e  lo w e r  jaw  and  h y o id  a r c h .  The l ig a m e n t  o f  

g a r s ,  h o w e v e r, seem s c a p a b le  o f  d e p r e s s in g  t h e  lo w e r jaw  

upon c o n t r a c t i o n  o f  t h e  s t e r n o h y o ld e u s .  I t  c o u ld  a l s o  

f u n c t i o n  i n  k e e p in g  th e  lo w e r jaw s i n  l i n e  an d  w o rk in g  

i n  c o n e e r t  w i th  t h e  h y o id  a r c h .  T h u s , I  h y p o th e s iz e  

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

p r im a ry  f e e d in g  f u n c t i o n  i n  c o n t r a s t  t o  th e  i n t e r o p e r c u l a r -  

r e t r o a r t l c u l a r  te n d o n  o f  h a le c o s to m e s  w hich  h a s  a  

p r i m a r i l y  r e s p i r a t o r y  f u n c t i o n .

The h y o id  a r c h  i s  c o n n e c te d  t o  t h e  o p e r c u la r  s e r i e s  

v ia  t h e  a b d u c to r  h y o ld e u s .  T h is  m u sc le  c o n s i s t s  o f  a  

s e r i e s  o f  m u sc le  s h e e t s  ru n n in g  b e tw ee n  th e  b r a n c h io ­

s t e g a l s  and  i n s e r t i n g  on th e  o p e r c u l a r  b o n e s . F i n a l l y ,  

th e  h y o id  a r c h  i s  c o n n e c te d  w ith  th e  a n t e r i o r  end o f  th e  

b a s i b r a n c h i a l  c o p u la e  by a r t i c u l a t i o n  v ia  t h e  hy p o - 

b r a n c h i a l s  and  v ia  a  te n d o n  ru n n in g  from  th e  a n t e r i o r  

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

V i s c e r a l  a r c h e s . V a r io u s  m o rp h o lo g ic a l  s t r u c t u r e s  

o f  th e  v i s c e r a l  a r c h e s  o f  g a r s  h av e  been  c i t e d  a s  e v i ­

d en ce  f o r  a  m o n o p h y le tic  H o lo s t e l  (N e ls o n , 196Sh) and 

a g a i n s t  a  m o n o p h y le tic  H o lo s t e i  ( P a t t e r s o n ,  1 9 7 3 )-
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G a r s ,  l i k e  o t h e r  a c t i n o p t e r y g i a n s ,  h a v e  f i v e  p a i r e d  a r c h e s  

u n i te d  v e n t r a l l y  by  a  s e r i e s  o f  b a s i b r a n c h i a l  c o p u la e .

The b a s i b r a n c h i a l  c o p u la  o f  g a r s  h av e  b een  d e s c r ib e d  

and  com pared w i th  t h o s e  o f  o th e r  f i s h e s  by  N e lso n  ( 1969a ) . 

G a rs  a r e  s i m i l a r  t o  h a le c o s to m e s  in  h a v in g  f o u r  c o p u la e  

( f i g .  1 1 a , b ) .  The "Gogo p a la e o n i s c o id s "  h a v e  a  s i n g l e  

b a s i b r a n c h i a l ,  a  c o n d i t i o n  G a rd in e r  (1 9 7 3 ) c o n s id e r s  

p le s io m o rp h ic  f o r  t h e  A c t i n o p t e r y g i i ,  G a rd in e r  (1973) 

s t a t e s  t h a t  t h i s  p le s io m o rp h ic  c o n d i t i o n  i s  r e t a i n e d  i n  

P o ly p te r u s  ( f i g .  1 1 c ) .  I n  A c lp e n s e r  t h e r e  a r e  t h r e e  

o s s i f i c a t i o n s  i n  a  s i n g l e  b a s i b r a n c h ia l  c o p u la  (W ijh e ,

1882 ; G a r d in e r ,  1973) w h ereas in  P o ly o d o n  ( f i g .  l i d )  t h e r e  

a r e  t h r e e  c o p u la e  (N e ls o n , 1 9 6 S h ) ,a  c o n d i t i o n  s i m i l a r  i n  

th e  p a l a e o n i s c i d s  ( B i r g e r l a  S t e n s i o ,  1921) and

P t e r o n i s c u l u s  ( N e i l s e n ,  1 9 4 2 ) . G a rd in e r  (1 9 7 3 ) re v ie w e d  

th e  num ber o f  c o p u la  in  o th e r  t e le o s to m e s .  P o u r c o p u la e , 

t h e n ,  seem t o  be synapom orphous f o r  t h e  N e o p te r y g i l .

The p o s i t i o n  o f  th e  a r t i c u l a t i o n  o f  th e  h y p o - 

b r a n c h ia l s  t o  th e  b a s i b r a n c h i a l  c o p u la e  a l s o  v a r i e s  b e tw een  

a c t i n o p t e r y g i a n  g ro u p s .  In  g a r s  ( f i g .  1 1 a ) h y p o b r a n c h ia l  I  

a r t i c u l a t e s  a t  th e  j u n c t i o n  o f  th e  b a s l b r a n c h ia l s  I  and  I I  

h y p o b ra n c h ia l  I I  a r t i c u l a t e s  a t  th e  j u n c t i o n  o f  b a s ib r a n c h -  

i a l s  I I  and I I I ,  h y p o b ra n c h ia ls  I I I  and IV and  c e r a t o -  

b r a n c h i a l  V a r t i c u l a t e  w ith  b a s i b r a n c h i a l  I I I ,  and  b a s i ­

b r a n c h ia l  IV s u p p o r ts  no p a i r e d  a r c h  e le m e n ts  (N e lso n , 1969a ) .  

I n  P t e r o n i s c u l u s , b a s i b r a n c h i a l  I  s u p p o r ts  no p a i r e d  a rc h  

e le m e n ts  and was te rm ed  th e  b a s ih y a l  by N e i ls e n  (1 9 4 2 ) .
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P o ly o d o n  and A n la  ( f i g s .  l i d ,  b )  a r e  s i m i l a r  t o  e a c h  o t h e r  

i n  h a v in g  h y p o b ra n c h la ls  I  and  I I  a r t i c u l a t i n g  w i th  b a s i ­

b r a n c h i a l  I .  I n  P o ly o d o n ,  h y p o b ra n c h la ls  I  t o  I I I  a l l  

a r t i c u l a t e  w ith  b a s i b r a n c h i a l  I  and  I f  t h i s  b a s i b r a n c h ia l  

i s  hom ologous t o  b a s l b r a n c h la l s  I  and I I  i n  P t e r o n i s c u l u s ,  

th e n  th e y  have  a  s i m i l a r i t y  n o t  p r e s e n t  in  n e o p te r y g ia n s .

A m ia, t e l e o s t s ,  and  c h o n d ro s te a n s ,  (w here t h e  c o n d i t io n  

i s  known) a r e  s i m i l a r  in  h a v in g  t h e  a r t i c u l a r  en d s  o f  

h y p o b ra n c h ia l  IV p e n e t r a t e d  by th e  v e n t r a l  a o r t a .  G ars have  

h y p o b ra n c h la ls  w h ich  a r e  n o t  p e n e t r a t e d  by th e  v e n t r a l  a o r t a ,  

a  c o n d i t io n  h y p o th e s iz e d  h e re  a s  apom orphous.

Amia and g a r s  have  a  p e r i c h o n d r a l  o s s i f i c a t i o n  on th e  

c o p u la e  betw een  a r c h e s  I I  and  I I I  ( f i g .  1 1 a , b ) .  GArs 

o c c a s io n a l ly  h av e  two o th e r  o s s i f i c a t i o n s  ( P a t t e r s o n ,  1 9 7 3 ) . 

The s i g n i f i c a n c e  o f  t h i s  s i m i l a r i t y  i s  le s s e n e d  by th e  

o b s e r v a t io n s  t h a t  (1 ) th e  o s s i f i c a t i o n s  a r e  n o t  found  on th e  

same c o p u la  b e in g  found  on b a s i b r a n c h ia l  I I  i n  Amia and 

b a s i b r a n c h i a l  I I I  In  g a r s ,  (2 )  p e r i c h o n d r a l  o s s i f i c a t i o n s  o f  

b a s l b r a n c h la l s  a r e  found  in  p a la e o n i s c o id s  ( S t e n s l o ,  1921 ; 

N e i l s e n ,  19^2 ; G a rd in e r ,  1973) and may be p r i m i t i v e  f o r  

a c t i n o p t e r y g ia n s  o r  d e r iv e d  s e v e r a l  t im e s  in d e p e n d e n t ly .

T hese  o b s e r v a t io n s  weaken N e ls o n 's  ( l9 6 9 a ) h y p o th e s is  t h a t  

t h i s  o s s i f i c a t i o n  i s  an  aynapom orphy u n i t i n g  Amia and g a r s .

G ars a r e  s i m i l a r  t o  c h o n d ro s te a n s  and  Amia i n  h a v in g  a  

s e p a r a t e  f o u r t h  h y p o b ra n c h ia l  w h ich  t e l e o s t s  l a c k  (N e lso n , 

1 9 6 9 a ) .  The c o n d i t io n  in  t e l e o s t s  I s  h y p o th e s iz e d  t o  be 

apom orphous r e l a t i v e  t o  th o s e  o f  o th e r  a c t i n o p t e r y g i a n s .
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I n  g a r s  t h e  h y p o b ra n c h la ls  and  c e r a t o b r a n c h i a l s  a r e  

s im p le  r o d - l i k e  s t r u c t u r e s .  T h e re  a r e  f o u r  e p l b r a n c h l a l s .

The f i r s t  tw o e p lb r a n c h l a l s  h av e  u n c in a te  p r o c e s s e s  (UP, 

f i g .  1 2 b ) . C h o n d ro s te a n s  l a c k  u n c in a te  p r o c e s s e s  ( f i g .  12a) 

w h e reas  Amia and  t e l e o s t s  h a v e  u n c in a te  p r o c e s s e s  on th e  

t h i r d  e p ib ra n c h i& l a s  w e l l  a s  on t h e  f i r s t  tw o  e p l b r a n c h l a l s  

( f i g .  1 2 c ) .  I n  Amia th e  t h i r d  u n c in a te  p ro c e s s  I s  n o t  

p ro m in e n t and  I s  c a r t i l a g i n o u s  w h ereas  i n  t e l e o s t s  i t  i s  

w e l l  d e v e lo p e d  and  o s s i f i e d .  I  h y p o th e s iz e  t h a t  t h e  l a c k  

o f  u n c in a te  p r o c e s s e s ,  th e  o o n d l t io n  o f  c h o n d ro s te a n s ,  I s  

p le s io m o rp h o u s  f o r  a c t i n o p t e r y g i a n s .  G a rs , A m ia. an d  t e l e o s t s  

s h a r e  th e  synapom orphy o f  h a v in g  u n c in a te  p r o c e s s e s .  G a rs  

have  th e  r e l a t i v e l y  p le s io m o rp h o u s  c o n d i t io n  o f  tw o u n c in a te  

p ro c e s s e s  r e l a t i v e  t o  th e  t h r e e  p o s s e s s e d  by h a le c o s to m e s .

G a rs , A m ia. and  c h o n d ro s te a n s  l a c k  a  f o u r t h  in f r a p h a ry n g -  

o b r a n c h la l  ( f i g .  12 ) w h ereas t e l e o s t s  have  t h i s  s t r u c t u r e .  

P re s e n c e  o f  a  f o u r t h  ln f r a p h a ry n g o b r a n c h ia l  was c o n s id e r e d  

p le s io m o rp h o u s  by N e lso n  (1969a )  b u t  apom orphous by P a t t e r s o n  

(1 9 7 3 ) . N e ls o n 's  (1969a) c o n je c tu r e  i s  b a se d  on th e  o b s e rv ­

a t i o n  t h a t  e la sm o b ra n c h s  and a c a n th o d ia n s  hav e  a  f o u r t h  

ln f r a p h a r y n g o b r a n c h ia l .  P a t t e r s o n 's  (L973) c o n je c tu r e  i s  

b ased  on th e  o b s e r v a t io n  t h a t  a l l  a c t in o p t e r y g ia n s  e x c e p t  

t e l e o s t s  l a c k  a  f o u r t h  ln f r a p h a r y n g o b r a n c h ia l .  A c c e p ta n c e  

o f  N e ls o n 's  ( 1969a) h y p o th e s is  would r e q u i r e d  a c c e p ta n c e  o f  

a  m o n o p h y le tic  g ro u p  com posed o f  c h o n d ro s te a n s ,  g a r s ,  and 

Am ia. T h is  h y p o th e s is  i s  ln c o n g ru e n t  w ith  h y p o th e s e s  b ased  

on o th e r  c h a r a c t e r s .  I  a c c e p t  P a t t e r s o n 's  (1973) h y p o th e s is
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an d  s u g g e s t  t h a t  t h e  f o u r t h  ln f r a p h a r y n g o b r a n c h ia l  o f  

t e l e o s t s  o r i g i n a t e d  a s  a  s u b d iv i s io n  o f  t h e  t h i r d  i n f r a -  

p h a ry n g o b r a n c h la l .  T h u s , th e  f o u r t h  ln f r a p h a r y n g o b r a n c h ia l  

o f  t e l e o s t s  i s  h y p o th e s iz e d  n o t  hom ologous w ith  th e  f o u r t h  

ln f r a p h a r y n g o b r a n c h ia l  o f  e la sm o b ra n c h s  and  a c a n th o d la n s .

C h o n d ro s te a n s  have  in f r a p h a r y n g o b r a n c h i la s  w hich  a r e  

p o s t e r i o r l y  s u p p o r te d  by th e  e p l b r a n c h l a l s  ( f i g .  1 2 s ;

G a r d in e r ,  1 9 7 3 ; N e i l s e n ,  1 9 ^ 2 ) . I n  g a r s ,  A m ia. an d  t e l e o s t s ,  

th e  In f r& p h a ry n g o b ra n c h ia ls  a r e  l a t e r a l l y  s u p p o r te d  by th e  

e p lb r a n c h l a l s  ( f i g .  1 2 b , c ) .  T h is  ch an g e  i n  o r i e n t a t i o n  f o r  

s u p p o r t  o f  th e  in f r a p h a r y n g o b r a n c h ia ls  i s  h y p o th e s iz e d  an  

apom orphy f o r  n e o p te r y g ia n s .

N e i th e r  g a r s  n o r  c h o n d ro s te a n s  have  a  f i f t h  e p i b r a n c h l a l .  

A l l i s  0-897) f i g u r e d  a  f i f t h  e p ib r a n c h l a l  i n  Amia b u t  B e rtm ar 

(19 5 9 ) f a i l e d  t o  f i n d  t h i s  s t r u c t u r e .  I  have  b e e n  u n a b le  t o  

f i n d  a  f i f t h  e p i b r a n c h l a l  on 3 7 -^ 0  mm c le a r e d  and  s t a in e d  

Am ia.  A " f i f t h  e p ib r a n c h la l "  i t  found  i n  p r i m i t i v e  t e l e o s t s  

a s  a  s m a l l  b a l l  o f  c a r t i l a g e  and  N e lso n  (1969a) I n t e r p r e t e d  

t h i s  c h a r a c t e r  a s  a  r e t a in e d  p le s io m o rp h y . T h is  h y p o th e s is  

i s  w eakened by tw o o b s e r v a t io n s :  (1 ) i t  i s  a b s e n t  i n  o th e r

a c t in o p t e r y g ia n  g ro u p s  and  (2 )  a d d i t i o n a l  b a l l s  o f  c a r t i l a g e  

a r e  fo u n d  in  h ig h e r  t e l e o s t s  (R o sen , p e r s .  comm.) and  i t  i s  

p o s s ib l e  t h a t  t h e  " f i f t h  e p ib r a n c h la l "  i s  s im p ly  a n o th e r  o f  

th e s e  b a l l s  o f  c a r t i l a g e  and th u s  an  apom orphy fo u n d  i n  

c e r t a i n  t e l e o s t s .
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D erm al C om ponents o f  t h e  A rc h e s . T he d e rm a l o s s i ­

f i c a t i o n s  a s s o c i a t e d  w ith  t h e  e n d o d erm al v i s c e r a l  s k e l e t o n  

may be c o n v e n ie n t ly  d iv id e d  i n t o  d e rm a l t o o t h p l a t e s  and  g i l l  

r a k e r s ,  t h e s e  r a k e r s  b e in g  m o d if ie d  t o o t h p l a t e s .  N e lso n  

0 .969a , 1970 b h y p o th e s iz e d  t h a t  t h e  p r i m i t i v e  c o n d i t i o n  f o r  

g n a th o e to m e s  c o n s i s t s  o f  a  w e l l  d e v e lo p e d  d e rm a l a r c h  s k e l e ­

to n  com posed o f  s e p a r a t e  t o o t h p l a t e s  c o v e r in g  t h e  b u c c a l  

c a v i t y  fro m  th e  Jaw  m a rg in  t o  th e  p h a ry n g o -e s o p h a g e a l  b o r d e r .  

Apom orphous c o n d i t i o n s  u s u a l ly  in v o lv e ’ r e d u c t io n s  o f  d e rm a l 

e le m e n ts  and  h av e  o c c u r re d  in  b o th  e la sm o b ra n c h s  (N e ls o n , 

1 9 7 0 b )an d  o s t e ic h th y a n s  (N e ls o n , 196Sh). N e lso n  (1969a, 1970b) 

h y p o th e s iz e d  th e  p le s io m o rp h o u s  c o n d i t i o n  f o r  o s t e ic h th y a n s  

t o  c o n s i s t  o f  s i x  row s o f  d e rm a l e le m e n ts :  (1 )  l a t e r a l

p l a t e s ,  (2 )  l a t e r a l  g i l l  r a k e r s ,  (3 )  tw o row s o f  m e d ia l  

t o o t h p l a t e s ,  (^ )  m e d ia l  g i l l  r a k e r s ,  and  (5 )  i n n e r  p l a t e s .  

L a t im e r la  h a s  r e t a i n e d  th e  p r i m i t i v e  o s t e i c h th y a n  f e a t u r e s  

(N e ls o n , 1 9 6 9 a ) .  Among c h o n d ro s te a n s ,  P t e r o n l s c u l u s  h a s  

s e v e r a l  row s o f  t o o t h p l a t e s  a s s o c i a t e d  w i th  e a c h  a r c h  

( N e i l s e n ,  1 9 ^ 2 ) . L iv in g  c h o n d ro s te a n s  h av e  re d u c e d  t h e i r  

d e rm a l p l a t e s  t o  a  s i n g l e  row o f  m e d ia l  t o o t h p l a t e s  on th e  

f i r s t  h y p o b r a n c h ia ls  (N e ls o n , 196Sh). G ars h av e  re d u c e d  

t h e i r  m e d ia l  t o o t h p l a t e s  t o  a  g r e a t e r  d e g re e  th a n  Amla o r  

t e l e o s t s .  G ars h av e  a  s i n g l e  row  o f  m e d ia l  t o o t h p l a t e s  on 

h y p o b r a n c h ia ls  I ,  I I ,  and  I I I ,  c e r a t o b r a n c h i a l s  I I ,  I I I ,  and 

IV , and  on e p ib r a n c h i a l  I .  G ars have  l o s t  m e d ia l  t o o t h p l a t e s  

on c e r a t o b r a n c h l a l  I .  Two row s o f  m e d ia l  t o o t h p l a t e s  ( th e  

p le s io m o rp h o u s  c o n d i t i o n )  a r e  fo u n d  on h y p o b ra n c h ia ls  IV and
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in fr a p h a ry n g o b r a n c h ia l I I  w h ile  s e v e r a l  rows o f  t o o t h p la t e s  

a r e  found on c e r a to b r a n c h la l  V and in fr a p h a ry n g o b r a n c h ia l  

I I I .  Amla and p r im it iv e  t e l e o s t s  r e t a in  th e  p lesiom orp h ou s  

number o f  rows o f  m ed ia l t o o t h p la t e s  on ea ch  o f  th e  low er  

a r c h e s .  Amla d i f f e r s  from g a rs  and t e l e o s t s  in  la c k in g  th e  

In n er  and l a t e r a l  p l a t e s .

N e lso n  (1969a.) con clu d ed  th a t  n e o p te r y g ia n s  a r e  th e  o n ly  

o s te lc h th y a n  f i s h e s  w ith  s i g n i f i c a n t l y  d ev e lo p ed  upper 

p h aryn gea l d e n ta t io n .  He h y p o th e s iz e d  th a t  th e  o r g a n iz a t io n  

o f  th e  t o o t h p la t e s  on th e  th ir d  in fr a p h a ry n g o b r a n c h ia l and 

th e  la c k  o f  a  fo u r th  in fr a p h a ry n g o b r a n c h ia l w ere synapom or- 

p h ie s  u n it in g  Amla and g a r s .  T h is  h y p o th e s is  r e s t s  on tw o  

c o n je c tu r e s :  (1 )  th a t  th e  fo u r th  in fr a p h a ry n g o b r a n c h ia l i s

p le s io m o rp h o u s,  a  c o n je c tu r e  r e fu te d  a b o v e , and (2 )  t h a t  th e  

s e v e r a l  rows o f  t e e t h  on th e  th ir d  In fra p h a ry n g o b ra n ch ia l  

o f  h o lo s te a n s  a r e  d e r iv e d  from two or more a r ch es  (N e lso n ,

1969 S u g g e s t e d  t h a t  derm al e lem en ts  o f  a r c h e s  I I I ,  IV , and 

p o s s ib le  V a r e  in v o lv e d ) .  T h is  c o n je c tu r e  seem s t o  r e s t  on 

th e  a ssu m p tion  th a t  th e  t o o t h p la t e s  on th e  th ir d  in fra p h a ry n g ­

o b r a n c h ia l a r e  hom ologous w ith  o n ly  th e  m ed ia l t o o t h p la t e s  o f  

th e  low er a r ch  e le m e n ts . But th e r e  a r e  o n ly  f i v e  or s i x  rows 

o f  t o o t h p la t e s  on i n f r a p h a r y n g o b r a n c h ia l  I I I  an d  i t  i s  p o s s ib l e  

t h a t  t h e s e  a r e  hom ologous w i th  th e  e n t i r e  s i x  row s o f  d e rm a l 

e le m e n ts  p r e se n t  p r im it iv e ly  on th e  low er a r c h e s . I  o f f e r  

t h i s  c o n je c tu r e  a s  an a l t e r n a t iv e  h y p o th e s is  and s u g g e s t  

th a t  th e  two upper p a tc h e s  o f  t e l e o s t s  a r o se  from th e  s im p le  

s u b d iv is io n  o f  th e  p r im it iv e ly  s i n g le  th ir d  in frap h aryn go­

b r a n c h ia l .
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V i s c e r a l  a r c h  m u s c le s . The v i s c e r a l  a r c h  m u s c u la tu re  

o f  a c t l n o p t e r y g la n s  h a s  b e en  u sed  t o  c o r r o b o r a te  a  h y p o th e s is  

o f  a  m o n o p h y le tlc  H o lo s t e l  (N e ls o n , 1969a } .  O th e r  g ro u p s  

w here  t h i s  c h a r a c t e r  com plex  h a s  b e en  u sed  s u c c e s s f u l l y  t o  

d e m o n s tra te  r e l a t i o n s h i p s  i n c lu d e  th e  e e l s  (N e lso n , 1966),  

th e  n e o t e l e o s t s  (R o sen , 1973 )> and t h e  t e t r a d o n t I f o m s  

(W ln te rb o tto m , 1 9 7 2 ) .

D o r s a l  a r c h  m u s c u la tu r e .  The p r i m i t i v e  d o r s a l  a r c h  

m u s c u la tu re  o f  a c t l n o p t e r y g la n s  I s  h y p o th e s iz e d  h e r e  t o  be 

s i m i l a r  t o  t h a t  s e e n  In  l i v i n g  P o ly o d o n  and A c ip e n s e r .  I n  

t h e s e  g e n e ra  t h e r e  I s  a  s e r i e s  o f  l e v a t o r  m u sc le s  c o n n e c t in g  

th e  e p ib r a n c h l a l s  w ith  t h e  s k u l l  r o o f  and tw o m e d ia l  m u sc le  

l a y e r s ,  a  l o n g i t u d i n a l  l a y e r  l i n i n g  th e  b u c c a l  c a v i t y  o v e r -  

l a i n  by a  c i r c u l a r  l a y e r .  B o th  l a y e r s  a r e  u n d i f f e r e n t i a t e d  

from  th e  same m u sc le  l a y e r s  l i n i n g  th e  e so p h a g u s . G a r s ,  Amla 

and t e l e o s t s  d i f f e r  from  c h o n d ro s te a n s  i n  h a v in g  d i s c r e t e  

m u sc le s  d e r iv e d  from  th e  c i r c u l a r  m u sc le  l a y e r .  T hese  

m u sc le s  In c lu d e  t r a n s v e r s e  d o r s a l i s  and  o b l iq u e  d o r s a l i s  

( f i g .  1 3 ) .  I  c o n c lu d e  t h a t  th e  p re s e n c e  o f  su c h  m u sc le s  i s  

a n  apom orphy o f  n e o p te r y g ia n s .

R e t r a c t o r  m u sc le s  a r e  fo u n d  in  a l l  t h r e e  n e o p te ry g ia n  

g ro u p s . R e t r a c t o r s  move th e  p o s t e r i o r  in f r a p h a ry n g o b ra n c h ­

i a l  ( s )  and  o r i g i n a t e  on th e  v e r t e b r a e .  T fc leo s t r e t r a c t o r s  

a r e  n o t  fo u n d  i n  a l l  lo w e r t e l e o s t s  (N e lso n , 1966 , 1967 j 

R o se n , 1973) and  a r e  d e r iv e d  from  th e  in n e r  l o n g i t u d i n a l
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m u sc le  l a y e r  (R osen , 1 9 7 3 ) . The r e t r a c t o r s  o f  g a r s  and  Amla 

a r e  d e r iv e d  from  th e  o u t e r  c i r c u l a r  m u sc u la r  l a y e r  ( p e r s .  

o b s e r v . ) .  D ie tz  (1 9 1 2 , 191* , 1 9 2 1 ) , K e lso n  (1 9 6 6 , 1 9 6 7 ) , 

and  R osen  (1973 ) c o n c lu d e d  t h a t  th e  r e t r a c t o r s  o f  t e l e o s t s  

a r e  n o t  hom ologous w ith  t h e  h o lo s te a n  r e t r a c t o r s .  R osen 

(1973) p o in te d  o u t  t h a t  t e l e o s t  r e t r a c t o r s  h av e  a r i s e n  a  

num ber o f  t im e s  w i th in  th e  T e l e o s t e l .

K e lso n  (1969a) c o n c lu d e d  t h a t  t h e  r e t r a c t o r s  o f  a m iid s  

and g a r s  a r e  synapom orphous• P a t t e r s o n  (1973) s u g g e s te d  t h a t  

m u l t i p l e  In d e p e n d e n t d ev e lo p m en t o f  r e t r a c t o r s  In  t e l e o s t s  

w eakens N e lso n ’ s  ( 1 9 6 9 a )h y p o th e s is .  I n  s u p p o r t  o f  K e ls o n ’s  

a rg u m en t a r e  th e  o b s e r v a t io n s  t h a t  (1 )  th e  r e t r a c t o r s  o f  

b o th  g a r s  and  Amla o r i g i n a t e  on th e  v e r t e b r a l  colum n and 

i n s e r t  on th e  t h i r d  in f r a p h a ry n g o b r a n c h ia l  and  (2 )  th e y  have  

a  s i m i l a r  e m b ry o lo g lc a l  d e v e lo p m e n t, a t  l e a s t  t o  th e  p o in t  

t h a t  b o th  a r e  d e r iv e d  from  th e  same m u s c le s .  E m b ry o lo g lc a l  

s t u d i e s  I n d i c a te  t h a t  th e  r e t r a c t o r s  o f  b o th  g ro u p s a r e  

d e r iv e d  from  e i t h e r  th e  e s o p h a g e a l  s p h i n c t e r  (E d g ew o rth ,

1911 , 1928) o r  from  a  p o s t e r i o r  m u sc le  m ass in d e p e n d e n t o f  

th e  e s o p h a g e a l  s p h in c te r  (E d g ew o rth , 1 9 3 5 ) .

In  r e f u t a t i o n  o f  N e ls o n ’s (1 9 6 9 b )h y p o th e s is  a r e  th e  

fo l lo w in g  o b s e r v a t io n s .  The r e t r a c t o r s  o f  g a r s  ( f i g .  13a) 

o r i g i n a t e  s e p a r a t e l y ,  one on e a c h  s id e  o f  th e  v e r t e b r a l  c o l ­

umn on th e  t h i r d ,  f o u r t h ,  and  o c c a s io n a l ly  f i f t h  v e r t e b r a e .  

They rem a in  s e p a r a t e  m u sc le s  and  i n s e r t  s e p a r a t e l y  on th e  

p o s t e r i o r  edge o f  th e  t h i r d  in f r a p h a r y n g o b r a n c h ia l .  They 

do n o t s h a re  m usc le  f i b e r s  w ith  th e  t r a n s v e r s e  d o r s a l i s  b u t
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do  s h a r e  m u sc le  f i b e r s  w i th  th e  u n d e r ly in g  c i r c u l a r  m u sc le  

l a y e r  o f  t h e  e s o p h a g u s . E ach  t r a n s v e r s e  d o r s a l i s  o f  g a r s  

o r i g i n a t e s  s e p a r a t e l y  a lo n g  th e  m id l in e  c o n n e c t iv e  t i s s u e  

an d  d o r s a l  s u r f a c e  o f  t h e  t h i r d  I n f r a p h a r y n g o b r a n c h ia l  and  

i n s e r t s  i n  c o n ju n c t io n  w i th  th e  o b l iq u e  d o r s a l i s  on th e  

a n t e r o - l a t e r a l  c a r t i l a g i n o u s  t i p  o f  th e  o s s i f i e d  l a t e r a l  arm  

o f  th e  t h i r d  in f r a p h a r y n g o b r a n c h ia l .  In  Amla c a lv a  

( f i g .  1 3 b ) ,  t h e  r e t r a c t o r s  o r i g i n a t e  a s  a  s i n g l e  m u sc le  on 

th e  v e r t e b r a l  co lum n , s e p a r a t i n g  a n t e r i o r l y  i n t o  t h e  two 

m a s s e s . They i n s e r t  on th e  d o r s a l  s u r f a c e  o f  th e  t h i r d  

in f r a p h a r y n g o b r a n c h ia l  an d  a r e  c o n f lu e n t  w ith  th e  t r a n s v e r s e  

d o r s a l i .  The t r a n s v e r s e  d o r a a l i  do n o t  i n s e r t  i n  c o n ­

j u n c t i o n  w i th  t h e  o b l iq u e  d o r s a l i ,  r a t h e r ,  t h e  t e t r a c t o r s  

i n s e r t  w i th  t h e  o b l iq u e  d o r s a l i  and  th e  t r a n s v e r s e  d o r s a l i  

a r e  found  a n t e r i o r  t o  t h i s  i n s e r t i o n .  F i n a l l y ,  th e  r e ­

t r a c t o r s  o f  Amla do  n o t s h a r e  m u sc le  f i b e r s  w ith  t h e  

c i r c u l a r  m u sc le  l a y e r  o f  t h e  e so p h a g u s . The t e l e o s t  

A lb u la  ( f i g .  1 3 c ) h a s  no r e t r a c t o r s .  B u t, t h e  p o s t e r i o r  

t r a n s v e r s e  d o r s a l i  have  th e  same o r i g i n  and  i n s e r t i o n  and 

th e  same to p o g ra p h ic  r e l a t i o n s h i p  w i th  th e  f tb liq u e  d o r s a l i  

o f  th e  f o u r t h  e p i b r a n c h i a l  a s  g a r s .  A nd, th e  i n s e r t i o n  o f  

th e  p o s t e r i o r  t r a n s v e r s e  d o r s a l i s  and  th e  o b l iq u e  d o r s a l i s  

o f  th e  f o u r t h  e p ib r a n c h i a l  o f  A lb u la  i s  th e  same a s  th e  

i n s e r t i o n  o f  th e  r e t r a c t o r  and th e  o b l iq u e  d o r s a l i s  o f  th e  

f o u r t h  e p i b r a n c h i a l  o f  Amla c a l v a .

I  in t e r p r e t  th e  r e t r a c t o r  o f  Amla a s a d e r iv a t iv e  o f  

th e  tr a n s v e r s e  d o r s a l i s  and not a s  th e  hom ologue o f  th e
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r e t r a c t o r  o f  g a r s .  T h is  i n t e r p r e t a t i o n  w ould e x p la in  t h r e e  

o b s e r v a t i o n s :  (1 )  t h e  a s s o c i a t i o n  o f  t h e  o b l iq u e  d o r s a l i s

o f  t h e  f o u r t h  e p i b r a n c h i a l  and  r e t r a c t o r  I n  A m la. (2 )  t h e  

s h a r in g  o f  f i b e r s  o f  t h e  c i r c u l a r  m u sc le  l a y e r  and  r e t r a c t o r  

o f  g a r s  and  th e  n o n - s h a r in g  o f  c i r c u l a r  f i b e r s  and  t h e  r e ­

t r a c t o r s  o f  A m la. an d  (3 )  t h e  c o n f lu e n c e  o f  th e  t r a n s v e r s e  

d o r s a l i  and  r e t r a c t o r s  In  Amla and  t h e  s e p a r a t i o n  o f  t h e s e  

m u sc le s  In  g a r s .  I  c o n c lu d e  t h a t  t h e  r e t r a c t o r s  o f  Amla an d  

g a r s  a r e  in d e p e n d e n t ly  d e r iv e d  and  t h e r e f o r e  n o t  e v id e n c e  

f o r  a  r e l a t i o n s h i p  b e tw een  th e  two g r o u p s .

V e n t r a l  a r c h  m u s c u la tu r e . The v e n t r a l  g i l l  a r c h  

m u sc le s  o f  o s t e ic h th y a n s  h a v e  been  s t u d i e d  by E dgew orth  

(1 9 2 6 , 1935) and  N e lso n  (1 9 6 7 ) . N e lso n  (19 6 7 ) h y p o th e s iz e d  

t h a t  o b l iq u e  v e n t r a l i s  m u sc le s  a r e  a s s o c i a t e d  w ith  e a c h  

h y p o b ra n c h ia l  an d  c e r a t o b r a n c h i a l  a s  a  p r i m i t i v e  c o n d i t i o n  

f o r  o s t e ic h th y a n s  an d  t h a t  l o s s  o f  a  h y p o b r a n c h ia l  I s  

c o r r e l a t e d  w ith  th e  p re s e n c e  o f  a  t r a n s v e r s e  v e n t r a l i s  

m u sc le  on th e  a r c h .  C h o n d ro s te a n s  l a c k  t r a n s v e r s e  v e n t r a l ­

i s  m u sc le s  b u t  have  a  p a i r  o f  o b l iq u e  d o r s a l i  on e a c h  a r c h .  

G ars and  Amla d i f f e r  from  c h o n d ro s te a n s  and  a r e  s i m i l a r  t o  

t e l e o s t s  i n  h a v in g  a  t r a n s v e r s e  v e n t r a l i s  m u sc le  on  th e  

f o u r t h  a r c h  ( f i g .  1 4 a , b ) .  G ars and  Amla d i f f e r  from  t e l e ­

o s t s  i n  r e t a i n i n g  a  f o u r t h  h y p o b ra n c h ia l  and  a  f o u r t h  o b l iq u e  

v e n t r a l i s  w h ich  shows f i b e r s  w ith  t h e  t r a n s v e r s e  v e n t r a l i s .

I  h y p o th e s iz e  t h a t  t h e  p re s e n c e  o f  a  t r a n s v e r s e  v e n t r a l i s  i s  

a n  synapom orphy o f  n e o p te r y g la n s , t h a t  t h e  r e t e n t i o n  o f
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a  fo u r th  p a ir  o f  o b liq u e  v e n t r a l i s  m u sc le s  and th e  fo u r th  

h y p o b r a n c h ia ls  a r e  p le s io m o r p h ie s  and w e l l  d e v e lo p ed  fo u r th  

o b liq u e  v e n t r a l i s  are  synapom orphies o f  t e l e o s t s .

Amla and t e l e o s t s  d i f f e r  from g a r s  in  h a v in g  a p a ir  o f  

r e c tu s  communis m u sc les  ( f i g .  1 4 b , c ) .  T h ese m u sc les  o r i g i ­

n a te  a t  th e  b a se  o f  th e  th ir d  h y p o b ra n ch ia ls  and I n s e r t  v ia  

a  ten d on  on e i t h e r  th e  fo u r th  c e r a to b r a n c h ia l  ( t e l e o s t s )  or  

th e  f i f t h  c e r a to b r a n c h ia l  (Amla) .  In  b oth  t h e s e  groups o f  

h a le c o s to m e s  th e  r e c tu s  communis i s  in n e r v a te d  by fo u r th  

a r ch  nerve f i b e r s  and sh a re s  m uscle  f i b e r s  w ith  th e  fo u r th  

t r a n s v e r s e  v e n t r a l i s .  N e lson  (1967) su g g e s te d  th a t  th e  

m u scle  was d e r iv e d  from th e  fo u r th  tr a n s v e r s e  v e n t r a l i s  by 

forw ard grow th . The p resen ce  o f  a  r e c tu s  communis i s  hypo­

t h e s iz e d  an apomorphy o f  h a le c o s to m e s .

The v e n tr a l  m u sc le s  o f  th e  f i f t h  a rch  in  a c t in o p te r y g -  

ia n s  a r e ,  l i k e  th e  d o r s a l  m u sc le s , d e r iv e d  from  th e  o u te r  

c ir c u la r  m u scle  la y e r  o f  th e  b u c c a l and e so p h a g a l c a v i t i e s .  

