
INFORMATION TO USERS

This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.

The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.

‘I.Thfr'Sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.

2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image o f the page in the adjacent frame.

3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.

4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.

5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.

Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106

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



II

74-26,382

HARRISON, William Baxter, I I I ,  1946- 
BIVALVIA (PELECYPODA) OF THE BRASSFIELD 
FORMATION (LOWER SILURIAN) OF KENTUCKY, 
INDIANA AND OHIO.

University of Cincinnati, Ph.D., 1974 
Geology

University Microfilms, A XEROX Com pany, Ann Arbor, Michigan

THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.

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



B i v a l v i a  (P e le c y p o d a )  o f  t h e  

B r a s s f i e l d  F o rm a tio n  (Lower S i l u r i a n )  

o f  K en tucky , I n d i a n a  and Ohio

a  d i s s e r t a t i o n  

s u b m i t te d  t o  th e  

G rad u a te  School o f  A r t s  and S c ie n c e s  

U n i v e r s i t y  o f  C i n c i n n a t i

I n  p a r t i a l  f u l f i l l m e n t  

o f  t h e  r e q u i r e m e n ts  f o r  t h e  d e g re e  

DOCTOR OF PHILOSOPHY

1974

by

W ill ia m  B. H a r r i s o n ,  I I I  

B. A. U n i v e r s i t y  o f  South  F l o r i d a ,  1968 

M. A. U n i v e r s i t y  o f  South  F l o r i d a ,  1969

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



UNIVERSITY OF CINCINNATI

May 21, ip 7 4

I  hereby recommend that the thesis prepared under my 

supervision hy William B. Harrison, I I I ______________________________

entitled B iv a lv i a  (P e le c y p o d a )  o f  th e  B r a s s f i e l d  F o rm atio n  

(Lower S i l u r i a n )  o f  K en tucky , I n d i a n a  and Ohio

he accepted as fulfilling this part of the requirements for the 
degree of D octor  o f  P h i lo s o p h y .__________________________________

Approved by:

JLxxX

Form 666—Grad. School—/M—/2--69

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



CONTENTS

A b s t r a c t .........................................................................................................  v i i

I n t r o d u c t i o n ........................   3

Acknowledgments ......................................................................................  9

S h e l l  m o r p h o lo g y ...........................................................................................  10

E x t e r n a l  f e a t u r e s  .............................................................................  10

I n t e r n a l  f e a t u r e s  .............................................................................  22

C l a s s i f i c a t i o n  ................................................................................................  35

S t r a t i g r a p h y  .....................................................................................................  37

E cology  and P a le o e c o lo g y  ........................................................................  52

Post-M ortem  I n f l u e n c e s  ........................................................................  71

C o n c l u s i o n s ................................................................................................ 87

S y s te m a t ic  P a l e o n to lo g y  ........................................................................  90

Genus D e c e p t r ix  F u c h s ..............................................................  91

Genus P r a e n u c u la  P f a b ..............................................................  10 5

Genus P a la e o c o n c h a  M i l l e r  ..................................................... 113

Genus N u c u l i t e s  Conrad .......................................................... 127

Genus P a l a e o n e i l o  H a l l  and W h i t f i e l d ........................... 139

New genus " A " .....................................................................................  158

Genus Lyrodesma Conrad .........................................................  167

Genus C y r to d o n ta  B i l l i n g s ............... ........................................  179

Genus M y t i l a r c a  H a l l  and W h i t f i e l d .............................  18 9

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



ii

Genus A c t in o p t e n i a  H a l l  t t . 197

Genus M o d io lo p s is  H a l l  . . . . . . . . . . . . .  213

Genus C y p r i c a r d i n i a  H a l l ..................................................... 223

Genus Cuneamya H a l l  and W h i t f i e l d .................................  2 35

Appendix (sam ple  l o c a l i t i e s )  ........................  .............................  243

R e fe re n c e  c i t e d  ...................................................................................... 24 7

P l a t e s .............................................................................................................  266

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



I l l

ILLUSTRATIONS

T e x t - f i g .  1 - - L o c a l i t y  map o f  B r a s s f i e l d  sample s i t e s  . 2

T e x t - f i g .  2— D i s t r i b u t i o n  o f  B iv a lv e  f a u n a l  a ssem b lag es

i n  t h e  B r a s s f i e l d  F o rm a tio n  o f  O h i o ............................  3

T e x t - f i g .  3 - -S c h e m a tic  d iag ram  o f  t h e  "C hev ro n -shape"

t o o th  s t r u c t u r e  i n  n u c u lo id  p e le c y p o d s  ........................  24

T e x t - f i g .  4— Comparison o f  d e n t i t i o n  o f  T r ig o n ia  sp .

( T r e a t i s e  o f  I n v e r t e b r a t e  P a le o n to lo g y ,  426N, 1969) 

and Lyrodesma s p . ( B r a s s f i e l d ,  h e r e i n )  u s in g  th e  

D o u v i l l ^  a p p l i c a t i o n  and B ern ard  num bering system

f o r  h e te r o d o n t  d e n t i t i o n   ......................................  27

T e x t - f i g .  5— R e c o n s t r u c t io n s  o f  s h e l l  m u s c u la tu re  based

on m usc le  s c a r s  f o r  (a )  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  

( P I .  1 ,  f i g .  1 ) ,  (b )  P a l a e o n e i l o  fe c u n d a  ( H a l l )

( P I .  4 , f i g .  1 2 ) ,  and (c )  N u c u l i t e s  n e g le c t u s  ( H a l l )

( P I .  3, f i g .  10) from  th e  B r a s s f i e l d  . . . . . . .  32

T e x t - f i g .  6 - - G e n e r a l i z e d  r e g i o n a l  s t r a t i g r a p h i c

d i s t r i b u t i o n  o f  Upper O rd o v ic ia n  and Lower S i l u r i a n  

fo r m a t io n s  o f  t h e  c o n t i n e n t a l  i n t e r i o r  o f  t h e

U n ited  S t a t e s  ........................ .   . . . . . .  39

T e x t - f i g .  7— One o f  th e  o u tc ro p s  i n  t h e  West U nion , Ohio

a r e a  on S t a t e  Road 4 1 . ........................... ................................. 42

T e x t - f i g .  8— B asa l  c o n ta c t  o f  t h e  B r a s s f i e l d  F o rm ation

(Lower S i l u r i a n )  w i th  t h e  u n d e r ly in g  P r e a c h e r s v i l l e  

F o rm ation  (Upper O rd o v ic ia n )  n e a r  B e n to n v i l l e  and 

West U nion , Adams County , O h i o ....................................... 45

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



iv

T e x t - f i g .  9 - G r a d a t i o n a l  c o n t a c t  be tw een  P r e a c h e r s v i l l e  

F o rm a tio n  (O rd o v ic ia n )  and B r a s s f i e l d  ( low er  

S i l u r i a n )  i n  c r e e k  2 .4  m i le s  n o r t h  o f  West

Union, Ohio .  ..................................................................  46

T e x t - f i g .  9b— S h a rp e r  c o n ta c t  be tw een  B r a s s f i e l d  and 

P r e a c h e r s v i l l e .  L e n t i l e s  o f  c a r b o n a te  a r e  

v i s i b l e  i n  P r e a c h e r s v i l l e .  Road c u t  on S t a t e  

Road 41 Ohio B rush  C reek , Adams County , Ohio . . .  46 

T e x t - f i g .  10— P ro b a b le  l i f e  h a b i t  r e c o n s t r u c t i o n  f o r  

g e n e ra  o f  th e  A c t i n o p t e r i a  b r i s a  and P a l a e o n e i l o  

fec u n d a  f a u n a l  a sse m b la g es  i n  t h e  B r a s s f i e l d  . . .  67 

T e x t - f i g .  l l - - S i z e - f r e q u e n c y  d i s t r i b u t i o n s  o f  l e n g t h ,

h e i g h t ,  and a n t e r i o r  l e n g t h  o f  P a l a e o n e i l o  fec u n d a  69

( H a l l )  from t h e  B r a s s f i e l d  ....................................................

T e x t - f i g .  12— R ip p le d  l im e s to n e  bed i n  s e c t i o n  shown

i n  T e x t - f i g .  7 .......................................................................................75

T e x t - f i g .  1 3 - -V a lv e  o u t l i n e s  o f  s e v e r a l  O rd o v ic ia n  and 

S i l u r i a n  s p e c i e s  o f  th e  D e c e p t r i x - P r a e l e d a -

P r a e n u c u la  form g r o u p ........................................................................ 9 5

T e x t - f i g .  14— S iz e - f r e q u e n c y  d i s t r i b u t i o n  o f  l e n g t h ,

h e i g h t ,  and a n t  erica? l e n g t h  o f  D e c e p t r ix  s c o f  i e l d i

( U l r i c h )  from  sam ples  WU-14 and WU-101-20 ...................  102

T e x t - f i g .  15— Length to  h e i g h t  p l o t  f o r  D e c e p t r ix  

s c o f i e l d i  ( U l r i c h )  p o p u la t i o n s  a t  West U nion,

Ohio  ............................     103

T e x t - f i g .  16— A n t e r i o r  t o  p o s t e r i o r  l e n g t h  p l o t  f o r  

D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  p o p u la t io n s  a t  

West U nion, O h i o ..................................................................................104

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



V

T e x t - f i g .  17— A n t e r i o r  t o  p o s t e r i o r  l e n g t h  and l e n g t h  

t o  h e i g h t  r a t i o s  o f  P a l a e o n e i l o  fe c u n d a  ( H a l l )

p o p u l a t i o n  a t  West U nion, Ohio ...........................................

T e x t - f i g .  18— L ength t o  h e ig h t  p l o t  f o r  Lyrodesma sp .

(WU-14) and A c t i n o p t e r i a  b r i s a  ( a l l  sam p les)  . . . 

T e x t - f i g .  19— A n t e r i o r  t o  p o s t e r i o r  l e n g t h  and o b l iq u e  

h e i g h t  t o  h e i g h t  o f  A c t i n o p t e r i a  b r i s a  ( H a l l )  . .