In  th e  ch o n d o strea n s Polyodon and A c ip e n se r , th e r e  a r e  two 

m u s c le s ,  th e  tr a n s v e r s e  v e n t r a l i s  runn ing betw een th e  f i f t h  

c e r a to b r a n c h ia ls  and th e  c o r o c o -b r a n c h ia l  w hich o r ig in a t e  

on th e  m id lin e  c o n n e c t iv e  t i s s u e  and i n s e r t  on th e  c o r o c o id  

o f  th e  p e c to r a l  g i r d l e .  In Polyodon th e  c o r a c o id -b r a n c h ia l  

i s  composed o f  many se p a r a te  m uscle b u n d les and i s  not 

a tta c h e d  to  th e  b a s ib r a n c h ia l  c o p u la . T h is  m uscle in  

P olyod on  i s  l i t t l e  d i f f e r e n t ia t e d  from th e  tr a n s v e r s e  

v e n t r a l i s  w hich runs betw een th e  c e r a to b r a n c h ia ls  im m ediately
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p o s t e r i o r  t o  t h e  c o r a c o i d - b r a n c h i a l i s  a n d  i t  i s  u n d i f f e r ­

e n t i a t e d  from  t h e  c i r c u l a r  m u sc le  l a y e r  o f  t h e  e so p h a g u s .

I n  A c lp e n s e r  t h e  c o r a c o l d - b r a n c h l a l i s  i s  b e t t e r  d e f in e d ,  

o r i g i n a t i n g  a t  t h e  m id l in e  a s  a  p a i r  o f  d i s c r e t e  m u sc le s  

c o n n e c te d  v ia  a  te n d o n  t o  th e  b a s l b r a n c h i a l  c o p u la e  and  

i n s e r t i n g  on t h e  c o ra c o id  o f  t h e  p e c t o r a l  g i r d l e .  The 

t r a n s v e r s e  v e n t r a l i s ,  l i k e  t h a t  o f  P o ly o d o n , o r i g i n a t e s  

on  t h e  m id l in e  c o n n e c t iv e  t i s s u e  and  I n s e r t s  a lo n g  th e  

f i f t h  c e r a t o b r a n c h i a l s .  I n  n e o p te r y g ia n s  th e  c o r a c o id -  

b r a n c h l a l l s  d o e s  n o t  o r i g i n a t e  on th e  m id l in e  c o n n e c t iv e  

t i s s u e  b u t  on t h e  l a t e r a l  s u r f a c e s  o f  t h e  f i f t h  c e r a to :  -  

b r a n c h i a l s .  I n  Amla and  g a r s  t h e  c o r a c o id  b r a n c h l a l i s  

i n s e r t s  on th e  c le i th r u m  w h ereas  i n  E lo p s  and Salm o i t  

i n s e r t s  on b o th  t h e  c le i th r u m  and  th e  c o ra c o id  ( J e s s e n ,  

1 9 7 2 ) . The t r a n s v e r s e  v e n t r a l i s  o f  g a r s  and  Amla i s  

e s s e n t i a l l y  l i k e  t h a t  o f  c h o n d ro s te a n s  e x c e p t  t h a t  i t  i s  

b e t t e r  d i f f e r e n t i a t e d  from  t h e  c i r c u l a r  m u sc le  l a y e r  o f  th e  

e so p h a g u s  ( b u t  i t  s t i l l  s h a r e s  f i b e r s  e x t e n s i v e l y ) .  T e le ­

o s t s  a r e  d i f f e r e n t .  I n  E lo p s  an d  A lb u la ,  t h e  t r a n s v e r s e  

v e n t r a l i s  no lo n g e r  i n s e r t s  on th e  f i f t h  c e r a t o b r a n c h i a l s  

b u t  on th e  c le i th r u m  v ia  a  te n d o n . The d i s t r i b u t i o n  o f  t h i s  

c h a r a c t e r  w i l l  h a v e  t o  be i n v e s t i g a t e d  In  o th e r  t e l e o s t s  

b e f o r e  i t s  s i g n i f i c a n c e  c a n  be a s s e s s e d .
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P o s t  C r a n ia l  S k e le to n

D erm al com ponents o f  th e  p e c t o r a l  g i r d l e .  The d e rm a l 

p e c t o r a l  g i r d l e  o f  g a r s  in c lu d e s  th e  p o s t - t e m p o r a l ,  s u p r a ­

c le i t h r u m ,  and  c le i th r u m  ( f i g .  1 5 ) .  The p o s t - te m p o r a l  

a r t i c u l a t e s  w i th  th e  s u p ra te ra p o ra ls  ab o v e  and t h e  p t e r o t l c  

m e d ia l ly  and  v e n t r a l l y .  The a r t i c u l a r  s u r f a c e  o f  t h e  g a r  

p o s t - te m p o r a l  i s  convex  a l lo w in g  f o r  a  b a l l - a n d - s o c k e t  l i k e  

a r t i c u l a t i o n  o f  t h e  s u p r a c le i th r u m  v ia  t h e  co n cav e  s u p ra -  

c l e l t h r a l  a r t i c u l a r  s u r f a c e .  The p o s t - t e m p o r a l  o f  g a r s  i s  

s i m i l a r  t o  th o s e  o f  c h o n d ro s te a n s  and  g o ly p te r u s  i n  l a c k in g  

a  p o s t - te m p o r a l  p r o c e s s .  Amla and t e l e o s t s  h ave  a  p o s t ­

te m p o ra l  p r o c e s s ,  a  s t r u c t u r e  w hich  a r t i c u l a t e s  w ith  th e  

d e r m o - in te r c a l a r  ( s e e  f i g u r e s  in  J e s s e n ,  1972; p e r s .  

o b s e rv .  o f  E lo p s . M egalops. A lb u la ,  C lu p e a , O steo g lo ssu m . 

and  S a lm o) .  P a t t e r s o n  ( p e r s .  comm.) r e p o r t e d  t h e  p ro c e s s  

i n  a t  l e a s t  some s e m lo n o t id s .  The p re s e n c e  o f  a  p o s t ­

te m p o ra l  p ro c e s s  in  h a le c o s to m e s  i s  h y p o th e s iz e d  apom orph- 

ous r e l a t i v e  t o  i t s  a b se n c e  in  g a r s  and  c h o n d ro s te a n s .

The mode o f  a r t i c u l a t i o n  be tw een  th e  p o s t - te m p o r a l  and  

s u p r a c le i th r u m  in  g a r s  i s  u n iq u e  and  h y p o th e s iz e d  apom orph lc  

f o r  t h a t  g ro u p .

The s u p r a c le i th r u m  o f  g a r s  h a s  a  s u p r a c l e i t h r a l  p ro c e s s  

w hich i s  c o n n e c te d  to  th e  b a s ic ra n lu m  v ia  a  l ig a m e n t .

P o ly p te ru s  a l s o  h a s  a  s u p r a c l e i t h r a l  p ro c e s s  (D a g e t, 1950 , 

J e s s e n ,  1 9 7 2 ) , b u t  J e s s e n  (1972) r e p o r t s  t h a t  th e  p ro c e s s  

i s  c o n n e c te d  v ia  a  l ig a m e n t t o  th e  e p a x i a l  body m u sc le s  n o t
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th e  b a s ic r a n iu m . Such a  p r o c e s s  h a s  n o t  b een  r e p o r t e d  i n  

c h o n d ro s te a n s  and  t h e r e  i s  l i t t l e  r e a s o n  t o  c o n c lu d e  t h a t  

th e  s u p r a c l e i t h r a l  p r o c e s s e s  o f  P o ly p te r u s  and  g a r s  a r e  

h o m o lo g o u s. I  c o n c lu d e  t h a t  t h e  p ro c e s s  i s  apom orphous 

and I n d e p e n d e n t ly  d e r iv e d  in  b o th  g ro u p s .

The c le i t h r u m  o f  g a r s  d i f f e r s  from  t h a t  o f  o th e r  

a c t l n o p t e r y g la n s  i n  h a v in g  a  w e l l-d e v e lo p e d  m e d ia l  w ing  

(M.W. C l ,  f i g .  1 5 ) .  T h is  s t r u c t u r e  s e r v e s  a s  th e  a t t a c h ­

m ent a r e a  f o r  th e  p e c t o r a l  a d d u c to r s ,  t h e  v e n t r a l  body 

m u s c u la tu r e ,  and  th e  s te rn o h y o id e u s  ( J e s s e n ,  1 9 7 2 ) . T h is  

s t r u c t u r e  i s  h y p o th e s iz e d  apom orphous f o r  g a r s .  The 

c le i th r u m  i s  c o n n e c te d  t o  th e  s u p r a c le i th r u m  v ia  c o n n e c t iv e  

t i s s u e  and  a r t i c u l a t e s  w ith  i t s  o p p o s i te  m e d ia l ly  a lo n g  th e  

v e n t r a l  e d g e s  o f  th e  c l e i t h r a l  w in g . The c le i th r u m  i s  

c o n n e c te d  t o  th e  v e r t e b r a l  colum n v ia  B a u d e lo t 's  l ig a m e n t  and 

t o  th e  v i s c e r a l  a r c h e s  v ia  th e  c o r a c o b r a n c h i a l i s  and  s t e r n ­

o h y o id e u s .

G a rs , l i k e  Amla and t e l e o s t s  (and  a l l  known f o s s i l  

n e o p te r y g ia n s ) ,  l a c k  a  c l a v i c l e .  A tte m p ts  t o  h o m o lo g lze  

th e  s m a l l  o s s i c l e s  found  on some g a r s  ( J a r v i c k ,  1 9 ^ )  and 

th e  s m a ll  f l a g e l l a e  o f  Amla w ith  th e  c l a v i c l e  o f  c h o n d ro ­

s t e a n s  a r e  n o t  c o n v in c in g  and I  h y p o th e s iz e  t h a t  th e  l a c k  

o f  a  c l a v i c l e  i s  a  n e o p te r y g ia n  synapom orphy .

E n d o 8 k e le ta l  p e c t o r a l  g i r d l e  and J e s s e n * s  h y p o th e s is  o f  

A c t in o p te r y g la n  r e l a t i o n s h i p s . The e n d o s k e l e ta l  p e c t o r a l  

g i r d l e  o f  c h o n d ro s te a n s ,  g a r s ,  Am la, and  t e l e o s t s  h a s  been
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s tu d i e d  i n  d e t a i l  by J e s s e n  (1 9 7 2 ) . H is  i n t e r p r e t a t i o n  o f  

t h e  s h o u ld e r  g i r d l e  o f  a c t i n o p t e r y g ia n s  l e d  h im  t o  h y p o th e  

s i z e  t h a t  h o lo s t e a n s  h a v e  a  fu n d a m e n ta l ly  d i f f e r e n t  

e n d o s k e l e t a l  s t r u c t u r e  th a n  t e l e o s t s  an d  c h o n d r o s te a n s .  

T h u s , J e s s e n  (1 9 7 2 , 1973) c o n c lu d e d  t h a t  c h o n d ro s te a n s  a r e  

th e  s i s t e r  g ro u p  o f  t e l e o s t s  and  t h a t  A m la, g a r s ,  and  

B e r g e r la  a r e  t h e  s i s t e r  g ro u p  o f  a l l  o t h e r  a c t i n o p t e r y g ia n s

J e s s e n * s  h y p o th e s is  r e s t s  on t h r e e  c h a r a c t e r s  h y p o th e ­

s i z e d  by him  ( J e s s e n ,  1973) t o  be  sy n a p o m o rp h le s  o f  g a r s  

and  Am la.  Two a r e  s h o u ld e r  g i r d l e  c h a r a c t e r s  an d  one 

c o n c e rn s  t h e  c o u r s e  o f  t h e  s p i n a l  n e rv e s  (and  w i l l  be 

d i s c u s s e d  h e r e  f o r  c o m p le te n e s s ) .

(1 )  The m e d ia l  p ro c e s s  o f  t h e  s c a p u l a r  r e g io n  

o f  c h o n d ro s te a n s  and  t e l e o s t s  i s  n o t  

hom ologous w ith  a  s i m i l a r  p r o c e s s  i n  Amla 

and  g a r s  w hich  J e s s e n  te rm ed  th e  p o n t ifo rm  

p r o c e s s .  (M. p r o . ,  f i g .  1 5 ) .

(2 )  G ars and  Amla l a c k  a  c o r a c o id  r e g io n  w hich  

t e l e o s t s  and  c h o n d ro s te a n s  h a v e .

(3 )  The s p i n a l  n e rv e s  o f  g a r s  an d  Amla p e n e t r a t e  

th e  body m u s c u la tu re  v e n t r a l  t o  t h e  t r a n s ­

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

c h o n d ro s te a n s ,  t e l e o s t s ,  and  a l l  o t h e r  

g n a th o s to m e s  th e  s p i n a l  n e rv e s  f o l lo w  th e  

i n n e r  s i d e  o f  t h e  body m u s c u la tu re  m e s ia l

t o  th e  p l e u r a l  r i b s .

P a t t e r s o n  (1 9 7 3 , p p . 259 -260 ) o u t l i n e d  and  d i s c u s s e d
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t h e s e  p o i n t s .  He c o n c lu d e d  t h a t :  (1 )  i s  r e f u t e d  by h i s

s u g g e s t i o n  t h a t  t h e  d i f f e r e n c e s  In  t h e  u p p e r  e n d o s k e l e t a l  

g i r d l e  o f  g a r s  and  Amla c o u ld  be a c c o u n te d  f o r  by c h an g e s  

In  t h e  o r i e n t a t i o n  and  r e l a t i v e  s i z e  o f  t h e  p a r t s ,  (2 )  i s  

r e f u t e d  by d e m o n s tr a t in g  t h a t  g a r s  h av e  a  c o ra c o id  c a n a l  

( c o r .  c a n . ,  f i g .  15 ) o f  t h e  same ty p e  a s  o t h e r  a c t i n o p t e r y g ­

i a n s  w h ich  m arks t h e  b o u n d ary  b e tw een  t h e  s c a p u la r  and  

c o r a c o id  r e g io n s  o f  th e  e n d o s k e l e t a l  g i r d l e .  T h u s , th e  

" a n t e r i o r  p r o c e s s  o f  t h e  m id d le  r e g io n "  ( J e s s e n ,  1972) i s  

t h e  hom ologue o f  th e  " a n t e r i o r  p r o c e s s  o f  t h e  c o ra c o id  

r e g io n "  ( P a t t e r s o n ,  1973)* P a t t e r s o n  (1973) c o n c e d e s  t h a t  

th e  c o u r s e  o f  th e  s p i n a l  n e rv e s  i s  a  s i g n i f i c a n t  s i m i l a r ­

i t y .  I  c o n c lu d e  from  t h i s  t h a t  a  h y p o th e s is  o f  apom orphy 

c o n c e rn in g  t h e  c o u rs e  o f  t h e  s p i n a l  n e rv e s  o f  Amla and 

g a r s  c a n n o t  be r e f u t e d  on m o rp h o lo g ic a l  g ro u n d s , and  

t h e r e f o r e  m ust be  r e f u t e d  on p h y lo g e n e t ic  g ro u n d s , t h a t  I s ,  

by i t 8 in c o n g ru e n c e  w ith  o th e r  h y p o th e s iz e d  sy n a p o m o rp h ie s .

V e r te b r a e . The s t r u c t u r e  and  d ev e lo p m en t o f  a c t i n -  

o p t e r y g ia n  v e r t e b r a e  have b een  re v ie w e d  by  S c h a e f f e r  ( 1967a ) 

and  h i s  a n a l y s i s  w i l l  s e r v e  f o r  t h e  d e v e lo p m e n ta l  s ta te m e n ts  

made b e lo w . The a x i a l  s k e le to n  o f  a l l  g n a th o s to m e s  h a s ,  

p r i m i t i v e l y ,  n e u r a l  and haem al a r c h e s  d e r iv e d  from  

s c le r o to m ic  mesenchyme a t  th e  p o s i t i o n  o f  th e  m y o se p ta . 

I n t e r c a l a r i e s  a r e  p r e s e n t  i n  s a r c o p te r y g ia n s  (e x c e p t  

N e o c e ra to d u s ) , c h o n d ro s te a n s ,  Am la, and  p e rh a p s  g a r s  ( i n  a  

m o d if ie d  fo rm ) , b u t  i n t e r c a l a r i e s  a r e  a b s e n t  i n  t e l e o s t s
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and  P o l y p t e r u s . W hether c e n t r a  a r e  a  p r i m i t i v e  a c t l n o p -  

e r y g ia n  f e a t u r e  o r  n o t  i s  n o t  c l e a r .  A l l  t h r e e  n e o p te ry g ia n  

g ro u p s  h a v e  c e n t r a ,  b u t  in  a t  l e a s t  one p r i m i t i v e  h a leco m o rp h  

c e n t r a  a r e  m is s in g  ( P a t t e r s o n ,  1 9 7 3 ) . The c e n t r a  o f  a m iid s  

and  t e l e o s t s  a r e  a m p h ic o e lo u s  w h ereas  th o s e  o f  g a r s  a r e  

o p ls th o c o e lo u s  ( f i g .  1 6 ) ,  a  c h a r a c t e r  u n iq u e  among a l l  

a c t i n o p t e r y g ia n s  e x c e p t  t h e  b le n n y  Andam la ( S c h a e f f e r ,

1967k). The a m p h ic o e lo u s  v e r t e b r a e  o f  t e l e o s t s  d i f f e r  i n  

d e v e lo p m e n t from  th o s e  o f  Am la. I n  t e l e o s t s  t h e  cen tru m  

fo rm s a s  a  d o u b le  r i n g ,  a n  in n e r  r i n g  c a l c i f y i n g  i n  th e  

f i b r o u s  s h e a th  o f  t h e  n o to c h o rd  ( th e  c h o rd a e e n tru rn )  and  a n  

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

( t h e  a u to c e n tru m )  an d  l a t e r  r e p l a c e s  th e  c h o rd a c e n tru m  t o  

form  th e  d e f i n i t i v e  a d u l t  c e n tru m . I n  Amla a  t h i n  l a y e r  o f  

bone fo rm s i n  t h e  p e r i c h o r d a l  tu b e  and  t h i s  i s  r a p i d l y  o v e r -  

l a i n  by c a n c e l lo u s  bone  d e r iv e d  from  th e  s le r o to m ic  

m esenchym e. G ars show a  t h i r d  p a t t e r n .  C a r t i l a g i n o u s  r i n g s  

d e v e lo p  i n t r a s e g m e n ta l ly  i n  th e  p e r i c h o r d a l  t u b e .  T hese  

r i n g s  in c r e a s e  i n  s i z e  an d  d e ta c h  from  th e  a r c h e s .  B e fo re  

o s s i f i c a t i o n  th e  r i n g s  c o n s t r i c t  th e  n o to c h o rd  and  e a c h  i s  

s p l i t  by a  t r a n s v e r s e  c a n a l  w hich  fo rm s th e  o p ls th o c o e lo u s  

j o i n t .  T h is  s p l i t  i s  an  i n t r a -  r a t h e r  th a n  in te r s e g m e n ta l  

s u b d iv i s io n  o f  t h e  p e r i c h o r d a l  tu b e  and  th e  n o to c h o rd .

B ecau se  o f  th e  d i f f e r e n c e s  i n  d ev e lo p m en t and  a d u l t  

s t r u c t u r e ,  I  h y p o th e s iz e  t h a t  th e  o p ls th o c o e lo u s  v e r t e b r a e  

o f  g a r s  a r e  apom orphous f o r  t h a t  g ro u p .
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C a u d a l s k e l e t o n . G ars hav e  num erous h y p u r a l s ,  u r a l  

c e n t r a ,  and  e p u r a l s .  The n e u r a l  a r c h e s  o f  th e  u r a l  c e n t r a  

a r e  n o t  m o d if ie d  i n t o  u r o n e u r a l s  and  re m a in  p a i r e d .  The 

f i r s t  u r a l  c en tru m  . i s  u s u a l ly  fu s e d  t o  th e  l a s t  p r e u r a l  

c en tru m  and  th u s  a  compound cen tru m  s u p p o r ts  th e  l a s t  

p a rh y p u r a l  and  f i r s t  h y p u r a l .  O c c a s io n a l ly  a  seco n d  and  e v e n  

t h i r d  h y p u r a l  w i l l  be a s s o c i a t e d  w ith  t h e  fu s e d  c e n tru m .

P a t t e r s o n  (1973) re v ie w e d  th e  c a u d a l  f i n  s t r u c t u r e  o f  

n e o p te ry g ia n s  and  c o n c lu d e d  t h a t :  (1 )  th e  p re s e n c e  o f

u r o n e u r a l s  i n  t e l e o s t s  i s  apom orphous r e l a t i v e  t o  th e  

u n d i f f e r e n t i a t e d  n e u r a l  s p in e s  o f  Amla and g a r s ;  (2 )  

th e  p r e s e n c e  o f  m e d ia l  n e u r a l  s p in e s  in  Amla i s  in te rm e d ­

i a t e  b e tw een  t e l e o s t s  (w ith  m e d ia l  u r o n e u ra ls  = n e u ra l  

s p i n e s )  and  g a r s ;  (3 ) num erous u r a l  c e n t r a ,  h y p u r a ls  and  

e p u r a l s  a r e  a  p r i m i t i v e  f e a t u r e  o f  a c t i n o p t e r y i a n s ;

(4 )  th e  fu sed  h y p u r a l-u r a l c e n tr a  in  Amla i s  apomorphous 

r e l a t i v e  to  th e  unfused c o n d it io n  in  t e l e o s t s  and g a r s ;

(3 )  th e  o n e - to -o n e  c o rre sp o n d e n c e  b e tw een  th e  m id d le  

h y p u r a ls  and  f i n  r a y s  o f  g a r s  and  a l l  o f  th e  f i n  r a y s  o f  

Amla may h a v e  b een  d e r iv e d  in d e p e n d e n t ly ;  (6 )  e p a x l a l  f i n  

r a y s  d e v e lo p e d  in d e p e n d e n t ly  in  r e c e n t  t e l e o s t s  and  A m la;

(7 )  th e  a b s e n c e  o f  r a d i a l s  a t  t h e  t i p s  o f  th e  l a s t  few  

hem al s p in e s  o f  Amla i s  apom orphous r e l a t i v e  t o  t h e i r  

p re s e n c e  In  g a r s  and  t e l e o s t s ,  and  (3 )  t h a t  two h y p u r a ls  

a r t i c u l a t i n g  w i th  a  f i r s t  u r a l  c en tru m  i s  found  in  g a r s  a s  

a n  i n d iv i d u a l  v a r i a t i o n .  I  c a n  f i n d  no r e a s o n  t o  r e j e c t  

P a t t e r s o n 's  (1973) f i r s t  se v en  p o i n t s ,  b u t  th e  c o n d i t io n

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



96.

o f  th e  fu sed  f i r s t  u r a l and l a s t  p r e u r a l c e n tr a  and t h e i r  

su p p ort o f  th e  l a s t  parhypural and f i r s t  h y p u ra l may be 

an apomorphy f o r  g a r s  and n o t a  m a tter  o f  in d iv id u a l  

v a r ia t io n .
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Summary H ypoth eses o f  A c t in o p te r y g ia n  R e la t io n s h ip s

The sy n a p o m o rp h ie s  d is c u s s e d  ab o v e  a r e  o rg a n iz e d  below  

i n  f i v e  p h y lo g e n e t ic  h y p o th e s e s  ( f i g s .  1 7 - 1 9 ) .  In  e a c h  c a s e ,  

t h e  l e a s t  r e j e c t e d  h y p o th e s is  i s  p r e s e n te d  f i r s t  an d  i s  

fo l lo w e d  by th e  a l t e r n a t i v e  h y p o th e s is  w h ich  h a s  c o r r o b o r a t ­

in g  i n s t a n c e s  b a se d  on c h a r a c t e r s  w h ich  c a n n o t  be r e f u t e d  a s  

sy n a p o m o rp h ie s  on m o rp h o lo g ic a l  g ro u n d s . A l t e r n a t e  h y p o th e s e s  

f o r  w h ich  no c o r r o b o r a t in g  i n s t a n c e s  w ere  fo u n d  a r e  n o t  

p r e s e n te d  ( f o r  ex am p le , J e s s e n 's ,  1 9 7 2 , h y p o t h e s i s ) .

C h a r a c te r s  d i s c u s s e d  by P a t t e r s o n  (1 9 7 3 ) a s  a lm o s t  u n iq u e  

p a r a l l e l i s m s  among Amla an d  r e c e n t  t e l e o s t s  a r e  n o t  in c lu d e d  

b e c a u se  P a t t e r s o n 's  (1973) a n a l y s i s  o f  f o s s i l  h a le c o s to m e s  

i n d i c a t e s  t h a t  t h e s e  c h a r a c t e r s  a r e  n o n -sy n ap o m o rp h o u s , th u s  

e l i m in a t i n g  them  from  c o n s i d e r a t i o n s  o f  r e l a t i o n s h i p .

F ig u r e  17a i s  t h e  l e a s t  r e j e c t e d  h y p o th e s is  o f  r e c e n t  

a c t i n o p t e r y g l a n  r e l a t i o n s h i p s  b a se d  on th e  a s su m p tio n  f o l ­

low ed th ro u g h o u t  th e  a n a l y s i s  t h a t  c h o n d ro s te a n s  a r e  a  

m o n o p h y le tic  g ro u p . T h is  i s  t h e  same h y p o th e s is  a c c e p te d  

by P a t t e r s o n  (1973) a n d , e l i m in a t i n g  f o s s i l  g ro u p s ,  by 

W e s to l l  (1944) and  G a rd in e r  ( I 9 6 0 ,  1963* 1 9 6 7 ) . The mono- 

p h y ly  o f  h a le c o s to m e s  i s  c o r r o b o r a te d  by 14 sy n ap o m o rp h ie s  

( c h a r a c t e r s  1 -1 3 , f i g .  1 7 a ) .  The m onophyly o f  n e o p te ry g ia n s  

i s  c o r r o b o r a te d  by 6 sy n ap o m o rp h ie s  ( c h a r a c t e r s  1 4 -2 0 , 

f i g .  1 7 a ) .  T h is  h y p o th e s is  i s  n o t  c o m p a tib le  w ith  two 

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

g i r d l e  and  th e  c o u rs e  o f  th e  s p i n a l  n e rv e s  o f  Amia and 

g a r s  ( J e s s e n  1972 , and 1973 , r e s p e c t i v e l y ) .  B oth  o f  th e s e  

c h a r a c t e r s  c o r r o b o r a te  a  h y p o th e s is  o f  m onophyly o f  th e
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g a r s  ( J e s s e n  1 9 7 2 , and  1973* r e s p e c t i v e l y ) .  B o th  o f  t h e s e  

c h a r a c t e r s  c o r r o b o r a te  a  h y p o th e s is  o f  m onophyly o f  t h e  

R e c e n t  H o l o s t e i  an d  a r e  I n c o r p o r a te d  I n t o  th e  a l t e r n a t e  

h y p o th e s i s  o f  r e l a t i o n s h i p  shown I n  f i g u r e  1 7 b . T h is  

h y p o th e s i s  was fo rw a rd e d  by N e lso n  (1 9 6 9 a ) . N e lso n  (1969b.) 

b a se d  t h e  h y p o th e s i s  on g i l l  a r c h  c h a r a c t e r s ,  w h ic h , a s  

d i s c u s s e d  a b o v e , a r e  open t o  a l t e r n a t e  I n t e r p r e t a t i o n s  I n ­

c o r p o r a te d  In  t h e  f i r s t  h y p o th e s is  ( f i g .  1 7 a ) .

F i g .  lS a  an d  b sum m arizes a l t e r n a t e  r e l a t i o n s h i p s  o f  

t h e  f o s s i l  s e m lo n o tld  g en u s L e p ld o te s ,  an d  f i g u r e  l S a ,  t h e  

c o r r o b o r a t i n g  o b s e r v a t io n s  fo rw a rd e d  by P a t t e r s o n  (1973 ) 

t h a t  L e p ld o te s  I s  a  h a le c o s tc m e . F ig u r e  lS b  sum m arizes th e  

c o r r o b o r a t i n g  o b s e r v a t io n s  d i s c u s s e d  by P a t t e r s o n  (1975 ) f o r  

R a y n e r ’s  (1 9 4 1 , 1948) h y p o th e s is  t h a t  L e p ld o te s  i s  m ore 

c l o s e l y  r e l a t e d  t o  th e  G lng lym od l th a n  t o  h a le c o s to m e s .  

L e p ld o te s  s h a r e s  f i v e  sy n ap o m o rp h ie s  ( c h a r a c t e r s  1 -5 ,  

f i g .  l 8 a )  w ith  h a le c o s to m e s  and  o n ly  two ( c h a r a c t e r s  6 ,  7 ,  

f i g .  18b ) w i th  g in g ly m o d s . B o th  o f  t h e s e  c h a r a c t e r s  a r e  

r e d u c t io n  c h a r a c t e r s  w hich  have  in d e p e n d e n t ly  a r i s e n  w i th in  

b o th  t h e  H a lec o m o rp h l ( a m lid s )  an d  th e  T e l e o s t e i  (R e c e n t 

g ro u p s ,  s e e  P a t t e r s o n ,  1975 and d i s c u s s i o n  a b o v e ) .

F ig u r e  19 sum m arized  th e  sy n a p o m o rp h ie s  u n i t i n g  th e  

g ing lym od  g e n e ra  L e p ls o s te u s  and  A t r a c t o s t e u s  ( c h a r a c t e r s  

1 - 2 7 ) .  No a l t e r n a t i v e  h y p o th e s is  h a s  b e en  fo rw a rd e d  w hich  

r e f u t e s  t h i s  h y p o th e s i s .
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Q ars fo rm  a  m o n o p h y le tlc  g ro u p , th e  G in g ly m o d l. G ars a r e  

t h e  s i s t e r  g ro u p  o f  th e  H a le c o s to m i, a  g ro u p  com posed o f  

" s e m lo n o t id s ” (L e o id o te s , e t c . )  t h e  H a leco m o rp h i (a m ild s  and  

t h e i r  f o s s i l  r e l a t i v e s  t h e  p a ra s e m io n o t id s ,  P a t t e r s o n ,  1973) 

and  th e  T e l e o s t e i .  G ars and  H a lec o s to m e s  fo rm  th e  m o n o p h y le tlc  

g ro u p  N e o p te r y g l i  and  t h i s  g ro u p  i s  th e  s i s t e r  g ro u p  o f  th e  

C h o n d ro s te i .
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S y s te m a tic  A cco u n ts

D iv i s io n  G ing lym odl C ope, 1S71

H o l o s t e i  M u l le r ,  1845 p . 119 ( i n  p a r t )

G ing lym odl C ope, 1872, p .  328 

Rhombogarxjidei Jo rd a n  and  E verm ann, 1896 ,  p .  108 

A e th e o s p o n d y l i i  G o o d ric h , 1 9 0 4 , p .  4 9 5 ; 1930 ,

p . x v i i  ( i n  p a r t )

L e p id o s te o id e i  G o o d ric h , 1909 ,  p . 340 

O r th o g a n o id e i  Z i t t l e  and  Koken, 1911* p .  105 

L e p is o 8 te i fo rm e s  H ay, 1929* p . 701 ( i n  p a r t )  

L e p id o s te l fo rm e s  B e rg , 1 9 4 0 , p .  211 

S e m io n o tid e a  Rom er, 1966 , p .  353 ( i n  p a r t )  

L e p i s o s te id a  M a tsu b a ra , 1955 , p .  170 

L e p l s o s t e i  S u t tk u s ,  1963 , p .  61

D ia g n o s is . The g ing lym ods d i f f e r  from  a l l  o th e r  

a c t i n o p t e r y g ia n  f i s h e s  in  t h e  synapooiorphous c h a r a c t e r s  

shown in  f i g u r e  1 9 . The m ore o b v io u s  f o r  i d e n t i f i c a t i o n  

b e in g :  o p ls th o c o e lo u s  v e r t e b r a e ,  p l i c i d e n t i n e  t e e t h ,

e th m o id  e lo n g a t io n  w i th  s n o u t b o rd e re d  by to o th e d  

i n f r a o r b i t a l s ,  p r e m a x i l la r y  w ith  n a s a l  p ro c e s s  c a r r y in g  

th e  s u p r a o r b i t a l  c a n a l ,  an  a t r o p h ie d  m a x i l l a r y ,  q u a d ra te  

in  f r o n t  o f  o r b i t ,  c le i th r u m  w ith  m e d ia l  w in g , r e t r a c t o r  

m u sc le s  in  upper g i l l  a r c h e s  n o t  a s s o c i a t e d  w ith  th e  

t r a n s v e r s e  d o r s a l i s .
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D e s c r ip t i o n  and re m a rk s . Body and head  e lo n g a te .  

Body w ith  I n t e r l o c k i n g  g a n o id  s c a l e s  c o v e re d  w i th  en am elo ld  

b u t  l a c k in g  a  d e n t in e  l a y e r .  C a u d a l f i n  s e m ih e te r o c e r c a l ,  

w i th o u t  e p a x l a l  f i n  r a y s ,  w ith  num erous p a r h y p u r a l s ,  h y p u r­

a l s ,  e p l n e u r a l s ,  and  u r a l  c e n t r a ,  and f u l c r a l  s c a l e s  

b o r d e r in g  th e  u p p e r f i n  m a rg in . A n a l and d o r s a l  f i n s  f a r  

b a c k  on th e  b o dy , c a u d a l  p e d u n c le  s h o r t .  A na l and d o r s a l  

f i n s  w ith  f u l c r a l  s c a l e s  on t h e i r  a n t e r i o r  e d g e s .  P e lv ic  

f i n s  a b d o m in a l, i n t e r n a l l y  s u p p o r te d  by s im p le  p e c t o r a l  

p l a t e s  and  w ith o u t  f u l c r a l  s c a l e s .  P e lv ic  g i r d l e  c o n s i s t i n g  

o f  d e rm a l c le i t h r u m ,  s u p r a c le i th r u m , and p o s tc le l th r u m ,  

w ith o u t  c l a v i c l e ;  en d o d erm al m eso co ra co id  s u p p o r t in g  r a d -  

i a l s  and 11 t o  1^ f i n  r a y s .  V e r t e b r a l  colum n c o n s i s t i n g  

o f  a  s e r i e s  o f  p p ls th o c o e lo u s  v e r t e b r a e  w ith  p a i r e d  n e u r a l  

s p i n e s .  P l e u r a l  r i b s  a r t i c u l a t i n g  w ith  e p ip e u r a l  r i b s  

w hich  r e a c h  th e  o u te r  body w a l l .  P o s t - te m p o r a l  a n  i n t e g r a l  

p a r t  o f  s k u l l  r o o f ,  w ith o u t  p o s t - t e m p o r a l  p r o c e s s .  Two t o  

f i v e  s m a l l ,  r e c t a n g u l a r  s u p ra te m p o ra ls  on e ac h  s i d e  o f  t h e  

m id l in e .  P a r i e t a l s  and d e rm o p te r o t ic s  e q u a l  in  s i z e  and  

n o t c o n s p ic u o u s ly  e lo n g a te .  F r o n t a l s  e lo n g a te .  Prem ax­

i l l a r y  w ith  a  lo n g  p r o c e s s ,  c a r r y in g  th e  s u p r a o r b i t a l  c a n a l  

from  th e  f r o n t a l s  t o  th e  n a s a l s .  A n t o r b l t a l s  and n a s a l s  

c r e s c e n t - s h a p e d  and s m a l l .  R o s t r a l  U -shaped  and c a r r y in g  

th e  i n f r a o r b i t a l  co m m issu re . S n o u t bounded by t h r e e  t o  t e n  

to o th e d  i n f r a o r b i t a l s .  M a x i l la ry  s m a ll  and  a t t a c h e d  t o  

th e  p o s t e r i o r  i n f r a o r b i t a l  v ia  te n d o n . Two o r  t h r e e  

l a c r lm a l s .  A c o m p le te  c i r c u m o r b i t a l  s e r i e s  and a  l a r g e
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m o sa ic  o f  s u b o r b i t a l s .  O p e rc u la r  s e r i e s  c o n s i s t i n g  o f  an  

o p e r c u l a r ,  s u b o p e r c u la r ,  and  p r e o p e r c u l a r ;  no i n t e r o p e r c u l a r .  

N e u r o c r a n ia l  o s s i f i c a t i o n s  in c lu d in g  a  m e d ia l  b a s i o o c c i p i t a l ,  

p a i r e d  e x o c c i p i t a l s ,  p r o o t i c s ,  s p h e n o t l c s ,  s p h e n o id s ,  and  a  

m e d ia l  o r b l to s p h e n o id .  N eu rocran ium  la c k in g  a  d e rm a l o r  en£  

d o c h o n d ra l  i n t e r c a l a r ,  e p i o t i c s ,  o r  b a s is p h e n o ld .  I n t e r -  

o r b i t a l  sy s te m  c o m p le te . E th m o ld s c a r t i l a g i n o u s .

P a ra s p h e n o id  lo n g ,  f l a t t e n e d ,  g rooved  p o s t e r i o r l y  f o r  p a s sa g e  

o f  t h e  d o r s a l  a o r t a ,  and  e x te n d in g  from  th e  p o s t e r i o r  end o f  

t h e  b a s is p h e n o ld  t o  m id - s n o u t ,  B a s ip te ry g o id  p ro c e s s  in c o r p ­

o r a t i n g  p o r t io n s  o f  b o th  th e  p a ra sp h e n o id  and  th e  p r o o t i c s .  

V oders o v e r ly in g  th e  p a ra s p h e n o id  a n t e r i o r l y .  Vomers e lo n g ­

a t e ,  p a i r e d ,  t o o th e d ,  and la n c e - s h a p e d .  Q u a d ra te  i n  f r o n t  o f  

o r b i t ,  s u p p o r te d  m e d ia l ly  by th e  e c to p te r y g o id  and p o s t e r i o r ­

ly  by th e  q u a d r a to ju g a l .  H yo m an d ib u lar and  L -sh ap ed  

s y m p le c t ic  n o t s u p p o r t in g  th e  q u a d r a te .  E ndo- and  m e ta p te r y ­

g o id s  a r t i c u l a t i n g  on th e  e c to p te r y g o id  and  n o t  c o n ta c t in g  

th e  q u a d ra te  o r  h y o m a n d ib u la r . E lo n g a te  e c to p te r y g o id  w ith  

t e e t h  o v e r l a in  by d e rm o p a la t in e s  a n t e r i o r l y .  E lo n g a te  

to o th e d  d e n ta r y  o v e r l a in  by c o ro n o id s  m e d ia l ly  and  w ith  c o n ­

s p ic u o u s  m e c k e lia n  g ro o v e  on m e d ia l  s id e  e x te n d in g  1 /3  t o  1 /2  

th e  l e n g th  o f  th e  b o n e . S u ra n g u la r  and  a n g u la r  m aking up a  

c o ro n o id  p r o c e s s .  A r t i c u l a t i o n  o f  lo w er jaw  v ia  s e p a r a t e  

a r t i c u l a r  and  r e t r o a r t i c u l a r .  L a t e r a l  p o s t e r i o r  end o f  

lo w e r Jaw o v e r l a in  by th e  d e rm a l a n g u la r .  H yoid a r c h  w ith o u t  

a  b a s ih y a l  and v i s c e r a l  a r c h  and  w i th o u t  a  f o u r t h  in f r a p h a ry n g o ­

b r a n c h i a l .  A lo n g  s e r i e s  o f  p a i r e d  p r im a ry  b a s ic h y a l  t o o t h -
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p l a t e s .  A s i n g l e  h ig h ly  v a s c u la r iz e d  sw lxnb ladder. Connus 

a r t e r l o s l s  w i th  se v e n  t i e r s  o f  e i g h t  v a lv e s ,  no  b u lb o u s  

a r t e r l o s l s .  G ut w i th  s p i r a l  v a lv e  re m n a n t. F em ales  w ith  

o v id u c t  d i r e c t l y  c o n n e c te d  t o  o v a r i e s ,  m a les  w ith  s ta g g e r e d  

t e s t e s .  C o lo r  p a t t e r n  v a r i a b l e  b u t  p r i m i t i v e l y  w i th  d o r s a l  

f l a n k  and b e l l y  s t r i p e s .

L e p is o s te u s  s i n e n s i s  B le e k e r  (1873> p . 15*0 from  C hina  

I s  a  b e lo n id  n o t  a  g a r  a s  r e p o r t e d  by W agner (1912, p . 73*0•

?L e p is o s te u s  a l e s s a n d r i l  Ameghlno ( 18 9 8 ) from  A rg e n tin a  I s  

l i s t e d  by P a s c u a l  (19 7 0 ) a s  a n  im p ro b a b le  member o f  t h e  g e n u a  

L l t h o l e p l s  a d a m a n tin u s  R a f in e s q u e  ( l 8 l 8 a ,  p . *t47) i s  a  m yth­

i c a l  f i s h  draw n by J .  J .  Audubon ( S u t tk u s ,  1963* P» 6 9 ) .

E ty m o lo g y . From th e  G reek  g ln g ly m o s , a  h in g e  j o i n t .  

R e f e r r in g  t o  th e  mode o f  a r t i c u l a t i o n  o f  th e  o p i s th o c o e lu s  

v e r t e b r a e .
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F a m ily  L e p i s o s te id a e  C u v ie r ,  1825  

L e p i s o s te id a e  C u v ie r ,  1 8 25 , p .  2 ,  307 .

L e p id o s t e i  A g a s s iz ,  1832 ,  p .  1 4 0 . F i t z i n g e r ,  1 8 7 3 , P* 5 2 . 

S a u ro id e s  A g a s s iz ,  1 8 4 3 , p .  2 ;

L e p i d o s t e i n i i  M ti l le r ,  1 8 44 , p .  2 0 8 . C a ru s , 1 8 7 5 , P - 590 .

D ia g n o s is  an d  d e s c r i p t i v e  r e m a rk s . Those o f  th e  

d i v i s i o n  G in g ly m o d l.

O th e r  re m a rk s :  The f o l lo w in g  n o m in a l s p e c i e s  a r e

L e p i s o s t e id a e ,  g e n u s  an d  s p e c ie s  in d e te r m in a te :

4-N a is ia  a p i c a l i s  Mims t e r ,  1846 , p .  34 

+ T r i c h l u r id e a  s a g i t t l d e n s  W in k le r , 1876 ,  p .  31* 

+ P n e u m a to s te u s  n a h u n t ic u s  C ope, 1869 ,  p .  2 4 2 ; 1875 , 

p .  3 1 . E as tm an , 1900a, p .  6 8 .

+ L e p ls o s te u s  k n l e s k e m l  F o w le r , 1911 , P« 150* 

•f A t r a c t o s t e u s  emmonsl Hay, 1929 , p .  709 (b a s e d  on 

Emmons, 1858 ,  p .  2 4 4 ) .

+ P a r a le p ld o s t e u s  p r a e c u r s e r  C a s ie r ,  1961 , p .  4 2 .

The following references refer to fossil gars for which 
no specific determination was attempted by the authors. 
Gldley, 1915 , P* 539 (U. Cret., Fort Union Fm., Montana): 
1927 , p. 274  (Pleistocene, Florida). Gilmore, 1916 , p. 302 

U. Cret., New Mexico); 1920, pp. 8 , 68 (U. Cret., Kirtland 
Fm, Wyoming). Hay, 1903 , P» 120; 1927, P* 274 (Pleistocene,
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F l o r i d a ) .  R e e s id e ,  1924 , p p . 2 1 , 23 , 3 1 , 3 3 , 4 2  (U. C r e t .  

F r u i t l a n d ,  M cD erm ott, 0 j o  A la m a , and  N a c im ie n to  F m s., New 

M e x ic o ) . R u s s e l ,  1 9 3 5 , p . 118 ( C r e t . ,  M ilk  R iv e r  B ed s, 

A l b e r t a ) .  B jo r k ,  1 9 6 7 , p . 229 (E o ce n e , S lim  B u t te s  Form­

a t i o n ,  S o u th  D a k o ta ) .
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L e p i s o s t e u s  L acepede

L e p i s o s te u s  L ac e p e d e ,  1803, p .  331 ( ty p e  s p e c i e s  L. 

g a v i a l i s  by s u b s e q u e n t  d e s i g n a t i o n ,  J o r d a n  and 

Evermann, 1896 ,  p .  10 9)•

S a r c h i r u s  R a f in e s q u e ,  l 8 l 8 a ,  p .  418 ( ty p e  s p e c i e s  S. v i t t a t u s  

by s u b s e q u e n t - d e s i g n a t i o n ,  J o r d a n ,  1877# P» 9 ) .  

C y l in d r o s t e u s  R a f in e s q u e ,  1820 , p .  72 ( ty p e  s p e c i e s  £ .  

p l a to s to m u s  by s u b s e q u e n t  d e s i g n a t i o n ,  J o r d a n ,

1877 , P .  1 1 ) .

L e p jd o s te u s  (L acep 'dde):  K oen ig , 1825, p .  12; A g a s s iz ,

1843, p .  2 .

D i a g n o s i s . G ars  w i th  an e c t o p t e r y g o i d - p r e m a x i l l a r y  

a r t i c u l a t i o n  on t h e  p r e m a x i l l a r y  p r o c e s s ,  w i th o u t  e n l a r g e d  

d e r m o p a la t in e s  f a n g s ,  w i th  p r o j e c t i n g  r i d g e s  above and 

below t h e  a r t i c u l a r  s o c k e t  o f  t h e  s u p r a c l e i t h r u m .  The 

f r o n t a l  bone e l o n g a t e  a n t e r i o r l y  and p o s t e r i o - l a t e r a l l y ,  

e x te n d in g  p a s t  t h e  d e r m o p te r o t i c  l a t e r a l l y  t o  p ro d u ce  

t h e  c h a r a c t e r i s t i c  sh a p e  o f  t h e  f r o n t a l  ( f i g .  2 0 ) .  

L e p i s o s t e u s  a l s o  d i f f e r s  from  A t r a c t o s t e u s  i n  t h a t  

L e p i s o s te u s  g a r s  r e t a i n ,  p r i m i t i v e l y ,  s m a l l  p e a r - s h a p e d  

g i l l  r a k e r s  ( f i g .  21) and  m e d ia l  t o o t h  p l a t e s  on th e  

f i r s t  i n f r a p h a r y n g o b r a n c h i a l  ( f i g .  22) and t h e  f i r s t  t h r e e  

hypo- and c e r a t o b r a n c h i a l s .

E tym ology . A compound m a s c u l in e  n o m in a t iv e  d e r iv e d

from  th e  G reek  l e p i s  ( = s c a l e )  and L a t in  o s t e u s  (= b o n e ) .
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The f o l lo w in g  n o m in a l s p e c ie s  a r e  L e p ls o s te u s  

s p e c ie s  I n d e te r m in a te :

-f C la s te s  c y c l l f e r u s  Cope, 1873 ,  p .  634 ; 1877b , p .  40 ; 

1884 , p .  5 4 . Woodward, 1895 , p .  4 4 5 . M e r r i l l ,

1907 , P.  8 .

+ L e p id o s te u s  c y c l l f e r u s  (C o p e ): E astm an , 1900a , p . 68 ;

C o c k r e l l ,  1908 , p .  1 6 3 .

+ L e p ls o s te u s  c y c l l f e r u s  (C o p e ): Hay, 1902 , p .  337; 1929 , 

+ L e p id o s te u s  lo n g u s  Lambe, 1908 , p .  13*

The following references refer to Pleistocene and 
Pliocene records of Leplsosteus sp. indet.,: Hay (1 9 2 7 ,

Pleistocene of Florida): C.L. Smith (1 9 5 4 , Pleistocene of 
Oklahoma; 1958 , Pleistocene of Oklahoma and Kansas; 1962 ,

L. Pliocene of Oklahoma); Uyeno and Miller (1 9 6 2 , Pleisto­
cene of Texas; 1963 , summary of North American records); 
Dalquest (1 9 6 2 , Pleistocene of Texas); Uyeno ( 1963 , 

Pleistocene of Texas); Hibbard and Dalquest (1 9 6 6 , 

Pleistocene of Texas); Lundberg ( 1967 , Pleistocene of 
Texas); Swift ( 1968 ,  Pleistocene of Texas); and Wilson 
( 1968 , Pliocene of Kansas).
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-t-L e p is o s te u s  o p e r tu s  new s p e c ie s  

F ig u r e s  2 0 a , 23* 2 4 a , 25a ,  2 7 a .

L e p ls o s te u s  o c c i d e n t a l i s : E s t e s ,  1964 , p .  4 3 ;  1969 , P« 11

( i n  p a r t ,  bones o f  A. o c c i d e n t a l i s  mix e d  w ith  bones 

o f  L . o p e r t u s ) .

D ia g n o s i s . L e p ls o s te u s  o p e r tu s  d i f f e r s  from  a l l  

o t h e r  L e p ls o s te u s  in  r e t a i n i n g  t h e  p r i m i t i v e  e n am e lo id  

p a t t e r n  o f  t h e  f a m ily  on t h e  d e r m o p te r o t ic s  and  p a r i e t a l s  

( f i g s .  2 5 a , 2 7 a ) .

T y p e s . The h o lo ty p e  (MCZ00000 ) i s  a n  in c o m p le te  

f r o n t a l  ( f i g u r e s  2 0 a , 2 3 a ) .  P a r a ty p e s  in c lu d e  tw o f ra g m e n t­

a r y  f r o n t a l s  (MCZ 0 0 0 0 0 ) , two d e rm o p e ro t ic s  (MCZ 000 0 0 , 

f i g .  2 3 b ) , one p r e o p e r c u la r  (MCZ 00000 ,  f i g s .  2 3 c ) ,  17 

i n f r a o r b i t a l s  (MCZ 0 0 0 0 0 ) , t h r e e  p a r i e t a l s  (MCZ 0 0 0 0 0 , 

f i g .  2 7 a ) .

Type l o c a l i t y . Bug C reek  A n t h i l l s ,  s e c t i o n  map 

l o c a l i t y  SW 1/4-9-T22N -R 43E  ( o r  a p p ro x im a te ly  25 m i. SSE 

o f  F t .  P e c k ) ,  McCone C ou n ty , M ontana.

F o rm a tio n  and  a g e . H e l l  C reek  F o rm a tio n , U pper 

C re ta c e o u s ,  p ro b a b ly  in  o th e r  f o rm a t io n s  su c h  a s  th e  L a n c e , 

and  B e l ly  R iv e r  s e r i e s .
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D e s c r ip t i o n  and  c o m p a r is o n s :  L e p is o s te u s  o p e r tu s  i s

a  s m a l l  C re ta c e o u s  g a r  known o n ly  fro m  f ra g m e n ta ry  r e m a in s .

No m o rp h o m e tr ie s  o r  m e r i s t i c s  w ere o b t a i n a b l e .

A l l  p r e m a x i l l a r i e s  from  t h e  H e l l  C reek  f o r m a t io n  h av e  

a  d o u b le  row o f  p r e m a x i l l a r y  t e e t h ,  b u t  a t  p r e s e n t  I  c a n n o t 

a s s i g n  th e  s m a l le r  p r e s e r v e d  p r e m a x i l l a r i e s  t o  e i t h e r  A. 

o c c i d e n t a l i s  o r  L . o p e r t u s . I  assum e t h a t  L . o p e r tu s  had  

tw o c o m p le te  row s o f  p r e m a x i l l a r y  t e e t h  l i k e  L . p la to s to m u s . 

The d e rm o p a la t in e s  a r e  anknow n. I n f r a o r b i t a l s  n a rro w  and  

e lo n g a t e ,  w i th  ro u n d ed  e n a m e lo id  t u b e r c l e s .  C i r c u m o r b i ta ls  

w i th  e n a m e lo id , c o n d i t i o n  o f  t h e  d o r s a l  c i r c u m o r b i t a l  and  

r e l a t i o n s h i p  o f  th e  d e rm o s p h e n o tlc  t o  th e  o r b i t a l  m a rg in  

unknown. Number o f  s u p ra te m p o ra ls  p e r  s id e  unknown. 

S u p r a c le i th r u m  w ith  lo n g  bony p r o c e s s  on th e  v e n t r a l  s id e  

o f  t h e  a r t i c u l a r  f a c e t  ( f i g .  2 4 a ) .

F r o n t a l  sh ap e  l i k e  t h a t  o f  o t h e r  L e p ls o s te u s  ( f i g .

2 0 a ) .  F r o n t a l  w ith  row s o f  ro u n d ed  e n a m e lo id  t u b e r c l e s  

a lo n g  th e  bony r i d g e s .  Shape and  e n am e lo id  p a t t e r n  o f  th e  

d e rm o p te r o t ic  and p a r i e t a l  com pared  t o  o th e r  L e p ls o s te u s  

shown i n  f i g u r e s  25a and  27a r e s p e c t i v e l y .

L e p ls o s te u s  o p e r tu s  d i f f e r s  fro m  A t r a c t o s t e u s  g a r s  In  

th e  sh a p e  o f  th e  p o s t e r i o r  end o f  th e  f r o n t a l  bone ( f i g .  2 0 a ) .  

L e p ls o s te u s  o p e r tu s  d i f f e r s  from  A t r a c t o s t e u s  o c c i d e n t a l i s  

i n  t h a t  L . o p e r tu s  h a s  e n am e lo id  on th e  f r o n t a l s ,  i n f r a ­

o r b i t a l s ,  c i r c u m o r b i t a l s ,  and  p r e o p e r c u l a r ,  w h ereas A. 

o c c i d e n t a l i s  l a c k s  e n a m e lo id  o r  h a s  o n ly  o c c a s io n a l ,  m in u te , 

ro u n d e d , e n am elo id  t u b e r c l e s  on th e  p r e o p e r c u l a r .  In
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a d d i t i o n ,  L . o p e r tu s  h a s  s h e e t s  o f  en am e lo id  on t h e  p a r i e t a l s  

and  d e rm o s p h e n o tlc s  and  e lo n g a te  I n f r a o r b i t a l s  and  a  

L e p ls o s te u s  s u p r a c le i th r u m  w h ereas  A. o c c i d e n t a l i s  h a s  

ro u n d ed  e n a m e lo id  t u b e r c l e s  on t h e  d e rm o s p h e n o tic , s q u a re  

I n f r a o r b i t a l s ,  and  a  s u p r a c le i th r u m  m ore l i k e  t h a t  o f  A. 

s p a t u l a , A. t r l s t o e c h u s , and  A. a t r o x .

Etymology. Prom the Latin, opertus (=hidden) referring 
to the observation that it has remained' undescribed among 
the material assigned to another species, A. occidentalis>
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+ L e p ls o s te u s  c u n e a tu s  (Cope)

F ig u r e s  2 0 b , 2 5 b , 27b , 2 9b , 31 , 32 

C la s t e s  c u n e a tu s  Cope, 1878 ,  p .  9 ; 1880 , p .  303 ; 1884 , p .  5 5 , 

L e p ls o s te u s  c u n e a tu s : E astm an , 1900a, p .  68 ; 1900b , p .  57•

Hay, 1902 , p .  377; 1929 , p .  7 0 8 .

Hussakof, 1908 , p .  7 8 . Cockerell, 1909 , p .  7 9 6 .

H u ssa k o f an d  B ry a n t ,  1919 , P» 195* S tro m e r , 1925 , 

p .  360 .

D ia g n o s i s . D i f f e r s  from  a l l  o t h e r  L e p ls o s te u s  i n  

t h a t  th e  w id th  o f  th e  o p e r c u l a r  a n s  s u b o p e r c u la r  e x ce ed  

th e  d i s t a n c e  from  th e  m arg in  o f  th e  o p e r c u l a r  a p a r a tu s  

and  th e  s u b o r b i t a l s  a n t e r i o r  t o  th e  m e d io - p o s te r io r  

o r b i t a l  m a rg in  w h e rea s  i n  a l l  o t h e r  L e p ls o s te u s  th e  w id th  

o f  th e  o p e r c u l a r  an d  s u b o p e rc u la r  d o es n o t  e x c e e d  t h i s  

d i s t a n c e .

T ype. AMNH 2 5 1 7 . A co m p le te  f i s h  w i th  c ru s h e d  s k u l l  

d i s p l a y in g  a  l a r g e  o p e r c u l a r  t y p i c a l  o f  th e  s p e c i e s .

Type locality. Manti Beds, Central Utah. No exact 
locality given.

F o rm a tio n  and  Age. G reen  R iv e r  F o rm a tio n , Lower 

E o ce n e .

D e s c r ip t i v e  com m ents. L e p ls o s te u s  c u n e a tu s  i s  a  sm a ll  

s h o r t - s n o u te d  g a r  from  th e  Eocene o f  N o rth  A m erica .

D e t a i l s  o f  th e  p o s t e r i o r  h a l f  o f  th e  s k u l l  o f  AMNH P . 4622 

in  d o r s a l  and  l a t e r a l  v iew  a r e  shown i n  f i g u r e  31 •

M e r i s t i c  d a ta  a r e  shown in  T ab le  2 .
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P re s e n c e  o f  a b s e n c e  o f  seco n d  p r e m a x i l l a r y  t o o t h  row 

vn o t d e te rm in e d .  D e z ra o p a la tin e  w i th o u t  d e rm o p a la t in e  f a n g s .  

F iv e  t o  s i x  i n f r a o r b i t a l s .  Number o f  c i r c u m o r b i t a l s  n o t  

d e te rm in e d ,  b u t  d e rm o sp h e n o tic  in c lu d e d  in  th e  o r b i t a l  m arg­

in  and  t h e r e  a r e  t h r e e  c i r c u m o r b i t a l s  fo rm in g  th e  p o s t e r i o r  

o r b i t a l  m a rg in . T h ree  l a c r i m a l s .  Few s u b o r b i t a l s  (AMNH P . 

^ 6 2 3 , f i g .  3 2 ) .  O p e rc u la r  and  s u b o p e r c u la r  l a r g e  com pared 

t o  p o s t  o r b i t a l  head  l e n g t h .  Two s u p ra te m p o ra ls  on e ac h  

s id e  o f  th e  m id l in e .  S u p r a c le i th ru m  o n ly  p a r t l y  o b s e r v a b le ,  

c o n d i t io n  o f  a r t i c u l a r  f a c e t  n o t  o b s e r v a b le .

F r o n t a l  s h a p e ,  a s  f a r  a s  d e te r m in a b le ,  c h a r a c t e r i s t i c  

o f  th e  g enus ( f i g .  2 5 b ) . S hape and  e n am e lo id  p a t t e r n  o f  

d e r m o p te r o t i c ,  p a r i e t a l ,  and  o p e r c u l a r  shown in  f i g u r e s  25b, 

23b , and  29b r e s p e c t i v e l y .  A l l  s k u l l  b ones w ith  l a r g e  

am ounts o f  e n am elo id  in  th e  form  o f  b ro a d ,  e lo n g a te  c o n t i n ­

uous t u b e r c l e s  o r  l a r g e  ro u n d ed  t u b e r c l e s .

D i f f e r s  from  L. o p e r tu s  in  h a v in g  a  re d u c e d  num ber o f  

c o n v o lu te d  and  in te r c o n n e c te d  e n am elo id  r i d g e s  on th e  

d e rm o p te r o t ic s  and p a r i e t a l s ,  and  in  o th e r  d e t a i l s  o f  enam el­

o id  p a t t e r n  ( f i g s .  25b , 2 7 b ) . D i f f e r s  from  L . f im b r i a t u s  and 

a l l  R e c e n t L e p ls o s te u s  in  h a v in g  w ide in te r c o n n e c t in g  

e n am e lo id  r i d g e s  on th e  p o s t e r i o r  o f  th e  p a r i e t a l s  and 

d e r m o p te r o t i c s ,  and d o r s a l  h a l f  o f  t h e  o p e r c u la r  and  in  

h a v in g  l a r g e  ro u n d ed  e n a m e lo id , t u b e r c l e s  on o t h e r  p a r t s  

o f  th e s e  b ones w h ereas  f im b r l a tu s  and R e c e n t L e p ls o s te u s  

l e s s  e n am elo id  i s  t h i n n e r ,  u s u a l ly  d is c o n n e c te d  t u b e r c l e s  

( re d u c e d  in  many t o  s e r i e s  o f  s m a ll  rounded  t u b e r c l e s ) .
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113.

D i f f e r s  from  L . in d lc u s  in  t h a t  c u n e a tu s  h a s  e n am e lo id  and  

a  s h o r t  s n o u t  w h e reas  in d ie u s  l a c k s  en am e lo id  and  h a s  a  lo n g  

s n o u t  ( f i g .  2 0 ) .

E ty m o lo g y . F ra n  th e  L a t in - c u n e a tu s  (= w e d g e -sh a p e d ), 

r e f e r r i n g  t o  th e  s k u l l  o f  t h e  t y p e .
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L e p ls o s te u s  p l a t  o s  to n  us R a f in e s q u e  

S h o r tn o s e  G ar 

F ig u r e s  2 0 c , 2 1 a , 2 4 b , 2 5 c , 2 7 c , 29b , 3 3 , 34a

L e p ls o s te u s  p la to s to m u s  R a f in e s q u e ,  1 8 20 , p .  7 2 . J o rd a n  

and  E verm ann , 1896  , p .  1 1 0 . S u t t k u s ,  1 9 6 3 , p .  7 1 . 

L e p ls o s te u s  a lb u s  R a f in e s q u e ,  1 8 2 0 , p .  7 3 .

L e p ls o s te u s  p la ty s to m u s  G iln th e r , 1870 ,  p .  3 2 9 . J o rd a n  and

G i l b e r t ,  1 3 8 3 , p . 9 1 , J o r d a n ,  1885 ,  p .  13 .

C y l ln d r o s te u s  s c a b lc e p s  F o w le r , 1 9 10 , P» 6 0 7 . J o r d a n ,  

Everm ann and C la r k ,  1 9 30 , p .  3 7 .

C y l ln d r o s te u s  p la to s to m u s : J o r d a n ,  E verm ann, and  C la r k ,

1 9 3 0 , p .  3 7 .

D ia g n o s i s . D i f f e r s  from  a l l  o th e r  L e p ls o s te u s  e x c e p t  

L . o p e r tu s  i n  h a v in g  tw o c o m p le te  row s o f  p r e m a x i l l a r y  t e e t h  

(up  t o  8 In  L . p l a to s to m u s , 2 -4  i n  L . o s s e u s , 1 -2  i n  L. 

o c u l a t u s ,  L . p l a t y r h l n c h u s , and  L . f I m b r l a t u s ) .  D i f f e r s  from  

L . o p e r tu s  i n  h a v in g  e n a m e lo id  r i d g e s  w hich  a r e  t h i n  and

u s u a l ly  d i s c o n n e c te d  i n t o  o b lo n g  t u b e r c l e s  w h e reas  L. o p e r tu s  

h a s  w ide c o n tin u o u s  t u b e r c l e s .

T y p e . No ty p e  m a t e r i a l  was c o l l e c t e d  by R a f in e s q u e .

D e s c r ip t i o n  and c o m p a r is o n s . A s m a l l  g a r  w i th o u t  f l a n k  

s t r i p e s  o r  b e l l y  p ig m e n ta t io n  i n  a d u l t s .  A t y p i c a l  s k u l l  i s  

shown in  f i g u r e  3 3 . M e r i s t i c  c o u n ts  a r e  shown i n  T a b le  2
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w h e re a s  v a r io u s  m o rp h o m e trlc  m easu rem en ts  e x p re s s e d  a s  r a t i o s  

o f  d o r s a l  head  l e n g th  a r e  shown i n  T a b le s  3 and  4 .

Head and dorsum  d a rk e r  th a n  f l a n k  and  b e l l y .  F la n k  

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

t h e  do rsum . F la n k  u s u a l ly  w i th  a  s e r i e s  o f  v e r t i c a l  p ig m en t 

b a r s  be tw een  some s c a l e  ro w s . U s u a lly  tw o d i s t i n c t  p ig m en t 

b lo tc h e s  on th e  c a u d a l  p e d u n c le  im m e d ia te ly  i n  f r o n t  o f  th e  

c a u d a l  f i n .  F la n k  s t r i p e  m ore d i s t i n c t  on th e  c h e e k  and  may 

be b ro k en  i n t o  tw o s e p a r a t e  s t r i p e s  on th e  o p e r c u la r  a s  a n  

i n d i v i d u a l  v a r i a t i o n ,  c o n t in u in g  th ro u g h  th e  e y e  and e n d in g  

on th e  c o ro n o id  p r o c e s s  o f  t h e  lo w e r ja w . J u v e n i l e s  w ith  

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

a b s e n t  o r  v e ry  d i f f u s e  in  a d u l t s .  M id - d o r s a l  s t r i p e  a b s e n t  

o r  v e ry  f a i n t .  G u la r  r e g io n  w ith  some p ig m e n t b o rd e r in g  th e  

m e d ia l  m a rg in  o f  t h e  lo w e r ja w . B e lly  w i th o u t  b e l l y  s t r i p e s  

o r  p ig m en t b l o t c h e s - P e c t o r a l  and  p e lv i c  f i n s  w ith o u t  t r a n s ­

v e r s e  p ig m en t b a r s .  A n a l and  d o r s a l  f i n s  w ith  tw o o r  t h r e e  

t r a n s v e r s e  row s o f  p ig m en t b l o tc h e s .  C audal f i n  w ith  v a r i a b l e  

p ig m en t b lo tc h e s  on th e  f i n  r a y s  and  f i n  m em branes.

P r e m a x i l l a r y  p ro c e s s  w ith  r i d g e s  f o r  th e  a r t i c u l a t i o n  o f  

th e  e c to p te r y g o id  and  w ith  tw o c o m p le te  row s o f  p r e m a x i l l a r y  

t e e t h .  D e rm o p a la tin e  w ith  tw o to o th  ro w s , t h e  in n e r  row o f  

a d u l t s  som ewhat e n la r g e d  b u t n o t  a s  l a r g e  a s  i n f r a o r b i t a l  

f a n g s .  Seven  t o  n in e  i n f r a o r b i t a l s .  E ig h t  t o  t e n  c irc u m ­

o r b i t a l s ,  t h e  d o r s a l  c i r c u m o r b i t a l  n o t  e n la r g e d ,  th e  d e rm o s- 

p h e n o tic  in c lu d e d  in  th e  o r b i t a l  m a rg in , t h r e e  c i r c u m o r b i t a l s  

i n c lu d in g  th e  d e rm o sp h e n o tic  fo rm in g
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t h e  p o s t e r i o r  o r b i t a l  m a rg in . T h ree  l a c r i m e l s .  S u b o r b i t a l s  

n o t  num erous, th e  v e n t r o - p o s t e r i o r  m a rg in a l  s u b o r b i t a l s  d i s ­

t i n c t l y  l a r g e r  th a n  th o s e  o f  th e  i n t e r n a l  m o sa ic*  Two o r  

f o u r  s u p ra te m p o ra ls  on e ac h  s id e  o f  th e  m id l in e .  S u p ra ­

c le i th r u m  w ith  p r o j e c t i o n s  above  and below  th e  a r t i c u l a r  

f a c e t ,  i t s  sh a p e  shown i n  f i g u r e  24b.

E nam elo id  on a l l  d e rm a l r o o f in g  bo n es o f  t h e  s k u l l .

T h ese  bones w ith  lo w - ly in g  bony r id g e s  capped  by m ore o r  l e s s  

c o n tin u o u s  e lo n g a te  en am elo id  t u b e r c l e s .  Shape and  en am elo id  

p a t t e r n  o f  th e  d e r m o p te r o t ic ,  p a r i e t a l ,  and o p e r c u la r  

shown in  f i g u r e s  2 5 c , 2 7 c , and 29c r e s p e c t i v e l y .

F i r s t  b a s ih y a l  t o o t h p l a t e  p a i r e d .  G i l l  r a k e r s  s m a ll  and 

p e a rsh a p e d  ( f i g .  2 1 a ) ,  and  n o t num erous (T ab le  2 ) .  A s i n g l e  

row o f  m e d ia l  t o o t h p l a t e s  on th e  f i r s t  a r c h .  A s i n g l e  come 

p l e t e  row o f  m e d ia l  t o o t h p l a t e s  on th e  seco n d  and  t h i r d  

lo w e r a r c h  e le m e n ts  and tw o co m p le te  row s on th e  f o u r t h  a r c h ,  

( f i g .  3 4 a ) ,  a  s i n g l e  row o f  m e d ia l t o o t h p l a t e s  on th e  f i r s t  

in f r a p h a ry n g o b r a n c h ia l  and two row s on th e  second  i n f r a -  

p h a ry n g o b r a n c h ia l .

D i f f e r s  from  L. o s s e u s  and L. in d ie u s  in  t h a t  L. 

p la to s to m u s  h a s  a  s h o r t e r  s n o u t .  D i f f e r s  from  L. o c u la tu s  

and L. p l a ty r h in c h u s  in  number o f  l a t e r a l  l i n e  s c a l e s  

(5 9 -6 5  in  p la to s to m u s , 5 3 -5 9  in  o c u la tu s  and p l a t y r h in c h u s ) 

and head c o lo r  p a t t e r n  (b lo tc h e d  in  o c u la tu s  and p l a t y r h ln c u s  

p l a i n  in  p la to s to m u s ) .
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E ty m o lo g y . Prom th e  G reek  p l a t o r  (= b ro a d  o r  f l a t )  an d  

stom us (= m o u th ).

R an g e . N o r th e a s te r n  T ex as n o r th  t o  M on tana , e a s t  t o  

s o u th e r n  Ohio and s o u th  t o  M i s s i s s i p p i  ( S c h u l tz ,  1 9 6 5 ) .

O th e r  com m ents. S c h u l tz  (1 965 ) and  G. R . S m ith  (1964) 

r e p o r t  L . p la to s to m u s  from  th e  P l e i s to c e n e  o f  K a n sa s . A 

r e p o r t  from  F l o r i d a  by Hay (1917 ) i s  c o n s id e r e d  by Yueno 

and  M i l l e r  (1963) a s  L . p l a t y r h l n c u s .
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+ L e p ls o s te u s  ln d lc u s  (Woodward)

F ig u r e s  2 0 e , 36

B elonstom us ( ? )  ln d lc u s  Woodward 1890 , p . 2 3 ; 1&95* P* ^39* 

L e p ld o s te u s  ln d lc u s  Woodward 1908 , p . 2

D ia g n o s i s . D i f f e r s  from  a l l  o th e r  L e p ls o s te u s  In  

h a v in g  d e rm a l bones w i th o u t  r i d g e s  o r  e n a m e lo id .

T y p e . BMNH P . 12178 , a  c ru s h e d  s k u l l ,  a l s o  v e r t e b r a e ,  

and  s c a l e s  (BMNH P . 12185, 12186) f i g u r e d  by Woodward 1908 .

Type L o c a l i t y . Lam eta B e d s , D o n g arg o an , Madhya 

P ra d e s h ,  C e n t r a l  P r o v in c e ,  I n d i a

F o rm a tio n  an d  Age. L am eta F o rm a tio n , U pper C re ta c e o u s .

D e s c r ip t i o n  and com m ents. The s k u l l  (B .M .N .H .P . 12178) 

I s  c ru s h e d  w ith  t h e  d o r s a l  s id e  show ing  ( f i g .  3 6 ) .  T h e re  i s  

no c o u n t e r p a r t .  The v e r t e b r a e  a r e  f i g u r e d  by Woodward 

(1908 ) and a r e  e i t h e r  on d e p o s i t  i n  I n d ia  o r  l o s t .  L ep l­

so s teu s  l n d lc u s  i s  a  lo n g  sn o u te d  g a r  w ith  no d e rm a l s k u l l  

o rn a m e n ta t io n .  B oth  f r o n t a l s  a r e  p a r t l y  p r e s e r v e d ,  e lo n g a te ,  

and m ost s i m i l a r  t o  L. o s s e u s  ( f i g .  2 0 e ) .  The r i g h t  f r o n t a l  

i s  160 mm in  l e n g t h ,  th e  l e f t  f r o n t a l  i s  to o  f ra g m e n ta ry  t o  

m e a su re . B oth  p r e m a x i l l a r i e s  a r e  p a r t l y  p r e s e r v e d .  The 

a s c e n d in g  p ro c e s s  o f  th e  p r e m a x i l l a r y  makes up a s i g n i f i c a n t  

p a r t  o f th e  sn o u t r o o f in g  bones and  i s  t y p i c a l l y  g a r - l i k e  

and c a r r i e s  p a r t  o f  th e  s u p r a o r b i t a l  c a n a l .  The l e f t  lo w er
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Jaw i s  e x p o sed  w i th  i t s  in n e r  s u r f a c e  sh o w in g . I t  i s  l 8 l  nun 

from  t h e  t i p  o f  th e  r e t r o a r t i c u l a r  t o  t h e  b ro k en  a n t e r i o r  end 

T he p o s t e r i o r  a r t i c u l a r  s e r i e s  i s  f r a g m e n ta ry .  The a r t i c u l a r  

r e t r o a r c t i c u l a r  a r t i c u l a t i n g  s u r f a c e  i s  c o n cav e  and  s i m i l a r  

i n  sh a p e  t o  t h a t  in  o t h e r  g a r s .  The i n n e r  s u r f a c e  o f  th e  

d e n ta r y  i s  b ro k e n , e x p o s in g  th e  m e c k e lia n  g ro o v e . B o th  l a r g e  

and  s m a l l  p l i c i d e n t i n e  t e e t h  a r e  p r e s e r v e d .  P a r t  o f  th e  

r i g h t  i n f r a o r b i t a l  c h a in  a r e  p r e s e r v e d .  Woodward (1 9 0 8 , p .4 )  

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

t h e  " p a l a to - p t e r y g o l d  a r c a d e . "  A d d i t io n a l  p r e p a r a t i o n  r e ­

v e a le d  a r t i c u l a t i o n s  b e tw een  th e  i n f r a o r b i t a l s  and  th e  

i n f r a o r b i t a l  s e n s o ry  c a n a l  l i n e .  The i n f r a o r b i t a l s  l a c k  bony 

r id g e s  o r  e n a m e lo id . One c i r c u m o r b i t a l  was i d e n t i f i e d .  The 

f r a g m e n ta ry  h y o m a n d ib u la r  i s  s i m i l a r  t o  t h a t  o f  o th e r  g a r s .  

The p a ra s p h e n o id  i s  p a r t l y  p r e s e rv e d  and  l i e s  be tw een  th e  

tw o f r o n t a l s .  The l e f t  e c to p te r y g o id  i s  p r e s e r v e d .  T h ere  

a r e  f ra g m e n ts  o f  b o th  th e  vom ers and d e rm o p a la t in e s .  T h ere  

i s  no i n d i c a t i o n  o f  d e r r a o p a la t in e  d e n t i t i o n .  One bone i s  

p r e s e rv e d  w hich  f i t s  i n t o  th e  p o s i t i o n  o f  t h e  s u p r a o r b i t a l  

on th e  f r e n t a l  c o n c a v i ty .  T h is  s u p r a o r b i t a l  d o e s  n o t  c a r r y  

th e  i n f r a o r b i t a l  c a n a l  ( l i k e  t h a t  o f  L e p is o s te u s  b u t  n o t 

A t r a c t o s t e u s ) . One c a n a l  b e a r in g  bone h as b e en  t e n t a t i v e l y  

i d e n t i f i e d  a s  a  c i r c u m o r b i t a l .  I t  I s  l o c a te d  to  th e  l e f t  o f  

th e  p a r t l y  p r e s e rv e d  h y o m a n d ib u la r .

E ty m o lo g y . The t r i v i a l  name i n d i c u s  r e f e r s  t o  

t h e  c o u n t r y  o f  o c c u r e n c e .
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L e p ls o s te u s  o s s e u s  (L in n a e u s )

L ongnose G ar

F ig u r e s  1 0 , 1 5 , 20d , 2 1 b , 2 4 c , 2 6 a ,
28a ,  2 9 c , 3 4 b , 35

E sox  o s s e u s  L in n a e u s , 1758 , p .  3 13 .

E sox  v i r i d i s  G m elin , 1789> p . 1389 ( I n :  L in n a e u s , 1789 ;

n o t  L e p id o s te u s  v i r i d i s  G fln ther w hich  i s  A. s p a t u l a ) 

L e p ls o s te u s  g a v l a l l s  Lac'ep 'ede, 1803 ,  p .  33 3 .

S a r c h i r u s  v i t t a t u s  R a f in e s q u e ,  l 8 l 8 a ,  p . 4 1 9 .

?L e p is o s te u s  s te n o rh y n c h u s  Ra f i n e s q u e ,  l 8 l 8 b ,  p . 447 

( l i s t e d  by S u t t k u s ,  1963 , a s  a  d o u b t f u l  synonym ). 

L e p ls o s te u s  ox y u ru s R a f in e s q u e ,  1 8 2 0 , p . 7 3 .

L e p ls o s te u s  l o n g l r o s t r i s  R a f in e s q u e ,  1820 , p . 7 4 . 