157

178

210

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



Vi

TABLES

T ab le  1 O ccu rren ce  o f  m ajo r  m o rp h o lo g ic  f e a t u r e s  in

s p e c i e s  o f  B r a s s f i e l d  b i v a l v e s  ............................................. 34

T a b le  2 V alve  c o u n ts  from  t h e  P a l a e o n e i lo  fe c u n d a

a sse m b la g e  i n  t h e  B r a s s f i e l d  F o rm a tio n  ...........................  77

T ab le  3 B a sa l  M aquoketa and d im in u t iv e  B r a s s f i e l d

M o llu sc an  s p e c i e s  ........................................................................ 82

T ab le  4 B r a s s f i e l d  and M aquoketa e n v iro n m e n ta l

e q u i v a l e n t s ......................................................................................  8 5

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



ABSTRACT

A r e s t u d y  o f  p e le c y p o d s  o f  t h e  B r a s s f i e l d  F o rm a tio n  

(Lower S i l u r i a n )  i n  t h e  O hio, I n d i a n a  and Kentucky a r e a  

i n d i c a t e s  t h a t  t h e  b a s i c  p a le o b io g e o g r a p h ic  d i s t r i b u t i o n  o f  

t h e  p e le c y p o d s  i s  r e s t r i c t e d  t o  t h e  Ohio o u tc r o p s  o f  th e  

f o r m a t io n .  The o c c u r r e n c e  o f  t h i s  c l a s s  i s  f u r t h e r  s e g r e g a t e d  

i n t o  two f a u n a l  a s s o c i a t i o n s ,  one o f  d o m in a n t ly  e p i f a u n a l  

form s ( "A c t i n o p t e r i a  b r i s a  a s s e m b la g e " ) ,  t h e  o t h e r  o f  

i n f a u n a l  ty p e s  ( "P a l a e o n e i l o  f e c u n d a  a s s e m b la g e " ) .  Compared 

w i th  t h e  ab u n d an t  and d i v e r s e  b i v a l v e  f a u n a s  o f  th e  Upper 

O rd o v ic ia n ,  t h o s e  o f  t h e  B r a s s f i e l d  a r e  m eager;  how ever, 

l o c a l  c o n c e n t r a t i o n s •do o c c u r .

Most o f  t h e  n o m e n c la tu re  o f  t h e  f o u r t e e n  s p e c i e s  

( r e p r e s e n t i n g  13 g e n e ra )  was r e v i s e d  t o  r e f l e c t  c u r r e n t  

taxonom ic  c o n c e p t s . S e v e ra l  o f  t h e  s p e c i e s  w ere  p r e v i o u s ly  

unknown from t h e  B r a s s f i e l d  and from  ro c k s  y o u n g e r  th a n  

Upper O rd o v ic ia n .  T hese  a r e  D e c e p t r ix  s c o f i e l d i  ( U l r i c h ) ,  

N u c u l i t e s  n e g l e c t u s  H a l l ,  P a l a e o n e i l o  fe c u n d a  ( H a l l ) , 

P r a e n u c u la  a l b e r t i n a  ( U l r i c h ) ,  Lyrodesma s p . , and new 

genus "A" f o e r s t e i  n .  s p .  T h is  a l s o  r e p r e s e n t s  t h e  f i r s t  

docum ented o c c u r r e n c e  o f  Lyrodesma i n  t h e  S i l u r i a n .

A ssignm ent o f  P a la e o c o n c h a  o h io e n s i s  (C la rk e  and Ruedemann) 

and P ra e n u c u la  a l b e r t i n a  ( H a l l )  t o  t h o s e  g e n e ra  have  

e x te n d e d  t h e i r  g e n e r i c  r a n g e s  i n t o  t h e  Lower S i l u r i a n .  

P lacem en t o f  N ucula  ( T e l l in o m y a ) fe c u n d a  (H a l l ,  186 2) i n  

P a l a e o n e i l o  h a s  c r e a t e d  a  n o m e n c la tu r a l  c o n f l i c t  o f
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homonomy w ith  P a l a e o n e i l o  f e c u n d a  ( H a l l ,  1 8 7 0 ) .  The name 

P a l a e o n e i lo  h a l l i  i s  p o rp o sed  f o r  P. fecu n d a  ( H a l l ,  1 8 7 0 ) .

S e v e ra l  s p e c i e s  o f  n u c u lo id s  a r e  v i r t u a l l y  i d e n t i c a l  

t o  th o s e  found  i n  t h e  "D e p au p e ra te  Zone" o f  t h e  M aquoketa 

F o rm ation  (Upper O rd o v ic ia n )  o f  Iow a, I l l i n o i s ,  W isconsin  

and M is s o u r i .  T h ese ,  a lo n g  w i th  t h e  o t h e r  m o l l u s k s , im ply 

a s t r a t i g r a p h i c a l l y  r e c u r r e n t  "D ep au p e ra te  Zone" community 

in  some h o r i z o n s  o f  t h e  B r a s s f i e l d ,  i . e . ,  a  l e s s  th a n  

s a l u b r io u s  en v iro n m en t  f o r  b i v a l v e s .
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1

INTRODUCTION

T his  i n v e s t i g a t i o n  was d e s ig n e d  t o  d e a l  w i th  t h e  taxonom y, 

c o m p a ra t iv e  m orpho logy , phy logeny  and p a le o e c o lo g y  o f  E a r ly  

S i l u r i a n  ( B r a s s f i e l d )  b i v a l v e s  i n  th e  T r i - s t a t e  A rea  o f  O hio, 

I n d i a n a  and K entucky. The a p p a r e n t  p a u c i ty  o f  E a r ly  S i l u r i a n  

b i v a l v e s ,  a s  r e p o r t e d  by p r e v io u s  i n v e s t i g a t o r s  ( e . g . ,  F o e r s t e ,  

189 5) and h e r e  s u b s t a n t i a t e d ,  s t r o n g l y  s u g g e s t s  an  e n v iro n m e n ta l  

d e f i c i e n c y  ( i . e .  b i v a l v e  h a r d s h ip )  d u r in g  t h e  E a r ly  S i l u r i a n  

in  t h i s  a r e a ,  i n  c o n t r a s t  t o  th e  r e l a t i v e l y  r i c h  b i v a l v e  

fa u n a  o f  t h e  O rd o v ic ia n .  B iv a lv e s  w ere  s t i l l  l o c a l l y  ab u n d an t  

i n  t h e  E a r ly  S i l u r i a n  B r a s s f i e l d  F o rm a tio n ,  a l th o u g h  t h e i r  

p o p u la t io n s  were g r e a t l y  re d u c e d  r e g i o n a l l y .  U n h a p p i ly ,  no 

p e le c y p o d s  were found i n  any B r a s s f i e l d  u n i t s  o u t s i d e  Ohio 

( T e x t - f i g .  1 ) .  However, i n  s e v e r a l  a r e a s  o f  Ohio (Adams,

T e x t - f i g .  l - - L o c a l i t y  Map o f  B r a s s f i e l d  sam ple  s i t e s .

C l in to n ,  G reen , Montgomery and C la rk  c o u n t i e s ) ,  numerous 

b i v a l v e s  were found  i n  s e v e r a l  B r a s s f i e l d  h o r i z o n s  (T e x t -  

f i g .  2 ) .  Some o f  t h e s e  " p o p u la t io n s "  (members o f  th e

T e x t - f i g .  2— D i s t r i b u t i o n  o f  B iv a lv e  f a u n a l  a s se m b la g e s  

i n  t h e  B r a s s f i e l d  F orm ation  o f  Ohio

"P a l e o n e i l o  fe c u n d a  a sse m b la g e" )  a p p e a r  t o  have  s u r v iv e d ,  

r e l a t i v e l y  unchanged from  O rd o v ic ia n  a n c e s t o r s j  w h i le  o t h e r s  

(members o f  t h e  A c t i n o p t e r i a  b r i s a  a s se m b la g e " )  a r e
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d i s t i n c t l y  d i f f e r e n t  i n  taxonom ic  c o m p o s i t io n ,  b e in g  much 

more l i k e  M iddle  and Upper S i l u r i a n  and Lower D evonian 

a s s e m b la g e s .

The B r a s s f i e l d  f a u n a  i s ,  a s  m ig h t  be  e x p e c te d ,  

i n t e r m e d i a t e  be tw een  O rd o v ic ia n  and S i l u r i a n  b i v a l v e  

co m m u n itie s .  The O r d o v i c i a n - l i k e  a s se m b la g e  c o n s i s t s  o f  

i n f a u n a l  s p e c i e s ,  w h i le  t h e  S i l u r i a n -  and D e v o n ia n - l ik e  

s p e c i e s  a r e  e p i f a u n a l . The c o n s e r v a t iv e n e s s  o f  i n f a u n a l  

o rgan ism s may, i n  p a r t ,  e x p la in  t h i s  d ich o to m y .

Of th e  many l i n e a g e s  t h a t  w ere so  d i v e r s e  and ab u n d an t 

i n  t h e  O rd o v ic ia n ,  o n ly  t h e  n u c u lo id s  m a in ta in e d  t h a t  

abundance  i n  t h e  B r a s s f i e l d .  A m b o n y ch iid s , p t e r i n e i d s ,  

m odiom orphids and c y r t o d o n t i d s  a r e  r e p r e s e n t e d  by o n ly  a 

few spec im ens  o f  one o r  two s p e c i e s  e a c h .  T h is  r e p r e s e n t s  

a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  f a u n a . compared to  t h a t  o f  t h e  

L ate  O rd o v ic ia n  ( s e e  P o j e t a ,  1971, p .  2 7 ) .  T h is  d i s t r i b u t i o n  

may, how ever, p a r t i a l l y  r e f l e c t  e n v i r o n m e n ta l  c o n d i t i o n s  

s e l e c t i v e l y  c o n d u c iv e  t o  n u c u lo id  d e v e lo p m e n t.  N u cu lo id s  

( a lo n g  w ith  L yrodesm a) co m prise  t h e  v a s t  m a j o r i t y  o f  b i v a l v e s  

i n  t h e  S i l u r i a n  " L in g u la  community" o f  Z i e g l e r ,  e t  a l_ .(1 9 6 8 ) ,  

and a p p e a r  t o  be an  e q u a l ly  dom inan t b i v a l v e  e le m e n t  i n  some 

o t h e r  n e a r s h o r e  e n v iro n m e n ts  ( B r e t s k y ,  1 9 6 8 ) .

A ugust F . F o e r s t e  i s  v i r t u a l l y  t h e  s o l e  c o n t r i b u t o r  o f  

fu n d a m e n ta l  i n f o r m a t i o n  a b o u t  t h e  p a l e o n to l o g y ,  l i t h o l o g y  

and s t r a t i g r a p h y  o f  t h e  B r a s s f i e l d  F o rm a tio n  ( F o e r s t e  18 85, 

1888 , 1895, 1896 , 1901, 1906, 1909 , 191 9 , 19 23 , 1931 and

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



5

1 9 3 5 ) .  H is work rem ained  th e  o n ly  a u t h o r i t a t i v e  s t u d i e s  o f  

t h i s  u n i t  u n t i l  t h e  19 6 0 ’ s .