?S a r c h l r u s  a r g e n te u s  R a f in e s q u e ,  1820 , p . 86 ( l i s t e d  by 

S u t tk u s  1963 , a s  a  d o u b t f u l  synonym ).

L e p id o s te u s  o s s e u s : A g a s s iz ,  1843 ,  p .  2 ; G & nther, 1870 ,

p . 3 3 0 .

L e p id o s te u s  s e m lr a d la tu s  A g a s s iz ,  1843> p .  2 .

L e p id o s te u s  g r a c i l i s  A g a s s iz ,  1843 , p .  2 .

L e p ls o s te u s  h u r o n e n s is  R ic h a rd s o n , 1836 ,  p .  237 . 

L e p id o s te u s  r o s t r a t u s  C u v ie r  In  R ic h a rd s o n , 1836 , p . 238 . 

L e p id o s te u s  b is o n  De Kay, 1842 , p .  271 .

L e p ls o s te u s  1 in e a tu s  Thom pson, 1842 , p . 145 .

M acrognathus l o r l c a t u s  Gronow, 1854 , p . 148 .

L e p id o s te u s  le p to rh y n c h u s  Gi r a r d ,  18 5 8 , p . 3 5 1 . 

L e p id o s te u s  o t a r i u s  Cope, 1865 , p . 8 6 .
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L e p id o s te u s  c r a s s u s  C ope, 1865 , p .  8 6 .

L e p id o s te u s  t r e c u l l  D u m e ril, 1870 ,  p . 3 2 7 .

L e p id o s te u s  m u lb e r t i ,D u m 6 t i l ,  1870 , p . 228.

L e p id o s te u s  h a r l a n l  D u m e ril , 1870 ,  p .  3 2 9 .

L e p id o s te u s  s m l th l  D u m 6 ril, 1870 ,  p .  3 30 .

L e p id o s te u s  a y r e s l l  D u m e ril , 1870 ,  p .  3 3 1 .

L e p id o s te u s  c o p e l  D um fcril, 1870 , p .  3 3 2 .

L e p id o s te u s  l e s u e u r l l  D u m e ril , 1870 , p .  3 3 5 .

L e p id o s te u s  e l i s a b e t h  D u m e ril , 1870 ,  p .  3 3 6 .

L e p id o s te u s  l a m a r i l  D um ferll, 1870 ,  p .  3 37 .

L e p id o s te u s  c l l n t o n l i  D urafcril, 1870 ,  p .  3 38 .

L e p id o s te u s  t r o o s t l l  D um feril, 1870 , p .  339v 

L e p id o s te u s  p lq u o tla m u s  D u m e ril, 1870 , p .  3 ^ 0 .

L e p id o s te u s  h o r a t l l  D um feril, 1870 , p . 3 ^ 1 .

L e p id o s te u s  tho m p so n l D um feril, 1870 , p .  3^2 

Lep Id  os t  e us l o u i s i a n e n s i s ® ujn^*,^ >  1870 , p .  3 ^ 3 .

L e p id o s te u s  o s s e u s : S u t tk u s ,  1963 , p .  7 9 .

D ia g n o s is . L e p id o s te u s  o se e u s  d i f f e r s  from  a l l  o th e r  

R e ce n t s p e c ie s  o f  th e  genus i n  h a v in g  an  e x tre m e ly  a t t e n ­

u a te d  s n o u t  ( s n o u t  l e n g th  79# t o  83#  o f  d o r s a l  head  l e n g th  

in  o s s e u s , l e s s  th a n  75# in  o t h e r  s p e c i e s ) .

T y p e . A d r ie d  specim en  w ith  b ro k en  s n o u t on d e p o s i t  

in  L in n ean  C o l l e c t i o n  o f  th e  L in n ean  S o c ie ty  o f  London.
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D e s c r ip t i o n  and c o m p a r is o n s . L e p ls o s te u s  o s s e u s  i s  a

medium s iz e d  ( t o  1500 mm, S u t tk u s ,  1963) g a r  w ith  a  n a rro w  

a t t e n u a t e d  s n o u t .  The s k u l l  o f  a  t y p i c a l  i n d iv i d u a l  i s  shown 

i n  f i g u r e  3 5 . M o rp h o m etries  e x p re s s e d  a s  r a t i o s  o f  d o r s a l  

head  l e n g th  shown i n  T a b le  3 and  4 .

C o lo r  p a t t e r n  o f  a d u l t s  v a ry in g  w i th  e n v iro n m e n ta l  

c o n d i t io n s  ( S u t tk u s ,  1963* P . 7 7 ) .  J u v e n i le s  w ith  c o n tin u o u s  

m i d - d o r s i l  s t r i p e  m is s in g  i n  a d u l t s  whose dorsum  i s  d a rk e n e d  

by g e n e r a l  m elan o p h o re  d e v e lo p m e n t. P la n k  s t r i p e  o f  ju v e  

e n i l e s  c o n tin u o u s  from  b a se  o f  c a u d a l  f i n  th ro u g h  th e  eye  

o n to  th e  lo w e r ja w . F la n k  s t r i p e  o f  j u v e n i l e s  s e r r a t e  on 

u p p e r m a rg in . A d u lt  f l a n k  s t r i p e  e i t h e r  m is s in g  o r  re d u c e d  

t o  a  s e r i e s  o f  p ig m en t b l o t c h e s .  P r e o p e r c u la r  s t r i p e  i n ­

c o m p le te . Read w ith  o r  w i th o u t  s m a ll  random  p igm en t 

b l o t c h e s .  P o s t e r i o r  h a l f  o f  lo w e r jaw  w ith  s c a t t e r e d  m e l-  

a n o p h o re s . G u la r  r e g io n  w ith  p ig m en t l i n i n g  t h e  lo w e r ja w , 

t h i s  p ig m en t e x te n d in g  from  th e  sym p h y sis  t o  th e  b r a n c h io -  

s t e g a l s .  Is th m u s w ith  o r  w ith o u t  s c a t t e r e d  p igm en t o f  

v a r i a b l e  i n t e n s i t y .  One b e l l y  s t r i p e  p e r  s id e  o f  j u v e n i l e s  

e x te n d in g  from  th e  p e c t o r a l  b a se  t o  th e  a n a l  f i n  w here  th e

s t r i p e s  m erge t o  form  one s t r i p e  on th e  ven trum  o f  th e

c a u d a l  p e d u n c le .  B e lly  b e tw een  s t r i p e s  u s u a l ly  u n p ig m en ted . 

B e lly  s t r i p e s  u s u a l ly  m is s in g  i n  a d u l t s .  P e c t o r a l  f i n  b a se  

p igm en ted  in  j u v e n i l e s ,  u s u a l ly  unp igm en ted  in  a d u l t s .  

P e c to r a l  f i n s  w ith  tw o t o  f i v e  t r a n s v e r s e  row s o f  t r a n s v e r s e  

p igm en t b l o tc h e s .  P e lv ic  f i n s  w ith  two row s o f  t r a n s v e r s e

p igm en t b l o tc h e s .  A n a l and d o r s a l  f i n s  u s u a l ly  w ith  t h r e e
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t r a n s v e r s e  row s o f  p ig m en t f t lo tc h e s .  C a u d a l f i n  w ith  num­

e ro u s  p ig m en t b l o t c h e s ,  p a t t e r n  i n d i v i d u a l l y  v a r i a b l e .  

U r o s ty le  o f  j u v e n i l e s  u n p ig m e n ted .

P r e m a x i l l a r y  w i th  o u t e r  t o o th  row o f  tw o t o  f o u r  t e e t h .  

D e rm o p a la tin e  o f  a d u l t s  w i th o u t  f a n g s ,  b o th  row s o f  t e e t h  

s m a l l  in  a d u l t s .  N ine  t o  t e n  c i r c u m o r b i t a l s ,  d o r s a l  c i r ­

c u m o r b i ta l  n o t  e n la r g e d ,  d e rm o sp h e n o tic  In c lu d e d  in  th e  

o r b i t a l  m a rg in , t h r e e  c i r c u m o r b i t a l s  c o m p r is in g  th e  p o s t e r i o r  

o r b i t a l  b o rd e r  in c lu d in g  th e  d e rm o s p h e n o tic s .  E ig h t  t o  t e n  

lo n g ,  t h i n  i n f r a o r b i t a l s .  S u b o r b i t a l s  n o t  num erous, m a rg in a l  

s u b o r b i t a l s  l a r g e r  th a n  i n t e r n a l  m o s a ic . T h re e  l a c r i m a l s .

Two t o  t h r e e  s u p ra te m p o ra ls  on e a c h  s i d e  o f  t h e  m id l in e .  

S u p ra c le i th ru m  w ith  bony p r o j e c t i o n s  ab o v e  and  below  th e  

a r t i c u l a r  f a c e t ,  i t s  sh a p e  d i s t i n c t i v e  com pared w i th  o t h e r  

L e p ls o s te u s  ( f i g .  2kc) ,

F r o n t a l  sh a p e  shown in  f i g u r e  20d , f r o n t a l  a t t e n u a t e d  

and f r o n t a l  e n am e lo id  r e d u c e d .  S hape and e n am e lo id  p a t t e r n  

o f  th e  d e r m o p te r o t i c ,  p a r i e t a l ,  and  o p e r c u la r  shown in  

F ig u r e s  2 6 a , 28a ,  and  29c r e s p e c t i v e l y .

D i f f e r s  from  L. o c u l a t u s , L . p l a t y r h i n c u s , and  L. 

f i m b r l a t u s  in  t h a t  L . o s s e u s  h a s  tw o t o  f o u r  t e e t h  in  th e  

o u t e r  row o f  th e  p r e m a x i l l a  w h e reas  th e  o th e r  t h r e e  s p e c i e s  

have  a  s i n g l e  m e d ia l  t o o th  in  th e  o u t e r  row ( r a r e l y  two in  

p la t .y r h in c u s ) .  A lso  d i f f e r s  from  L. o c u la tu s  and L. p l a t y -  

r h in c u s  i n  t h a t  o s s e u s  l a c k s  l a r g e  p igm en t b lo tc h e s  on th e  

head  (and o th e r  d e t a i l s  o f  j u v e n i l e  and  a d u l t  c o lo r  p a t t e r n s )  

and  h a s  p a i r e d  f i r s t  b a s ih y a l  t o o t h p l a t e s  w h ereas o c u la tu s
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and  p l a t y r h i n c u s  h av e  l a r g e  p ig m en t b lo tc h e s  on th e  h ead  an d  

f u s e d  f i r s t  b a s i h y a l  t o o t h p l a t e s .  D i f f e r s  from  L . p la to s to m u s  

and  L . o p e r tu s  i n  t h a t  L . o s s e u s  h a s  a n  in c o m p le te  o u t e r  row 

o f  p r e m a x i l l a  t e e t h  w e rea s  th e  ab o v e  s p e c ie s  h a v e  a  c o m p le te  

o u t e r  row o f  t e e t h .  A ls o  d i f f e r s  fro m  L . p la to s to m u s  i n 

j u v e n i l e  an d  a d u l t  c o l o r  p a t t e r n  an d  from  L . o p e r tu s  i n  t h a t  

o p e r tu s  h a s  w ide  in te r c o n n e c te d  e n am e lo id  r i d g e s  on th e  

p a r i e t a l s  a n d  d e r m o p te r o t ic s  w h ereas  o s s e u s  h a s  t h i n  c o n t in u ­

ous t u b e r c l e s  o r  s e r i e s  o f  ro u n d  o r  o b lo n g  t u b e r c l e s  on t h e s e  

b o n es  w hich  a r e  n o t  in t e r c o n n e c t e d .  D i f f e r s  from  L . in d ie u s  

i n  t h a t  o s s e u s  h a s  e n a m e lo id  on th e  d e rm a l s k u l l  bo n es w h ereas 

ln d lc u s  l a c k s  e n a m e lo id .

E ty m o lo g y . Prom t h e  L a t in  o s s e u s  (= bone)

R an g e . Quebec t o  F l o r i d a  a lo n g  th e  A t l a n t i c  c o a s t .  

W estw ard t o  t h e  G re a t  l a k e s  r e g io n  and  s o u th  t o  n o r th e r n  

M exico and  w e s te rn  T e x a s .

O th e r  com m ents. L e p ls o s te u s  o s s e u s  h a s  been  r e p o r te d  

from  th e  P l e i s t o c e n e  o f  N o rth  C a ro l in a  (H ay, 1923) and K ansas 

( S c h u l t z ,  1 9 6 5 ; N e f f ,  1 9 7 5 ) .  A r c h e o lo g ic a l  r e p o r t s  in c lu d e  

K e e n ly s id e  e t  a l .  ( 1 9 7 4 ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



125-

+ L e p ls o s te u s  f lm b r l a tu s  Wood

F ig u r e s  20f ,  2 4 d , 26b , 26b , 3 0 a , 3 7 ,
38a

L e p ld o tu s  f l m b r l a t u s  Wood, 1846 , p p . 6 ,  1 2 2 , Woodward,

1 895 , p .  442 .

L e p id o s te u s  s u e s s io n e n s l s  G e r v a is ,  1 852 ,  p .  4 ;  1859 , p . 517 ;

1 8 7 4 a , p . 846 ; 1874b , p .  4 5 9 . D o l lo ,  1893 , p .  193;

L e r i c h e ,  1900 , p . 188 ; 1 9 02 , p .  4 4 ; 1 9 07 , P . 243;

1932 , P . 3 6 9 ; 1923 , P* 1 3 3 , 1 3 6 . P r ie m , 1901 , p . 4 8 9 ; 

1 908 , p p . 8 1 , 8 6 , 9 0 , 9 8 . W h ite , 1 931 , p . 3 0 . e a s i e r ,  

1943 , P . 2 .

L e p id o s te u s  m a x lm ll ia n i  V a s s e u r ,  1876 ,  p . 295 .

L e p ls o s te u s  s p . :  R u to t ,  1 8 84 , p .  XV.

D ia g n o s i s . D i f f e r s  from  a l l  L e p ls o s te u s  e x c e p t  L . 

o c u la tu s  and L. p l a t y r h in c u s  in  t h a t  L. f l m b r l a t u s  a s  th e  

tw o o th e r  s p e c i e s  h av e  a  s i n g l e  m e d ia l  t o o th  on th e  o u t e r  

t o o th  row o f  th e  p r e m a x i l l a r y  ( f i g .  3 7 a ) .  D i f f e r s  from  L. 

o c u la tu s  and L. p l a ty r h in c u s  in  d e t a i l s  o f  th e  sh a p e  and 

en am e lo id  p a t t e r n  o f  th e  d e rm o p te r y o t ic ,  p a r i e t a l s ,  and 

s u p r a c le i th r u m .  D i f f e r s  from  L. ln d lc u s  in  f r o n t a l  bone 

sh a p e  ( f i g .  2 0 ) ,  and in  t h a t  L. f l m b r l a t u s  h a s  e n a m e lo id  

w h e reas  L. ln d lc u s  la c k s  e n a m e lo id . D i f f e r s  from  A. s t r a u s l  

In  t h a t  A. s t r a u s l  h a s  s h e e t s  o f  en am elo id o n  th e  d e rm o p te ry ­

o t i c  s ,  p a r i e t a l s ,  f r o n t a l s ,  and s u p ra te m p o ra I s  w h e reas  L . 

f lm b r l a tu s  h as  e lo n g a te  t o  o v a l  e n am elo id  t u b e r c l e s  on th e s e  

b o n e s .
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T y p e s . B .M .N .H .P . 25252 ( p a r t i a l  d e n ta r y )  and 25254 

( o p e r c u l a r ) .

F o rm a tio n  and  a g e . Known from  m ost f r e s h w a te r  E ocene 

and lo w e r O lig o c e n e  d e p o s i t s  o f  B e lg ium , F ra n c e ,  and  E n g la n d .

D e s c r ip t i o n  and com m ents. A l l  sp ec im en s o f  L . f lm ­

b r l a t u s  s tu d ie d  w ere s m a l l .  V a r io u s  s k u l l  E lem en ts  n o t  

shown e ls e w h e re  a r e  found  in  f i g u r e  3 7 . No m e r i s t i c s  o r  

m o rp h o m e trie s  w ere o b t a in a b l e .

P r e m a x i l l a r y  w ith  a  s i n g l e  m e d ia l t o o th  on th e  o u te r  

t o o th  row (F ig u re  3 7 a ) .  D e rm o p a la tin e s  o f  BMNHP. 1300 h a s  

s m a ll  fa n g s  co m p arab le  t o  fa n g s  on s m a ll  L . p la to s to m u s .

S ix  i n f r a o r b i t a l s  (BMNHP 3 3 5 2 2 ) . Number o f  c i r c u m o r b i t a l s  

in d e te r m in a te ,  d e rm o sp h e n o tic  in c lu d e d  i n  t h e  o r b i t a l  

m a rg in . Number o f  l a c r im a ls  in d e te r m in a te .  P re s e rv e d  

s u b o r b i t a l s  c o u ld  n o t  be c o u n te d . Two t o  f o u r  s u p ra -  

te m p o ra ls  on e a c h  s id e  o f  th e  m id l in e .  S u p ra c le i th ru m  

w ith  s m a ll  bony p r o j e c t i o n s  above and below  th e  a r t i c u l a r  

f a c e t ,  i t s  sh a p e  com pared t o  o th e r  L e p ls o s te u s  shown in  

f i g u r e  24.

F r o n t a l  sh a p e  l i k e  o th e r  r e l a t i v e l y  s h o r t - n o s e d  

L e p ls o s te u s  ( f i g .  2 0 ) .  Shape and en am elo id  p a t t e r n  o f  th e  

d e r m o p te r o t lc ,  p a r i e t a l ,  and o p e r c u la r  com pared t o  o th e r  

L e p ls o s te u s  shown i n  f i g u r e s ,  26 b , 23b, 3 0 a . E nam elo id  

p a t t e r n  and sh ap e  o f  o th e r  bones shown in  f i g u r e  3 7 . 

V e r t e b r a l  c en tru m  sh a p e  o v o id , v e n t r a l  r id g e s  n o t  w id e , 

t r a n s v e r s e  p ro c e s s  n o t  w id e . S c a le s  sm oo th .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



E ty m o lo g y . Prom th e  L a t in  f l m b r l a t u s  ( “ b o rd e re d  w ith  

h a i r s  o r  f i b r o u s ) ,  r e f e r r i n g  to  th e  e n a m e lo id  p a t t e r n  o f  th e  

o p e r c u l a r .

O th e r  com m ents.  Some v e r t e b r a e  from  th e  B la c k h e a th  

Beds a r e  s u b t r l a n g u l a r ,  h ave  w ide t r a n s v e r s e  p r o c e s s e s  and  

w id e ly  sp aced  v e n t r a l  r i d g e s  s i m i l a r  t o  A. s t r a u s l . No d e rm a l 

s k u l l  bones a s s ig n a b le  t o  A. s t r a u s l  h av e  been  c o l l e c t e d  in  

th e s e  b e d s , b u t  c o l l e c t i o n  o f  a d d i t i o n a l  sp ec im en s may show 

i t s  p re s e n c e  in  t h e  U pper E ocene and  Lower O lig o c e n e  o f  

E n g la n d . C a s i e r ’s (1943 ) f i g u r e s  may in c lu d e  a  lo w e r  Jaw o f  

A t r a c t o s t e u s . S pecim ens r e f e r r e d  t o  by G e rv a is  (1959> 1874a , 

b ) a s  L . s u e s s lo n e n s i s  In c lu d e  bones i d e n t i c a l  t o  B r i t i s h  

L . f lm b r l a tu s  a s  w e l l  a s  bones i d e n t i f i e d  h e re  a s  Amla s p .  

i n d e t .
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L e p ls o s te u s  o c u la tu s  W ln c h e ll

S p o t te d  G ar

F ig u r e s  2 . 8 ,  20g, 2 1 c , 2 2 a , 2 4 e , 2 6 c ,
28c ,  3 0 b , 3 4 c , 38b

L e p ls o s te u s  l a t l r o s t r i s  G i r a r d ,  1858 ,  p .  352  (p la c e d  in

synonomy w ith  C. c a s t e l n a u d i j = L . o c u la tu s  by J o r d a n ,  

E verm ann , and  C la r k ,  1930 , p . 3 7 ) .

L e p ls o s te u s  o c u la tu s  W in c h e l l ,  1864 , p . 183 . S u t t k u s ,  1963* 

p . 7 1 .

C y l ln d r o s te u s  p ro d u c tu s  C ope, 1865 , p .  8 6 .

C y l ln d r o s te u s  a g a s s i z  D u m e ril , 1870 ,  p . 3 4 7 . J o r d a n ,  

Everm ann and C la r k ,  1930 , p . 3 7 .

C y l ln d r o s te u s  b a r t o n l l  D u m e ril , 1870 ,  p .  3 4 7 .

? C y l ln d r o s te u s  z a d o c k l  D u m e ril , 1870 , p .  353•

L e p ls o s te u s  p la to s to m u s  J o rd a n  and  Everman

1896 ,  p . 110 ( i n  p a r t ,  L . o c u la tu s  l i s t e d  a s  synonym 

o f  L . p la to s to m u s ) .

C y l ln d r o s te u s  c a s t e l n a u d l l  J o r d a n ,  Everm an and  

C la r k ,  1930 , p .  37 ( i n  p a r t ) .

L e p ls o s te u s  p r o d u c tu s : Hubbs and L a g le r ,  1943 j p .  7 6 .

E ddy , 1 9 5 7 , p .  4 0 .

D ia g n o s i s : D i f f e r s  from  a l l  e x t a n t  L e p ls o s te u s  e x c e p t

L. p l a ty r h in c u s  in  h a v in g  l a r g e  p ig m en t s p o t s  on th e  h e a d ,

h a v in g  a  s i n g l e  m e d ia l  t o o th  In  th e  o u t e r  p r e m a x i l l a r y  t o o th

row , and no m e d ia l  t o o t h p l a t e s  on th e  f i r s t  v i s c e r a l  a r c h .
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D i f f e r s  fro m  L . p l a t y r h in c u s  in  t h a t  a d u l t s  h a v e  bony o s s i c l e s  

on th e  v e n t r a l  is th m u s  s u r f a c e  u n d e r t h e  g i l l  m em brane, 

w h e rea s  L . p l a t y r h in c u s  l a c k s  t h e s e  o s s i c l e s  ( S u t t k u s ,  1963)*

T y p e . UMMZ 5 5 0 6 2 , a  w hole  d ry  p r e s e rv e d  sp e c im e n .

D e s c r ip t i o n  an d  c o m p a r is o n s . A g a r  o f  medium s i z e  and  

p r o p o r t i o n ,  r e a c h in g  a  r e p o r t e d  l e n g th  o f  819  mm t o t a l  l e n g th  

( S u t tk u s ,  1963)*  The s k u l l  o f  a  t y p i c a l  sp e c im en  i s  shown i n  

F ig u r e  2 . M e r i s t i c  c o u n ts  a r e  shown in  T a b le  2 . V a r io u s  

s k u l l  m easu rem en ts  e x p re s s e d  a s  r a t i o s  o f  d o r s a l  s k u l l  l e n g th  

a r e  shown in  T a b le s  3 an d  4 .  F em ales hav e  p r o p o r t i o n a t e l y  

lo n g e r  s n o u ts  th a n  m a le s  (Hubbs and L a g le r ,  1 9 ^ 3 ; S u t tk u s ,  

1 9 6 3 ) .

L e p ls o s te u s  o c u la tu s  show s much v a r i a t i o n  i n  c o lo r  

p a t t e r n  i n t e n s i t y ,  e s p e c i a l l y  b e l l y  p ig m e n ta t io n .  G e n e ra l ly  

d a rk  a b o v e , l i g h t e r  on f l a n k .  F la n k  s t r i p e  c o n t in u e s  i n  

y o u n g , u s u a l ly  b ro k en  i n t o  a  s e r i e s  o f  b lo tc h e s  i n  a d u l t s ,  

r u n n in g  fro m  th e  c a u d a l  p e d u n c le  a n t e r i o r l y  th ro u g h  th e  ey e  

o n to  th e  lo w e r  jaw  w here i t  f u s e s  w i th  th e  p r e o p e r c u la r  

s t r i p e .  P r e o p e r c u l a r  s t r i p e  u s u a l ly  c o n t in u o u s ,  o c c a s io n ­

a l l y  b ro k e n . R e t r o a r t i c u l a r  s p o t  p r e s e n t  and  may o r  may n o t 

c o n ta c t  t h e  f l a n k  s t r i p e  in  f r o n t  o f  th e  o r b i t .  Head w ith  

num erous l a r g e  p ig m en t b lo tc h e s  on d o r s a l  s u r f a c e .  E dges o f  

th e  i n f r a o r b i t a l s  w ith  d i s t i n c t  p ig m en t d a s h e s .  G u la r  r e g io n  

m o tt le d  t o  s o l i d  o v e r  i t s  e n t i r e  a r e a  e x te n d in g  o n to  th e

is th m u s . One b e l l y  s t r i p e  p e r  s i d e ,  t h e s e  s t r i p e s  s t r i p e s  

u s u a l ly  in te r c o n n e c te d  by r e t i c u l a t e  p ig m en t b lo tc h e s
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b e tw een  th e  s t r i p e s .  Some a d u l t s  w i th  u n ifo rm ly  d a rk  b e l l y  

p ig m en t w h ich  o b l i t e r a t e s  th e  b e l l y  s t r i p e s  o th e r  a d u l t s  w ith ­

o u t  be& ly p ig m e n ta t io n .  B e l ly  s t r i p e s  u n i t e  a t  a n a l  f i n  and  

c o n t in u e  p o s t e r i o r l y  a s  a  s i n g l e  s t r i p e .  P e c t o r a l  and  p e lv i c  

f i n s  o f  a d u l t s  w i th  a s  many a s  f i v e  t r a n s v e r s e  p ig a e n t  b a r s ,  

j u v e n i l e s  w ith  a s  few  a s  tw o . Lower h a l f  o f  t h e  p e c t o r a l  f i n -  

b a se  d a r k .  D o r s d i ,  a n a l ,  and  c a u d a l  f i n s  w ith  v a ry in g  num bers 

o f  p ig m en t b l o t c h e s .

P r e m a x i l l a  w ith  r i d g e s  on i t s  p ro c e s s  f o r  a r t i c u l a t i o n  o f  

th e  e c to p te r y g o id  and  w ith  a  s i n g l e  m e d ia l  t o o th  in  th e  o u t e r  

t o o th  row . D e rra o p a la tin e  w ith  tw o to o th  ro w s , th e  in n e r  row 

o f  a d u l t s  n o t  e n la r g e d  a s  f a n g s .  S ix  t o  e i g h t  i n f r a o r b i t a l s .  

E ig h t  t o  n in e  c i r c u m o r b i t a l s  w ith  th e  d o r s a l  c i r c u m o r b i t a l  

n o t  e n la r g e d  and th e  d e rm o sp h e n o tic  in c o r p o r a te d  i n t o  th e  

o r b i t a l  m a rg in . T h ree  c i r c u m o r b i t a l s  fo rm in g  th e  p o s t e r i o r  

m arg in  o f  t h e  o r b i t .  T h re e  l a c r i m a l s .  S u b o r b i t a l s  n o t  num­

e r o u s .  The v e n t r a l - p o s t e r i o r  m a rg in a l  s u b o r b i t a l s  l a r g e r  th a n  

i n t e r n a l  m o sa ic .

Two t o  f o u r  s u p ra te m p o ra ls  on fcach s i d e  o f  th e  m id l in e .  

S u p r a c le i th ru m  w i th  p r o j e c t i n g  r i d g e s  above  and below  th e  

a r t i c u l a r  f a c e t ,  i t s  sh a p e  m ost s i m i l a r  t o  t h a t  o f  L. p l a t y -  

r h in c u s  ( f i g .  2 ^ e ) .

D erm al s k u l l  bones w ith  e lo n g a te  en am e lo id  t u b e r c l e s  

and ro u n d ed  t u b e r c l e s .  F r o n t a l  sh a p e  shown i n  f i g u r e  20g . 

Shape and  e n am e lo id  p a t t e r n s  o f  th e  p t e r o t i c ,  p a r i e t a l s ,  and  

o p e r c u l a r  shown in  f i g u r e s  26c ,  28c ,  and 30b r e s p e c t i v e l y .
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F i r s t  b a s ih y a l  t o o t h p l a t e  f u s e d .  G i l l  r a k e r s  s m a ll  and 

p e a r - s h a p e d  ( f i g u r e  21c) num bering  15 t o  2*1 on th e  f i r s t  a r c h  

o u t s id e  row (T a b le  2 ) .  M e d ia l t o o t h p l a t e  p a t t e r n  shown in  

f i g u r e  3 4 c . M e d ia l t o o t h p l a t e  ru n n in g  on th e  f i r s t  a r c h ,  

re d u c e d  on seco n d  a r c h  to  a  s i n g l e  row on th e  h y p o b ra n c h ia l ,  

re d u c e d  t o  a  s i n g l e  row on th e  t h i r d  and f o u r t h  a r c h e s .  Med­

i a l  t o o t h p l a t e s  m is s in g  on th e  f i r s t  in f r a p h a r y n g o b r a n c h ia l .  

L e p ls o s te u s  o c u la tu s  d i f f e r s  from  L. p la to s to m u s  in  number o f  

l a t e r a l  l i n e  s c a l e s  (5 3 -5 9  i n  L. o c u l a t u s , 5 9 -6 5  i n  L . p l a t ­

ostom us , S u t tk u s ,  1963) and from  L . o s s e u s  i n  s n o u t  l e n g th .  

L e p ls o s te u s  o c u la tu s  d i f f e r s  from  L. f lm b r l a tu s  in  t h a t  th e  

m e d ia l  w ing o f  th e  c le i th r u m  o f  L . o c u la tu s  i s  l a r g e  w hereas 

in  L . f lm b r l a tu s  i t  i s  s m a l l .  L . o c u la tu s  d i f f e r s  from  L. 

ln d lc u s  in  f r o n t a l  bone p r o p o r t io n s  and in  t h a t  L. o c u la tu s  

h a s  e n a m e lo id  on th e  d e rm a l bones o f  th e  s k u l l ,  w h ereas L. 

ln d lc u s  l a c k s  e n a m e lo id .

E ty m o lo g y . From th e  L a t in  o c u lu s  (= ey e) and  a tu s  
(= p ro v id e d  w ith )

R an g e . From t h e  G re a t  L akes s o u th  t o  th e  G u lf  o f

M ex ico , e a s tw a rd  a lo n g  th e  G u lf  C o a s t t o  W este rn  F lo r id a  and 

e a s tw a rd  t o  C e n t r a l  T exas ( S u t tk u s ,  1963)»
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L e p ls o s te u s  p l a ty r h ln c u s  De Kay 

F l o r i d a  S p o t te d  Gar 

F ig u r e s  2 0h , 21d , 2 4 f ,  26d , 28d , 3 0 c , 39

L e p ls o s te u s  p l a ty r h ln c u s  De Kay, l8 7 0 3 p . 3 5 5 . S u t tk u s ,  1963*

p . 8 3 .

C y lin d ro B te u s  c a s t e l n a u d l  D um feril, 1870 , p .  3 5 5 . J o r d a n ,  

E verm ann, and  C la r k ,  1930 , p . 3 7 .

L e p ls o s te u s  p l a t o s t o n u s : J o rd a n  and  E verm ann, 1896 ,  p .  I l l

( I n  p a r t ) .

C y l ln d r o s te u s  m eg a lo p s F o w le r , 1910 , p . 609 . J o r d a n ,

E verm ann, and  C la r k ,  1930 , p .  37 (m en tio n ed  a s  d o u b t f u l ) .

D ia g n o s i s : D i f f e r s  from  a l l  L e p l s o s te u s , w here th e

c h a r a c t e r  i s  known, e x c e p t  L. o c u la tu s  and  L . f lm b r l a tu s  In  

h a v in g  one ( o c c a s io n a l ly  tw o) m e d ia l  t e e t h  on th e  o u t e r  p r e -  

m a x i l la r y  t o o th  row a s  opposed t o  h a v in g  u n ifo rm ly  tw o o r  

m ore t e e t h  on th e  o u te r  p r e m a x i l l a r y  to o th  row .

T y p e : N ot ex am in ed .

D e s c r ip t io n  and c o m p a r is o n s : L e p ls o s te u s  p l a t y ­

r h ln c u s  i s  a  medium s iz e d  g a r  ( t o  1 ,3 3 0  mm t o t a l  l e n g th ;  

Hammett and H am m ett, 1936) w hich I s  u s u a l ly  d a r k ly  p ig m e n te d .

A s k u l l  I s  shown i n  f i g u r e  3 9 . M e r i s t i c s  ta k e n  in  t h i s  s tu d y  

and r e p o r te d  by S u t tk u s  (1963 ) shown In  T a b le  2 . M orpho­

m e t r ie s  ta k e n  from  a  s m a ll  s e r i e s  e x p re s s e d  a s  r a t i o s  o f  

d o r s a l  head  l e n g th  a r e  shown in  T a b le s  3 and 4 .
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C o lo r  p a t t e r n s  o f  a d u l t s  show ing  p o ly m o rp h ic  v a r i a t i o n  

in  c o lo r  I n t e n s i t y  (fro m  " im m a cu la te "  t o  v e ry  d a rk  

i n d i v i d u a l s  fro m  th e  same l o c a l i t i e s ,  S u t tk u s ,  1 9 6 3 )•

D o rs a l  s t r i p e  c o n tin u o u s  i n  J u v e n i l e s ,  a d u l t s  w i th  a  

u n ifo rm  d a rk  o r  m o t t l e d  d o rsum . P la n k  s t r i p e  i n  young 

from  th e  b a se  o f  th e  c a u d a l  f i n  th ro u g h  th e  e y e , and  to  

th e  t i p  o f  th e  lo w e r  Jaw . F la n k  s t r i p e  o f  a d u l t s  u s u a l ly  

b ro k en  i n t o  a  s e r i e s  o f  d a r k e r  and  l i g h t e r  b l o t c h e s .

J u v e n i l e s  w i th  a  s t r i p e  b e tw een  th e  d o r s a l  a n d  f l a n k  

s t r i p e s  from  t h e  n ap e  t o  o n e - h a l f  th e  d i s t a n c e  b e tw een  

th e  p e c t o r a l  a n d  p e l v i c  f i n s .  B e l ly  w i th  one o r  two 

b e l l y  s t r i p e s  p e r  s i d e ,  t h e s e  s t r i p e s  f u s i n g  a t  t h e  a n a l  

f i n  t o  fo rm  one  s t r i p e  on th e  c a u d a l  p e d u n c le .  M ost 

i n d i v i d u a l s  w i th  b e l l y  m o t t l e d  b e tw een  th e  b e l l y  s t r i p e s .

Head w ith  l a r g e  p ig m e n t b lo tc h e s  on th e  do rsum . P r e o p e r c u l a r  

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

and  u s u a l ly  f u s e d  w ith  th e  f l a n k  s t r i p e  J u s t  a n t e r i o r  to  

th e  e y e . G u la r  r e g io n  u s u a l ly  s o l i d l y  p ig m e n te d , is th m u s  

m o t t l e d .  P e c t o r a l  f i n  b a se  p ig m e n te d . T h ree  t o  f i v e  

t r a n s v e r s e  row s o f  p ig m e n t b lo tc h e s  on th e  p e c t o r a l  and  

p e lv i c  f i n s .  D o rs a l  an d  a n a l  f i n s  w i th  t h r e e  o r  f o u r  

t r a n s v e r s e  row s o f  p ig m e n t b l o t c h e s .  C audal f i n  w ith  

many random ly  p la c e d  p ig m e n t b l o t c h e s .  O th e r  c o lo r  n o te s  

g iv e n  by S u t tk u s  (1963).
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M a x il la  w i th  a  s i n g l e  m e d ia l  t o o t h  on th e  o u t e r  

t o o th  row  ( o c c a s io n a l  i n d i v i d u a l s  w i l l  have  two t e e t h  on 

o n e  s i d e ,  one t o o th  on t h e  o t h e r ) • D e rm o p a la tin e  o f  

a d u l t s  w i th o u t  e n la r g e d  f a n g s .  E ig h t  t o  t e n  c ir c u m -  

o r b i t a l s ,  d o r s a l  c i r c u m o r b i t a l .  n o t  e n la r g e d ,  d e rm o - 

s p h e n o t ic  in c lu d e d  i n  t h e  o r b i t a l  m a rg in . T h re e  c ir c u m -  

o r b i t a l s  c o m p r is in g  t h e  p o s t e r i o r  o r b i t a l  m a rg in , in c lu d in g  

t h e  d e rm o s p h e n o tic .  S ix  t o  se v e n  i n f r a o r b i t a l s .  T h ree  

l a c r i m a l s .  S u b o r b i t a l s  n o t  n u m ero u s , m a rg in  s u b o r b i t a l s  

l a r g e r  th a n  th e  i n t e r n a l  m o s a ic .  S u p ra c le i th r u m  w i th  

bony p r o j e c t i o n s  ab o v e  an d  b e lo w  th e  a r t i c u l a r  f a c e t ,  th e  

sh a p e  o f  th e  s u p r a c le i th r u m  shown i n  f i g u r e  2 4 f .  Shape 

a n d  e n a n e lo id  p a t t e r n  o f  th e  d e r m o p te r o t i c ,  p a r i e t a l ,  

an d  o p e r c u l a r  shown i n  f i g u r e s  26d , 28d , an d  30c 

r e s p e c t i v e l y .

L e p ls o s te u s  p l a t y r h l n c u s  d i f f e r s  from  L . p la to 3 to m u s  

i n  t h a t  p l a t y r h l n c u s  h a s  l a r g e  p ig m e n t b lo tc h e s  on th e  

h e ad  (n o n e  i n  p l a to s to m u s ) an d  fe w e r  l a t e r a l  l i n e  s c a l e s  

(5 4 -5 9  i n  p l a t y r h l n c u s ,  u s u a l l y  5 9 -6 5  i n  p l a to s to m u s ) .

A lso  d i f f e r s  fro m  L . o s s e u s  i n  t h a t  o s s e u s  e i t h e r  h a s  

sm a ll  p ig m e n t b l o t c h e s  on  th e  h e ad  o r  l a c k s  them  and  

h a s  a  n a rro w  s n o u t  w h e re a s  p l a t y r h l n c u s  h a s  l a r g e  

p ig m e n t b l o tc h e s  on th e  h e ad  an d  a  w id e r  s n o u t ( l e a s t  

w id th  o f  s n o u t  1 2 .9  - 2 5 .7  t im e s  i n  s n o u t  l e n g th  i n  o s s e u s ,  

4 .8  -  8 .2  i n  p l a t y r h l n c u s ;  S u t tk u s ,  1 9 6 3 ) . D i f f e r s  from

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



135-

L . I n d lc u s  i n  sh a p e  o f  t h e  f r o n t a l  bone ( r e l a t i v e l y  s h o r t e r  

i n  p l a t y r h l n c u s ,  f i g .  2 0 ) .  D i f f e r s  fro m  L. c u n e a tu s  i n  

t h a t  c u n e a tu s  h a s  w ide  e n a m e lo id  t u b e r c l e s  on th e  d e rm o- 

p t e r y o t i c s  an d  p a r i e t a l s  w h e re a s  L . p l a t y r h l n c u s  h a s  s e r i e s  

o f  ro u n d e d  t u b e r c l e s  o r  r e l a t i v e l y  t h i n  e lo n g a te  t u b e r c l e s  

on th e s e  b o n e s  ( f i g s .  2 6 , 2 8 , an d  30  r e s p e c t i v e l y ) .  

E ty m o lo g y . Prom th e  G reek  p l a t y s  ( = f l a t )  an d

rh y n c h o s  ( = s n o u t ) .

R ange . Prom th e  s o u th e rn  t i p  o f  F l o r i d a  n o r th w a rd  

to  t h e  lo w la n d s  o f  G e o rg ia  ( S u t tk u s ,  1963)*

O th e r  com m ents. F o w le r 's  (1917 ) r e p o r t  o f  L . 

p la to s to m u s  fro m  th e  P l e i s t o c e n e  o f  F l o r i d a  i s  c o n s id e r e d  

by Uyeno and  M i l l e r  ( 1963 ) t o  be  L. p l a t y r h l n c u s . S u t tk u s  

( 1963 ) g iv e s  s a l t w a t e r  an d  e c o l o g ic a l  r e f e r e n c e s .
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Genus A t r a c t o s t e u s  R a f in e s q u e  

A t r a c t o s t e u s  R a f in e s q u e , 1820 , p .  75 ( ty p e  s p e c ie s  A. f e r o x  

by  s u b s e q u e n t d e s ig n a t io n ,  J o r d a n ,  1877 , p .  1 1 ) .

C l a s t e s  C ope, 1873, p .  633  ( ty p e  s p e c ie s  h e r e in  d e s ig n a te d  

C. a t r o x  Cope, 1873, p .  6 3 3 ) .

C l a s t i c h th y s  W h it le y , 1940 , p .  243 ( a  s u b s t i t u t e  name 

f o r  C la s te s  Cope p r e o c c u p ie d  i n  A ra c h n id a ) .  

P a r a l e p id o s te u s  Aram bourg an d  J o le a u d ,  1943 , p .  42 ( ty p e  

s p e c ie s  P .  a f r i c a n u s  A ram bourg and  J o le a u d ,  1943 , 

by  m o n o ty p y ).

D ia g n o s i s . G ars w i th  l a r g e  l a t e r a l l y  co m p ressed  g i l l  

r a k e r s  w h ich  a r e  c o n v o lu te d  on t h e i r  d o r s a l  ed g es  ( f i g .  2 1 ) ,  

l a c k in g  m e d ia l  t o o t h p l a t e s  on th e  f i r s t  t h r e e  h y p o - and  

c e r a t o b r a n c h i a l s ,  and  re d u c e d  num bers o f  to o th  p l a t e s  on 

o t h e r  g i l l  a rc h  e le m e n ts .  A t r a c t o s t e u s  a l s o  d i f f e r s  from  

L e p ls o s te u s  i n  r e t a i n i n g ,  p r i m i t i v e l y ,  an  e c to p te r y g o id -  

p r e m a x i l l a r y  a r t i c u l a t i o n  b e h in d  th e  p r e m a x i l l a  p r o p e r ,  

i n  h a v in g  a r t i c u l a r  s o c k e t  o f  th e  s u p r a c l e i t h r i m  w i th o u t  

p r o j e c t i n g  r i d g e s ,  and  in  h a v in g  e n la r g e d  d e rm o p a la t in e  

f a n g s  a s  a d u l t s .

E tym ology . A compound m a s c u lin e  n o m in a tiv e  d e r iv e d  

from  th e  G reek  a t r a c t o s  ( = s p in d le )  and  L a t in  o s s e u s  (=boney) 

The f o l lo w in g  names a r e  c o n s id e r e d  h e re  a s  A t r a c to s t e u s  

s p e c i e s  in d e te r m in e n t :

C la s te s  p a s tu lo s u s  S au v ag e , 1897 , P« 94  ( C r e t . ,  

P o r t u g a l ) .
A t r a c to s t e u s  l a p ld o s u s  Hay, 1919, p .  110, 1923, p .  375 

(? A. s p a t u l a ,  P l e i s t o c e n e ,  F l a . ) .
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4- A t r a c to s t e u s  s t r a u s i  (K ln k e l ln )

F ig u r e s  4 0 -4 6 , 4 7 a , 4 9 a , 5 1 a , 53a

L e p ld o s te u s  s t r a u s i  K in k e l in ,  1 8 8 4 , p .  244 ; 1903* P . 25-26

A n d re a e , 1893* p . 7 j  1394 , p . 359* Woodward, 1895* P*

D ia g n o s i s , D i f f e r s  from  a l l  A t r a c t o s t e u s  e x c e p t  A. 

t r o p i c u s  in  t h a t  A. s t r a u s i  ha s  s h e e t s  o f  en am e lo id  on th e  

f r o n t a l s ,  p a r i e t a l s ,  d e r m o p te r y o t ic s  and s u p r a te m p o r a ls .  

D i f f e r s  from  A. t r o p i c u s  in  h a v in g  lo n g  c o n tin u o u s  en am e lo id  

t u b e r c l e s  on th e  o p e r c u la r  b o n es w h ereas  A. t r o p i c u s  h a s  r e ­

duced  am oun ts o f  e n am elo id  on th e  bones an d  i n  h a v in g  l a r g e r  

s c a l e s  ( l a t e r a l  l i n e  s c a l e  c o u n t o f  a p p ro x im a te ly  45 in  

s t r a u s i , 51^56 in  t r o p i c u s ) ,

T y p e . A s e r i e s  o f  s c a l e s  d e p o s i te d  a t  th e  S e n c k en b e rg  

Museum, n o t  exam ined d u r in g  t h i s  s tu d y .

F o rm a tio n  and a g e . M e sse l F o rm a tio n ,D a rm s ta d t ,

G erm any, E o ce n e .

D e s c r ip t i o n  and  c o m p a r is o n s . A t r a c t o s t e u s  s t r a u s i  i s

a n  E ocene g a r  a t t a i n i n g  l a r g e  s i z e .  A w hole  sp ec im en  

(AMNH P . 4626) i s  shown in  f i g u r e  4 0 . A c lo s e u p  o f  t h i s  s k u l l ,  

tw o o th e r  s k u l l s  (AMNH 33339, 3 3 8 5 6 ) , and  accom pany ing  o u t l i n e  

d raw in g s  o f  th e s e  s k u l l s  a r e  shown in  f i g u r e s  4 1 -4 6  r e s p e c t ­

i v e l y .
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M e r i s t i c s  a r e  shown in  T a b le  2 . M o rp h o m etrie s  e x p re s s e d  a s  

p r o p o r t io n s  o f  d o r s a l  head  l e n g th  o f  AMNH p . 4626  a r e  shown 

i n  T a b le s  3 an d  4 .

P r e m a x i l l a  w i th  tw o c o m p le te  row s o f  t e e t h .  D erm opal- 

a t i n e  w ith  a n  i n n e r  row  o f  e n la rg e d  f a n g s .  S ix  i n f r a o r b i t a l s  

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

c l r c u m o r b i t a l  t h i n ,  d e rm o sp h e n o tic  in c lu d e d  i n  th e  o r b i t a l  

m a rg in . S u b o r b i t a l s  l a r g e  and n o t  a s  num erous a s  th o s e  o f  

th e  s p a t u l a  g ro u p . Two s u p ra te m p o ra ls  on e a c h  s i d e  o f  th e  

m id l in e .

F r o n t a l  sh a p e  t y p i c a l  o f  t h e  genus and  m ost s i m i l a r  t o  

A. s im p le x  (p ro b a b ly  a s  a  r e s u l t  o f  s i m i l a r  s k u l l  c o m p re s s io n , 

f i g u r e  5 3 ) .  S hape and  en am elo id  p a t t e r n s  o f  th e  d e r m o p te r o t ic ,  

p a r i e t a l ,  and  o p e r c u l a r  shown in  f i g u r e s  4 7 a , 4 9 a , and  51a 

r e s p e c t i v e l y .  E n am elo id  u s u a l ly  in  b ro ad  in te r c o n n e c t i n g  

s h e e t s  on d o r s a l  d e rm a l bones and  in  lo n g  n a rro w  t u b e r c l e s  

on th e  o p e r c u la r  s e r i e s .  I n f r a o r b i t a l s ,  c l r c u m o r b l t a l s ,  

and  s u b o r b i t a l s  w ith  en am e lo id  t u b e r c l e s .  V e r te b r a e  s u b -  

t r i a n g u l a r  and  w ith  b ro ad  v e n t r a l  r i d g e s .  S c a le s  sm oo th .

A t r a c t o s t e u s  s t r a u s 1 d i f f e r s  from  A. s im p le x  in  t h a t  A. 

s t r a u s i  h a s  t h r e e  l a c r im a l s  and t h r e e  c i r c u m o r b i t a l s  on th e  

p o s t e r i o r  o r b i t a l  b o rd e r  w hereas A. s im p le x  h a s  two 

l a c r im a l s  and  two c i r c u m o r b i t a l s  b o rd e r in g  t h e  p o s t e r i o r  

o r b i t a l  m a rg in . A lso  d i f f e r s  from  A. o c c l d e n t a l i s , A. a t r o x .

A. s p a t u l a , and  A. t r l s t o e c h u s  in  t h a t  A. s t r a u s i  h a s  a  

n a rrow  d o r s a l  c l r c u m o r b i t a l  and d o es  n o t  e x c lu d e  th e  derm o-
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s p h e n o t ic  from  th e  o r b i t a l  m a rg in  an d  a  l a r g e  o r b i t  w h e reas  

t h e  s p a t u l a  g ro u p  h a s  a  b ro ad  d o r s a l  c l r c u m o r b i t a l  w h ich  

e x c lu d e s  th e  d e rm o sp h e n o tlc  fro m  t h e  o r b i t a l  m a rg in  and  a  

s m a l l  o r b i t .

E ty m o lo g y . The t r i v i a l  name i n  h o n o r  o f  H e rm  B a n q u ie r  

C a e s a r  S t r a u s s .  A p a tro n y m .

O th e r  com m ents. See o t h e r  com m ents f o r  L . f i m b r i a t u s .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



140.

A t r a c t o s t e u s  t r o p i c u s  G i l l  

T r o p ic a l  Gar

F ig u r e s  6 , 2 1 e , 22b , 476 , 496 , 516 , 5 ^ , 55 a , 56c

A t r a c to s t e u s  t r o p i c u s  G i l l ,  1863 , P* 172 . D u m ^ ril, 1870, 

p .  3 6 7 . J o r d a n ,  Everm ann, and  C la rk ,  1930 , p .  38 . 

A t r a c to s t e u s  b e l a n d l e r l : D u m e ril, 1870 , p .  368  

L e p ls o s te u s  t r o p i c u s : Jo rd a n  and  Everm ann, 1896a ,  p .  I l l ;  

1896b, p .  2 2 7 . M i l l e r ,  1954 , p .  2 3 0 . S u t tk u s ,  1963 , 

p .  7 0 .

D ia g n o s i s . D i f f e r s  from  a l l  o t h e r  A t r a c t o s t e u s  e x c e p t 

A. s t r a u s i  i n  h a v in g  c o n v o lu te d  s h e e t s  o f  e n a m e lo id  on th e  

d e rm al s k u l l  r o o f in g  b o n e s . D i f f e r s  from  A. s t r a u s i  in  

h a v in g  re d u c e d  am oun ts o f  e n a m e lo id  on th e  o p e r c u l a r  

s e r i e s  (A. s t r a u s i  h a s  num erous e lo n g a te  t u b e r c l e s  on 

th e s e  b o n es) and  m ore l a t e r a l  l i n e  s c a l e s  ( s e e  d ia g n o s is  

o f  A. s t r a u s i ) .

D e s c r ip t io n  and  C o m p ariso n s . A t r a c to s t e u s  t r o p i c u s  

i s  a  sm a ll  M idd le  A m erican  g a r  w i th  m ore body p ig m e n ta t io n  

th a n  o th e r  A t r a c t o s t e u s . A s k u l l  o f  t y p i c a l  spec im en  i s  

shown in  f i g u r e  5 4 .

J u v e n i l e  c o l o r  p a t t e r n  (b a s e d  on AMNH 33851, 155 ^  

s p e c im e n ) -  Dorsum d a r k ,  f l a n k  l i g h t .  F la n k  s t r i p e  a s  d a rk  

a s  dorsum , n o t  s e r r a t e ,  r u n n in g  from  th e  c a u d a l  p e d u n c le  

to  t h e  eye  w here i t  f u s e s  w i th  g e n e r a l  head  p i g m e n t a t i o n .
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A t h i n ,  l e s s  p ig m e n te d  a r e a  b e tw een  th e  f l a n k  s t r i p e  and  

th e  d a rk  dorsum  e x te n d in g  from  th e  o p e r c u l a r  a n t e r i o r  to  

th e  o r b i t a l  m a rg in . P a i r e d  v e n t r a l  b e l l y  s t r i p e s  on e ac h  

s id e  e x te n d in g  from  th e  o p e r c u l a r  membrane to  th e  a n a l  f i n  

w here th e y  m erge and  c o n t in u e  a s  a  s i n g l e  s t r i p e  t o  th e  

c a u d a l  f i n .  B e l ly  be tw een  th e  b e l l y  s t r i p e s  w i th  i r r e g u l a r  

p ig m e n t b l o t c h e s .  The v e n t r a l  b a se  o f  th e  p e c t o r a l  f i n  

an d  th e  f i r s t  h a l f  o f  th e  f i n  r a y s  an d  membrane d a rk  

brow n. One a d d i t i o n a l  t r a n s v e r s e  p ig m e n t s t r i p e  on 

th e  p e c t o r a l  a p p ro x im a te ly  t w o - th i r d s  th e  d i s t a n c e  from  

th e  b a s e  t o  th e  t i p .  Head w i th  d i s t i n c t  r e t r o a r t i c u l a r  

and  p r e o p e r c u l a r  s t r i p e s ,  th e  p r e o p e r c u l a r  s t r i p e  e x te n d in g  

on to  th e  l a c r i m a l s .  Lower jaw  d a rk  e x c e p t  f o r  th e  

l i g h t l y  p ig m e n te d  a re a .b e tw e e n  th e  r e t r o a r t i c u l a r  s t r i p e  

and  o t h e r  d a r k e r  p ig m e n t. Head u n ifo rm ly  d a rk ,  w i th o u t  

b l o t c h e s .  Some l i g h t e r  a r e a s  a lo n g  th e  j u n c t io n  o f  

i n f r a o r b i t a l s .  G u la r  r e g io n  w ith  d a rk  s t r i p e s  a lo n g  th e  

m e d ia l  jaw  m arg in  and w ith  i r r e g u l a r  p ig m en t b lo tc h e s  

b e tw een  th e s e  s t r i p e s .  P e lv ic  f i n s  w i th  t h r e e  t r a n s v e r s e  

p ig m en t b a r s .  D o r s a l ,  a n a l ,  and  c a u d a l  f i n s  w i th  r a y s  

a l t e r n a t e l y  l i g h t  and d a rk  b u t  w ith  f i n  m em branes w ith  

l i t t l e  o r  no p ig m e n t.

I n  th e  a d u l t  t h e r e  i s  no d i s t i n c t  d o r s a l  s t r i p e  and 

th e  dorsum  i s  e i t h e r  u n ifo rm ly  d a rk  o r  l i g h t  w ith  num erous 

brown p ig m e n t b l o tc h e s .  P la n k  s t r i p e  c o n tin u o u s  o n ly  on 

th e  c a u d a l  p e d u n c le  and  e i t h e r  b ro k en  i n t o  brown p igm en t
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b lo tc h e s  a n t e r i o r l y  i f  specim en  h a s  a  l i g h t  dorsum  w ith  

b l o t c h e s ,  o r  s o l i d  brown p ig m e n t o f  dorsum  e x te n d in g  

v e n t r a l l y  t o  a  l e v e l  o f  th e  v e n t r a l  m a rg in  o f  th e  f l a n k  

s t r i p e  on th e  c a u d a l  p e d u n c le .  P la n k  s t r i p e  m ore 

c o n s o l id a te d  on o p e r c u l a r  (d a rk )  and  s u b o p e r c u la r s  ( l i g h t )  

e n d in g  a t  th e  o r b i t a l  m a rg in . O c c a s io n a l  i n d iv i d u a l s  

w i th  t h i n  re d d is h -b ro w n  v e r t i c a l  s t r i p e s  on th e  p o s t e r i o r  

edge o f  body s c a l e s  e x te n d in g  v e r t i c a l l y  from  th e  dorsum  

to  th e  b e l l y .  No v e n t r a l  b e l l y  s t r i p e s  o r  p ig m e n t 

b lo tc h e s  on th e  b e l l y  o f  a d u l t s .  B ase o f  p e c t o r a l  f i n s  

o f  a d u l t s  w i th o u t  p ig m e n t. Dorsum o f  h ead  u n ifo rm ly  d a rk .  

P r e o p e r c u la r  s t r i p e  m is s in g  o r  r e s t r i c t e d  to  p o s t e r i o r  

h a l f  o f  th e  p re o p e rc u lu m . R e t r o a r t i c u l a r  s t r i p e  m is s in g  

o r  i n d i s t i n c t .  Brown p ig m e n t on lo w e r jaw  r e s t r i c t e d  to  

th e  c o ro n o id  p r o c e s s .  P e c to r a l  f i n  w i th o u t  d i s t i n c t  p ig m e n t 

b l o t c h e s .  P e lv ic  f i n s  w i th o u t  d i s t i n c t  t r a n s v e r s e  b a r s ,  

b u t  o c c a s io n a l ly  w ith  a  d i f f u s e  b l o tc h  on th e  p o s t e r i o r  

h a l f  o f  th e  f in *  D o r s a l ,  a n a l ,  and  c a u d a l f i n s  w i th  r a y s  

d a rk  and  membrane l i g h t .  O c c a s io n a l  membrane p ig m e n ta t io n  

a t  th e  b a se  o f  th e  c a u d a l  f i n .

P r e m a x i l la  w i th o u t  r i d g e s  on th e  arm , e c to p te r y g o id  

a r t i c u l a t i n g  w ith  th e  p r e m a x i l l a  p r o p e r .  P r e m a x i l la  w i th  

two co m p le te  t o o th  ro w s . D e rm o p a la tin e  w i th  two to o th  row s, 

th e  i n n e r  row o f  a d u l t s  e n la r g e d  a s  d e rm o p a la t in e  f a n g s .

S ix  to  e ig h t  i n f r a o r b i t a l s .  N ine to  t e n  c i r c u m o r b i t a l s ,
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t h e  s i n g l e  d o r s a l  c l r c u m o r b i t a l  n o t  e n la r g e d ,  th e  

d e rm o sp h e n o tic  in c o r p o r a te d  i n t o  t h e  o r b i t a l  m a rg in .

T h ree  c i r c u m o r b i t a l s  on th e  p o s t e r i o r  o r b i t a l  b o rd e r  

in c lu d in g  th e  d e rm o s p h e n o tic . T h ree  l a c r i m a l s .

S u b o r b i t a l s  n o t  n u m ero u s, th o s e  o f  th e  v e n t r a l - p o s t e r i o r  

b o r d e r  l a r g e r  th a n  th e  i n t e r n a l  m o sa ic . Two o r  t h r e e  

s u p ra te m p o ra ls  on e a c h  s id e  o f  th e  m id l in e .  A r t i c u l a t o r y  

f a c e t  o f  th e  s u p r a c le i th r u m  w ith o u t  r i d g e s ,  i t s  sh a p e  

shown i n  f i g u r e  5 5 a •

D o rs a l  d e rm a l r o o f in g  b o n es  w i th  s h e e t s  o f  e n a m e lo id . 

E n am elo id  re d u c e d  on i n f r a o r b i t a l s  an d  th e  o p e r c u la r  

s e r i e s .  S hapes and  e n a m e lo id  p a t t e r n s  o f  th e  d e rm o p te r ic s ,  

p a r i e t a l s ,  and  o p e r c u l a r  shown i n  f i g u r e s  476 , 49b , and  

51b r e s p e c t i v e l y .

F i r s t  b a s ih y a l  t o o t h p l a t e  p a i r e d .  G i l l  r a k e r s  

l a t e r a l l y  c o m p re sse d , c o n v o lu te d  on d o r s a l  edge and  

s i t t i n g  on b a s a l  p l a t e s  ( f i g u r e  2 1 e ) .  G i l l  r a k e r s  

num bering  57 -6 2  on o u t s id e  o f  f i r s t  a r c h  (T a b le  2 ) .

Medial toothplate missing on first three hypo- and 
cerate-hyals and first infraphryngobranchial, reduced 
to a single incomplete fow on fourth hypo- and 
ceratobranchlals and second infraphryngobranchial (see 
figure 56c).

Range. Ri'o San Juan in Costa Rica, Lake Nicaragua, 
and Rio Usumacinta Drainage of Guatemala and Mexico; 
Chiapas, Mexico (Miller, 1 9 5 4 ).
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E ty m o lo g y . The t r i v i a l  name t r o p i c u s  r e f e r s  t o  

th e  s p e c i e s  o c c u re n c e  i n  M id d le  A m erica .

O th e r  com m ents. See com m ents f o r  A. s p a t u l a  from  

Lake N ic a ra g u a .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



145-

•fAtractosteus simplex (Leidy)
F ig u r e s  4 7 c , 4 9 c , 5 1 c , 5 3 c , 55b* 57* 58

Lepldosteus glaber Marsh, 1871 , P* 105 (name only). Cope, 
1874 , p. 441 (listed not recognizable). Woodward, 
1895 , p. 4 44 . Eastman, 1900a , p. 67 (nomen dubium). 
Cockerell, 1908 , p. 163*

L e p ld o s te u s  s im p le x  L e id y , 1873a* p. 73; 1873b, p .  1 8 9 . 

Woodward, 1895* P« 444 . E astm an , 1900a , p .  7 4 . 

C o c k e r e l l ,  1908 , p. 163; 1909 , p - 7 96 .

Clastes glaber: Cope, 1873* P« 634; King, 1878 ,  p. 376, 

p. 405 .

Lepldosteus aganus Cope, l877b*P« 40 . Cockerell, 1908 , 

p. 1 63 .

Clastes Integer Cope, 1877b, P« 4 1 . Merrill, 1925 , p* 361. 

Leplsosteus glaber: Hay, 1902, p. 377; 1929 , p. 7 0 8 . 

Leplsosteus simplex: Hay, 1902 , p. 377; 1929* P» 7 0 8 .

Hussarkof and Bryant, 1919* p. 195*

L e p ls o s te u s  a g a n u s : Hay, 1902 , p .  377; 1929* P* 7 0 8 .

Stromer, 1925* P* 361.

L e p ls o s te u s  I n t e g e r :  Hay, 1902 , p .  377; 1929* P» 7 08 .

Clastes aganus: Merrill, 1907* P* 7-

Lepldosteus Integer: Loomis, 1907* P« 358; Cockerell,
1908, p .  163; S tro m e r , 1925* P» 361.
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D ia g n o s i s . D i f f e r s  from  A. a t r o x  i n  h a v in g  a  low , 

bony r i d g e  on th e  d e rm a l s k u l l  r o o f in g  b o n es  o v e r l a in  by 

ro u n d  o r  s l i g h t l y  e lo n g a te  e n a m e lo id  t u b e r c l e s  w h ereas 

A. a t r o x  h a s  h ig h  bony r id g e s  w h ich  a r e  t r a n s v e r s e l y  

g ro o v e d . A t r a c t o s t e u s  s im p le x  d i f f e r s  from  a l l

o t h e r  A t r a c t o s t e u s  (w here  th e  c h a r a c t e r s  a r e  known) in  

h a v in g  o n ly  two l a c r im a l s  and  two c i r c u m o r b i t a l s  

b o r d e r in g  th e  p o s t e r i o r  o r b i t a l  m a rg in , in c lu d in g  th e  

d e rm o s p h e n o tic . A t r a c t o s t e u s  s im p le x  d i f f e r s  from  

A. s t r a u s i  an d  A. t r o p i c u s  i n  h a v in g  th e  d e rm al s k u l l  bone 

p a t t e r n s  d e s c r ib e d  above w h e rea s  A. t r o p i c u s  an d  A. s t r a u s i  

have s h e e t s  o f  e n a m e lo id . A t r a c to s t e u s  s im p le x  d i f f e r s  

from  A. o c c i d e n t a l l s ,  A. a t r o x ,  A. s p a t u l a  and  A. 

t r i s t o e c h u s  i n  h a v in g  th e  d e rm o sp h e n o tic  in c o r p o r a te d  

i n t o  th e  o r b i t a l  m a rg in  w h ereas th e  o t h e r  s p e c ie s  have an 

e n la r g e d  d o r s a l  c l r c u m o r b i t a l  w h ich  e x c lu d e s  th e  

d e rm o sp h e n o tic  from  th e  o r b i t a l  m arg in  and  i n  t h a t  A. 

s p a t u l a  h a s  m in u te  ro u n d  e n am e lo id  t u b e r c l e s  and  A. 

t r i s t o e c h u s  l a c k s  e n a m e lo id  w h e reas  A. s im p le x  h as l a r g e r  

ro u n d e d  t u b e r c l e s .

T y p es . USNM 2 1 74 , one b a s i o c c i p i t a l  and  th r e e  

v e r t e b r a e .  USNM 21173 , b a s i o c c ip i t a l - p a r a s p h e n o id ,  

t h r e e  v e r t e b r a e ,  a  t o o th ,  an  a n t o r b i t a l ,  and th r e e  s c a l e s  

d e s ig n a te d  c o ty p e s .
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TTPe l o c a l i t y . J u n c t io n  o f  th e  G reen  and  B ig  Sandy 

r i v e r s ,  S w ee tw a te r C oun ty , Wyoming.

F o rm a tio n  and  A ge. B r id g e r ,  W asa tch , and  G reen 

R iv e r  F o rm a tio n s , Lower E o cen e .

D e s c r ip t io n  and  c o m p a r is o n s . The ty p e  and  c o - ty p e  

re se m b le  th e  b o n es  a s s o c i a t e d  w i th  m ore c o m p le te  AMNH 

and  USNM sp e c im e n s . The s k u l l  o f  AMNH 4302 i s  shown 

i n  f i g u r e s  57 and  5 8 . M e r i s t i c  d a ta  c o l l e c t e d  by 

E astm an (1900a) i s  shown i n  T a b le  2 .  M o rp h o m etries  

from  t h i s  s k u l l :  DHL -  139*6 mm; PS -  72*4 mm; POr -

5 4 .2  mm; OpW -  1 8 .6  mm; LLJ -  8 6 .6  mm; OrD -  1 7 .8  mm. 

C om parisons w i th  o t h e r  g a r s  o f  th e s e  m easu rem en ts  e x p re s s e d  

a s  p r o p o r t io n s  o f  d o r s a l  h e ad  l e n g th  a r e  shown i n  T a b le s  

3 and  4 .

Two co m p le te  row s o f  p r e m a x i l l a r y  t e e t h  (USNM 16712 ) .  

The d e rm o p a la t in e  h as  an  i n n e r  t o o th  row o f  e n la r g e d  

d e rm o p a la t in e  fa n g s  (USNM 16712 , AMNH 4 3 0 2 ) . T h ere  a re  

s i x  i n f r a o r b i t a l s  (AMNH 4302, 4308) and  two l a c r im a l s  

(AMNH 4 3 0 2 ). T h ere  a r e  e i g h t  c i r c u m o r b i t a l s  (AMNH 4 3 0 2 ) , 

th e  d o r s a l  c l r c u m o r b i t a l  i s  t h i n ,  and  th e  d e rm o sp h e n o tic  

i s  in c lu d e d  i n  th e  o r b i t a l  m a rg in . Two c i r c u m o r b i t a l s  

make up th e  p o s t e r i o r  b o rd e r  o f  th e  o r b i t  in c lu d in g  th e  

d e rm o s p h e n o tic . T h ere  a r e  r e l a t i v e l y  few  s u b o r b i t a l s  

and  th e  m arg in  s u b o r b i t a l s  b o rd e r in g  th e  p r e o p e r c u l a r  a r e
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d i s t i n c t l y  l a r g e r  th a n  th e  i n t e r n a l  m o s a ic .  Two s u p r a ­

te m p o ra ls  p r e s e n t  on e a c h  s id e  o f  th e  m id l in e  (AMNH 

4302 , 4 3 0 8 ) , S u p r a c le i th ru m  i s  w i th o u t  d i s t i n c t  

p r o j e c t i n g  r i d g e s  above  an d  below  th e  a r t i c u l a r  f a c e t .

The sh ap e  o f  th e  s u p r a c le i th r u m  i s  shown i n  f i g u r e  5 5 b .

F r o n t a l  sh ap e  t y p i c a l  o f  th e  g e n u s  ( f i g .  5 3 c ) ,  and  

m o st s i m i l a r  to  t h a t  o f  A. s t r a u s i . The sh ap e  and  

e n a m e lo id  p a t t e r n  o f  th e  d e r m o p te r o t ic ,  p a r i e t a l ,  and  

o p e r c u l a r  shown i n  f i g u r e s  4 7 c , 4 9 c , and  51c r e s p e c t i v e l y .  

I n f r a o r b i t a l  e n a m e lo id  re d u c e d  r e l a t i v e  t o  A. s t r a u s i  an d  

A. t r o p i c u s . E n am elo id  on o th e r  s k u l l  r o o f in g  bones 

m is s in g  o f  r e d u c e d  to  s m a ll  ro u n d  o r  s l i g h t l y  o b lo n g  

t u b e r c l e s .  V e r te b ra e  o f  l a r g e  sp e c im en s  d i s t i n c t l y  s u b -  

t r i a n g u l a r .  S c a le s  sm ooth .

E ty m o lo g y , fro m  th e  L a t in ,  s im p le x  (= s im p le )  r e f e r r i n g  

to  th e  sm ooth s c a l e s .
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+ A t r a c t o s t e u s  a f r l c a n u s  (A ram bourg and  J o le a u d )

F ig u r e s  1 6 , 59

P a r a le p id o s te u 8  a f r l c a n u s  A ram bourg and  J o u le a u d ,  1 9 4 3 , p .  4 2 .

e a s i e r ,  1 9 6 1 , p .  4 1 . P a t t e r s o n ,  1973 , ? • 295*

D la g n o s i s . D i f f e r s  from  a l l  o th e r  A t r a c t o s t e u s  i n  

t h e  bony r i d g e  p a t t e r n  o f  t h e  one p r e s e rv e d  i n f r a o r b i t a l  

( f i g .  1 6 ) .  V e r te b r a e  a r e  l a r g e r  th a n  o th e r  A t r a c t o s t e u s  b u t  

a r e  n o t  d i a g n o s a b le .

T ype m a t e r i a l . MHNP N .2 7 -3 0 , N .155 ( v e r t e b r a e ) ,  N .37  

( i n f r a o r b i t a l ) .

T ype l o c a l i t y . From th e  v i c i n i t y  o f  D am ergou, N ig e r .

F o rm a tio n  and  a g e . Damergou B ed s, S e n o n ia n , U pper 

C re ta c e o u s .

D e s c r ip t i v e  com m ents. N .155 i s  a  l a r g e  a b d o m in a l 

v e r te b r a ,  4 l  mm a lo n g  th e  ven trum  o f  th e  c e n tru m . T ra n s ­

v e rs e  p r o c e s s e s  n o t  p r e s e r v e d ,  v e n t r a l  r i d g e s  w id e , 

in c o m p le te  n e u r a l  a r c h e s .  N .27  i s  a  l a r g e  a b d o m in a l v e r t e b r a  

(33 nun c e n tru m  l e n g t h ,  39*6 mm c en tru m  w id th ,  and 35*8 mm 

maximum c e n tru m  w id th )  s u b t r i a n g u l a r ,  w i th  v e n t r a l l y  d i r e c t e d  

t r a n s v e r s e  p r o c e s s e s  and tw o w id e ly  s p re a d  v e n t r a l  r i d g e s .

N .29  i s  a  s m a ll  (13  mm c en tru m  l e n g th )  a lm o s t  c o m p le te  abdom­

i n a l  v e r t e b r a  w i th  v e n t r a l  r i d g e s  l i k e  N .2 7 . N. 28 i s  a  

p o s t e r i o r  a b d o m in a l v e r t e b r a  w ith  s t r o n g l y  dow ntu rned
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t r a n s v e r s e  p r o c e s s e s  m e a su r in g  19 mm in  c e n tru m  l e n g t h .

N.30 i s  a  c a u d a l  v e r t e b r a ,  25 mm in  c en tru m  le n g th  w i th  a  

r e c t a n g u l a r  a r t i c u l a t i n g  s u r f a c e .  The i n f r a o r b i t a l ,  N.37, 

h a s  a  random  p i t t e d  p a t t e r n  o f  d e rm a l o rn a m e n ta t io n ,  n o t  

o r g a n is e d  i n t o  r a d i a t i n g  r i d g e s  l i k e  o th e r  A t r a c t o s t e u s .

T h is  bone was i n t e r p r e t e d  by A ram bourg and  J o le a u d  (19^3) 

a s  a  p a r t  o f  th e  d e n ta r y .  I t  i s  i n t e r p r e t e d  h e r e  a s  a n  

i n f r a o r b i t a l  b e c a u s e :  (1 )  i n  a l l  o th e r  A t r a c t o s t e u s  th e

l a s t  I n f r a o r b i t a l  h a s  tw o c l o s e l y  s i t u a t e d  row s o f  o u tw a rd ly  

d i r e c t e d  t S e th  and th e  o u t e r  row o f  t e e t h  i s  n o t  much l a r g e r  

th a n  th e  in n e r  row , a  c h a r a c t e r i s t i c  o f  N.37; and  (2) th e  

bone i s  f l a t t e n e d  l i k e  a  t y p i c a l  p o s t e r i o r  A t r a c t o s t e u s  

i n f r a o r b i t a l .

E ty m o lo g y . The t r i v i a l  name a f r l c a n u s  r e f e r s  t o  th e  

c o n t in e n t  o f  o c c u re n c e .
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+ A tr a c to s te u s  o c c i d e n t a l l s  (L e id y )

F ig u r e s  38c ,  4 8 a , 5 5 c , 60

L e p ld o s te u s  o c c i d e n t a l l s  L e id y , 1856a ,  p .  120; 1856b ,

p .  7 3 . Cope, 1 8 7 7 a ,p . 5 7 4 . Woodward, 1895* P* 126 . 

Lambe, 1902 , p .  29 ; 1904 , p p . 2 1 , 36 , 4 3 . C o c k e r e l l ,

1908 ,  p .  1 6 3 .

L e p id o te s  h a y d e n i L e id y , 1856a ,  p .  120; 1856b , p .  7 3 .

Woodward, 1895* P* 125* H a tc h e r ,  1905 , p .  6 7 .

C l a s t e s  o c c i d e n t a l l s  Cope, 1884, p .  5 2 .

L e p ls o s te u s  o c c i d e n t a l l s : C ro s s , 1896 , p .  227 : Hay, 1902, 

p .  337; 1903* P .  119 , 1910, p .  296 ; 1929 , p .  7 08 . 

W i l l i s t o n ,  1902 , p .  953** M atthew , 1916 , P- 48 5 .

G ilm o re , 1924 , p .  27* S te r n b e r g ,  1924 , p .  6 8 .

S to m er, 1925 , p .  3 60 . E s t e s ,  1964 , p .  43; 1969* p .  11• 

L e p ls o s te u s  h a y d e n i : C o c k e r e l l ,  1908* p .  1 3 6 .

L e p id o te s  o c c i d e n t a l l s : O sborn , 1902 , p .  1 1 . H a tc h e r ,

1905 , p .  6 7 . Lambe, 1907 , p .  179 . P e a le ,  1912 ,

P P . 7 4 6 , 7 5 4 .

D ia g n o s i s . A t r a c to s t e u s  o c c i d e n t a l l s  d i f f e r s  from  

A. s t r a u s i ,  A. t r o p i c u s ,  and  L e p ls o s te u s  o p e r tu s  i n  t h a t  

o c c i d e n t a l l s  l a c k s  en am e lo id  on th e  i n f r a o r b i t a l s ,  c irc u m ­

o r b i t a l s ,  f r o n t a l s ,  and  p r e o p e r c u l a r ,  and  h a s  re d u c e d  

am ounts o f  e n a m e lo id  on th e  d e rm c p te ro tic  w h ereas  th e  

above t h r e e  s p e c ie s  have e n a m e lo id  on th e  i n f r a o r b i t a l s
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circumorbitals, frontals, and preopercular, and have broad 
sheets of enameloid on the dermopterotic. Differs from 
A. simplex in that simplex has a relatively narrow dorsal
clrcumorbital and a dermosphenotic incorporated 
into the orbital margin,and low round or oblong enameloid 
tubercles on the dermopteryotic whereas occidentalls has 
a thick dorsal dircumorbital (which could presumably 
restrict the dermosphenotic from the orbital margin), 
and high rounded enameloid tubercles on the dermopteryotic. 
Differs from A. atrox in that atrox has boney ridges which 
are transversely striated on the frontals and dermo- 
pterotics whereas occidentalls has .non-striated boney ridges 
devoid of enameloid on the frontals and low ridges with 
rounded enameloid tubercles on the dermopterotics.
Differs from A. spatula in having larger, rounded tubercles 
whereas spatula has minute, round tubercles. Differs from 
A. tristoechus in that tristoechus lacks enameloid whereas 
occidentalls has enameloid.