More r e c e n t l y ,  a  d e t a i l e d  s tu d y  o f  B r a s s f i e l d  

l i t h o s t r a t i g r a p h y  h a s  been  c a r r i e d  o u t  (O 'D o n n e l l ,  1 9 6 7 ) .  

Rexroad (19 67) r e p o r t e d  on  conodon t p a le o n to lo g y  and 

b i o s t r a t i g r a p h y  i n  I n d ia n a  and Kentucky o u t c r o p s ; h i s  

work i n d i c a t e d  a L ate  E a r ly  L la n d o v e r ia n  age  f o r  t h i s  p a r t  

o f  t h e  B r a s s f i e l d .  Gray and B ouco t(1972) d e s c r i b e d  t h e  

d i s t r i b u t i o n  o f  p a lin o m o rp h s  th ro u g h o u t  t h e  B r a s s f i e l d  in  

s o u th e r n  Ohio and showed v e ry  s i m i l a r  f l o r a  i n  t h e  upperm ost 

P r e a c h e r v i l l e  (Upper O rd o v ic ia n )  F o rm a tio n  and low erm ost 

B r a s s f i e l d  ( B e l f a s t  member, Lower S i l u r i a n )  F o rm a tio n ,  

se em in g ly  i n d i c a t i n g  a  p a ra c o n fo r m i ty  a t  t h e  O rd o v ic ia n -  

S i l u r i a n  b o u n d a ry . T h ere  i s ,  how ever, a  l i t h o l o g i c  d i f f e r e n c e  

be tw een  th e  two f o r m a t io n s :  t h e  P r e a c h e r v i l l e  F o rm a tio n

c o n t a i n s  more f i n e - g r a i n e d  ( c l a y )  p a r t i c l e s  th a n  t h e  s i l t i e r  

B r a s s f i e l d .

F o e r s t e ' s  p a l e o n to l o g i c  work was p e r c e p t i v e ,  b u t  i t  

r e f l e c t e d  t h e  taxonom ic  o p in io n s  of t h a t  t im e .  New th o u g h ts  

on c l a s s i f i c a t i o n  hav e  s in c e  been  g e n e r a te d  ( e . g . ,  Cox,

1960 and N ew ell ,  1 9 6 5 ) ,  and knowledge o f  t h e  c o m p a ra t iv e  

m o rp h o lo g ie s  o f  f o s s i l  and R ecen t g ro u p s  h a s  v a s t l y  i n c r e a s e d .  

H is b i v a l v e  s y s t e m a t i c s  a r e  t h e r e f o r e  r e - e v a l u a t e d  i n  l i g h t  

o f  c u r r e n t  knowledge and c o n c e p ts ,  and a l l  h i s  ty p e  m a t e r i a l  

i s  r e i l l u s t r a t e d .  Some ty p e  m a t e r i a l  o f  o t h e r  a u th o r s  i s  

a l s o  r e f i g u r e d  h e r e .
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C o n s id e ra b le  new in f o r m a t io n  h a s  b een  o b t a in e d  a b o u t  

t h e  morphology o f  some s p e c i e s  ( p a r t i c u l a r l y  n u c u lo id s )  

c o l l e c t e d  from a c id  r e s i d u e s .  New d e t a i l s  o f  l ig a m e n t ,  

d e n t i t i o n  and m u s c u la tu r e  a r e  d e s c r i b e d .  The l a r g e  b i v a l v e  

c o l l e c t i o n  th u s  o b ta in e d  in c lu d e s  sp ec im es  o f  v a ry in g  

s i z e  and m orphology so t h a t  t h e  on togeny  o f  s e v e r a l  s p e c i e s  

can  be d e l i n e a t e d  f o r  t h e  f i r s t  t im e ,  and some i n s i g h t  i n t o  

p o p u la t io n s  g a in e d .

S u f f i c i e n t  m a t e r i a l  was o b ta in e d  i n  t h i s  s tu d y  f o r  

o n to g e n ic  a n a ly s e s  o f  two s p e c i e s  o f  n u c u lo id s  ( D e c e p t r ix  

s c o f i e l d i  [ U l r i c h ]  and P a l a e o n e i l o  fe c u n d a  [ H a l l ] ) ,  a 

l y r o d e s m a t id  ( Lyrodesma s p . )  and a p t e r i n e i d  ( A c t i n o p t e r i a  

b r i s a  [ H a l l ] ) . The n u c u lo id s  w ere c o l l e c t e d  from  s e v e r a l  

h o r i z o n s  o f  f e r r u g in o u s  l im e s to n e  35 t o  3 7 f e e t  (11m) above 

t h e  b a se  o f  th e  B r a s s f i e l d  a t  s e v e r a l  s e c t i o n s  a lo n g  S t a t e  

Road i+l, 2 .5  m i l e s  n o r th  o f  West U nion , Adams C ounty , Ohio. 

From th e s e  l a y e r s ,  a b o u t  30 sam ples w ere p r o c e s s e d  in  d i l u t e  

a c e t i c  a c i d .  The r e s i d u e s  c o n ta in e d  S te in k e r n s  and 

p e r m in e r a l i z e d  s h e l l s  o f  m o llu sk s  and o t h e r  i n v e r t e b r a t e s .  

The g r e a t e s t  number o f  i n d i v i d u a l s  (982) and s p e c i e s  (7) 

were r e c o v e re d  from a 6 .5 -p o u n d  b lo c k  o f  l im e s t o n e ,  sam ple 

WU-1U. I n d i v i d u a l s  o f  t h i s  sam ple a r e  r e p r e s e n t a t i v e  o f  

a l l  t h e  s h e l l s  c o l l e c t e d  f o r  t h i s  s tu d y  ( i n  t h e s e  s e c t i o n s ) ;  

and , s i n c e  t h i s  sam ple  h as  t h e  m ost i n d i v i d u a l s  i t  i s  u sed  

h e r e i n  f o r  d e t a i l s  o f  o n to g e n y .  The n u m e r ic a l  d a t a  ( t a b l e s  

and g ra p h s )  a r e  b ased  on spec im ens from t h i s  sa m p le ,  w h i le
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th e  g e n e r a l  c o n c l u s i o n s ,  d i s c u s s i o n  and p l a t e  i l l u s t r a t i o n s  

a r e  made on  th e  a g g r e g a te  f a u n a .  T here  w ere  437 l e f t  and 

465 r i g h t ,  d i s a r t i c u l a t e d  v a lv e s  and 80 a r t i c u l a t e d  s h e l l s  

d i s t r i b u t e d  among f o u r  n u c u lo id  and one Lyrodesma s p e c i e s  

from  t h i s  sam ple (WU-14).

The b i v a l v e  s p e c i e s  o f  t h e  B r a s s f i e l d  may be s e p a r a t e d  

i n t o  two d i s t i n c t  f a u n a l  g ro u p s  a s  m en t io n ed  abov e . The 

f a u n a  o f  t h e  " P a l a e o n e i l o  fe c u n d a  a s se m b la g e :  i s  v e ry  

s i m i l a r  i n  s p e c i e s  c o n te n t  and s i z e  d i s t r i b u t i o n  t o  

a sse m b la g es  d e s c r i b e d  by Snyder and B re ts k y  (1971) from  

t h e  O rd o v ic ia n  b a s a l  Maquoketa F o rm atio n  i n  t h e  M idw est.

T h is  s u g g e s t s  a  s t r a t i g r a p h i c a l l y  r e c u r r e n t  community 

Raup and S t a n le y ,  1971 , p .  2 2 9 ) .  T h is  phenomenon r e a l l y  

r e p r e s e n t s  s i m i l a r  f a c i e s  i n  t h e  b a s a l  M aquoketa and t h i s  

p a r t  o f  t h e  B r a s s f i e l d  and th e  t im e  t r a n s g r e s s i v e  m ig r a t i o n  

o f  t h a t  f a c i e s  from  t h e  b a s a l  M aquoketa o u tc ro p  r e g io n  

(Iow a , I l l i n o i s  and M is s o u r i )  i n  t h e  L a te  O rd o v ic ia n  

t o  p a r t  o f  t h e  B r a s s f i e l d  o u tc ro p  r e g io n  ( i n  s o u th e r n  Ohio) 

i n  t h e  E a r ly  S i l u r i a n .  Numerous o t h e r  exam ples o f  t h i s  

phenomenon a r e  known [ e . g . ,  W il l ia m s  (1941) and C a s t e r  

(1934) d e a l i n g  w i th  b ra c h io p o d s  and a s s o c i a t e d  f a u n a ,

C a s t e r  (1938) d e a l i n g  w i th  l im u l o id  c r u s t a c e a n s , a n d  Kohut 

(19 69) d e a l in g  w i th  co n o d o n ts  a r e  b u t  a few s t u d i e s  r e l a t i n g  

f a c i e s  t o  t h e  d i s t r i b u t i o n  o f  s p e c i e s  a s s e m b la g e s ] .

A lthough  n o t  s t u d i e d  i n  d e t a i l  i n  t h i s  i n v e s t i g a t i o n ,  t h e  

g a s t r o p o d ,  " s c a p h o p o d ," b ra c h io p o d  and  h y o l i t h i d  f a u n a s  i n  

t h i s  zone o f  t h e  B r a s s f i e l d  a r e  a l s o  v e ry  s i m i l a r  t o  th e  

b a s a l  Maquoketa a s  l i s t e d  i n  B re ts k y  and Bermingham (1970) 

and O jakangas (19 5 9 ) .  The e n t i r e  m o l lu s c a n  community and 

some a s s o c i a t e d  s p e c i e s  a p p e a r  t o  b e  i n f lu e n c e d  by t h i s  

f a c i e s  phenomenon.
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The f a u n a l  s i z e  f r e q u e n c y  and v a lv e  s o r t i n g  i n  t h e  

b i v a l v e s  w ere exam ined t o  d e te rm in e  w h e th e r  t h e  f a u n a  ( o f  

th e  "P. fe c u n d a  a s s e m b la g e ” ) h a d  been  s i g n i f i c a n t l y  

t r a n s p o r t e d  and s o r t e d .  P r im a ry  s e d im e n ta ry  s t r u c t u r e s  

i n c l u d i n g  r i p p l e s  and c r o s s - l a m in a e  i n  some B r a s s f i e l d  l a y e r s  

i n d i c a t e  some c u r r e n t  a c t i v i t y  d u r in g  s e d im e n t  d e p o s i t i o n .

The r a t i o  o f  r i g h t  t o  l e f t  v a l v e s ,  a s  w e l l  a s  d e g re e  o f  

b re a k a g e ,  how ever, im p ly  t h a t  a l th o u g h  some p o s t-m o r te m  

t r a n s p o r t  o f  th e  b i v a l v e s  d id  o c c u r ,  i t  was p ro b a b ly  o f  

s h o r t  d u r a t i o n  and low e n e rg y  l e v e l ,  p e rh a p s  o n ly  re w o rk in g  

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

m o b ile  se d im e n t  com posing  t h e s e  t h in - b e d d e d  r i p p l e d  l a y e r s .

An e x t e n s i v e  s tu d y  o f  t h e  c o r a l l i n e  f a u n a o f  t h e  

B r a s s f i e l d  F o rm a tio n  i s  c u r r e n t l y  b e in g  c o n d u c te d  by 

R ic h a rd  Laub (Ph .D . t h e s i s  i n  p r e p a r a t i o n  a t  t h e  U n i v e r s i t y  

o f  C i n c i n n a t i ) .  At t h e  i n c e p t i o n  o f  h i s  s tu d y  t h e r e  was 

hope o f  c o r r e l a t i o n  be tw een  t h e  two fa u n a s  r e g a r d i n g  

p a le o e c o lo g y ,  p a le o g e o g ra p h y  and c o m p ar iso n  o f  t h e  B r a s s f i e l d  

o rg an ism s  w i th  o t h e r  O rd o v ic ia n  and S i l u r i a n  t a x a .  

U n f o r t u n a t e ly ,  t h e  o c c u r r e n c e s  o f  c o r a l s  and b i v a l v e s  in  t h e  

B r a s s f i e l d  a r e  n e a r l y  m u tu a l ly  e x c l u s i v e .  A s i n g l e  s p e c i e s  

o f  ru g o se  c o r a l  ( Z a p h r e n t i s  s p . )  i n f r e q u e n t l y  o c c u r s  w i th  

t h e  b i v a l v e s  i n  b o th  th e  P. fe c u n d a  and A. b r i s a  a s s e m b la g e s .  

A p p a r e n t ly ,  t h o s e  e n v iro n m e n ts  p r o v in g  v i a b l e  f o r  b i v a l v e s  

was q u i t e  i n h o s p i t a b l e  t o  m ost c o r a l s .

Specim ens borrow ed from museums c a r r y  t h e  f o l lo w in g
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D re f ix e d  a b b r e v i a t i o n s  i n  t h i s  work;

N a t io n a l  Museum o f  N a tu r a l  H i s to r y  

A m erican Museum o f  N a tu ra l  H i s to r y  

U n i v e r s i t y  o f  C i n c i n n a t i  Geology Museum

AMNH

USNM

UCGM

New York S t a t e  Museum NYSM

Ohio S t a t e  U n i v e r s i t y  Museum OSU

W alker Museum C o l l e c t i o n  ( F i e l d  Museum

o f  N a tu r a l  H i s to r y ) WM

Specim ens c o l l e c t e d  i n  t h i s  s tu d y  were g iv e n  UCGM numbers 

and d e p o s i t e d  i n  t h e  U n i v e r s i t y  o f  C i n c i n n a t i  Geology Museum.

I  would l i k e  t o  e x p re s s  my g r a t i t u d e  t o  Dr. Kenneth E. 

C a s te r  who s e r v e d  as  m en to r  and a d v i s e r  d u r in g  my g r a d u a te  

s t u d i e s  a t  t h e  U n i v e r s i t y  o f  C i n c i n n a t i .  H is h e lp  i n  

r e v ie w in g  th e  i n i t i a l  s t a g e s  o f  t h i s  m a n u s c r ip t  and i n  

p r o v id in g  a c c e s s  t o  h i s  v a s t  p e r s o n a l  l i b r a r y  were i n v a l u a b l e .  

D r s . Wayne A. P r y o r ,  W il l ia m  A. D reyer and R ic h a rd  A.

D avis a l s o  r e a d  p a r t s  o f  t h e  m a n u s c r ip t  and o f f e r e d  h e l p f u l  

c r i t i c i s m .  D r. John  P o j e t a  s e r v e d  a s  an a n c i l l a r y  a d v i s e r  

on t h i s  p r o j e c t  and o f f e r e d  much h e l p f u l  c o n s u l t a t i o n  

r e l a t i n g  t o  p e le c y p o d  s y s t e m a t i c s .  He a l s o  made a v a i l a b l e  

c o n s i d e r a b l e  ty p e  m a t e r i a l  i n  th e  N a t io n a l  Museum o f  N a tu r a l  

H i s t o r y  c o l l e c t i o n s .

The a u t h o r  would a l s o  l i k e  t o  th a n k  th o s e  p e o p le  and 

i n s t i t u t i o n s  who l e n t  sp e c im en s ;  Roger L. B a t t e n ,  A m erican  

Museum o f  N a t u r a l  H i s t o r y ;  Bruce M. B e l l ,  New York S t a t e
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Museum; S t i g  B e rg s tro m , Ohio S t a t e  U n i v e r s i t y ;  R ich a rd  A. 

D a v is ,  U n i v e r s i t y  o f  C i n c i n n a t i ;  F r e d e r i c k  J .  C o l l i e r ,

N a t io n a l  Museum o f  N a tu ra l  H i s t o r y .

To my w ife  L inda  I  e x te n d  th a n k s  f o r  ty p in g  th e  m a n u s c r ip t  

and s tu d y in g  th e  g a s t r o p o d ,  "scaphopod" and h y o l i t h i d  fa u n a  

o f  t h e .” Pa l a e o n e i l o  fe c u n d a  a s se m b la g e ” and com paring  them 

w i th  th o s e  o f  t h e  b a s a l  M aquoketa F o rm a tio n .

The r e s e a r c h  f o r  t h i s  s tu d y  was in  p a r t  su p p o r te d  by a 

N a t io n a l  D efense  E d u c a t io n  Act r e s e a r c h  g r a n t  from th e  

g e o lo g y  d e p a r tm e n t  o f  t h e  U n i v e r s i t y  o f  C i n c i n n a t i ,  which 

d e p a r tm e n t  a l s o  p ro v id e d  l a b o r a t o r y  equ ipm en t and s u p p l i e s .

SHELL MORPHOLOGY

EXTERNAL FEATURES 

O r i e n t a t i o n

By c o n v e n t io n ,  b i v a l v e  s h e l l s  a r e  r e f e r r e d  ;.to . a s  r i g h t  

and l e f t  v a lv e s  w i th  t h e  zone o f  a r t i c u l a t i o n  by d e n t i t i o n  

and l ig a m e n t  b e in g  d o r s a l  and th e  o p p o s i t e  m a rg in ,  v e n t r a l .  

Along th e  d o r s a l  m arg in ,  th e  i n t e r n a l  s u r f a c e  o f  a r t i c u l a t i o n  

i s  t h e  h in g e  p l a t e  ( o r  d e n t a l  p l a t e ) . Each v a lv e  i s  l a t e r a l  

t o  th e  e n c lo s e d  v i s c e r a .  T h is  p r o c e d u re  f o r  o r i e n t a t i o n  i s  

from a  b i o l o g i c a l  fram e o f  r e f e r e n c e ,  g e n e r a l l y  r e f l e c t i n g  

th e  d i s t r i b u t i o n  o f  " s o f t  p a r t ” anatom y ( f o r  exam ple , a n t e r i o r  

i s  d e te rm in e d ,  among o t h e r  t h i n g s ,  by th e  p o s i t i o n  o f  th e  

m o u th ) , d i r e c t i o n  o f  lo c o m o tio n  (m ost a n im a ls  move i n  an 

a n t e r i o r  d i r e c t i o n )  and o r i e n t a t i o n  i n  l i f e  ( t h e  dorsum i s  

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

i s  r e s t r i c t e d  to  e x c e e d in g ly  few f o s s i l  specim ens b e c a u se  

s o f t  p a r t s  ( e x c e p t  by r e f l e c t i o n  in  th e  s h e l l )  and l i f e  p o s i t i o n  

a r e  seldom  c e r t a i n l y  d e m o n s tra b le .  Only t h e  u se  o f  some 

e v id e n c e  o f  s o f t  p a r t s ,  such  a s  th e  p lacem en t  o f  m usc le  s c a r s ,  

can  be c o n s i s t e n t l y  employed by p a l e o n t o l o g i s t s .  (The 

r e l a t i o n s h i p  o f  m usc le  s c a r s  and o t h e r  i n t e r n a l  s t r u c t u r e s  

a r e  d i s c u s s e d  below  u n d e r  t h e  subhead ing  " I n t e r n a l  F e a t u r e s . " )

I n  many f o s s i l  s p e c ie s  o r i e n t a t i o n  h o m o log ies  o r  a n a lo g ie s  

may be made w ith  p r e s e n t  day  fo rm s . Taxa w i th o u t  e x ta n t  

homologues o r  a n a lo g u e s  a r e  o f t e n  o r i e n t e d  by c o n v e n t io n  

( e . g . ,  Cox, 19 69, p .  7 9 ) .  A n a ly s is  o f  s h e l l  m orphology 

and anatomy o f  modern n u c u lo id s  (su c h  a s  by H ea th , 19 37) and 

su b s e q u e n t  com parison  o f  t h e s e  f e a t u r e s  w ith  f o s s i l  forms 

sh o u ld  y i e l d  an i n t e r p r e t a t i o n  o f  b i o l o g i c  o r i e n t a t i o n  w ith  

c o n s i d e r a b le  c o n f id e n c e .  Such an a n a l y s i s  was employed by 

D r i s c o l l  (19 64) u s in g  a c c e s s o ry  m uscle  s c a r s  and i s  d i s c u s s e d  

be low . S p e c ie s  o f  t h e  P t e r i n e i d a e  o r  C y r to d o n t id a e , f o r  

example, have  no c l o s e  l i v i n g  r e l a t i v e s ,  b u t  may be o r i e n t e d  

by co m parison  w ith  a n a lo g o u s  modern forms w i th  s i m i l a r  shape 

and s t r u c t u r e  ( e . g . ,  P o j e t a ,  1971, p ,  3 3 ) .  S t i l l  o t h e r  

e x t i n c t  t a x a  (su ch  a s  th e  G ram m yssiidae) may have  few 

an a lo g o u s  modern form s and a r e  o r i e n t e d  p r i m a r i l y  by 

c o n v e n t io n .