Type. Five scales supposedly deposited at ANSP. I 
failed to locate the types.

Type locality. Bad Lands of the Judith River,
Nebraska Territory. No other locality given.

Formation and Age. Hell Creek, Judith River, Belly 
River, Lance, and Arapahoe - Denver Formations, Upper 
Cretaceous.
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D e s c r ip t i o n  and  c o m p a r is o n s . A t r a c to s t e u s  

o c c i d e n t a l l s  i s  known from  d i s a r t i c u l a t e d  m a t e r i a l  o n ly .  

L a rg e  p r e m a x i l l a e  from  th e  H e l l  C reek  fo rm a t io n  a r e  

p re su m a b ly  A. o c c i d e n t a l l s  and  have  two c o m p le te  row s o f  

p r e m a x i l l a r y  t e e t h  ( f i g .  3 8 c ) .  D e rm o p a la tin e s  w ith  

e n la r g e d  d e rm o p a la t in e  f a n g s .  I n f r a o r b i t a l s  a lm o s t  s q u a re  

w i th o u t  e n a m e lo id . Number o f  i n f r a o r b i t a l s  u n d e te rm in a b le  

b u t  d o r s a l  c l r c u m o r b i t a l  l a r g e  and  p re su m a b ly  e x c lu d e d  

th e  d e rm o sp h e n o tic  from  th e  o r b i t a l  m a rg in . Those s u b -  

o r b i t a l s  w h ich  can  be  d i s t i n g u i s h e d  from  L . o p e r tu s  a r e  

s m a ll  an d  have  a  few  s c a t t e r e d  and  ro u n d e d  e n a m e lo id  

t u b e r c l e s  on th e  boney  r i d g e s .  Number o f  s u p ra te m p o ra ls  

p e r  s id e  u n d e te r m in a b le .  S u p ra c le i th ru m  w ith  s im p le  

a r t i c u l a r  f a c e t  and  th e  a x i s  o f  th e  bone s t r a i g h t .  

S u p ra c le i th ru m  m ost s i m i l a r  i n  sh ap e  to  A. a t r o x  ( f i g .  55)

O v e ra l l  sh ap e  o f  th e  f r o n t a l  unknown, f r o n t a l  w i th o u t  

e n a m e lo id  and  w ith  low  bony r i d g e s .  P a r i e t a l  sh ap e  u n ­

known. Shape and  e n a m e lo id  p a t t e r n  o f  d e rm o p te ro t ic  

shown i n  f i g u r e  4 8 a . P re o p e rc u lu m  w ith  h ig h  bony r i d g e s  

on th e  l a t e r a l  arm , u s u a l ly  d e v o id  o f  e n a m e lo id  ( f i g u r e  

6 0 ) .  When p r e s e n t ,  e n a m e lo id  t u b e r c l e s  on th e  p r e -  

o p e rcu lu m  a r e  m in u te  and  w id e ly  s c a t t e r e d  ( l  o r  2 p e r  

r i d g e ,  f i g .  6 0 ) .

E ty m o lo g y . Prom th e  L a t in  o c c i d e n t a l l s  ( = w e s te m ) .

O th e r  com m ents. A. o c c i d e n t a l i s  o c c u rs  i n  th e  same
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154.

l o c a l i t i e s  a s  L . o p e r t u s .  O nly th o s e  b o n e s  w h ich  can  be 

d e f i n i t e l y  a s s ig n e d  to  A. o c c i d e n t a l l s  a r e  d i s c u s s e d  h e re  

a n d  f u r t h e r  s t u d i e s  on su c h  b o n e s  a s  th e  o p e r c u l a r ,  

s u b o p e r c u la r ,  and  c le i th r u m  w i l l  have  t o  a w a i t  t h e  c o l l e c t ­

io n  o f  m ore and  b e t t e r  p r e s e r v e d  m a t e r i a l .  The name A. 

o c c i d e n t a l l s  i s  a p p l i e d  t o  th e  above m a t e r i a l  b e c a u s e  

E s te s  (1964) im p l ie d  t h a t  A. o c c i d e n t a l l s  was c lo s e  t o  

A. s p a t u l a .
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+ A tr a c to s te u s  a t r o x  (L e id y )

F ig u r e s  4 8b , 5Oa,  5 2 a , 53d , 55d , 6 1 , 62

L e p ld o s te u s  a t r o x  L e id y , 1 8 7 3 a , p .  73 ; 1873b, p .  1 89 . 

Woodward, 1895 , P* 4 4 5 . E astm an , 1900a , p .  57;

1900b , p .  6 9 . S au v ag e , 1901 , p .  8 0 . S c h lo s s e r ,

1901 , p .  40 8 . S tro m e r , 1925* P« 360 .

L e p ld o s te u s  n o t a b i l l s  L e id y , 1873a ,  p .  9 8 ; 1873b , p .  1 9 2 .

Woodward, 1895 , P» 4 44 .

C l a s t e s  a n ax  Cope, 1873 ,  p .  634 ; 1884 , p .  5 3 . M e r r i l l ,

1907 , p .  7 .

C l a s t e s  n o t a b i l l s ; Cope, l8 7 7 b ,p .  4 0 .

C l a s t e s  a t r o x : C ope, 1884 , p .  5 4 . M e r r i l l*  1907 , P« 7* 

L e p ls o s te u s  n o t a b i l l s : Hay, 1 9 0 2 , p .  377; 1929 , P» 7 0 8 . 

L e p ls o s te u s  a t r o x  Hay, 1902 , p .  377; 1929 , p .  7 0 8 . J o rd a n  

1905 , p .  3 2 . M e r r i l l ,  1907 ,  p .  1 2 . H u ssa k o f . 1908 , 

p .  7 8 . H u ssak o f and  B ry a n t ,  1919 , P« 195*

D ia g n o s is . D i f f e r s  from  a l l  o t h e r  A t r a c t o s t e u s  i n  

h a v in g  v e ry  t h i c k  s k u l l  r o o f in g  bo n es w hich  have  h ig h  bony 

r i d g e s  w i th  t r a n s v e r s e  s t r i a t i o n s  cap p ed  w ith  m in u te  e n am el­

o id  t u b e r c l e s .

Tfrpe. USNM 2145 , an  a n t e r i o r  v e r t e b r a e ,  i n d i s t i n g u i s h ­

a b le  from  o t h e r  l a r g e  A t r a c t o s t e u s  v e r t e b r a e .

Type l o c a l i t y . J u n c t io n  o f  th e  B ig  Sandy and  G reen  

R iv e r s ,  S w ee tw a te r  C ou n ty , Wyoming.
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F o rm a tio n  a g e .  B r ld g e r  F o rm a tio n , Lower E o cen e .

D e s c r ip t io n  and  c o m p a r is o n s . A l a r g e  E ocene 

A t r a c t o s t e u s  d i s t i n g u i s h e d  by th e  e n a m e lo id  p a t t e r n  

d e s c r ib e d  a b o v e . D e s c r ip t i v e  comments a r e  b a se d  on USNM 

4755 ( f i g s .  6 1 , 62) and  MCZ 5168 ( a  c o m p le te  spec im en  

w i th  c ru s h e d  s k u l l ) .  M e r i s t i c s  r e p o r t e d  by  E astm an 

(1 9 0 0 a) shown i n  T a b le  2 .  M o rp h o m etrie s  ta k e n  from  th e  

USNM 4755 i n c lu d e :  DHL -  309 mm; PL -  4 6 .6  mm; FL -  139-9  

mm; PmxL -  1 2 6 .8  mm; OpW -  4 1 .5  mm. T hese  m easu rem en ts  

e x p re s s e d  a s  p r o p o r t io n s  o f  d o r s a l  h e ad  l e n g th  shown i n  

T a b le s  3 and  4 .

Two com ple e t h .  D e rm o p a la tin e

m o sa ic  n o t  debeiuuLnciuxe. xiu.ee »upx-<xtemporals on e a c h  

s id e  o f  th e  m id l in e .  S u p ra c le i th ru m  w ith  s im p le  a r t i c u l a r  

f a c e t ,  w i th o u t  d i s t i n c t  p r o j e c t i n g  r i d g e s .  Shape o f  th e  

s u p r a c le i th r u m  m ost s i m i l a r  to  A. s p a t u l a  and  A. 

t r i s t o e c h u s  ( f i g .  5 5 ) .

F r o n ta l  sh a p e  s i m i l a r  to  o t h e r s  i n  th e  g en u s ( f i g .  

5 3 d ) .  Shape an d  e n a m e lo id  p a t t e r n  o f  th e  d e r m o p te r o t ic .

n o t  o b s e r v a b le .

e n la r g e d  an d  p r

t h e  o r b i t a l  m ar

r e l a t i v e  s i z e  o

c i r c u m o r b i t a l s

T  and  th e  i n t e r n a l

' I s  s m a l l ,  b u t

i\s . Number o f

e n o t i c  from

c l r c u m o r b i t a l
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p a r i e t a l ,  and  o p e r c u l a r  shown i n  f i g u r e s  48b , 50a  and 5 

r e s p e c t i v e l y .  D i f f e r s  from  A. s t r a u s i ,  A. t r o p i c u s ,  ar. 
A. s im p le x  i n  h a v in g  an e n la r g e d  d o r s a l  c i r c u m o r t i t a l  » 

e x c lu d e s  th e  d e rm o sp h e n o tic  from  th e  o r b i t a l  m a rg in . 

D i f f e r s  from  A. s p a t u l a  i n  t h a t  a t r o x  h a s  th e  e n a a e lc ld  

p a t t e r n  s t a t e d  above w h e rea s  s p a t u l a  h a s  m in u te  r c u r . i e i  

t u b e r c l e s  on n o n - s t r i a t e d  r i d g e s .  D i f f e r s  from  A. 

t r i s t o e c h u s  i n  t h a t  a t r o x  h a s  e n a m e lo id  w hereas c r l s t c c  

l a c k s  e n a m e lo id .

E tym ology . From th e  L a t in  a t r o x  (* sa v a g e  c r  h i  dec
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F o rm a tio n  a g e .  B r id g e r  F o ira a t io n , Lower E o cen e .

D e s c r ip t i o n  a n d  c o m p a r is o n s . A l a r g e  E ocene 

A t r a c t o s t e u s  d i s t i n g u i s h e d  by th e  e n a m e lo id  p a t t e r n  

d e s c r ib e d  a b o v e . D e s c r ip t i v e  comments a r e  b a s e d  on  USNM 

4755 ( f i g s .  6 1 , 62) and  MCZ 5168 ( a  c o m p le te  sp ec im en  

w i th  c ru s h e d  s k u l l ) .  M e r i s t i c s  r e p o r t e d  b y  E astm an 

(1 9 0 0 a ) shown I n  T a b le  2 .  M o rp h o m e trie s  ta k e n  from  th e  

USNM 4755 in c l u d e :  DHL -  309 mm; PL -  4 6 .6  mm; FL -  139-9  

mm; PmxL -  1 2 6 .8  mm; OpW -  4 1 .5  mm. T hese  m easu rem en ts  

e x p r e s s e d  a s  p r o p o r t i o n s  o f  d o r s a l  h e ad  l e n g th  shown i n  

T a b le s  3 a n d  4 .

Two c o m p le te  row s o f  p r e m a x i l l a r y  t e e t h .  D e rm o p a la tin e  

n o t  o b s e r v a b le .  F iv e  t o  s i x  i n f r a o r b i t a l s .  Number o f  

c i r c u m o r b i t a l s  n o t  d e te r m in a b le .  D o rs a l  c i r c u m o r b i t a l  

e n la r g e d  a n d  p re su m a b ly  e x c lu d e d  d e rm o sp h e n o tic  from  

th e  o r b i t a l  m a rg in . P r e s e rv e d  s u b o r b i t a l s  s m a l l ,  b u t  

r e l a t i v e  s i z e  o f  m a rg in a l  s u b o r b i t a l s  and  th e  i n t e r n a l  

m o sa ic  n o t  d e te r m in a b le .  T h ree  s u p ra te m p o ra ls  on e a c h  

s i d e  o f  t h e  m id l i n e .  S u p ra c le i th ru m  w ith  s im p le  a r t i c u l a r  

f a c e t ,  w i th o u t  d i s t i n c t  p r o j e c t i n g  r i d g e s .  Shape o f  th e  

s u p r a c le i th r u m  m o st s i m i l a r  to  A. s p a t u l a  and  A. 

t r l s t o e c h u s  ( f i g .  5 5 ) .

F r o n t a l  sh a p e  s i m i l a r  to  o t h e r s  i n  th e  g en u s  ( f i g .

5 3 d ) .  Shape an d  e n a m e lo id  p a t t e r n  o f  th e  d e r m o p te r o t ic .
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p a r i e t a l ,  and  o p e r c u l a r  shown i n  f i g u r e s  48b , 50a  and  52a  

r e s p e c t i v e l y .  D i f f e r s  fro m  A. s t r a u s i ,  A. t r o p ic u 3 ,  and  

A. s im p le x  i n  h a v in g  an  e n la r g e d  d o r s a l  c i r c u m o r b i t a l  w h ich  

e x c lu d e s  th e  d e rm o s p h e n o tic  from  th e  o r b i t a l  m a rg in .

D i f f e r s  from  A. s p a t u l a  i n  t h a t  a t r o x  h a s  th e  e n am e lo id  

p a t t e r n  s t a t e d  above  w h e re a s  s p a t u l a  h a s  m in u te  ro u n d ed  

t u b e r c l e s  on n o n - s t r i a t e d  r i d g e s .  D i f f e r s  from  A. 

f c r is to e c h u s  i n  t h a t  a t r o x  h a s  e n a m e lo id  w h e rea s  t r i s t o e c h u s  

l a c k s  e n a m e lo id .

E ty m o lo g y . From th e  L a t in  a t r o x  (= sav a g e  o r  h id e o u s ) .
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A tr a c to s te u s  s p a t u l a  (Lac£pfede)

A l l i g a t o r  G ar 

F ig u r e s  7 , 2 1 f ,  4 8 c , 5 °b , 5 2b , 5 3 e , 5 5 e , 5 6 a , 63

L e p is o s te u s  s p a t u l a  Lac6p&de, 1803 , p .  3 3 3 .

L e p is o s te u s  f e r o x  R a f in e s q u e , 1820 , p .  73* K irfc la n d , 1844,

p .  1 8 .

L e p is o s te u s  b e l a n d i e r i  G i r a r d ,  1858 ,  p .  353- 

A t r a c to s t e u s  l u c i u s  D u m e r i i ,1870 , p .  3 66 .

L e p is o s te u s  v i r i d i s  (G tin th e r , 1870 , p .  329 (n o t  E sox 

v i r i d i s  G m elin w hich  i s  L e p is o s te u s  o s s e u s ) •

Woodward, 1895 , p .  4 41 . G o o d rich , 1909 ,  p .  341 . 

L i t h o l e p i s  adam antlm us R a f in e s q u e :  J o rd a n , 1877 ,  p .  16 . 

L i t h o l e p i s  s p a t u l a : J o rd a n ,  1877 , p .  16 .

L e p is o s te u s  t r l s t o e c h u s : J o rd a n , 1885 , p .  13 ( i n  p a r t ,  

N o r th  A m erican p o p u la t io n s  o n ly ) ;  J o rd a n  and  

Everm ann, 1896 ,  p .  I l l ;  F o rb e s  and R ic h a rd so n ,

1920, p .  35 ( i n  p a r t ,  N o rth  A m erican p o p u la t io n s  

o n l y ) .

A t r a c to s t e u s  s p a t u l a : J o r d a n ,  Everm ann, and  C la rk , 1930 , 

p .  38 .

D ia g n o s is . A t r a c to s t e u s  s p a t u l a  d i f f e r s  from  A. 

t r o p i c u s , A. s t r a u s l ,  A. s im p le x , and  A. a t r o x , i n  d erm al 

r o o f in g  bone e n am e lo id  p a t t e r s  ( f i g s .  4 7 -5 2 ) ,  from  A. 

t r o p i c u s  i n  l a t e r a l  l i n e  s c a l e  c o u n t ( 58-62  in  A. s p a t u l a ,
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5 1 -5 6  i n  Ar t r o p i c u s ) ,  num ber o f  p r e d o r s a l  s c a l e s  (4 9 -5 4  

i n  A. s p a t u l a ,  4-3-48 i n  A t r o p i c u s )  • A t r a c t o s t e u s  s p a t u l a  

d i f f e r s  from  A. t r i s t o e c h u s  i n  l a c k in g  e n a m e lo id  on th e  

d e rm al r o o f in g  b o n es  and  i n  g i l l  r a k e r  c o u n t(5 9 -6 6  r a k e r s  

on th e  f i r s t  a r c h  o u t s i d e  row i n  A. s p a t u l a ,  6 7 -8 1  i n  A. 

t r i s t o e c h u s ) .

T ype: A m ounted  sp ec im en  d e p o s i te d  a t  th e  Museum N a t io n a l

d 'H i s t o i r e  N a t u r e l l e ,  P a r i s ,  P ra n c e .

D e s c r ip t i o n  and  c o m p a r is o n s . A t r a c t o s t e u s  s p a t u l a  i s  

th e  l a r g e s t  o f  l i v i n g  g a r s  r e a c h in g  a  maximum r e p o r t e d  

l e n g t h  o f  o v e r  3 m e te r s  an d  w e ig h t o f  137 k i l o s  

( S u t tk u s ,  1963)*  M e r i s t i c  c o u n ts  a r e  shown i n  T ab le  2 .

S k u l l  m easu rem en ts  a s  e x p re s s io n s  o f  r a t i o s  o f  d o r s a l  

h e a d  l e n g th  a r e  shown i n  T a b le s  3 and

C o lo r  p a t t e r n  d e s c r i p t i o n s  have b een  g iv e n  by S u t tk u s  

(1963 ) f o r  a d u l t s  an d  j u v e n i l e s  and  by Moore e t  a l .  (1973) 

f o r  a  sm a ll  j u v e n i l e  sp e c im e n . J u v a n i l e s  w i th  f l a n k  s t r i p e  

w h ich  f a d e s  w i th  a g e .  Some a d u l t s  w i th  f l a n k  b lo tc h e s  on 

c a u d a l  p e d u n c le .  J u v e n i l e s  an d  a d u l t s  w i th o u t  b e l l y  s t r i p e s ,  

b e l l y  w i th o u t  p ig m e n t b l o t c h e s .  Head o f  j u v e n i l e s  d a rk ,  

no h e ad  b l o t c h e s .  J u v e n i l e s  w ith  a  p a i r  o f  d a rk  d o r s a l  

s t r i p e s  b o r d e r in g  a  m e d ia l l i g h t  s t r i p e ,  t h e s e  s t r i p e s  

ru n n in g  from  th e  b a ck  o f  th e  h e ad  t o  th e  b a se  o f  th e  

c a u d a l  f i n  and  f a d in g  w i th  a g e . F in s  o f  j u v e n i l e s  w i th  

p ig m e n t b l o t c h e s ,  some a d u l t s  w ith  b l o t c h e s .  The f i n
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r a y s  a r e  u s u a l l y  b row n . A d u lts  w i th  d a rk  brown to  t a n  

d o rsu m s, f a d in g  v e n t r a l l y  t o  a  w h ite  o r  y e l lo w is h  b e l l y .  

T h ro a t  r e g io n  s p e c k le d .

The p r e m a x i l l a  w i th  two c o m p le te  row s o f  t e e t h .  

D e rm o p a la tin e  f a n g s  a s  l a r g e  a s  i n f r a o r b i t a l  f a n g s  i n  

a d u l t s .  Vomer w i th  a  s i n g l e  e n la r g e d  f a n g .  F iv e  to  

se v e n  i n f r a o r b i t a l s  w i th  e n a m e lo id  l o s t  o r  re d u c e d  to  

a  few  m in u te  b l i s t e r s  on th e  bony  r i d g e s .  R em ain ing  

s k u l l  r o o f in g  b o n e s  w i th  m in u te  ro u n d e d  e n a m e lo id  

t u b e r c l e s .  O p e rc u la r  s e r i e s  w i th o u t  e n a m e lo id . 

A p p ro x im a te ly  e i g h t  c i r c u m o r b i t a l s .  The d e rm o sp h e n o tic  

e x c lu d e d  from  th e  o r b i t a l  m a rg in . Many s u b o r b i t a l s  

a p p ro x im a te ly  10 m ore a lo n g  th e  p o s t e r i o r  b o r d e r ,  

i n c lu d in g  th e  " d e r ra o h y a ls ."  T h ree  p o s t t e m p o r a l s  on e a c h  

s i d e  o f  th e  m id l in e  ( a  t o t a l  o f  s i x ) .  S u p ra c le i th ru m  

w i th o u t  p r o j e c t i n g  r i d g e s  above and  below  th e  a r t i c u l a r  

s o c k e t ,  m ost s i m i l a r  t o  t h a t  o f  A. t r i s t o e c h u s  i n  sh ap e  

( f i g .  5 5 e ) .

V e r te b ra e  o f  l a r g e  a d u l t s  s u b t r i a n g u l a r  i n  sh a p e , 

v e r t e b r a e  w ith  w ide v e n t r a l  r i d g e s .  A n te r io r  s c a l e s  w ith  

r i d g e s ,  p o s t e r i o r  s c a l e s  sm oo th .

G i l l  r a k e r s  o r n a t e ,  s i t t i n g  on b a s a l  p l a t e  and 

l a t e r a l l y  c o m p ressed  ( f i g .  2 1 f ) .  M ed ia l t o o th  p l a t e s  

m is s in g  on f i r s t  t h r e e  a r c h e s ,  re d u c e d  to  a s i n g l e  

in c o m p le te  row on f o u r t h  a r c h  and  3 -4  row s on f i f t h  

c e r a t o b r a n c h i a l  ( f i g .  56a ) ,  f i r s t  b a s ih y a l  t o o t h p l a t e s  

a r e  f u s e d .
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E ty m o lo g y . Prom t h e  L a t in  s p a t u l a  ( - b r o a d  p iec e - ,

o r  s p o o n ) , r e f e r r i n g  to  t h e  b ro a d  s n o u t .

R ange . Prom V e ra c ru z , M exico n o r th w a rd  t o  th e

M i s s i s s i p p i  R iv e r  d r a in a g e  in c lu d in g  th e  lo w e r  r e a c h e s  o f

th e  O hio an d  M is s o u r i  r i v e r s  and  e a s tw a rd  a lo n g  th e  G u lf

c o a s t  t o  C h o c taw h a tch ee  B ay , F l o r i d a .  A lso  known from

Lake N ic a ra g u a  (T U 388). P re s e n c e  o f  a b se n c e  o f  t h i s  s p e c ie s

b e tw ee n  th e  two d i s j u n c t  p o p u la t i o n s  unknow n.

O th e r  com m ents. A t r a c t o s t e u s  s p a t u l a  h a s  been

r e p o r t e d  fro m  th e  lo w e r P l io c e n e  o f  K ansas (C .L . S m ith ,

1962) an d  th e  P l e i s to c e n e  o f  th e  f o l lo w in g  s t a t e s :  T exas

(H ay, 1926 ; Uyeno and  M i l l e r ,  1962 ; S w if t ,  1968 ) ;

F l o r i d a  (H ay , 1 9 1 9 ) .
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A tr a c t o s t e u s  t r i s t o e c h u s  (B lo ch  an d  S c h n e id e r )

Cuban G ar o r  M a n ju ra l 

F ig u r e s  5 ,  48d , 5 0 c , 5 2 c , 53f j  55?s 5 6 b , 64

Esox t r i s t o e c h u s  B lo c h  an d  S c h n e id e r ,  1801 , p .  3 9 5 . 

L e p id o s te u s  m a n ju a r l  P o ey , 1854 , p .  2 7 3 .

L i t h o l e p i s  t r i s t o e c h u s : J o rd a n  an d  G i l b e r t ,  1883 ,  p .  92 

( i n  p a r t ,  Cuban p o p u la t io n s  o n ly ) .

L e p is o s te u s  t r i s t o e c h u s : J o rd a n  and  E verm ann, 1896 , 

p .  I l l  ( i n  p a r t ,  Cuban p o p u la t io n s  o n l y ) .

A t r a c t o s t e u s  t r i s t o e c h u s : J o rd a n ,  Everm ann an d  C la rk ,

1 930 , p .  3 8 . A lay o , 1973 , p .  1 1 .

L e p is o s te u s  t r i s t o e c h u s : S u t tk u s ,  1963* P« 7 0 .

D ia g n o s i s . D i f f e r s  from  a l l  o t h e r  s p e c i e s  o f  

A t r a c t o s t e u s  i n  l a c k in g  e n a m e lo id  on th e  d e rm a l r o o f in g  

b o n es  o f  th e  s k u l l .  D i f f e r s  from  a l l  A t r a c t o s t e u s  e x c e p t  

A. o c c i d e n t a l i s ,  A. a t r o x  and A. s p a t u l a  i n  h a v in g  an 

e n la r g e d  d o r s a l  c i r c u m o r b i t a l  w hich  e x c lu d e s  th e  derm o- 

s p h e n o t ic  from  th e  o r b i t a l  m a rg in , from  A. s p a t u l a  in  

g i l l  r a k e r  c o u n t ( 6 7 -8 1  i n  A. t r i s t o e c h u s ;  5 9 -6 6  i n  A. 

s p a t u l a ) ,  and  from  A. s p a t u l a ,  A. o c c i d e n t a l i s  an d  A. a t r o x  

i n  l a c k in g  e n a m e lo id  on th e  s k u l l  b o n e s .

T ype. N ot ex am in ed , p resum ed  on d e p o s i t  w i th  B lo ch  

and  S c h n e id e r  (1 801 ) ty p e s  a t  th e  Hum bolt U n iv e r s i ty  

Museum, E a s t  B e r l i n .
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D e s c r ip t io n  and  c o m p a r is o n s* A m ed iu m -s ize d  

A t r a c to s t e u s  g a r  o f  p re su m ab ly  p l a i n  c o l o r a t i o n .  The 

s k u l l  o f  a  t y p i c a l  specim en  i s  shown i n  f i g u r e  6 4 .

M e r i s t i c  d a ta  a r e  shown i n  T a b le  2 .  V a r io u s  m o rp h o m etric  

m easu rem en ts  e x p re s s e d  a s  r a t i o s  o f  d o r s a l  h e ad  l e n g th  

a r e  shown i n  T a b le s  3 and  4 .

S pecim ens exam ined  i n  t h i s  s tu d y  w ere o ld  and  

b le a c h e d ,  b u t  w hat c o lo r  p a t t e r n  re m a in e d  seem ed 

s i m i l a r  t o  A. s p a t u l a .

P r e m a x i l la  w ith o u t  r i d g e s  on i t s  p r o c e s s ,  th e  

e c to p te r y g o id  a r t i c u l a t i n g  w ith  th e  p r e m a x i l l a  p r o p e r .

Two co m p le te  row s o f  p r e m a x i l l a  t e e t h .  D e rm o p a la tin e  

w i th  two t e e t h  ro w s , th e  i n n e r  row e n la r g e d  a s  f a n g s .

T h ree  t o  f i v e  i n f r a o r b i t a l s .  E ig h t  t o  n in e  c irc u m -  

o r b i t a l s ,  d o r s a l  c i r c u m o r b i t a l  e n la r g e d  e x c lu d in g  th e  

d e rm o sp h e n o tic  from  th e  o r b i t a l  m a rg in . T h ree  c irc u m -  

o r b i t a l s  l i n i n g  th e  p o s t e r i o r  o r b i t a l  m a rg in  in c lu d in g  

th e  d o r s a l  c i r c u m o r b i t a l .  T h ree  l a c r i m a l s .  S u b o r b i t a l s  

num erous, v e n t r a l - p o s t e r i o r  m a rg in a l  s u b o r b i t a l s  o n ly  

s l i g h t l y  l a r g e r  th a n  th e  i n t e r n a l  m o s a ic . T h ree  o r  

o c c a s io n a l ly  f i v e  s u p ra te m p o ra ls  on e a c h  s id e  o f  th e  

m id l in e .  A r t i c u l a r  f a c e t  o f  th e  su p ra te n rp o ra l  s im p le , 

w ith o u t  p r o j e c t i n g  r i d g e s ,  d e v o id  o f  e n a m e lo id . Shape 

o f  th e  s u p r a c le i th r u m  m ost s i m i l a r  to  A. s p a t u l a  ( f i g .  5 5 f)»
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A ll  d e n n a l r o o f i n g  b o n es  o f  th e  s k u l l  l a c k in g  

e n a m e lo id . Shape o f  th e  d e r m o p te r o t ic ,  p a r i e t a l s ,  

and  o p e r c u l a r  shown I n  f i g u r e s  48d , 50c ,  an d  52c 

r e s p e c t i v e l y .  F r o n t a l  sh ap e  shown I n  f i g u r e  5 3 f .

F i r s t  b a s ih y a l  t o o t h p l a t e  p a i r e d .  G i l l  r a k e r s  

l a t e r a l l y  c o m p re sse d , c o n v o lu te d  on d o r s a l  e d g e , and  

s i t t i n g  on a  b a s a l  p l a t e  ( f i g .  2 1 g ) . G i l l  r a k e r s  

nu m b erin g  67 -8 1  on f i r s t  o u t s i d e  a r c h  ( S u t tk u s ,  1963 ,

6 7 -7 7  on sp ec im en s exam ined  i n  t h i s  s t u d y ) . M ed ial 

t o o t h p l a t e s  a b s e n t  on f i r s t  t h r e e  h y p o - and 

c e r a t o b r a n c h i a l s  and  f i r s t  i n f r a p h r y n g o b r a n c h ia l  ( f i g .

56b ) ,  r e d u c e d  to  a  s i n g l e  in c o m p le te  row on f o u r t h  a r c h  

and  se co n d  in f r a p h r y n g o b r a n c h ia l .

E tym o logy . From th e  L a t in  t r l  ( = th r e e )  and  G reek  s te a c h o s  

(= row s) r e f e r r i n g  t o  th e  row s o f  t e e t h  o f  t h e  lo w e r Jaw .

R ange. W este rn  Cuba and  th e  I s l e  o f  P in e s .
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P h y lo g e n e t ic  R e la t io n s h ip s  Among Gars

The c h a r a c t e r s  p r e s e n t e d  i n  th e  f o r e g o in g  d e s c r i p t i o n s  

o f  th e  g e n e ra  an d  s p e c i e s  o f  g a r s  a r e  d i s c u s s e d  be low  and  

c o n c lu s io n s  a r e  draw n a s  t o  t h e i r  r e l a t i v e  apom orphous 

o r  p le s io m o rp h o u s  n a t u r e .  A f t e r  t h i s  d i s c u s s i o n ,  f o u r  

p h y lo g e n e t ic  h y p o th e s e s  w i l l  be  p r e s e n te d  a s  a  summary, 

two f o r  e a c h  g e n u s . The f i r s t  w i l l  i n c o r p o r a t e  o n ly  

th e  R e c e n t s p e c ie s  w h e rea s  th e  l a t t e r  w i l l  p l a c e  th e  

f o s s i l  m o rp h o ty p e s  a t  th e  l e v e l  t h e i r  p r e s e r v e d  c h a r a c t e r s  

a llo w  a n a l y s i s .  The r a t i o n a l e  o f  t h i s  a p p ro a c h  r e s t s  

p r i m a r i l y  on th e  i n h e r e n t  in c o m p le te n e s s  o f  th e  f o s s i l  

sp ec im en s I  have  ex am in ed . I  have  c o n c lu d e d  t h a t  th e  

r e l a t i o n s h i p s  o f  th e  f o s s i l  fo rm s a r e  b e s t  i n v e s t i g a t e d  

w i th in  th e  c o n te x t  o f  an  u n d e r s ta n d in g  o f  t h e i r  R e ce n t 

r e l a t i v e s  ( f o l lo w in g  Greenw ood e t .  a l . ,  1966; an d  N e lso n , 

1 9 6 9 b ) fo r  two r e a s o n s .  F i r s t ,  an  a n a l y s i s  b a s e d  p r i m a r i l y  

on R e c e n t s p e c i e s  i s  e s p e c i a l l y  d e s i r a b l e  (a n d  e s s e n t i a l )  

i n  th e  c a s e  o f  g a r s  b e c a u s e  many o f  t h e  m a jo r  sy n a p o -  

m o rp h ie s  o f  th e  two g e n e ra  a r e  e i t h e r  n o t  p r e s e r v e d  i n  

f o s s i l s  o r  have  n o t  b e en  o b s e rv e d  to  d a te  i n  f o s s i l s .

O th e r  c h a r a c t e r s ,  ta k e n  i n  th e  c o n te x t  o f  a  w e l l  

c o r r o b o r a te d  h y p o th e s is  o f  R e c e n t s p e c i e s  r e l a t i o n s h i p s  

and p r e s e r v e d  i n  f o s s i l  g a r s  p e rm it  th e  e l u c i d a t i o n  o f  

th e  r e l a t i o n s h i p s  o f  th e  f o s s i l  m o rp h o ty p e s . T hus, much 

o f  th e  a n a l y s i s  o f  f o s s i l  g a r s  c o n c e rn s  th e  d is c o v e r y  o f
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p r e s e r v a b le  c h a r a c t e r s  w h ich  a r e  c o r r e l a t e d  w i th  sy n a p o -  

m o rp h ie s  w h ich  a r e  l e s s  am b ig u o u s. C oup led  w i th  th e  

above  r e a s o n in g  i s  t h e  p ro b le m  o f  sam ple  s i z e .

A n a iy z a b le  f o s s i l  g a r s  a r e  r a r e .  I n  some c a s e s ,  su c h  

a s  L . o p e r tu s  a n d  A. o c c i d e n t a l i s ,  t h e  m o rp h o ty p e  i s  

r e p r e s e n te d  o n ly  by  d i s a r t i c u l a t e d  re m a in s  and  many o f  

t h e s e  r e m a in s  a r e  n o t  d e f i n i t e l y  a s s ig n a b le  t o  one o r  

t h e  o t h e r  s p e c i e s .  I n  t h e  c a s e  o f  A .- a f r l c a n u s ,  th e  

e n t i r e  m o rp h o ty p e  I s  r e p r e s e n te d  by one  i n f r a o r b i t a l  and  

a  few  v e r t e b r a e .  I n  o t h e r  c a s e s ,  su c h  a s  L . i n d i c u s  and  

A. a t r o x ,  th e  m o rp h o ty p e  i s  r e p r e s e n te d  by one o r  two 

s k u l l s .  B e ca u se  o f  th e  low  num ber o f  sp e c im en s  a v a i l a b l e  

f o r  a n a l y s i s ,  i n t r a s p e c i f i c  v a r i a t i o n  c an  n o t  be  a s s e s s e d .

M onophyly o f  th e  G enera

F r o n t a l  b o n e s . The sh a p e s  o f  th e  f r o n t a l  b o n es  o f  a l l  

g a r s  r e f l e c t  th e  l e n g th e n in g  o f  th e  e th m o id  and  o t i c  

r e g io n s  o f  th e  g a r  s n o u t .  As su c h , th e  e lo n g a te  f r o n t a l s  

o f  g a r s  a r e  apom orphous r e l a t i v e  to  th e  s h o r t  

s n o u ts  o f  m ost o t h e r  a c t i n o p t e r y g i a n s .  W ith in  th e  f a m i ly ,  

t h e  A t r a c t o s t e u s  g a r s  h av e  s h o r t e r  f r o n t a l s  th a n  th e  

L e p is o s te u s  g a r s .  T h is  i s  r e f l e c t e d  n o t  o n ly  i n  th e  l e n g th  

o f  th e  b o n e , b u t  a l s o  i n  i t s  a r t i c u l a t i o n  w i th  b o th  th e  

p r e m a x i l l a r y  p r o c e s s  a n d  th e  p a r i e t a l s  and  d e r m o p te r o t i c s .  

The p r e m a x i l l a r y - f r o n t a l  a r t i c u l a t i o n  i n  L e p is o s te u s  i s

permission of the copyright owner. Further reproduction prohibited without permission.



167.

n a rro w  l a t e r a l l y  and  th e  p o s t e r i o r  arm  o f  t h e  p r e m a x i l l a r y  

p r o c e s s  i n  v e ry  t h i n .  I n  A t r a c t o s t e u s  th e  l a t e r a l  

b o u n d ry  o f  a r t i c u l a t i o n  i s  b ro a d  and  s lo p e s  g r a d u a l ly  

to w a rd  th e  p o s t e r i o r  o f  th e  p r e m a x i l l a r y  p r o c e s s .  In  

L e p is o s te u s  g a r s  th e  l a t e r a l  ed g e  o f  th e  f r o n t a l  grow s 

b a ck  a lo n g  th e  l a t e r a l  b o r d e r  o f  th e  d e rm o p te r o t ic  

w h e rea s  i n  A t r a c t o s t e u s  th e  d e rm o p te r o t ic  an d  f r o n t a l  m eet 

a t  m ore o r  l e s s  r i g h t  a n g le s  t o  th e  lo n g  a x i s  o f  th e  s k u l l .  

T h ere  d i f f e r e n c e s  b e tw een  L e p is o s te u s  and  A t r a c t o s t e u s  g a r s  

a r e  r e f l e c t e d  i n  th e  sh ap e  o f  th e  f r o n t a l  b o n es  o f  th e  

two g e n e r a .  B ecau se  th e  L e p is o s te u s  s n o u t i s  m ore e lo n g a te ,  

an d  th u s  r e l a t i v e l y  m ore apom orphous th a n  th e  A t r a c to s t e u s  

s n o u t ,  t h e  L e p is o s te u s  f r o n t a l  sh ap e  i s  h y p o th e s iz e d  th e  

m ore apom orphous o f  th e  two ty p e s  o f  f r o n t a l  s h a p e s .

G i l l  R a k e r s . T h e re  a r e  two ty p e s  o f  g i l l  r a k e r s  fo u n d  

among B e c e n t g a r s .  The f i r s t ,  fo u n d  i n  L e p is o s te u s  g a r s ,  

a r e  n o t  n u m ero u s, a r e  p e a r - s h a p e d  and  s tu d d e d  w ith  many 

r e l a t i v e l y  l a r g e  t e e t h .  T hese  g i l l  r a k e r s  a r e  s i m i l a r  to  

th o s e  o f  Amia c a l v a ,  A lb u la ,  an d  s e m io n o tid s  ( f i g .  2 1 a - d ) . 