S h e l l  Regions

The m o rp h o lo g ic  f e a t u r e s  o f  t h e  B iv a lv e  conch a s  u se d  i n
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t h e  s y s te m a t i c  s e c t i o n  o f  t h i s  work a r e  d e f i n e d  and d i s c u s s e d  

below . Some o f  t h e  v a r i o u s  r e g i o n s  o f  t h e  s h e l l  a r e  a l s o  

d i s c u s s e d  i n  t h e  s e c t i o n  on e x t e r n a l  f e a t u r e s  ( t h e  beak  and 

umbo, p a r t i c u l a r l y ) .  The te rm  conch  o r  " s h e l l ” r e f e r s  t o  

b o th  v a lv e s  i n  an a r t i c u l a t e d  s t a t e ,  e s s e n t i a l l y  a s  th e y  w ere 

when t h e  a n im a l  was a l i v e .  A v a lv e  i s  h a l f  o f  t h e  s h e l l  and 

i s  d e s c r ib e d  a s  e i t h e r  a r i g h t  o r  l e f t  e le m e n t .  The main 

p a r t  o f  t h e  s h e l l  t h a t  p resu m ab ly  e n c a se d  t h e  g r e a t e r  p a r t  

o f  t h e  v i s c e r a  i s  c a l l e d  t h e  body . The to p o g ra p h y  a c r o s s  

t h e  s u r f a c e  o f  t h e  body i s  u s u a l l y  u n i fo rm ly  c u rv e d ,  

a l th o u g h  some form s h av e  s t r u c t u r e s  su ch  a s  umbonal r i d g e s  

o r  s u l c i  t h a t  p ro d u ce  a  l o c a l  change i n  th e  s u r f a c e  

to p o g rap h y  ( a s  d i s c u s s e d  b e lo w ) .  A change i n  s h e l l  to p o g ra p h y  

n e a r  th e  a n t e r i o r  o r  p o s t e r i o r  m arg in  marks t h e  boundary  o f  

th e  s h e l l  body w i th  an  a u r i c l e ,  wing o r  e a r  ( s e e  d i s c u s s i o n  

f o l l o w i n g ) .  I n  some t a x a ,  such a s  D e c e p t r ix  s c o f i e l d i  

( P I .  1 , f i g .  1 ,  2) and P a l a e o n e i l o  fe c u n d a  ( P I .  4 ,  f i g .  1 ) ,  

th e  body o f  t h e  s h e l l  i s  v i r t u a l l y  th e  same a s  th e  e n t i r e  

volume o f  t h e  s h e l l .  Some fo rm s ,  how ever, h av e  r e g i o n s  o f  

t h e  s h e l l  t h a t  a r e  d i s t i n g u i s h a b l e  from  t h e  s h e l l  body due 

to  a d i f f e r e n c e  in  s h e l l  to p o g rap h y  o r  e x t e r n a l  s u r f a c e  

o rn a m e n ta t io n .  These d i s t i n g u i s h a b l e  r e g i o n s  o f  t h e  s h e l l  

o c c u r  a d j a c e n t  t o  t h e  d o r s a l  m arg in  and have  had s e v e r a l  

names a p p l i e d  t o  them , such a s  "w in g ,"  " e a r , "  " a u r i c l e , "  

" a l a t i o n "  o r " f l a n g e . "  As P o j e t a  (19 66, p. 138) commented, 

t h e r e  h as  been  c o n s i d e r a b l e  c o n fu s io n  a s  t o  t h e  p r e c i s e  

m eaning o f  t h e s e  t e r m s .  He s u g g e s te d  ( p .  139) t h a t  th e
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u se  o f  " a l a t i o n "  o r  "w ing” be  r e s t r i c t e d  t o  fo rm s t h a t  show 

a p r o j e c t i o n  o f  t h e  d o r s a l  m a rg in  beyond t h e  v e r t i c a l l y  

p r o j e c t e d  m arg in  o f  th e  body . A "w ing" i s  c o n v e n t i o n a l l y  

found  p o s t e r i o r l y ,  w h i le  an  " e a r "  o r  " a u r i c l e "  would be 

a n t e r i o r  t o  t h e  b e ak .  These s t r u c t u r e s  o f  t h e  s h e l l  would 

be  u s e f u l  f o r  d e te r m in in g  o r i e n t a t i o n  i n  some t a x a .  " A u r ic le "  

h a s  a l s o  b e en  u se d  a s  a  g e n e r a l  te rm  f o r  any ty p e  o f  

a n t e r i o r  o r  p o s t e r i o r  e x te n s i o n  o r  d i f f e r e n t i a t i o n  o f  th e  

s h e l l  i n  t h e  d o r s a l  r e g i o n  (Cox, 19 69 , p .  4 6 ) .  "Wings" 

a r e  u s u a l l y  l a r g e r  t h a n  " e a r s "  and h av e  a t r i a n g u l a r  o r  

s u b t r i a n g u l a r  o u t l i n e ,  w h i le  an  " e a r "  i s  u s u a l l y  l o b a t e  o r  

ro u n d e d .  The te rm  " f l a n g e "  i s  o f t e n  u se d  i s  d e s c r i b i n g  t h e  

d o r s a l  e x p a n s io n s  i n  b i v a l v e s  ( e s p e c i a l l y  u n io n id s )  w here  

t h e r e  i s  commonly l i t t l e  ch an g e  i n  to p o g ra p h y  and o rnam ent 

from  th e  s h e l l  body ( P I .  9 ,  f i g .  1 3 ) .

I n  t h i s  s t u d y ,  w ing, e a r ,  a u r i c l e ,  and f l a n g e  w i l l  be 

em ployed. Wing w i l l  be u se d  a s  s u g g e s te d  by P o j e t a  (196 6, 

p .  1 3 9 ) ,  f o r  a  d o r s a l  e x te n s i o n  o f  t h e  s h e l l  beyond th e  

g e n e r a l  body m arg in  p o s t e r i o r  t o  t h e  b eak  w i th  th e  d o r s a l  

and p o s t e r i o r  m arg in s  o f  t h i s  s t r u c t u r e  u s u a l l y  m e e t in g  a t  

an a c u t e  a n g le .  A s i m i l a r  s t r u c t u r e  fo und  a n t e r i o r  t o  th e  

beak  w i l l  be c a l l e d  an  e a r  ( o f t e n  w i th  a  ro u n d ed  a n t e r i o r  

m a r g i n ) . A wing and e a r  a r e  b o th  p r e s e n t  in  A c t i n o p t e r i a  

b r i s a  ( P I .  8 , f i g .  4 ) .  The more g e n e r a l  te rm  a u r i c l e  i s  

a p p l i e d  t o  b o th  a n t e r i o r  o r  p o s t e r i o r  d o r s a l  s h e l l  e x t e n s i o n s .  

S h e l l  Shape

The u se  o f  s h e l l  shape  i n  t h e  d e s c r i p t i o n  o f  m orpho logy
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i n  p e le cy p o d  s t u d i e s  i s  common. S h e l l  shape  sh o u ld  be 

t a k e n  h e r e i n  t o  i n c lu d e  b a s i c  d im e n s io n s  o f  t h e  v a l v e s ,  

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

o c c u r r e n c e  o f  a u r i c l e s  ( " e a r "  o r  " w in g " ) ,  a n t e r i o r  o r  

p o s t e r i o r  e lo n g a t i o n  o r  t r u n c a t i o n  and g e n e r a l  v a lv e  o u t l i n e .

C on v ex ity  i s  used  when d e s c r i b i n g  t h e  t o t a l  c u r v a t u r e  

o f  t h e  s h e l l  s u r f a c e  from  beak  t o  v e n t r a l  m a rg in .  C o n v e x ity  

o f  o p p o s in g  v a lv e s  may be s i m i l a r ;  i n  t h a t  c a s e ,  t h e  s h e l l  

i s  te rm ed  e q u iv a lv e d .  I f  t h e  v a lv e s  a r e  o f  d i f f e r e n t  

c o n v e x i t i e s ,  t h e  s h e l l  i s  te rm ed  i n e q u i v a l v e d . Many 

p t e r i n e i d s  a r e  i n e q u iv a lv e d  w i th  an a lm o s t  f l a t  r i g h t  v a lv e  

and a  convex l e f t  v a lv e .  C onv ex ity  i s  r a r e l y  u se d  a s  a 

t a x o b a s i s  i n  t h e  form s found i n  t h e  B r a s s f i e l d ,  and th e n  

o n l y a t  t h e  s p e c i e s  l e v e l .  P a la e o c o n c h a  f a b e r i  M i l l e r  

( P I .  2 , f i g .  4) and P. o h i o e n s i s  ( B a s s l e r  ( P I .  2 , f i g .  9) 

may be s e p a r a t e d  i n  p a r t  by c o n v e x i ty  o f  t h e  s h e l l .  Both 

v a lv e s  o f  P . f a b e r i  a r e  much l e s s  convex th a n  th e  v a lv e s  o f  

P . o h i o e n s i s .

I n f l a t i o n  r e f e r s  t o  a d i s p r o p o r t i o n a t e  e n la rg e m e n t  o f  

a  c e r t a i n  r e g i o n  o f  t h e  s h e l l .  The e n la rg e m e n t  i s ,  i n  

e s s e n c e ,  a l o c a l  i n c r e a s e  i n  t h e  volume c o n ta in e d  i n s i d e  

t h e  s h e l l .  I n f l a t i o n  a p p e a r s  t o  o c c u r  m ost commonly i n  th e  

r e g i o n  o f  t h e  umbone and b eak  and  may be  u se d  as  a t a x o b a s i s  

f o r  s e p a r a t i n g  s p e c i e s .  Cuneamya c a s w e l l i  ( F o e r s t e )  ( P I .  10 , 

f i g .  1 1 ) ,  f o r  exam ple , shows i n f l a t e d  umbonal r e g i o n s  

r e l a t i v e  t o  o t h e r  s p e c i e s  o f  Cuneamya. I n f l a t i o n  o f  t h e
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v a lv e  a lo n g  a  l i n e  from  th e  beak  t o  t h e  p o s t e r o - v e n t r a l  

m a rg in ,  such  a s  s e e n  i n  M y t i l a r c a  f o e r s t e i  C la rk  and 

Ruedemann i s  c a l l e d  an  umbonal r i d g e  (P I .  7, f i g .  5 ) .

E lo n g a t io n  o r  t r u n c a t i o n  o f  a n t e r i o r  o r  p o s t e r i o r  

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

s h a p e .  E lo n g a t io n  r e f e r s  t o  t h e  e x te n s io n  o f  t h e  s h e l l  

body a n t e r i o r l y  o r  p o s t e r i o r l y  r e l a t i v e  t o  t h e  b e a k .  T h is  

i s  a c h ie v e d  by a l l o m e t r i c  g row th  o f  t h e  s h e l l  on one s id e  

o f  t h e  b e a k .  "C y p r i c a r d i n i a " u n d u l o s t r i a t a  ( H a l l )  ( P I .  1 0 , 

f i g .  8) and N u c u l i t e s  n e g l e c t u s  ( H a l l )  ( P I .  3 ,  f i g .  10) 

among o t h e r s ,  show a  p o s t e r i o r  e lo n g a t i o n  o f  t h e  s h e l l ,  

w h i le  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  f i g .  1) i s  

a n t e r i o r l y  e l o n g a t e .  T r u n c a t io n ,  c o n v e r s e ly ,  i s  t h e  r e l a t i v e  

s h o r t e n in g  o f  one end o f  t h e  s h e l l . A s h e l l  may be t r u n c a t e  

a t  one end and e lo n g a te  a t  t h e  o t h e r ,  b u t  t h e  t r u n c a t e  m arg in  

i s  g e n e r a l l y  c o n s id e r e d  t o  be a  l i n e  o b l iq u e  t o  t h e  d o r s a l  

m a rg in ,  r a t h e r  th a n  s im p ly  a  s h o r t ,  rou nded  p o r t i o n  o f  a s h e l l  

on one s i d e  o f  t h e  b e a k .  (The a n t e r i o r  end o f  P a l a e o n e i l o  

fe c u n d a  ( H a l l )  ( P I .  4 ,  f i g .  1 ,  10) would n o t  be c o n s id e r e d  

t r u n c a t e d . )  A l l  s p e c i e s  o f  P a lae o co n c h a  ( P I .  2 , f i g .  3 , 5 ,

6) a r e  p o s t e r i o r l y  t r u n c a t e ,  b u t  t h e r e  i s  no s t r i k i n g  a n t e r i o r  

e lo n g a t i o n .  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 , f i g .  1) 

i s  a n t e r i o r l y  e lo n g a te  and p o s t e r i o r l y  t r u n c a t e .  A v a lv e  

t h a t  e x h i b i t s  e l o n g a t i o n  o r  t r u n c a t i o n  i s  r e f e r r e d  to  as  

i n e q u i l a t e r a l  b e c a u se  t h e  b e ak  i s  o f f s e t  from  th e  m id p o in t  

o f  t h e  s h e l l ,  w h i le  a  v a lv e  sy m m e tr ic a l  a n t e r o - p o s t e r i o r l y  

a b o u t  t h e  beak  i s  d e s c r i b e d  a s  e q u i l a t e r a l .
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V alve p r o p o r t i o n s  a r e  a  more q u a n t i t a t i v e  way o f  

e x p r e s s in g  some a s p e c t s  o f  t h e  s h e l l  sh a p e .  These p r o p o r t io n s  

a r e  r a t i o s  o f  m easurem ents  o f  v a lv e  ( o r  s h e l l )  p a r a m e te r s .  

Valve l e n g t h  t o  h e i g h t  i s  a  p r o p o r t i o n  commonly u sed  in  

t h i s  s tu d y .  Valve l e n g t h ,  a s  u sed  h e r e i n ,  i s  t h e  maximum 

s h e l l  d im e n s io n  p a r a l l e l  t o  th e  h in g e  i n  an a n t e r i o r -  

p o s t e r i o r  d i r e c t i o n .  H e ig h t  i s  t h e  maximum s h e l l  d im en sio n  

p e r p e n d i c u l a r  t o  t h e  l e n g t h .  O ther r a t i o s  u sed  h e r e i n  

in c lu d e  a n t e r i o r  l e n g t h  t o  p o s t e r i o r  l e n g t h ,  v a lv e  h e ig h t  

t o  s h e l l  t h i c k n e s s ,  a n t e r i o r  l e n g t h  t o  t o t a l  l e n g t h ,  

a n t e r i o r  h e i g h t  t o  p o s t e r i o r  h e i g h t .

V alve o u t l i n e ,  a l th o u g h  p a r t  o f  t h e  sh ape  o f  t h e  s h e l l ,  

i s  d e s c r i b e d  s e p a r a t e l y  b e c a u se  c o n s i d e r a b l e  taxonom ic  

em phasis i s  o f t e n  p la c e d  on t h i s  f e a t u r e .  The v a lv e  o u t l i n e  

i s  e s s e n t i a l l y  a p la n  view o f  t h e  v a lv e .  D e s c r ip t i v e  

n o m e n c la tu re  o f  v a lv e  o u t l i n e s  may be d e r iv e d  from  g e n e r i c  

names. .A d j e c t iv e s  such a s  p t e r i a f o r m ,  m o d io l i fo rm  o r  

g ram m ysio id  im ply t h a t  th e  v a lv e  b e in g  d e s c r ib e d  h as  an o u t l i n e  

s i m i l a r  t o  t h a t  o f  a p a r t i c u l a r  genus ( P t e r i a ,  M odiolus o r  

Grammysia, r e s p e c t i v e l y ) .

The v a lv e  o u t l i n e  may a l s o  be d e s c r i b e d  i n  g e o m e tr ic  

t e r m s ,  such  a s  r e c t a n g u l a r ,  o v a l ,  rh o m b o id a l ,  t r i g o n a l .

Beak and Umbo

The beak  i s  o f t e n  u sed  as a  r e f e r e n c e  p o i n t  on pe lecy p o d  

v a l v e s .  I t  i s  a  ro u n d ed , c u rv e d  o r  hooked p r o j e c t i o n  

somewhere a lo n g  t h e  d o r s a l  m arg in  o f  th e  v a lv e .  A pe lecy p o d
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grows by d i f f e r e n t i a l  h o l o p e r i p h e r a l  grow th a ro u n d  a v e ry  

t i n y  ( l a r v a l )  s h e l l  ( p ro d is s o c o n c h )  w hich i s  c o e x te n s iv e  

w i th  t h e  b e a k .  The b e a k ,  s t r i c t l y  s p e a k in g ,  i s  t h e  t i p  o f  

th e  v a lv e  and i s  t h e  o l d e s t  p a r t  o f  t h e  v a l v e .  A d i s t i n c t ,  

somewhat i n f l a t e d  r e g i o n  a d j a c e n t  t o  t h e  b eak  i s  c a l l e d  t h e  

umbo. The te rm  b eak  o r  beak  r e g io n  i s  som etim es e r r o n e o u s ly  

a p p l i e d  t o  t h a t  p a r t  o f  th e  v a lv e  which i s  c o r r e c t l y  c a l l e d  

t h e  umbo. The s i z e  and shape  o f  t h e  umbo and th e  d i r e c t i o n  

o f  c u r v a t u r e  o f  beak  and  s l a n t  o f  t h e  umbo (and  som etim es 

th e  s h e l l  body) a r e  o f  taxonom ic  im p o r ta n c e  a t  th e  f a m i l i a l  

o r  g e n e r i c  l e v e l . The beak  and umbo may be r a t h e r  l a r g e  

and p ro m in e n t  r e l a t i v e  t o  t h e  r e s t  o f  th e  v a l v e ,  a s  i n  

Cuneamya c a s w e l l i  ( F o e r s t e )  ( P I .  10 , f i g .  10) and D e c e p t r ix  

s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  f i g .  1 ) .  I n  o t h e r  fo rm s ,  such  

as  A c t i n o p t e r i a  b r i s a  ( H a l l )  ( P I .  8 ,  f i g .  4) t h e  b eak  and 

umbo a r e  r e l a t i v e l y  s m a l l ,  compared w ith  t h e  r e s t  o f  th e  

v a lv e .  " M y t i l a r c a ' ’ f o e r s t e i  C la rk  and Ruedemann ( P I .  7, 

f i g .  5) has  a r e l a t i v e l y  p o in te d  b e a k ,  w h i le  o t h e r  s p e c i e s ,  

such as P a l a e o n e i l o  fec u n d a  ( H a l l )  ( P I .  5, f i g .  7 , 9) have 

a b l u n t  beak  and umbo r e g i o n .

A beak  c u rv in g  a n t e r i o r l y  i s  d e s c r i b e d  a s  p r o s o g y r o u s ,  

w hereas one c u rv in g  tow ard  t h e  p o s t e r i o r  o f  t h e  v a lv e  i s  

te rm ed  o p i s t h o g y r o u s . A b eak  t h a t  d o es  n o t  c u rv e  i n  e i t h e r  

d i r e c t i o n  i s  r e f e r r e d  to  as e r e c t  o r  o r th o g y r o u s .  The 

s l a n t  o r  i n c l i n a t i o n  o f  t h e  umbonal r e g i o n  (and  o f t e n  t h e  

d o r s a l  p a r t  o f  th e  s h e l l  body) h a s  s i m i l a r  n o m e n c la tu re ,
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b u t  w i th  a  change  o f  s u f f i x e s .  An a n t e r i o r  i n c l i n a t i o n  i s  

c a l l e d  p r o s o c l i n e ,  one  p o s t e r i o r  i s  o p i s t h o c l i n e ,  and  no 

s l a n t i n g  i n  e i t h e r  d i r e c t i o n  i s  te rm ed  o r t h c l i n e .  For 

exam ple , P a la e o c o n c h a  o b l iq u a  ( H a l l )  i s  p ro so g y ro u s  ( P I .  2, 

f i g .  8) and o r t h o c l i n e  ( P I .  2 ,  f i g .  7 ) ,  and A c t i n o p t e r i a  

b r i s a  H a l l  i s  p ro s o g y ro u s  and  p r o s o c l i n e  (w i th  t h e  w hole 

body s l a n t e d  a n t e r i o r l y )  (P I .  7 , f i g .  1 2 ) .

The p o s i t i o n  o f  th e  b eak  i s  i n  r e f e r e n c e  t o  i t s  d i s t a n c e  

from  one end o f  t h e  v a lv e ;  how ev er ,  i f  t h e  beak  i s  a t  t h e  

end o f  t h e  v a lv e  i t  i s  c a l l e d  t e r m i n a l . "M y t i l a r c a " 

f o e r s t e i  C la rk  and Ruedemann ( P I .  7 , f i g .  5) h a s  an  a n t e r i o r l y  

t e r m i n a l  b e a k .