They a r e  h y p o th e s iz e d  to  be p r i m i t i v e  r e l a t i v e  to  th e  g i l l  

r a k e r s  o f  A t r a c t o s t e u s . The A t r a c t o s t e u s  g i l l  r a k e r s  a r e  

num erous, l a t e r a l l y  c o m p re sse d , c o n v o lu te d  on t h e i r  d o r s a l  

e d g e , and  s i t  on b a s a l  p l a t e s  ( f i g .  2 1 e - g ) .  No o th e r  

a c t i n o p t e r y g ia n  i s  known to  h ave  su c h  g i l l  r a k e r s .  The 

A t r a c t o s t e u s  r a k e r  i s  c o n s id e r e d  a  synapom orphy u n i t i n g  

A t r a c t o s t e u s  i n t o  a m o n o p h y le tic  g ro u p .
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M ed ia l fcoofchplafces o f  th e  v i s c e r a l  a r c h e s . As d i s c u s s e d  

a b o v e , th e  d e rm a l a r c h  e le m e n ts  p r i m i t i v e l y  c o n s i s t  o f  

s e r i e s  o f  l a t e r a l  p l a t e s ,  g i l l  r a k e r s ,  an d  m e d ia l t o o t h -  

p l a t e s .  T h ere  a r e  no m e d ia l  t o o t h p l a t e s  i n  A t r a c to s t e u s  

g a r s  on th e  f i r s t  t h r e e  a r c h e s  an d  th e s e  t o o t h p l a t e s  a r e  

re d u c e d  to  a  s i n g l e  In c o m p le te  row  on th e  f o u r t h  a rc h  

( f i g .  5 6 ) .  L e p is o s te u s  g a r s  have  t h e s e  t o o t h p l a t e s ,  

a l b e i t  r e d u c e d  a s  com pared  w ith  th o s e  o f  o th e r  

n e o p te r y g ia n s  su c h  a s  Amia and  t e l e o s t s  ( f i g .  3^0 • I  

c o n c lu d e  t h a t  th e  a b se n c e  o f  m e d ia l  t o o t h p l a t e s  on th e  

f i r s t  t h r e e  a r c h e s  and  a  r e d u c t io n  o f  th e  f o u r t h  a rc h  

i s  a  synapom orphy u n i t i n g  A t r a c to s t e u s  g a r s .

E e to p te r y g o id - p r e m a x i l la  a r t i c u l a t i o n . The two 

g e n e ra  d i f f e r  i n  th e  way th e  e c to p te r y g o id  and p r e m a x i l l a r y  

a r t i c u l a t e  w i th  e a c h  o t h e r .  In  A t r a c t o s t e u s ,  th e  

e c to p te r y g o id  a r t i c u l a t e s  im m e d ia te ly  p o s t e r i o r  to  th e  

n a s a l  fo ram en  on th e  p r e m a x i l l a r y  p r o p e r .  T h is  i s  

e s s e n t i a l l y  th e  same ty p e  o f  a r t i c u l a t i o n  fo u n d  in  o t h e r  

a c t in o p t e r y g ia n s  ( a l th o u g h ,  o f  c o u r s e ,  th e  au tapom orphous 

p r e m a x i l l a r y  p r o c e s s  o f  g a r s  p ro d u c e s  a  e c to p te r y g o id -  

p r e m a x i l l a r y  a s s o c i a t i o n  n o t  s i m i l a r  t o  t h a t  o f  o t h e r  

a c t i n o p t e r y g i a n s ) .  The a r t i c u l a t i o n  i n  L e p is o s te u s  d i f f e r s  

i n  t h a t  th e  e c to p to p te r y g o id  a r t i c u l a t e s  w ith  th e  p r e ­

m a x i l l a r y  p r o c e s s  and  n o t  w ith  th e  p r e m a x i l l a r y  p r o p e r .

I n  L. p la to s to m u s ,  Li o c u la tu s ,  and  L. p l a t y r h ln c u s ,
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t h i s  i s  r e f l e c t e d  by  a  s e r i e s  o f  r i d g e s  on th e  p r e ­

m a x i l l a r y  p r o c e s s  ( f i g .  3 8 a ) .  I n  L . o s s e u s ,  th e  r i d g e s  

have  p re su m a b ly  b e en  o b l i t e r a t e d  by  in c r e a s e d  sn o u t 

l e n g th  ( s e e  d i s c u s s io n  b e lo w ) . U n f o r tu n a te ly ,  no f o s s i l  

g a r  h a s  t h i s  c h a r a c t e r  p r e s e r v e d .  I  c o n c lu d e  t h a t  R e c e n t 

L e p is o s te u s  g a r s  s h a re  a  synapom orph ic  e e t o p te r y g o i d -  

p r e m a x i l l a  a r t i c u l a t i o n .

D e rm o p a la tin e  f a n g s . D u rin g  o n to g e n y  th e  d e rm o p a l-  

a t i n e s  o f  b o th  A t r a c t o s t e u s  and  L e p is o s te u s  J u v e n i le s  

have d e rm o p a la t in e  f a n g s  a s  l a r g e  a s  th o s e  on th e  

i n f r a o r b i t a l s  ( S u t tk u s ,  1963 ) . As g ro w th  p ro c e e d s  th e  

d e rm o p a la t in e  t e e t h  o f  L e p is o s te u s  do n o t  grow a s  l a r g e  

a s  th o s e  o f  A t r a c t o s t e u s . F u l ly  grown A t r a c t o s t e u s  g a r s  

h av e  an  in n e r  row o f  d e rm o p a la t in e  f a n g s  a s  l a r g e  a s  th e  

i n f r a o r b i t a l  f a n g s  and  an  o u t e r  row  o f  t e e t h  c o r r e s p o n d ­

in g  i n  s i z e  t o  th e  o u t e r  row o f  s m a l le r  i n f r a - o r b i t a l  

t e e t h .  A d u lt L e p is o s te u s  g a r s  l a c k  th e  d e rm o p a la t in e  

f a n g s ,  h a v in g  o n ly  two row s o f  th e  s m a l le r  t e e t h .

E n la rg e d  d e rm o p a la t in e  t e e t h  a r e  t y p i c a l  o f  many 

s e m io n o tifo rm s  an d  o f  Am ia. The p re s e n c e  o f  d e rm o p a la t in e  

f a n g s  i n  o u tg ro u p s  and  th e  o n to g e n e t ic  e v id e n c e  l e a d s  t o  

a  c o n c lu s io n  t h a t  th e  l a c k  o f  d e rm o p a la t in e  fa n g s  i n  a d u l t  

L e p is o s te u s  i s  a  synapom orphy o f  th e  g e n u s .

E n am e lo id . Some s p e c ie s  o f  b o th  L e p is o s te u s  and  

A t r a c to s t e u s  have  b ro a d  f l a t t e n e d  e n am e lo id  t u b e r c l e s  

w hich  in te r c o n n e c t  to  fo rm  c o n v o lu te d  p a t t e r n s  on th e
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p a r i e t a l s  an d  d e r m o p te r o t ic s  a s  w e l l  a s  m ore o r  l e s s  

e x te n s iv e  am ounts o f  e n a m e lo id  on th e  o t h e r  s lc u ll  

r o o f in g  b o n e s . ( i . e .  L . o p e r tu s  an d  L . c u n e a tu s ;  A. 

s t r a u s l  and  A. t r o p i c u s ) • I n  a l l  L e p is o s te u s  g a r s  e x c e p t  

L . in d ie u s  t h e r e  a r e  a l s o  l a r g e  am ounts o f  e n a m e lo id  on t h e  

i n f r a o r b i t a l s  a n d  p r e o p e r c u l a r s  ( i n  L . o p e r tu s  i t  i s  

d i f f i c u l t  t o  d e c id e  b e c a u se  o f  w e a th e r in g ) .  A l l  

A t r a c t o s t e u s  g a r s  show some r e d u c t io n  ( o r  l o s s )  o f  

e n a m e lo id  on t h e  i n f r a o r b i t a l s  and  t h e  p r e o p e r c u l a r s  o r  

b o th .  The i n i t i a l  l o s s ,  o r  r e d u c t io n ,  o f  e n a m e lo id  on 

th e  i n f r a o r b i t a l s  a n d  th e  te n d e n c y  to w a rd  c o n tin u e d  

r e d u c t io n  o f  e n a m e lo id  on o t h e r  s k u l l  r o o f in g  b o n e s  i s  

h y p o th e s iz e d  h e r e  t o  be  apom orphous f o r  th e  gen u s 

A t r a c t o s t e u s ,  w h e re a s  th e  r e t e n t i o n  o f  t h i s  e n a m e lo id  i n  

p r i m i t i v e  L e p is o s te u s  g a r s  i s  c o n s id e r e d  p le s io m o rp h o u s .

S u p r a c le i th r u m . G ars  d i f f e r  

from  o t h e r  a c t i n o p t e r y g ia n s  i n  h a v in g  a  s u p r a c le th r iu m  

w ith  a  c o n cav e  a r t i c u l a r  f a c e t  f o r  a r t i c u l a t i o n  w i th  th e  

p o s t - t e m p o r a l .  A l l  A t r a c to s t e u s  g a r s  h av e  s im p le  

a r t i c u l a r  f a c e t s  w i th o u t  bony p r o j e c t i o n s  above and  below  

th e  f a c e t s  ( f i g .  55) w h ile  L e p is o s te u s  g a r s  have th e s e  

p r o j e c t i o n s  ( f i g .  2 4 ) .  The a b se n c e  o f  t h e s e  p r o j e c t i o n s  i n  

A t r a c to s t e u s  o r  o t h e r  a c t in o p t e r y g ia n s  l e a d s  to  a  c o n c lu s io n  

t h a t  th e  p r o j e c t i o n s  a r e  synapomorphic f o r  L e p i s o s te u s .
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The sh a p e  o f  t h e  s u p r a c le i th r u m  a l s o  d i f f e r s  i n  th e  

two g e n e ra  ( f i g s .  2k,  5 5 ) ,  b u t  th e  c h a r a c t e r i z a t i o n  o f  

e i t h e r  a s  p le s io m o rp h o u s  o r  apom orphous i s  n o t  j u s t i f i e d .
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R e la t io n s h ip s  Among L e p is o s te u s  Gars

P r e m a x i l l a r y  t o o t h  p a t t e r n . The p r e m a x i l l a r y  

t e e t h  a r e  known i n  s i x  o f  t h e  e i g h t  s p e c ie s  o f  

L e p i s o s te u s . L e p is o s te u s  p la to s to m u s  and  p ro b a b ly  L . 

o p e r tu s  d i f f e r s  from  a l l  o t h e r  s p e c ie s  i n  h a v in g  two 

c o m p le te  row s o f  t e e t h  on  th e  p r e m a x i l l a .  T h is  i s  

s i m i l a r  to  th e  p a t t e r n  i n  A t r a c t o s t e u s  ( f i g .  38c) and  

i s  c o n s id e r e d  p le s io m o rp h o u s . O th e r  L e p is o s te u s  d i s p l a y  

a  r e d u c t io n  t r e n d  i n  t h e  num ber o f  t e e t h  on th e  o u t e r  

row . L e p is o s te u s  o s s e u s  h a s  an  in te r m e d ia t e  num ber o f  

two to  f o u r  t e e t h  w h e re a s  L . o c u la tu s ,  L . p l a t y r h i n e u s ,  

and  L ^ f i f a b r i a t u s  ( f i g .  38b) have a  s i n g l e  t o o th  on th e  

o u t e r  row ( o c c a s i o n a l ly  two i n  p l a t y r h i n e u s ) . The c o n d i t io n  

i n  L . o s s e u s  i s  c o n s id e r e d  p le s io m o rp h o u s  r e l a t i v e  to  

th o s e  i n  th e  l a t t e r  t h r e e  s p e c i e s .

E c to p te ry g o id  p r e m a x i l l a r y  a r t i c u l a t i o n . The 

e e to p te r y g o id - p r e m a x i l l a  a r t i c u l a t i o n  i s  known o n ly  from  

R e ce n t s p e c i e s .  The a r t i c u l a t i o n  o f  th e  e c to p te r y g o id  and 

th e  n a s a l  p r o c e s s  o f  th e  p r e m a x i l l a  i s  c o n s id e r e d  a 

synapom orphy o f  L e p is o s te u s  and  t h i s  a r t i c u l a t i o n  i s  

m a n i f e s te d  by a  s e r i e s  o f  r i d g e s  on th e  s id e  o f  th e  

p r e m a x i l l a  i n  L. p l a to s to m u s . L. o c u la tu s ,  and  L. 

p l a t y r h i n e u s . L e p is o s te u s  o s s e u s  d oes n o t  have th e s e  

r i d g e s  b u t  m a in ta in s  th e  u s u a l  L e p is o s te u s  a r t i c u l a t i o n .
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I t  i s  l o g i c a l  t o  assum e t h a t  th e  l o s s  o f  r i d g e s  on th e  

n a s a l  p r o c e s s  i n  L . o s s e u s  i s  an  apom orphic  c o n d i t io n  

r e l a t e d  to  g r e a t l y  in c r e a s e d  sn o u t l e n g th  i n  w hich  

th e  e c to p te r y g o id  h a s  e lo n g a te d  to  su ch  an e x te n t  

t h a t  th e  hone i s  v e ry  t h i n  a t  i t s  a n t e r i o r  e n d .

M ed ia l t o o t h p l a t e s  o f  th e  g i l l  a r c h e s . The 

d i s t r i b u t i o n  o f  m e d ia l  t o o th  p l a t e s  i s  known o n ly  i n  

R e ce n t fo rm s . As d i s c u s s e d  a b o v e , L e p is o s te u s  d i f f e r s  

from  A t r a c to s te u s  i n  h a v in g  some m e d ia l t o o th  p l a t e s  on 

th e  f i r s t  h y p o b ra n c h ia ls  w h e rea s  L. o c u la tu s  an d  L. 

p l a t y r h in e u s  l a c k  m e d ia l  t o o t h p l a t e s  on th e  f i r s t  

h y p o b ra n c h ia l .  T h is  c o n d i t io n  in  th e  l a t t e r  s p e c ie s  i s  

h y p o th e s iz e d  d e r iv e d  r e l a t i v e  t o  th e  fo rm e r .

C o lo r  p a t t e r n  c h a r a c t e r i s t i c s  among L e p is o s te u s .

C o lo r  p a t t e r n s  v a ry  i n  a d u l t s  betw een  v e ry  p l a i n  (L . 

p la to s to m u s ) to  v e ry  s p o t t e d  (L . p l a t y r h i n e u s ) . T hree  

s p e c i e s ,  L . o s s e u s ,  L . p l a t y r h in e u s ,  and  L. o c u la tu s  r e t a i n ,  

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

i s t i c s  common to  a l l  R ecen t s p e c ie s  o f  L e p is o s te u s  and 

j u v e n i l e  A. t r o p i c u s  w h e reas  L . p la to s to m u s  l o s e s  o r  

g r e a t l y  re d u c e s  th e  i n t e n s i t y  o f  th e s e  c o lo r  p a t t e r n s .

The f la n k , s t r i p e s ,  d o r s a l  s t r i p e  and  b e l l y  p ig m e n ta t io n  o f  

L. o c u la tu s ,  L . p l a t y r h i n e u s ,  and  L . o s s e u s  a r e  h y p o th e s iz e d  

p le s io m o rp h o u s  r e l a t i v e  to  th e  c o n d i t io n  fo u n d  in  l a r g e  

j u v e n i l e  and a d u l t  L . p la to s to m u s .o n  th e  b a s i s  o f  

o n to g e n e t ic  and  o u tg ro u p  c r i t e r i a .  The f u r t h e r  e lu c id a t io n
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o f  sy n ap o m o rp h ies  b e tw een  th e  o t h e r  R e ce n t s p e c ie s  o f  

L e p is o s te u s  i s  c o m p lic a te d  by th e  ra n g e  o f  i n t r a ­

s p e c i f i c  v a r i a t i o n  fo u n d  i n  L . o s s e u s  an d  L. o c u la tu s  

( s e e  d e s c r i p t i o n s  above an d  c o l o r  n o te s  by  S u t tk u s ,  1963)* 

One c h a r a c t e r  seem s r e l a t i v e l y  unam biguous -  th e  l a r g e  

b lo tc h e s  on th e  h ead  o f  L . o c u la tu s  and  L . p l a t y r h in e u s  

a r e  h y p o th e s iz e d  to  be  apom orphous. T h is  h y p o th e s is  

i s  w eakened by th e  o b s e r v a t io n  t h a t  some L. o s s e u s  have 

h ead  b lo tc h e s  ( a l b e i t  s m a ll)  w h i le  some l a c k  head  

b lo tc h e s  e n t i r e l y .

E nam elo id  p a t t e r n s  on s k u l l  r o o f in g  b o n e s . As 

d i s c u s s e d  a b o v e , th e  p le s io m o rp h o u s  e n a m e lo id  p a t t e r n  

f o r  g a r s  i s  h y p o th e s iz e d  to  c o n s i s t  o f  s h e e t s  o f  e n am e lo id  

on th e  s u p ra te m p o ra ls ,  p a r i e t a l s ,  and  d e r m o p te r o t i c s .  T h is  

p a t t e r n  i s  fo u n d  in  L . o p e r t u s . L e p is o s te u s  c u n e a tu s  

r e t a i n s  m ost o f  th e  p le s io m o rp h o u s  p a t t e r n  b u t  shows 

some r e d u c t io n  o f  e n a m e lo id  com pared  to  L . o p e r t u s . 

L e p is o s te u s  o c u la tu s ,  L . p l a t y r h i n e u s ,  L . f i m b r l a t u s ,  and 

L. p la to s to m u s  te n d  to  have  t h i n  e lo n g a te  e n am e lo id  

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

o b lo n g  d is c o n n e c te d  t u b e r c l e s  on th e s e  b o n e s . L e p is o s te u s  

o s s e u s  h as  l e s s  e n a m e lo id  on th e  p a r i e t a l s  and  

d e rm o p te ro t ic s  th a n  o t h e r  s p e c i e s ,  e x c e p t  L . f im b r l a tu s  

and  L . ln d ic u s  (w h ich  la c k s  e n a m e lo id  c o m p le te ly ) . A ll  

L e p is o s te u s  show a  te n d e n c y  to  have  sm a ll  ro u n d ed
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e n a m e lo id  t u b e r c l e s  on th e  f r o n t a l  b o n e s . L e p is o s te u s  

o s s e u s  h a s  re d u c e d  th e  am ount o f  e n a m e lo id  on th e  f r o n t a l  

b o n es  t o  a  g r e a t e r  e x te n t  t h a t  o t h e r  L e p is o s te u s  w h ich  

have  e n a m e lo id , an d  th e  c o n d i t io n  i n  L . o s s e u s  i s  

h y p o th e s iz e d  to  be  i n te r m e d ia t e  b e tw een  th e  u s u a l  

c o n d i t io n  i n  th e  g e n u s  an d  th e  c o n d i t io n  se e n  i n  L. 

i n d i c u s ,  w here th e  e n a m e lo id  i s  m is s in g  an d  th e  boney  

r i d g e s  a r e  re d u c e d  i n  h e i g h t .  The c o m p le te  l o s s  o f  

e n a m e lo id  i n  L . i n d ic u s  and  A. t r i s t o e c h u s  i s  

c o n s id e r e d  h e re  a s  a  n o n -h o m o lo g y .

E thm oid  e lo n g a t i o n . L e p is o s te u s  o s s e u s  i s 

au ta p o m o rp h ic  among R e ce n t s p e c ie s  o f  L e p is o s te u s  i n  th e  

l e n g th  o f  i t s  s n o u t .  The lo n g  sn o u t o f  L . i n d ic u s  i s  

h y p o th e s iz e d  to  be a  synapom orphy w i th  L . o s s e u s  when 

f o s s i l  and  R ecen t s p e c ie s  a r e  c o n s id e r e d .
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176 .
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D e rm o sp h en o tlc  and  th e  c i r c u m o r b i t a l  s e r i e s . The 

p o s i t i o n  o f  t h e  d e rm o s p h e n o tlc ,  th e  r e l a t i v e  s i z e  o f  th e  

o t h e r  c i r c u m o r b i t a l s ,  and  th e  r e l a t i v e  s i z e  o f  t h e  o r b i t  

a r e  known i n  a l l  R e c e n t s p e c i e s  o f  A t r a c t o s t e u s ,  A. s t r a u s l ,  

A. s im p le x , an d  can  be  i n f e r r e d  from  th e  re m a in s  o f  A. 

a t r o x  an d  A. o c c i d e n t a l i s . I n  a l l  o f  th e s e  s p e c ie s  

e x c e p t  A. t r o p i c u s  an d  A. s t r a u s i  th e  d e rm o sp h e n o tlc  i s  

e x c lu d e d  from  th e  o r b i t  by  a n  e n la rg e m e n t o f  th e  d o r s a l  

c i r c u m o r b i t a l  ( th e  s u p r a o r b i t a l )  and  th e  o r b i t  i s  

r e l a t i v e l y  s m a l l s I n  a l l  R e c e n t and  f o s s i l  L e p is o s te u s  

w here  th e  c o n d i t i o n  i s  known th e  d e rm o sp h e n o tlc  i s  

in c lu d e d  i n  t h e  o r b i t a l  m a rg in , th e  d o r s a l  c i r c u m o r b i t a l  

i s  t h i n ,  and  th e  o r b i t  i s  l a r g e ,  th e  same c o n d i t io n s  

se e n  i n  A. t r o p i c u s . A. s t r a u s i ,  and  A. s im p le x . I  c o n c lu d e  

t h a t  t h e  c o n d i t i o n s  s e e n  i n  A. t r o p i c u s  an d  A. s t r a u s i  a r e  

p le s io m o r p h ic  r e l a t i v e  t o  t h a t  se e n  i n  th e  s p a t u l a  s p e c ie s  

g ro u p .

I n f r a o r b i t a l  e n a m e lo id . The o n ly  two s p e c i e s  o f  

A t r a c t o s t e u s  w h ich  r e t a i n  s i g n i f i c a n t  am ounts o f  e n am e lo id  

on th e  i n f r a o r b i t a l s  a r e  A. t r o p i c u s  and  A. s t r a u s i .

O th e r  s p e c i e s  e i t h e r  c o m p le te ly  l a c k  e n a m e lo id  on th e  

i n f r a o r b i t a l  o r  have  m in u te  am ounts a s  an  i n d i v i d u a l  

v a r i a t i o n  ( c . f .  A. s p a t u l a ) . A l l  d i s a r t i c u l a t e d
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I n f r a o r b i t a l s  o f  A. o c c i d e n t a l i s  exam ined  la c k e d  

i n f r a o r b i t a l  e n a m e lo id , a s  do th e  i n f r a o r b i t a l s  o f  th e  

a r t i c u l a t e d  s k u l l s  o f  A. a t r o x  and  A. s im p le x . The 

s i n g l e  p r e s e r v e d  i n f r a o r b i t a l  o f  A. a f r i c a n u s  l a c k s  

e n a m e lo id . E n am elo id  i s  p r e s e n t  on th e  i n f r a o r b i t a l s  

o f  a l l  L e p is o s te u s  an d  s in c e  l a r g e  am ounts o f  e n a m e lo id  

on d e rm a l b o n e s  seem s a  p r i m i t i v e  a c t in o p t e r y g ia n  

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

e n a m e lo id  a s  p le s io m o rp h o u s . Thus th e  l a c k  ( o r  v i r t u a l  l a c k  

o f )  e n a m e lo id  o f  A. a f r i c a n u s ,  A. o c c i d e n t a l i s ,  A. s im p le x , A. 

a t r o x ,  A. s p a t u l a  an d  A. t r i s t o e c h u s  i s  c o n s id e r e d  

d e r iv e d  r e l a t i v e  t o  th e  c o n d i t io n  o f  A. t r o p i c u s  and 

A. s t r a u s i .

O th e r  e n a m e lo id  p a t t e r n s . E n am elo id  p a t t e r n s  w i th in  

A t r a c t o s t e u s  i n c lu d e  b o th  p r o l i f e r a t i o n  and  r e d u c t io n  o f  

e n a m e lo id . The p r i m i t i v e  p a t t e r n  f o r  th e  f a m ily  i s  

h y p o th e s iz e d  to  be s i m i l a r  to  A. t r o p i c u s ,  A. s t r a u s i  (an d  

L. o p e r t u s ) w h ich  have  b ro a d  f l a t  i n te r c o n n e c t e d  e n a m e lo id  

t u b e r c l e s  ru n n in g  on to p  o f  th e  bony r i d g e s  o f  th e  

d e r m o p te r o t i c s ,  p a r i e t a l s  and  o t h e r  r o o f in g  b o n e s . T h is  

h y p o th e s is  i s  n o t  r e f u t e d  by th e  o b s e r v a t io n  t h a t  many 

c h o n d ro s te a n s  have  e s s e n t i a l l y  th e  same ty p e  o f  e n a m e lo id .

A. a t r o x  h a s  a  u n iq u e  e n am e lo id  p a t t e r n .  A t r a c to s t e u s  

o c c i d e n t a l i s  and  A. s im p le x  have re d u c e d  num bers o f  ro u n d  

o r  o b lo n g  t u b e r c l e s  w h ich  a r e  c o n s id e r e d  r e l a t i v e l y  

p le s lo m o rp h ic  to  th e  m in u te  e n a m e lo id  t u b e r c l e s  o f  A. 

s p a t u l a .  A t r a c t o s t e u s  t r i s t o e c h u s  l a c k s  e n am elo id
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c o m p le te ly  an d  i s  h y p o th e s iz e d  to  h ave  th e  m ost 

apom orphous c o n d i t io n  w i th in  t h i s  g ro u p .

C o lo r  p a t t e r n . A t r a c to s t e u s  t r o p i c u s  j u v e n i l e s  

have a l l  th e  c o lo r  p a t t e r n  c h a r a c t e r s  c o n s id e re d  

p le s io m o rp h o u s  f o r  th e  f a m i ly  and  a d u l t s  r e t a i n  some 

o f  th e s e  c o n d i t i o n s .  A t r a c to s t e u s  s p a t u l a  and  A. 

t r i s t o e c h u s  l a c k  many o f  th e s e  p ig m e n t p a t t e r n s  and  

t h e i r  c o lo r  p a t t e r n  s i m i l a r i t i e s  a r e  h y p o th e s iz e d  a s  

apom orphous r e l a t i v e  to  th e  p a t t e r n s  o f  A. t r o p i c u s .

Summary o f  r e l a t i o n s h i p s  and  d i s c u s s i o n . The f o u r  

p h y lo g ram s p r e s e n te d  below  i n  f i g u r e s  65 to  68 r e p r e s e n t  

th e  l e a s t  r e j e c t e d  h y p o th e s e s  o f  r e l a t i o n s h i p s  among th e  

s p e c ie s  o f  e a c h  g e n u s .

F ig u re  65  i s  a  summary o f  th e  l e a s t  r e j e c t e d  

h y p o th e s is  o f  r e l a t i o n s h i p s  o f  H ecen t L e p is o s te u s  g a r s .

The m onophyly o f  th e  gen u s i s  c o r r o b o r a te d  by 4 c h a r a c t e r s  

( 8 - 1 1 ) .  T h a t L . o s s e u s  i s  m ore c lo s e l y  r e l a t e d  t o  L . 

o c c u la tu s  and  L. p l a t y r h in e u s  i s  c o r r o b o r a te d  by one 

c h a r a c t e r  (6 ) w h ile  th e  m onophyly o f  th e  o c u la tu s -  

p l a t y r h in c u s  s p e c ie s  p a i r  i s  c o r r o b o r a te d  by 3 c h a r a c t e r s

( 1 -3  ) •

F ig u re  66 sum m arizes th e  l e a s t  r e j e c t e d  h y p o th e s is  

o f  r e l a t i o n s h i p  among f o s s i l  and  H ecen t L e p i s o s te u s .

The o n ly  d e r iv e d  c h a r a c t e r  w h ich  L. o p e r tu s  s h a r e s  w i th
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o t h e r  L e p is o s te u s  i s  th e  c o r r e c t  f r o n t a l - d e r m o p t e r o t i c  

a r t i c u l a t i o n .  L e p is o s te u s  c u n e a tu s  h a s  t h i s  c h a r a c t e r  

p lu s  a  l a c k  o f  d e rm o p a la t in e  f a n g s  ( a  c o n d i t io n  n o t  

o b s e rv a b le  i n  L . o p e r t u s ) . L e p is o s te u s  c u n e a tu s  i s  

h y p o th e s iz e d  m ore d e r iv e d  th a n  L . o p e r tu s  b a s e d  on i t s  

m ore d e r iv e d  e n a m e lo id  p a t t e r n .  L e p is o s te u s  i n d ic u s  i s  

h y p o th e s iz e d  to  be  th e  s i s t e r  s p e c i e s  o f  L . o s s e u s  b a s e d  

on th e  r e l a t i v e l y  m ore e lo n g a te  f r o n t a l s  o f  b o th  and  on  th e  

h y p o th e s is  t h a t  L . o s s e u s  i s  i n t e r m e d ia t e  i n  e n a m e lo id  

p a t t e r n  and  boney  r id g e  h e ig h t  b e tw een  L . I n d ic u s  and  

o t h e r  L e p i s o s te u s . L e p is o s te u s  f i m b r l a t u s  i s  h y p o th e s iz e d  

to  b e  th e  s i s t e r  s p e c i e s  o f  th e  o c u l a t u s - p l a t y r h in c u s  

s p e c i e s  p a i r  b a se d  on th e  s h a r e d  s i n g l e ,  m e d ia l ,  t o o th  

i n  th e  o u t e r  to o th  row o f  th e  p r e m a x i l l a r y .

F ig u r e  67  sum m arizes th e  l e a s t  r e j e c t e d  h ypothesis o f  

r e l a t i o n s h i p  among R e ce n t A t r a c t o s t e u s  g a r s .  The 

m onophyly o f  th e  g e n u s  i s  c o r r o b o r a te d  by t h r e e  

sy n ap o m o rp h ie s  (7 -9 )*  T h a t A. s p a t u l a  i s  th e  R ecen t 

s i s t e r  s p e c ie s  o f  A. t r i s t o e c h u s  i s  c o r r o b o r a te d  by 

f i v e  c h a r a c t e r s  ( 2 - 6 ) .  One au tapom orphy  i s  a l s o  p r e s e n te d .

F ig u re  68 sum m arizes th e  r e l a t i o n s h i p  o f  f o s s i l  

and  R ecen t A t r a c t o s t e u s . A t r a c to s t e u s  s t r a u s i  i s  

c o n s id e r e d  A t r a c t o s t e u s  i n c e r t a e  s e d l s ,  and  i t s  

i n c l u s i o n  in  th e  g e n u s  i s  b a se d  on r e d u c t io n  o f  en am e lo id  

on th e  i n f r a o r b i t a l s .  A t r a c t o s t e u s  t r o p i c u s  i s  h y p o th e s iz e d

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



180.

m ore d e r iv e d  th a n  A. s t r a u s l  b a s e d  on th e  r e d u c t io n  o f  th e  

e n a m e lo id  t u b e r c l e s  on  t h e  p r e o p e r c u l a r  o f  A. t r o p i c u s  

a n d  o t h e r  A t r a c t o s t e u s  r e l a t i v e  t o  th e  r e t e n t i o n  o f  th e s e  

lo n g  e n a m e lo id  t u b e r c l e s  I n  A. s t r a u s l . O th e r  A t r a c to s t e u s  

e i t h e r  l a c k  e n a m e lo id  on t h e  I n f r a o r b i t a l s ,  o r  h ave  l e s s  

e n a m e lo id  on th e  i n f r a o r b i t a l s  th a n  e i t h e r  A. s t r a u s l  o r  

A. t r o p i c u s .  A t r a c t o s t e u s  s im p le x  i s  p la c e d  above  A. s t r a u s l  

a n d  A. t r o p i c u s . A t r a c t o s t e u s  s im p le x  h a s  a  r e d u c t io n  o f  

en am e lo id  on th e  s k u l l  r o o f i n g  b o n e s  b u t  r e t a i n s  th e  

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

a  l a r g e  o r b i t  ( a t  l e a s t  i n  s m a ll  s p e c im e n s ) .  A. a f r i c a n u s  

s h a r e s  w i th  A. o c c i d e n t a l i s  and  t h e  o t h e r  mem bers o f  th e  

s p a t u l a  s p e c i e s  g ro u p  a  s e v e r e  r e d u c t io n  i n  i n f r a o r b i t a l  

e n a m e lo id  (o n  t h e  one sp ec im en  a v a i l a b l e )  and  i t  h a s  

s u b t r i a n g u l a r  v e r t e b r a e  ( a  s i m i l a r i t y  w h ich  i s  p ro d u c e d  

by  g ro w th , i . e . ,  s m a ll  A. s p a t u l a  h av e  o v a l  c e n t r a  i n  c r o s s  

s e c t i o n  w h e re a s  l a r g e  sp e c im en s  h ave  t r i a n g u l a r  c e n t r a  i n  

c r o s s  s e c t i o n ) . The re m a in in g  s p e c i e s  (A. a t r o x ,  A. 

o c c i d e n t a l i s ,  A. s p a t u l a  an d  A. t r l s t o e c h u s ) o f  th e  

s p a t u l a  s p e c i e s  g ro u p  h av e  a  l a r g e  d o r s a l  c i r c u m o r b i t a l  

w h ich  e x c lu d e s  th e  d e rm o s p h e n o tic  from  th e  o r b i t a l  m arg in  

and  have  a  s m a ll  o r b i t  r e l a t i v e  t o  t h e  l a r g e  o r b i t  fo u n d  

i n  o t h e r  A t r a c to s t e u s  and  i n  a l l  L e p l s o s te u s . W ith in  t h i s  

g ro u p  A. a t r o x  i s  a u ta p o m o rp h ic  i n  h a v in g  a  u n iq u e  e n a m e lo id
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p a t t e r n  on th e  p a r i e t a l s ,  d e r m o p te r o t i c s ,  and f r o n t a l s .  

A t r a c t o s t e u s  o c c i d e n t a l i s  i s  p le s io m o rp h o u s  r e l a t i v e  t o  

o t h e r  m em bers o f  t h e  g ro u p  i n  h a v in g  l a r g e  ro u n d ed  e n a m e lo id  

t u b e r c l e s  on th e  s k u l l  r o o f i n g  b o n e s  r e l a t i v e  t o  t h e  

m in u te  e n a m e lo id  t u b e r c l e s  fo u n d  i n  o t h e r  s p e c i e s .  

A t r a c t o s t e u s  t r i s t o e c h u s  i s  th e  m o s t d e r iv e d  s p e c i e s  b a s e d  

on a  c o m p le te  l a c k  o f  e n a m e lo id  i n  t h i s  s p e c i e s .
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A C l a s s i f i c a t io n  o f  Gars

The c l a s s i f i c a t i o n  p r e s e n te d  below  sum m arizes th e  

r e l a t i o n s h i p  o f  g a r s  t o  o th e r  a c t i n o p t e r y g ia n s  and  th e  

i n t e r r e l a t i o n s h i p s  o f  g a r s  among th e m s e lv e s .  T h is  c l a s s ­

i f i c a t i o n  a d o p ts  tw o c o n v e n tio n s  u sed  f o r  co m b in in g  r e c e n t  

and  f o s s i l  g ro u p s  in  a  s i n g l e  c l a s s i f i c a t i o n :  t h a t  o f

N e l s o n 's  (1972a) u se  o f  th e  te rm  " i n c e r t a e  s e d l s wj and t h a t  

o f  P a t t e r s o n 's  and  R o s e n 's  ( i n  p r e s s )  u se  o f  t h e  te rm  

" p l e s i o n . "  N e lso n  (1972a) s u g g e s te d  t h a t  t h e  te rm  i n c e r t a e  

s e d l s  be r e s e r v e d  f o r  f o s s i l  s p e c i e s  o r  f o s s i l  g ro u p s  o f  

u n c e r t a i n  r e l a t i o n s h i p .  T hese  i n c e r t a e  s e d l s  s p e c ie s  o r  

g ro u p s  o f  s p e c i e s  a r e  l i s t e d  below  a t  th e  l e v e l  t h a t  t h e i r  

p r e s e r v e d  c h a r a c t e r s  a l lo w  t h e i r  p h y lo g e n e t ic  p la c e m e n t. 

P a t t e r s o n  and R osen  ( i n  p r e s s )  f e e l  th e  a d v a n ta g e  o f  N e ls o n 's  

u se  o f  th e  te rm  i s  t h a t  i t  s e p a r a t e s  t h e  u n c e r t a i n t i e s  a b o u t  

t h e  p la c e m e n t o f  R e c e n t g ro u p s  b ro u g h t a b o u t b e c a u se  o f  d e ­

f i c i e n t  t h e o r i e s  o f  r e l a t i o n s h i p  from  th e  u n c e r t a i n t i e s  

a b o u t  t h e  p la c e m e n t o f  f o s s i l  g ro u p s  b ro u g h t  a b o u t  by p o o r 

sp ec im en  p r e s e r v a t i o n  ( f o r  exam ple* A. a f r l c a n u s ) .

P a t t e r s o n  and R osen ( i n  p r e s s )  a l s o  u sed  I n c e r t a e  s e d l s  

f o r  in te r c h a n g e a b le  t a x a  and f o r  th e  i n c l u s i o n  o f  non- 

m o n o p h y le tic  g ro u p s .  N e i th e r  o f  t h e s e  p rob lem s a r i s e  in  

g a r  c l a s s i f i c a t i o n  and  n e i t h e r  c o n n o ta t io n  i s  im p lie d  by 

th e  u se  o f  th e  te rm  h e r e .