"P ro sop on"  i s  a  te rm  p ro p o se d  by  G i l l  (1949 , p .  572) t o  

r e p l a c e  t h e  te rm  " o rn a m e n t ."  V a r i a t i o n s  i n  r e l i e f  o n . t h e  

e x t e r n a l  s h e l l  s u r f a c e ,  such a s  g ro w th  v a r i c e s  o r  r a d i a l  

r i d g e s  have b e en  c a l l e d  " o rn a m e n t ."  G i l l  c o n s id e r e d  t h e  

word "o rnam ent"  a s  r e f e r r i n g  t o  " n o n f u n c t i o n a l ,  d e c o r a t i v e "  

f e a t u r e s .  T e x t u r a l  f e a t u r e s  on t h e  s u r f a c e  o f  b i v a l v e s  a r e  

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

f u n c t i o n  o f  some s t r u c t u r e s  may be  unknown. A lthough  G i l l ' s  

c r i t i c i s m  o f  t h e  te rm  "o rnam en t"  h a s  c o n s i d e r a b l e  m e r i t ,  t h e  

u s e  o f  "p ro so p o n "  a s  a  g e n e r a l  c a t e g o r y  o f  s u r f a c e  f e a t u r e s  

on o rg an ism  t e s t s  h a s  n e v e r  g a in e d  w ide u s a g e .  Among t h e  

w r i t i n g s  o f  b i v a l v e  s p e c i a l i s t s  a  number o f  te rm s  a r e  u se d  

i n  r e f e r e n c e  t o  t h e  e x t e r n a l  s u r f a c e  f e a t u r e s  o f  t h e
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p e le c y p o d  s h e l l ,  " S u r fa c e  s c u l p t u r e "  o r  s im p ly  " s c u l p t u r e "  

and "o rn am en t"  a r e  t h e  m ost common w o rd s ,  w hich G i l l  s u g g e s t s  

sh o u ld  be  r e f e r r e d  t o  a s  " p ro s o p o n ."  P rosopon  i s  u sed  h e r e i n  

w i th  r e f e r e n c e  t o  t h e s e  s u r f a c e  m ark in g s  such  a s  c o s t a e ,  

c o s t e l l a e ,  p l i c a e ,  g row th  v a r i c e s  o r  ru g a e  on t h e  e x t e r i o r  

o f  p e le c y p o d  v a l v e s .

W hatever t h e  g e n e r a l  te rm  f o r  e x t e r n a l  s u r f a c e  f e a t u r e s ,  

t h e  im p o r ta n t  a s p e c t  o f  t h e n  i s  t h e  p a r t i c u l a r  p a t t e r n  on 

each  s h e l l .  T h is  p a t t e r n  i s  d i s t i n c t i v e  and o f  c o n s i d e r a b l e  

taxonom ic  im p o r ta n c e  a t  some l e v e l s .

Very f i n e  ( c l o s e l y  s p a c e d ) ,  low m a g n i tu d e ,  c o m a rg in a l  

grow th  v a r i c e s  a r e  found in  s e v e r a l  s p e c i e s  o f  n u c u l o i d s , 

i n c l u d i n g  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  f i g .  1 7 ) ,  

P a la e o c o n c h a  o h i o e n s i s  ( F o e r s t e )  ( P I .  2 ,  f i g .  17) and 

P a l a e o n e i l o  f e c u n d a  ( H a l l )  ( P I .  4 , f i g .  1 , 2 ) -  " C y p r i c a r d i n i a " 

u n d u l o s t r i a t a  ( H a l l )  ( P I .  10 , f i g ,  2) h a s  c o m a rg in a l  v a r i c e s  

s i m i l a r  t o  each  o t h e r  i n  s i z e , t h a t  o c c u r  i n  c l u s t e r s  be tw een  

l a r g e r  ru g o s e  v a r i c e s .  These l a r g e r  v a r i c e s  g iv e  t h e  

a p p e a ra n c e  o f  im b r i c a t e d  l a m e l l a e  (P I .  1 0 ,  f i g .  8 ) ,  b u t  

a c t u a l l y  a r e  form ed by p e r i o d i c  a b r u p t  c e s s a t i o n  o f  s h e l l  

d e p o s i t i o n .  C y r to d o n ta ? f e r r u g i n e a  ( H a l l  and W h i t f i e l d )

(P I .  7, f i g .  1 )  h a s  t h i s  l a m e l l a t e  s u r f a c e  l e s s  p ro m in e n t ly  

d e v e lo p e d  t h a t  "C ."  u n d u l o s t r i a t a .

The o t h e r  t y p e  o f  c o m a rg in a l  p ro so p o n  o b se rv e d  among 

B r a s s f i e l d  clam s i s  t h e  s t r o n g  c o r r u g a t i o n  o f  t h e  s h e l l .  

Cuneamya c a s w e l l i  ( F o e r s t e )  ( P I .  1 0 ,  f i g .  10) b e a r s  t h e s e  

b ro a d  c o m a rg in a l  r i d g e s .  These r i d g e s  o r  c o r r u g a t i o n s
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a r e  e a s i l y  d i s t i n g u i s h a b l e  from  grow th v a r i c e s  i n  t h a t  th e  

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

r e p r e s e n t  o n ly  t o p o g r a p h ic  r e l i e f  on t h e  e x t e r n a l  s u r f a c e  

(no r e f l e c t i o n  i s  s e e n  o f  them i n t e r i o r l y ) .

E a r ly  P a le o z o ic  b i v a l v e  r e p r e s e n t a t i v s  o f  t h e  Am bonychiacea, 

P r a e c a r d i a c e a  and P t e r i a c e a  commonly have  r a d i a l  p ro so p o n a l  

e le m e n ts .  I n  t h e  B r a s s f i e l d  F o rm a tio n ,  A c t i n o p t e r i a  b r i s a  

( H a l l )  ( a  p t e r i a c e a n )  i s  t h e  o n ly  b i v a l v e  w i th  r a d i a l  

o rn am e n t.  "M y t i l a r c a " f o e r s t e i  C la rk  and Ruedemann Oa 

B r a s s f i e l d  am bonych iid )  h a s  o n ly  c o m a rg in a l  p ro so p o n . R a d ia l  

e x t e r n a l  s u r f a c e  f e a t u r e s  a r e  v a r i o u s l y  d e s c r i b e d  depend ing  

on th e  m agn itud e  o f  t h e  r a d i i .  R ib s ,  r i b l e t s ,  c o s t a e  and 

c o s t e l l a e  r e f e r  t o  s i m i l a r  s t r u c t u r e s  o f  d i f f e r e n t  s i z e s .  

A lthough  " r i b "  i s  som etim es used  f o r  any r a d i a l  ty p e  o f  

p ro so p o n , i t  i s  h e r e i n  re g a rd e d  as  synonymous w i th  c o s t a ,  

which was a r b i t r a r i l y  d e f i n e d  by P o j e t a  (19 66 , p . 140) a s  

b e in g  w id e r  th a n  1mm. R i b l e t s  and c o s t e l l a e  would th e n  be 

d e f in e d  as  r a d i a l  e le m e n ts  o f  p roso pon  w i th  a w id th  o f  1mm 

o r  l e s s .  A. b r i s a  ( H a l l )  h a s  num erous, f i n e  ( c l o s e l y  sp a ce d )  

c o s t e l l a e  on th e  body o f  t h e  s h e l l  t h a t  r a d i a t e  from th e  

b e a k .  New r i b l e t s  a r e  i n t e r c a l a t e d  v e n t r a l l y  and o f t e n  

become i n d i s t i n g u i s h a b l e  from  e a r l i e r  form ed o n e s .  A lthough 

new r a d i a l  s t r u c t u r e s  may a l s o  o r i g i n a t e  by b i f u r c a t i o n  o f  

p r e - e x i s t i n g  o n e s ,  t h i s  phenomenon does n o t  o c c u r  in  any 

B r a s s f i e l d  sp e c im e n s .  C om arg inal p ro so p o n  o f  n e a r l y  e q u a l  

m ag n itu d e  a l s o  o c c u r s  on A. b r i s a  ( H a l l ) ,  g iv in g  t h e  s u r f a c e
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o f  t h e  v a lv e s  a c a n c e l l a t e  p a t t e r n  ( P I ,  8 , f i g .  5 , 6 ) .

I n  some s p e c i e s ,  t h e  c o m a rg in a l  o rnam ent may be p rodu ced  

i n t o  s p in e s  a t  t h e  i n t e r s e c t i o n  w i th  th e  r a d i i  ( P I .  8 ,  f i g .

11 , 1 4 ) .

Ligament

The s i t e  o f  a t ta c h m e n t  o f  l ig a m e n ta l  s t r u c t u r e s  i n  

E a r ly  P a le o z o ic  b i v a l v e s  i s  n o t  commonly known. F o r  exam ple , 

among B r a s s f i e l d  (Lower s i l u r i a n )  clam s t h e  p r e c i s e  p o s i t i o n  

o f  th e  l ig a m e n t  (and  th e  m orphology o f  t h e  a t t a c h m e n t  s i t e )  

i s  known i n  o n ly  a  few s p e c i e s  (3 o f  1 4 ) .  T h is  d e a r t h  o f  

knowledge i s  due to  l e s s  t h a n  optimum p r e s e r v a t i o n  o f  m ost 

v a lv e s .  However, i n  s e v e r a l  s p e c i e s  o f  n u c u lo id s  r e c o v e r e d  

from a c id  r e s i d u e s ,  an e lo n g a te  g roove  i s  i n c i s e d  i n t o  th e  

d o r s a l  m arg in  o f  t h e  h in g e  p l a t e  p o s t e r i o r  t o  t h e  b e a k .

In  g e n e r a l  b i v a l v e  t e r m in o lo g y ,  a. l ig a m e n t  o c c u r r in g  

p o s t e r i o r  t o  t h e  beak  i s  c a l l e d  o p i s t h o d e t i c , w h i le  an 

a n t e r i o r  p la c e m e n t  would be te rm ed  p r o s o d e t i c .  A l ig a m e n t  on 

b o th  s i d e s  i s  te rm ed  a m p h id e t ic .  N u c u l i t e s  n e g l e c t u s  ( H a l l )  

( P I .  3, f i g .  17) and P a l a e o n e i lo  fe c u n d a  ( H a l l )  ( P I .  9 , f i g .

11) have a w e l l  form ed o p i s t h o d e t i c  l ig a m e n t  g ro o v e .  The 

l ig a m e n t  o f  D e c e p t r ix  s c o f i e l d i  a p p e a r s  t o  be  a m p h id e t ic  

( P I .  1 , f i g .  9 ) .