The " p le s io n "  ( P a t t e r s o n  and R o se n , in  p r e s s )  i s  a  

f o s s i l  g ro u p  o r  a  f o s s i l  s p e c ie s  w hich  i s  seq u en ced  by a
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l i s t i n g  c o n v e n t io n  i n  a  c l a s s i f i c a t i o n  and w hich i s  t h e  

p r i m i t i v e  ( p le s io m o rp h )  s i s t e r - s p e c i e 8 (g ro u p )  o f  a l l  

s p e c i e s  l i s t e d  below  i t  in  t h e  c l a s s i f i c a t i o n .  P l e s i o n s  

a r e  n o t  g iv e n  f o r m a l  r a n k  i n  t h e  c l a s s i f i c a t i o n  p r e s e n t e d  

b e lo w . When f o r m a l  r a n k  i s  g iv e n  a  p l e s i o n  t h i s  name i s  

a p p l i e d  o n ly  w i t h i n  t h e  c o n t e x t  o f  t h e  c l a s s i f i c a t i o n  o f  

t h e  r e c e n t  g ro u p  w hich  i t  i s  a  p a r t  o f ,  a n d ,  t h e  p l e s i o n  

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

w i t h  w hich  i t  i s  a s s o c i a t e d .  T h u s ,  i f  l a t e r  i n f o r m a t io n  

i s  g a th e r e d  c o n c e rn in g  t h e  r e l a t i o n s h i p s  o f  t h e  p l e s i o n ,  

t h e n  i t s  p o s i t i o n  i n  t h e  c l a s s i f i c a t i o n  c a n  be changed  

w i th o u t  a f f e c t i n g  t h e  fo rm a l  h i e r a r c h i c a l  r a n k s  o f  t h e  

R e c e n t  g ro u p s  w i th  w hich  i t  i s  a s s o c i a t e d  i n  t h e  c l a s s ­

i f i c a t i o n .

The a d v a n ta g e s  o f  t h i s  sy s tem  o f  c o n v e n t io n s  c an  be 

sum m arized a s  (1 )  u n c e r t a i n t i e s  a r i s i n g  from  t h e  incom­

p l e t e n e s s  o f  f o s s i l  spec im ens  a r e  c l e a r l y  i d e n t i f i e d  in  

t h e  c l a s s i f i c a t i o n  by t h e  te rm  I n c e r t a e  s e d l s , (2 )  f o s s i l  

s p e c i e s  o r  g ro u p s  o f  s p e c i e s  can  be I n c o r p o r a te d  i n t o  a  

c l a s s i f i c a t i o n  o f  R e c e n t  o rg an ism  w i th o u t  c h a n g in g  t h e  

fo r m a l  r a n k s  o f  t h e s e  R e c e n t  o rg an ism s  ( t h u s  i n c r e a s i n g  

t h e  in f o r m a t io n  c o n t e n t  o f  t h e  c l a s s i f i c a t i o n  o v e r  one 

t h a t  in c lu d e d  o n ly  R e c e n t  o r g a n i s m s ) ,  (3 )  t h e  p l e s i o n  

g ro u p s  can  be changed  a s  new in f o r m a t io n  a b o u t  them i s  

d i s c o v e r e d  w i th o u t  a f f e c t i n g  th e  r a n k s  o f  R ecen t  g ro u p s ,  

and (k)  t h e  p h y lo g e n e t i c  r e l a t i o n s h i p s  among b o th  th e
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f o s s i l  and R e c e n t  g ro u p s  c a n  be e x p r e s s e d  e x a c t l y .

IHFRACLASS C b o n d r o s te i  

INFRACIASS H e o p t e r y g i i

DIVISION H a le c o s to m i

SUBDIVISION H a leco tn o rp h l 

SUBDIVISION T e l e o s t i  

DIVISION G ing lym odi

FAMILY L e p i s o s t e i d a e

GENUS L e p l s o s te u s

p l e s i o n  + L .  o p e r t u s  

p l e s i o n  + L .  c u n e a tu s

L. p l a to s to m u s  

L. o s s e u s  s p e c i e s  p a i r  

p l e s i o n  + L .  i n d i e  us 

L . o s s e u s  

L. o c u l a t u s  s p e c i e s  g roup  

p l e s i o n  L . f i m b r i a t u s  

L. o c u l a t u s  

L. p l a t y r h i n c u s  

GENUS A t r a c t o s t e u s

p l e s i o n  + A. s t r a u s i  

A t r o p i c u s

p l e s i o n  +A. s im p le x  

A. s p a t u l a  s p e c i e s  g ro u p
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+ A. a f r l c a n u a  and + A. o c c i d e n t a l i s  

i n c e r t a e  s e d l s  i n  A. s p a t u l a  

s p e c i e s  g r o u p .

p l e s i o n  +A . a t r o x  

A. s p a t u l a  

A. t r l s t o e c h u s
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Gar Biogeography

The distribution of gars is analyzed below using the 
11 vicar lance” method of analysis discussed in the methods 
section. Although Recent gars are known only from the 
northern part of the Western Hemisphere, fossil gars are 
known from other continental areas (see ranges for the 
various fossil species above). Of interest here are the 
distributional patterns, or tracks, of the two genera, 
Leplsosteus and Atractosteus, and various monophyletic 
groups of species within each of the genera. These tracks 
are shown in figures 69-72 and are discussed below.

D i s t r i b u t i o n a l  p a t t e r n s  o f  t h e  g e n e r a . F i g u r e  69 

shows t h e  d i s t r i b u t i o n a l  p a t t e r n s  o f  L e p l s o s t e u s  an d  A t r a c t ­

o s t e u s  p r o j e c t e d  on a  map o f  p r e s e n t  c o n t i n e n t a l  p o s i t i o n s .  

The L e p l s o s t e u s  g e n e r a l i z e d  t r a c k  i n c l u d e s  t h e  r a n g e s  o f  a  

number o f  s p e c i e s  from  N o r th  A m erica  (U pper C r e ta c e o u s  t o  

R e c e n t ) ,  one E u ro p e a n  s p e c i e s  (L . f i m b r i a t u s ,  E o cene  t o  

O l i g o c e n e ) ,  and one I n d i a n  s p e c i e s  (L . i n d i e  u s , C r e ta c e o u s )  

B oth  n o r t h e r n  and  s o u t h e r n  la n d  m asses  a r e  in c lu d e d  w i t h i n  

t h e  t r a c k .  The L e p l s o s t e u s  g e n e r a l i z e d  t r a c k  i n c l u d e s  t h r e e  

s p e c i e s - g r o u p  t r a c k s  w i t h i n  i t .  T h ese  s p e c i e s - g r o u p  t r a c k s  

w i l l  be  exam ined  i n  a  s e p a r a t e  s e c t i o n  be low .

T he A t r a c t o s t e u s  g e n e r a l i z e d  t r a c k  ( f i g .  69) i n c l u d e s  

t h e  r a n g e s  o f  s e v e r a l  f o s s i l  and one l i v i n g  N o r th  A m erican  

s p e c i e s  ( C re ta c e o u s  t o  R e c e n t ) ,  two n u c l e a r  M id d le  A m erican
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s p e c i e s  (A. t r o p i c u s  and  a  d i s j u n c t  p o p u l a t i o n  o f  A. 

s p a t u l a ) » one C a r r ib b e a n  s p e c i e s  (A. t r i s t o e c h u s ) ,  one 

A f r i c a n  s p e c i e s  (A. a f r l c a n u s ) . and  one E u ro p ea n  s p e c i e s  

(A. s t r a u s l ) .  L ik e  t h e  L e p i s o s t e u s  g e n e r a l i z e d  t r a c k ,  t h e  

A t r a c t o s t e u s  g e n e r a l i z e d  t r a c k  i n c l u d e s  b o th  n o r t h e r n  and  

s o u t h e r n  l a n d  m asse s  w i t h i n  i t s  a r e a .  The A t r a c t o s t e u s  

g e n e r a l i z e d  t r a c k  i s  composed o f  s e v e r a l  i n d i v i d u a l  t r a c k s  

t h a t  w i l l  be d i s c u s s e d  below i n  a  s e p a r a t e  s e c t i o n .

Two o b s e r v a t i o n s  c a n  be made from  t h e  t r a c k s  o f  t h e  

tw o g e n e r a :  (1 )  b o th  g e n e ra  a r e  fou nd  on p a r t s  o f  w hat

w ere  once  L a u r a s i a n  and  Gondwanian l a n d  m a s s e s ;  (2 )  t h e  

g e n e r a  show a  l a r g e  am ount o f  s y m p a try ,  b o th  i n  R e ce n t  and 

f o s s i l  d i s t r i b u t i o n s .  T h ree  c o n c l u s i o n s  c a n  be  draw n:

(1 )  b o th  g e n e r a  may have  had  a n c e s t r a l  P angean  d i s t r i b u t ­

i o n s ;  (2 )  b e c a u se  sy m p a try  i m p l i e s  d i s p e r s a l ,  one o r  b o th  

o f  t h e  g e n e r a  m ust h av e  d i s p e r s e d ;  and  t h i s  d i s p e r s a l  may 

h av e  o c c u r r e d  o v e r  a  P angean  l a n d s c a p e  r a t h e r  th a n  a  l a n d ­

s c a p e  o f  p r e s e n t  c o n t i n e n t a l  p o s i t i o n s ;  (3 )  b e c a u se  a n  

a l l o p a t r i c  s p e c i a t i o n  e v e n t  (a  v i c a r i a n c e  e v e n t )  m ust come 

b e f o r e  a  d i s p e r s a l  w hich  p ro d u ce d  sy m p a try ,  t h e  v i c a r i a n c e  

e v e n t  w hich  p ro d u c e d  t h e  two g e n e r a  may h ave  o c c u r r e d  

b e f o r e  th e  b r e a k - u p  o f  P a n g e a .  T h u s ,  t h e  minimum a g e  o f  

t h e  g e n e ra  o f  g a r s  i s  h y p o th e s iz e d  h e r e  a s  l 8 0  m i l l i o n  

y e a r s  b e f o r e  t h e  p r e s e n t .

L e p i s o s t e u s  s p e c i e s  d i s t r i b u t i o n a l  p a t t e r n s . 

L e p l s o s t e u s  c o n t a i n s  a  number o f  i n d i v i d u a l  t r a c k s .  The
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m ore p r i m i t i v e  members o f  th e  g e n u s ,  L. o p e r t u s  and  L. 

c u n e a t u s , a r e  w e s te r n  N o r th  A m erican  fo rm s w hereas  t h e  o t h e r  

members o f  t h e  g enus a r e  e i t h e r  e a s t e r n  N o r th  A m erican  

E u ro p e a n ,  o r  I n d i a n  f o rm s .  W hether t h e  w e s te r n  r a n g e s  o f  

t h e  p r i m i t i v e  members o f  t h e  genus r e p r e s e n t s  a n  e a r l y  

v i c a r i a n c e  e v e n t  o r  two e a r l y  v i c a r i a n c e  e v e n t s  i s  p r o b ­

l e m a t i c a l  b e c a u se  i t  i s  d i f f i c u l t  t o  d e te rm in e  w h e th e r  

t h e i r  r a n g e s  a r e  t h e  r e s u l t  o f  sam ple  e r r o r  i n  c o l l e c t i n g ,  

o r  a v a i l a b i l i t y  o f  s u i t a b l e  f o r m a t io n s ,  o r  w h e th e r  t h e i r  

o b se rv e d  r a n g e s  a r e  r e p r e s e n t a t i v e  o f  t h e i r  n a t u r a l  r a n g e s .  

T h is  p rob lem  c o u ld  be r e s o l v e d  by t y i n g  t h e s e  two s p e c i e s  

t o  f o s s i l  b i o t a s  and  show ing t h a t  th e y  form  p a r t  o f  a  g e n ­

e r a l i z e d  t r a c k  among C re ta c e o u s  and  E ocene f a u n a s  i n  g e n e r a l  

( t h e  same p rob lem  e x i s t s  i n  d e te r m in in g  t h e  b io g e o g r a p h ic  

im p o r ta n c e  o f  t h e  w e s te r n  N o rth  A m erican f o s s i l  A t r a c t o s t e u s ) .  

The t r a c k  w hich d e s c r i b e s  th e  r a n g e  o f  t h e  g rou p  made up o f  

L. p la to s to m u s  and  more d e r iv e d  s p e c i e s  i s  i d e n t i c a l  w i th  

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

p lu s  t h e  o c u l a t u s  s p e c i e s  g ro u p .  T h is  i s  b e c a u se  L. 

p la to s to m u s  i s  found  w i t h i n  t h e  r a n g e  o f  L . o s s e u s . However, 

i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  L. p la to s to m u s  i s  a  r e l a t i v e l y  

w e s t e r l y  fo rm . The o s s e u s  s p e c i e s  p a i r  t r a c k  ( f i g .  70) 

c o n t a i n s  two s p e c i e ? ,  L. o s s e u s  o f  N o rth  A m erica  and L. 

l n d l c u s  o f  I n d i a  ( C r e t . ) .  T h is  t r a c k  i s  h y p o th e s iz e d  o l d e r  

t h a n  t h e  o c u l a tu s  s p e c i e s  g roup  t r a c k  b e c a u se  i t  i n d i c a t e s  

P an gean  d i s t r i b u t i o n .  The o c u la tu s  s p e c i e s  g ro u p  t r a c k  

( f i g .  70 )  c o n t a i n s  two N o rth  A m erican  s p e c i e s  (L. o c u la tu s
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and  L. p l a t y r h l n c u s , b o th  R e c e n t)  and one E u ro p ea n  s p e c i e s  

( 1 .  f i m b r l a t u s , E ocene  t o  O l ig o c e n e ) .  T h is  t r a c k  con fo rm s 

t o  a  more g e n e r a l i z e d  t r a c k  b e tw een  E u rope  and  e a s t e r n  N o r th  

A m erica  composed o f  a  number o f  f o s s i l  and  R e c e n t  g ro u p s  

(McKenna, 1975) and  t h e  v i c a r i a n c e  e v e n t  w hich  s p l i t

t h e  common a n c e s t o r  o f  L . f i m b r i a t u s  and  o c u l a t u s  -  p l a t y -  

r h i n c u s  i s  h y p o th e s iz e d  t o  be E a r l y  E ocene  i n  a g e .

A t r a c t o s t e u s  s p e c i e s  g ro u p  d i s t r i b u t i o n a l  p a t t e r n s  and  

R o s e n fs h y p o t h e s i s  o f  C a r r lb b e a n  b io g e o g ra p h y .  R osen  ( i n  

p r e s s )  h a s  r e v ie w e d  t h e  b i o t i c  c o m p o s i t io n  o f  t h e  C a r r lb b e a n  

r e g i o n  and  c o n c lu d e d  t h a t  s e v e r a l  g e n e r a l i z e d  t r a c k s  composed 

o f  many d i v e r s e  o rg a n ism s  w ere in v o lv e d  i n  p r o d u c in g  th e  

d i s t r i b u t i o n a l  p a t t e r n s  w hich  a p p e a r  i n  t h e  r e g i o n  to d a y .

Two o f  t h e s e  g e n e r a l i z e d  t r a c k s  i n v o lv e  s p e c i e s  o f  t h e  A. 

s p a t u l a  s p e c i e s  g ro u p  and  w i l l  be  d i s c u s s e d  h e r e .  They a r e

(1 )  t h e  N o r th  A m e r ic a n -C a r r ib b e a n  g e n e r a l i z e d  t r a c k  and

(2 )  t h e  C a r r ib b e a n -W e s t  A f r i c a n  g e n e r a l i z e d  t r a c k .

The A. s p a t u l a  s p e c i e s  g ro u p  fo rm  a  t r a c k  ( f i g .  71) 

composed o f  s p e c i e s  from  N o r th  A m e ric a ,  n u c l e a r  M idd le  

A m erica , A f r i c a ,  and t h e  C a r r l b b e a n .  W ith in  t h i s  t r a c k  i s  

a n o t h e r  t r a c k  ( f i g .  72 ) composed o f  t h e  two d i s j u n c t  pop­

u l a t i o n s  o f  A. s p a t u l a  and  t h e  C a r r lb b e a n  A. t r l s t o e c h u s . 

R osen ( i n  p r e s s )  c o n c lu d e d  t h a t  t h e  R e c e n t  A t r a c t o s t e u s  

d i s t r i b u t i o n s  i n  t h e  C a r r lb b e a n  r e g i o n  w ere p r o b a b ly  a  p a r t  

o f  an  o l d e r  N o r th  A m e r ic a n -C a r r ib b e a n  g e n e r a l i z e d  t r a c k  o f  

Pangean  o r  L a u r a s i a n  a f f i n i t i e s  a s  opposed t o  a  y o u n g e r
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North-American-Carribbean track with primarily Gondwanian 
affinities (a component of which would be Gambusla. for 
example). Further, Rosen concluded that the final determ­
ination of phylogenetic affinities among Recent Atractosteus 
would help determine the relative age of the vicariance 
event which produced A. tristoechus. Within the A. spatula 
species group there are at least two levels of vicariance. 
First, the species group as a whole conforms to a track 
drawn between North America and Africa and this track pre­
dates the formation of the Carrlbbean Region at a time when 
(following Rosen's conclusions concerning the origin of the 
Carrlbbean ),the Carrlbbean region would still be part of the 
Pacific seafloor. The minimum age of this track can be 
estimated from the current estimate of the separation of 
western Africa from North America, which supposedly occurred 
during the Jurassic. Second, the spatula-tristoechus species 
pair conforms to the generalized North American-Carribbean 
track discussed by Rosen (in press) and is not necessarily 
older than similar distributions which confoxm to this track 
(i.e. Gambusia etc.). Third, Rosen's conclusion that 
Atractosteus as a whole is Pangean is corroborated since 
the most primitive species in the region, A. tropicus, has 
Pangean affinities and a relative age of vicariance older 
than the A. spatula group.

Discussion. This brief statement of gar distributions 
can be summarized in a relative heirarchy of vicariance
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events: (1) the vicariance of the two genera probably
occurred on Pangea and later dispersal events have obscured 
the original vicariance pattern; (2) the vicariance event 
which produced the indlcus-osseus species pair is older than 
the event which produced the present distribution of the L. 

oculatus species group; (3 )  the L. oculatus species group 
is a component of a generalized Early Eocene track and thus 
has a minimum age of Early Eocene; (4-) the distribution 
of the A. spatula species group was probably produced by 
a West Africa-North American vicariance event of Jurassic 
age and this track is relatively older than the spatula- 
trlstoechus track which is a component of a younger North 
American-Carribbean generalized track.

The model of gar biogeography presented above predicts 
that Leplsosteus gars will be found as a component of the 
African biota. Further, the lack of gars from South 
America is interesting and it is possible that the vicariant 
sister-group of gars may be found in the South American 
fossil biota.
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(1 )  The o b j e c t i v e s  o f  t h i s  s tu d y  were f o u r  f o l d :

( a )  t o  d e te r m in e  i f  t h e  l e p i s o s t e i d s ,  o r  g a r s ,  a r e  a 

m o n o p h y le t ic  g ro u p ;  (b )  t o  d e te rm in e  w h ich  o f  th e  

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

a c t i n o p t e r y g i a n  g ro u p s  i s  m ost  h i g h l y  c o r r o b o r a t e d ;

(c )  t o  d e te r m in e  w h ich  n o m in a l  f o s s i l  and  r e c e n t  g a r  

s p e c i e s  c o u ld  be  r e c o g n i z e d  a s  v a l i d  s p e c i e s  and  w hat 

t h e  i n t e r r e l a t i o n s h i p s  o f  t h e s e  s p e c i e s  a r e ;  (d )  t o  

d e s c r i b e  t h e  m a jo r  f e a t u r e s  o f  g a r  b io g e o g ra p h y .

(2 )  H e n n i g 's  ( 1966 ) p h y l o g e n e t i c  m ethod  i s  u s e d  

to  s tu d y  o b j e c t i v e s  a ,  b ,  and  c .  H e n n ig ’ s m ethod  i s  

b r i e f l y  sum m arized  an d  s e v e r a l  p o i n t s  t a k e n  up i n  d e t a i l .  

C r o l z a t ’s (1958* 1962) b i o g e o g r a p h ic  m ethod  i s  u s e d  f o r  

o b j e c t i v e  d .

( 3 ) V a r io u s  a n a to m ic a l  f e a t u r e s  o f  g a r s  a r e  com pared 

to  o t h e r  a c t i n o p t e r y g i a n  and  t e l e o s to m e  g r o u p s .  The 

a n a l y s i s  c o n c e n t r a t e s  on t h e  s k u l l ,  v i s c e r a l  a r c h e s ,  

p e c t o r a l  g i r d l e ,  and  p o s t - c r a n i a l  s k e l e t o n .  At l e a s t  

tw e n ty - s e v e n  c h a r a c t e r s  a r e  u n iq u e  f o r  g a r s  among 

a c t i n o p t e r y g i a n  f i s h e s  and  t h e s e  c h a r a c t e r s  c o r r o b o r a t e

a h y p o t h e s i s  o f  m onophyly f o r  g a r s  a s  a  g ro u p .  G ars 

s h a r e  sev en  d e r i v e d  (sy n a p o m o rp h ic )  c h a r a c t e r s  w i th  

h a le co m o rp h s  ( Amla, e t c . )  and  t e l e o s t s  t h a t  th e y  do n o t  

s h a r e  w i th  c h o n d r o s t e a n s .  T hese  c h a r a c t e r s  c o r r o b o r a t e  a
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m o n o p h y le t ic  N e o p t e r y g i i .  Amia s h a r e s  t h i r t e e n  d e r i v e d  

c h a r a c t e r s  w i t h  t e l e o s t s  t h a t  n e i t h e r  g ro u p  s h a r e  w i th  

g a r s ,  w h i le  Amia s h a r e s  o n ly  two c h a r a c t e r s  w i t h  g a r s  

n o t  s h a r e d  w i t h  t e l e o s t s  t h a t  c a n  n o t  be  r e f u t e d  a s  d e r i v e d  

b a s e d  on m o r p h o lo g ic a l  c r i t e r i a .  P a rs im o n y  f a v o r s  a 

m o n o p h y le t ic  H a le c o s to m i  (Amia p l u s  t e l e o s t s )  r a t h e r  

t h a n  a  m o n o p h y le t ic  H o l o s t e i  ( Amia p l u s  g a r s ) .  I t  i s  

a l s o  more p a r s im o n io u s  t o  c o n s i d e r  th e  s e m io n o t id s  a s  

h a le c o s to m e s  r a t h e r  t h a n  a s  t h e  s i s t e r - g r o u p  o f  g a r s  

b e c a u s e  t h e  s e m io n o t id  L e p id o te s  s h a r e s  f i v e  d e r i v e d  

c h a r a c t e r s  w i t h  h a le c o s to m e s  w h i le  s h a r i n g  o n ly  two l o s s  

c h a r a c t e r s  w i t h  g a r s  w h ich  can  n o t  be r e f u t e d  a s  

sy n ap o m o rp h ie s  b a s e d  on m o r p h o lo g ic a l  c r i t e r i a .

(4 )  The s y s t e m a t i c  s e c t i o n  en d s  w i th  a  c l a s s i f i c a t i o n .  

The D i v i s i o n  G in g ly m o d i,  t h e  f a m i ly  L e p i s o s t e i d a e ,  and  t h e  

two g e n e ra  L e p i s o s t e u s  and  A t r a c t o s t e u s  a r e  d ia g n o s e d ,  

an d  synonom ies a r e  p r o v i d e d .  Each o f  t h e  r e c o g n iz e d  

s p e c i e s  i s  d ia g n o s e d ,  d e s c r i b e d  o r  r e - d e s c r i b e d ,  and  

b r i e f l y  com pared t o  o t h e r  s p e c i e s  i n  i t s  g e n u s .  Synonomies 

o f  R e ce n t  s p e c i e s  i n c l u d e  o n ly  name ch an ges  w h e reas  th e  

synonom ies o f  f o s s i l  s p e c i e s  i n c l u d e  a l l  l i t e r a t u r e  

c i t a t i o n s  fo u n d .  D e s c r ib e d  f o s s i l  fo rm s  w hich  can  n o t  

be d ia g n o s e d  t o  s p e c i e s  a r e  p l a c e d  a t  t h e  l e v e l  t h e i r  

p r e s e r v e d  c h a r a c t e r s  a l lo w  ( i . e .  L e p i s o s te u s  s p .  i n d e t . ,  

e t c . ) .  One s p e c i e s ,  L . o p e r t u s , i s  d e s c r i b e d  a s  a  new 

s p e c i e s  from  t h e  H e l l  C reek  F o rm a t io n ,  C r e ta c e o u s ,  M ontana.
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O th e r  L e p l s o s t e u s  g a r s  r e c o g n iz e d  a r e :  L . c u n e a tu s  

(E ocen e , N o r th  A m e ric a ) ;  L. p l a to s to m u s  ( R e c e n t ,

N o rth  A m erica; L. i n d l c u s  ( C r e t a c e o u s ,  I n d i a ) ;  L. o s s e u s  

(R e c e n t ,  N o r th  A m e ric a ) ;  L. f l m b r l a t u s  (E ocene t o  

O l ig o c e n e ,  E u ro p e ) ;  L. o c u l a t u s  ( R e c e n t ,  N o r th  A m e ric a ) ,  

and  L. p l a t y r h l n c u s  (R e c e n t ,  N o r th  A m e ric a ) .  E ig h t  

A t r a c t o s t e u s  g a r s  a r e  r e c o g n iz e d :  A. s t r a u s l  (E ocene , 

E u ro p e ) ;  A t r o p i c u s  (R e c e n t ,  M idd le  A m e ric a ) ;  A. s im p le x  

(E o cen e , N o r th  A m erica ) ;  A. a f r i c a n u s  ( C r e t a c e o u s ,

A f r i c a ) ;  A. o c c i d e n t a l i s  ( C r e t a c e o u s ,  N o r th  A m erica ) ;

A. a t r o x  (E ocen e , N o r th  A m e ric a ) ;  A. s p a t u l a  (R e c e n t ,

N o rth  and  M idd le  A m erica ) ;  and  A. t r i s t o e c h u s  (Cuba and 

th e  I s l e  o f  P i n e s .

(5 )  Each genu s  i s  m o n o p h y le t ic  b a s e d  on d e r iv e d  

c h a r a c t e r s .

(6 )  W ith in  t h e  genus  L e p l s o s t e u s ,  L. o p e r t u s  i s

i s  t h e  p r i m i t i v e  s i s t e r - s p e c i e s  o f  a l l  o t h e r  L e p l s o s te u s  

g a r s .  L e p l s o s te u s  c u n e a tu s  i s  more p r i m i t i v e  th a n  L. 

p l a t o s t o m u s . L e p l s o s te u s  p la to s to m u s  i s  t h e  s i s t e r -  

s p e c i e s  o f  a g rou p  composed o f  t h e  L. o s s e u s - l n d l c u s  

p a i r  and th e  L. o c u l a t u s  s p e c i e s  g ro u p .  W ith in  t h e  L. 

o c u l a t u s  s p e c i e s  g ro u p ,  L. f l m b r l a t u s  i s  t h e  s i s t e r - s p e c i e s  

o f  th e  o c u l a t u s - p l a t y r h l n c u s  s p e c i e s  p a i r .
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(7 )  W ith in  A t r a c t o s t e u s ,  A. s t r a u s l  i s  t h e  p r i m i t i v e  

s i s t e r - s p e c i e s  o f  o t h e r  A t r a c t o s t e u s  g a r s .  A t r a c t o s t e u s  

t r o p i c u s  and  A. s im p le x  a r e  r e l a t i v e l y  more p r i m i t i v e  th a n  

t h e  A. s p a t u l a  s p e c i e s  g ro u p .  W ith in  t h e  A_. s p a t u l a  s p e c i e s  

g ro u p ,  A_. a f r i c a n u s  and  A. o c c i d e n t a l i s  a r e  l n s e r t a e  s e d i s  

w h i l e  A. a t r o x  i s  t h e  s i s t e r - s p e c i e s  o f  t h e  s p a t u l a -  

t r i s t o e c h u s  s p e c i e s  p a i r .
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t o  E urope) seems c o r r e l a t e d  w i th  a g e n e r a l i z e d  Eocene 

t r a c k  b a se d  on mammalian d i s t r i b u t i o n s .  W ith in  A t r a c t o s t e u s  
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C a r r lb b e a n  r e g i o n .  The t r a c k  o f  t h e  s p a t u l a - t r i s t o e c h u s  

s p e c i e s  p a i r  i s  c o r r e l a t e d  w i th  a  g e n e r a l i z e d  N o r th  

A m e ric a n -C a r ib b e a n  t r a c k .  The b io g e o g r a p h ic  model 

p r e s e n t e d  h e re  p r e d i c t s  t h a t  (a )  L e p l s o s t e u s  g a r s  w i l l  be 

fo u n d  in  t h e  f o s s i l  f a u n a  o f  A f r i c a  and  (b )  t h e  v i c a r i a n t  

s i s t e r  g ro u p  o f  g a r s  may be fo u n d  among th e  f o s s i l  f a u n a  

o f  S o u th  A m erica .
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1895 . C a ta lo g u e  o f  th e  f o s s i l  f i s h e s  i n  th e  B r i t i s h  

Museum. P a r t  I I I .  544 p p .

1908 . On some f i s h - r e m a in s  from  th e  L am eta b e d s  a t  

D ongargaon , C e n t r a l  P ro v e n c e s .  P a l .  I n d i c a .  

( N .S . ) ,  v o l .  3> PP* 1 - 6 .
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W rig h t,  E . P .

1879* On t h e  d e v e lo p m e n t o f  th e  g a r p ik e  ( L e p id o s te u s  

o s s e u s ) . N a tu r e ,  v o l .  19, p p .  1 0 0 -1 0 1 .

Wyman, J .

1 8 4 4 . On th e  m ic ro s c o p ic  s t r u c t u r e  o f  th e  t e e t h  o f

th e  L e p i d o s t e i ,  an d  t h e i r  a n a lo g ie s  w i th  th o s e  

o f  t h e  l a b r y r i n t h o d o n t s .  P r o c .  B o s to n . N a t .

H i s t .  S o c . ,  v o l .  1 , p p .  1 3 1 -1 3 2 .

Z e i g l e r ,  H .E .

1 9 0 0 . D ie  n e u re n  F o rsc h u n g e n  i n  d e r  Q n b ry o lo g ie  d e r

G an o id en . Z o o l.  C e n t r a b l a t t ,  v o l .  7 ,  p p .  2 2 7 -2 4 4 .

Z i t t e l ,  K. A. a n d  E. Koken

1 9 1 1 . G rundziige d e r  P a l l o n t o l o g i e  ( P a l l o n t o l o g i e )  

von K a r l  A. v an  Z i t t e l ,  142 p p .
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T a b le  1 . N e u r o c r a n ia l  o s s i f i c a t i o n s  In  se v e n  g ro u p s  o f  

a c t i n o p t e r y g l a n  f i s h e s .  D a ta  from  P a t t e r s o n  

(1973).
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B a s i o c c l p l t a l X X X X X X X

E x o c c i p i t a l X X X X X X X

E p i o c c l p l t a l X X X X X

S u p r a o c c i p i t a l ? X X

D e r m - ln te r c a la r X X X X

E n d o - l n t e r c a l a r X X X

O p ls th o t ic X X X X X

P t e r o t i c X X X X X X

P r o o t i c X X X X X X X

B a s isp h e n o id X X X X X X

S p h e n o tlc X X X X X X X

O rb lto s p h e n o id X X X *?• X X X
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T a b le  4 .  R an g e , m ean , and  s ta n d a r d  d e v i a t i o n  o f  f o u r  m easu rem en ts  e x p re s s e d  

a s  r a t i o s  o f  d o r s a l  head  l e n g th  In  t e n  s p e c i e s  o f  g a r s .

S p e c ie s N PmxL/DHL FL/1)HL p l A>h l LLJ/DHL

L. p la to s to m u s 12 . 4 l - . 5 3 ( . 4 8 , . 0 3 ) * . 2 7 - . 3 4 ( . 3 1 , . 0 3 ) . 2 0 - . 2 3 ( . 2 2 ,  .0 1 ) . 6 3 - . 6 7 ( . 6 5 , . 0 1 )

L. o s s e u s 12 ,5 2 - . 6 4 ( . 5 8 , . 0 4 ) . 2 6 - . 3 6 ( . 2 9 , . 0 3 ) • 1 2 - . l 8 ( . 1 5 , .0 2 ) . 7 3 - . 7 8 ( . 7 5 , . 0 2 )

L. o c u lA tu s 8 • 3 5 - . 5 2 ( . 4 4 , .0 6 ) .2 9 - .3 Q ( .3 4 , .0 3 ) • 1 6 - . 2 3 ( . 2 0 , . 0 3 ) , 6 4 - . 7 0 ( . 6 7 , . 0 2 )

L. p l a t y r h ln c u s 8 . 4 l - . 4 7 ( . 4 4 , . 0 2 ) . 3 4 - . 4 0 ( . 3 6 , . 0 2 ) . 1 9 - . 2 4 ( . 2 1 , . 0 2 ) . 6 1 - . 6 7 ( . 6 4 , . 0 2 )

A. s t r a u s l 1 .3 6 .6 6

A. t r o p i c u s 32 . 3 5 - . 4 5 ( . 3 9 , . 0 3 ) . 3 4 - . 4 5 ( . 4 l , . 0 2 ) , 1 5 - . 2 7 ( . 2 1 , .0 2 ) . 6 0 - . 6 8 ( . 6 5 , . 0 2 )

A. s im p le x 1 .3 3 .4 4 .2 0 .6 2

A* a t r o x 1 .4 1 .4 5 .1 5

A* s p a t u l a 11 . 3 6 - . 4 5 ( . 4 o , . 0 3 ) . 3 4 - . 4 2 ( . 3 8 , . 0 2 ) . 2 0 - .  25 ( . 2 3 , .  02 ) . 5 9 - . 6 6 ( . 6 3 , . 0 2 )

A. t r i s t o e c h u s 8 . 3 1 - . 3 8 ( . 3 4 , . 0 2 ) , 4 o - . 4 8 ( . 4 4 , .0 3 ) . 1 8 - . 2 1 ( . 1 9 ,  .0 1 ) . 6 3 - . 7 2 ( . 7 3 , . 0 1 )

* lo w e s t  r a t i o  -  h i g h e s t  r a t i o  (m ean, s t a n d a r d  d e v i a t i o n )
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T a b le  3 . R an g e , m ean, and  s ta n d a r d  d e v i a t i o n  o f  f o u r  m ea su re m e n ts  e x p re s s e d

a s r a t i o s  o f  d o r s a l  head le n g t h  f o r  e i g h t s p e c i e s  o f  g a r s .

S p e c ie s N SL/DHL PS/DHL SW/DHL USW/DHL

L . p la to s to m u s 12 • 7 2 - . 7 5 ( . 7 4 , . 0 1 ) * .4 3 - . 5 2 ( . 4 7 , . 0 3 ) • 1 4 - . 2 2 ( .1 7 , • 0 2 ) . 09 - . 1 2 ( . 1 0 , . 0 l )

L . o s s e u s 12 . 7 9 - . 8 3 ( . 8 l , . 0 1 ) . 2 5 - . 3 6 ( . 3 3 , . 0 5 ) , 0 9 - . 1 2 ( . l l , . 0 1 ) . 0 4 - . 0 6 ( . 0 5 , .0 1 )

L . o c u la tu s 8 . 7 0 - . 7 7 ( . 7 4 , . 0 2 ) . 3 3 - . 5 2 ( . 4 2 , . 0 7 ) . 1 2 - . 2 2 ( . l 8 , .0 3 ) . 0 S - . 1 5 ( . 1 1 , . 0 2 )

L . p l a t v r h ln c u s 8 . 6 9 - . 8 3 ( . 7 3 , . 0 4 ) . 3 3 - . 5 3 ( . 4 7 , . 0 6 ) .1 7 - . 2 2 ( . 1 9 , . 0 2 ) .0 9 “ . 1 6 ( . 1 2 , . 0 2 )

A. t r o p i c u s 32 . 7 1 - . 7 9 ( . 7 4 , . 0 3 ) . 3 8 - . 5 2 ( . 4 8 , . 0 3 ) . 1 8 - . 2 6 ( . 2 2 , . 0 2 ) . 1 1 - . 1 7 ( . 1 4 , . 0 2 )

A. 8 Im p lex 1 .5 2 .1 7

A. s p a t u l a 11 . 6 9 - . 7 5 ( . 7 2 , . 0 2 ) .4 8 - . 6 2 ( . 5 5 , . 0 4 ) • 2 0 - . 3 0 ( . 2 7 , . 0 4 ) • 1 6 - .2 1 ( .1 8 ,1 0 2 )

A. t r i s t o e c h u s 8 .7 1 - .7 M * 7 3 , .0 1 ) .3 9 - . 5 3 ( . 4 7 , . 0 7 ) .2 6 - . 3 2 ( . 2 9 , . 0 3 ) .1 7 - . 2 0 ( . 1 8 , . 0 1 )

* lo w e s t  r a t i o  -  h i g h e s t  r a t i o  (m ean, s t a n d a r d  d e v i a t i o n )
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T a b le  2 . R anges o f v a r io u s m e r i s t i c c o u n ts  f o r  s e v e n  s p e c i e s o f  g a r s .

Some d a t a from  S u t tk u s  (1 9 6 3 ) .

C h a r a c te r S p e c 1 e s

L.
p la to s to m u s

L.
o s s e u s

L.
o c u T a tu s

L.
p l a t y r h ln c u s

A.
t r o p i c u s

A.
s p a T u la

A.
t r l s l f o e c

No* p r e d o r s a l  
s c a l e s 5 0 -5 5 4 7 -5 5 4 5 -5 4 4 7 -5 1 4 2 -4 8 4 9 -5 4 4 9 -5 1

No* l a t e r a l  
l i n e  s c a l e s 5 9 -6 5 5 7 -6 3 5 3 -5 9 5 4 -5 9 4 1 -5 6 5 8 -6 2 5 6 -6 3

No. t r a n s v e r s e  
s c a l e  row s 1 9 -2 4 1 8 -2 4 21-25 20 -24 2 3 -3 2 21 -24

No. d o r s a l  
f i n  r a y s 8 -9 6 -9 6 -9 7 -8 7 -8 7 -1 0 7 -8

No* a n a l  f i n  
r a y s 8 -9 8 -1 0 7 -9 7 -8 7 -8 7 -1 0 7 -8

No. c a u d a l  
f i n  r a y s 1 1 -1 2 1 1 -1 4 1 2 -1 3 12-13 1 1 -1 2 12 -1 4 1 1 -1 2

No. p e c t o r a l  
f i n  r a y s 1 1 -1 2 10 -13 9 -1 3 9 -1 1 1 1 -1 2 11-15 1 1 -1 2

No. g i l l  r a k e r s 27 -33 1 4 -3 1 1 5 -2 4 19-33 5 9 -6 2 5 9 -6 6 6 7 -8 1
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