The e x a c t  p lac em en t o f  th e  l ig a m e n t  i s  unknown f o r  o t h e r  

B r a s s f i e l d  s p e c i e s ;  how ever, i n f e r e n c e  as  t o  t h e  t y p e  and 

p o s i t i o n  o f  t h e  l ig a m e n t  may be made th ro u g h  co m p ariso n  w i th  

t h e  known l ig a m e n t  o c c u r r e n c e s  o f  s p e c i e s  t h a t  a r e  a p p a r e n t l y  

c l o s e l y  r e l a t e d  on t h e  b a s i s  o f  o t h e r  m o rp h o lo g ic  a s p e c t s .
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INTERNAL FEATURES 

D e n t i t i o n

A lthough  s p e c i e s  o f  g e n e ra  su p p o s e d ly  c o n ta in i n g  a  wide 

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

r a r e l y  p r e s e r v e d ,  and o n ly  t h o s e  specim ens a c i d - e t c h e d  from 

t h e  l im e s to n e s  e x h i b i t  any r e c o g n iz a b le  d e n t i t i o n .  The 

B r a s s f i e l d  f a u n a  c o n ta in s  s p e c i e s  a s s ig n e d  t o  t h e  A rc o id a  

( C y r to d o n ta ? ) ,  P t e r i a c e a  (A c t i n o p t e r i a ) , Ambonychiacea 

( "M y t i l a r c a " ) ,  Modiomorphoida ( M o d io lo p s is ? ) , V en ero id a  

( ltC y p r i c a r d i n i a tl) ,  Pholadom yoida ( Cuneamya) , N ucu lo ida  (5 

g e n e ra )  and th e  T r ig o n io id a  ( Lyrodesm a) . However, th e  

n u c u lo id s  and Lyrodesma c o l l e c t e d  from  a c id  r e s i d u e s  have  

d e n t a l  e le m e n ts  p r e s e r v e d .  These two g roups o f  s h e l l s  

e x h i b i t  ta x o d o n t  and s c h iz o d o n t  d e n t i t i o n  t y p e s ,  r e s p e c t i v e l y ,  

a s  t h e  te rm s  w ere  u sed  by Cox (19 69, p . 5 1 -5 2 ) .

The ta x o d o n t  t e e t h  o f  t h e  n u c u lo id s  o c c u r  on a  h in g e  

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

l e n g t h .  The p o s i t i o n  o f  t h e  beak  marks a s e p a r a t i o n  o f  th e  

h in g e  i n t o  a n t e r i o r  and p o s t e r i o r  d e n t a l  s e r i e s .  T here  may 

be d i f f e r e n c e s  i n  number and m orphology o f  t h e  t e e t h  i n  th e  

two s e r i e s .  In  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  f i g .

6, 9 ,  15) t h e  a n t e r i o r  t e e t h  a r e  l a r g e r  and few er  th a n  t h e  

p o s t e r i o r  o n e s .  T here  a r e ,  l i k e w i s e ,  few er a n t e r i o r  t e e t h  

i n  P a l a e o n e i l o  fec u n d a  ( H a l l )  ( P I .  5, f i g .  7 ,  8 , 9) and 

N u c u l i t e s  n e g le c t u s  ( H a l l )  ( P I .  3 ,  f i g .  14 , 1 7 ) ,  b u t  few er  

p o s t e r i o r  t e e t h  i n  P r a e n u c u la  a l b e r t i n a  ( U l r i c h )  ( P I .  9 , 

f i g .  1 ) .
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Number and shape  o f  t h e  t e e t h  a r e  t r a d i t i o n a l l y  

s i g n i f i c a n t  t a x o b a s e s .  Shape seem s to  h av e  been  u sed  a t  t h e  

s p e c i e s  l e v e l  ( e . g .  B ab in , 1966 and B radshaw , 1 9 7 0 ) ,  w hereas  

number and s i z e  i s  employed a t  a  h i g h e r  l e v e l  ( p a r t i c u l a r l y  

g e n e r i c :  compare d i s c u s s i o n s  o f  D e c e p t r ix  and P ra e n u c u la

h e r e i n ) .  The sh ap e  o f  n u c u lo id  t e e t h  i s  e i t h e r  s t r a i g h t ,  

u n d u lo se  o r  c h e v r o n - s h a p e d .  The s t r a i g h t  t e e t h  may be  e i t h e r  

p e r p e n d i c u l a r  t o  t h e  v e n t e r  o f  t h e  h in g e  p l a t e  o r  a r e  

i n c l i n e d  a t  an a n g le  t o  t h e  h in g e  v e n t e r .  These t e e t h  may 

a l s o  be  p e r p e n d i c u l a r  t o  th e  a n t e r o - p o s t e r i o r  s h e l l  a x i s  

( i . e .  a x i s  o f  a d d u c to r  m usc le  s c a r s )  b u t  be  i n c l i n e d  t o  

t h e  h in g e  v e n t e r  te.g^. P ra e n u c u la  a l b e r t i n a  ( U l r i c h ) ]

( P I .  2 , f i g .  1 ,  s e e  p o s t e r i o r  t e e t h ) ,  and C ten o d o n ta  lo n g a  

( U l r i c h ) ,  ( P I .  6 , f i g .  8 ,  shown by b o th  s e r i e s ) .  U ndulose  

t e e t h  m eet t h e  b a s e  o f  t h e  h in g e  a t  v a r y in g  a n g le s  and have 

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

h in g e  m arg in .

A lthough  t h e s e  sh ap e  te rm s  would  seem to  b e  s e l f - e x p l a n a t o r y ,  

some comments sh o u ld  b e  made a s  t o  t h e  u se  o f  c h ev ro n  o r  

" c h e v ro n - s h a p e d ."  S t r i c t l y  s p e a k in g ,  a  c h e v ro n  i s  an  

i n v e r t e d  "V" s h a p e ,  w i th  th e  p o i n t  o f  t h e  "V" d i r e c t e d  

v e r t i c a l l y  upward ( T e x t - f i g .  3 ) .  The sh ap e  o f  t h e  "ch e v ro n "

T e x t - f i g .  3— S chem atic  d iag ra m  o f  t h e  " c h e v ro n - s h a p e "  t o o th  

s t r u c t u r e  i n  n u c u lo id  p e le c y p o d s

t e e t n  i n  n u c u lo id s  i s ,  how ever, a  "V" w i th  t h e  a x i s  o f  th e
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Shape o f  c h e v ro n  a s  
i n i t i a l l y  d e f i n e d

B.

»» «« 
»««»

T h e o r e t i c a l l y  p o s s i b l e  sh a p e  
v a r i a t i o n  i n  n u c u lo i d  d e n t i ­
t i o n  w i t h  s y m m e tr ic a l  c h e v ­
r o n s  . Arrow i n d i c a t e s  
p o s t e r i o r .

C.  P o s s i b l e  sh a p e  
v a r i a t i o n  o f  
d e n t i t i o n  w i th  
a s s y m e t r i c a l  
c h e v r o n s . Arrow 
i n d i c a t e s  p o s t e ­
r i o r .

D. C hevron  sym m etry v a r i a t i o n
t h r o u g h  t h e  l e n g t h  o f  t h e  d e n ­
t a l  s e r i e s .  T h is  v a r i a t i o n  i s  
s i m i l a r  t o  t h a t  w h ich  o c c u r s  
i n  t h e  p o s t e r i o r  s e r i e s  o f  
P a l a e o n e i l o  f e c u n d a  ( P I .  5 
f i g .  1 3 ) .  Arrow i n d i c a t e s  
p o s t e r i o r .

T e x t - f i g .  3—‘S c h e m a tic  d iag ra m  o f  t h e  " c h e v r o n - s h a p e "  t o o t h  
s t r u c t u r e  i n  n u c u lo id  p e le c y p o d s
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h o r i z o n t a l  and t h e  p o i n t  d i r e c t e d  e i t h e r  l e f t  o r  r i g h t .  T h is  

sh ap e  (a  c h ev ro n  o r  a "V" r o t a t e d  9 0 ° ) ,  m ig h t more p r o p e r l y  

be te rm ed  an " a n g le  b r a c k e t "  o r  r e f e r r e d  to  as  h a v in g  th e  

same sh ap e  a s  t h e  " g r e a t e r  th a n "  o r  " l e s s  th a n "  sym bols u sed  

i n  m a th em a tic s  ( T e x t - f i g .  3 , p a r t  b ) . No te rm  o t h e r  th a n  

"ch ev ro n "  seems t o  have  b e en  u se d  by b i v a l v e  w o r k e r s . i r i .t h e  

p a s t .  S in c e  th e  u s e  o f  " a n g l e - b r a c k e t  shaped"  o r  " g r e a t e r -  

th a n - s ig n - s h a p e d "  seems cumbersome i n  d e c r i b i n g  t h e s e  t e e t h  

and "C h ev ro n -sh ap ed "  i s  so d e e p ly  e n t r e n c h e d  i n  t h e  

l i t e r a t u r e ,  i t s  u s e  a s  a  shape  d e s c r i p t i o n  f o r  some n u c u lo id  

t e e t h  i s  r e t a i n e d . A lth oug h  i t  m ust be  r e i t e r a t e d  t h a t  

"ch ev ro n "  does  n o t  p r e c i s e l y  d e s c r i b e  t h e  sh ap e  o f  th e s e  

n u c u lo id  t e e t h ,  i t  i s  u sed  h e r e i n  w ith  t h i s  n o t a t i o n .

The p o s t e r i o r  t e e t h  o f  P a l a e o n e i l o  fecu n d a  ( H a l l )  ( P I .

5, f i g .  1 1 , 13) a r e  c h e v ro n - s h a p e d , w h i l e  t h e  a n t e r i o r  t e e t h  

a r e  s t r a i g h t  ( i n c l i n e d ) . In  sm a l l  ( j u v e n i l e ? )  i n d i v i d u a l s  

o f  t h i s  s p e c i e s  b o th  a n t e r i o r  and p o s t e r i o r  t e e t h  a r e  s t r a i g h t  

( i n c l i n e d )  (P I .  5, f i g .  1 ) .  I n  N u c u l i t e s  n e g le c t u s  ( H a l l )

( P I .  3 , f i g .  11) p o s t e r i o r  t e e t h  f a r t h e s t  from  th e  beak  a r e  

c h e v ro n -sh a p e d  ( s i m i l a r  t o  P . f e c u n d a , t e x t - f i g .  3, p a r t  d ) .

The a n t e r i o r  t e e t h  o f  N. n e g le c t u s  a r e  u n d u lo se  and o c c a s i o n a l l y  

may b i f u r c a t e  d o r s a l l y  ( P I .  3 ,  f i g .  1 7 ) .  P o s t e r i o r  t e e t h  

o f  P ra e n u c u la  a l b e r t i n a  ( U l r i c h )  ( P I .  2 , f i g .  1 )  and 

D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1> f i g .  1 6 )  a r e  s t r a i g h t  

( v e r t i c a l  t o  t h e  a n t e r o - p o s t e r i o r  a x i s ) , w hereas t h e i r  

a n t e r i o r  t e e t h  a r e  c h e v ro n -s h a p e d .  A l l  t h e s e  n u c u lo id  t e e t h
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a r e  c l a s s i f i e d  as ta x o d o n t  ( o r  c te n o d o n t)  t y p e ,  i n  t h a t  th e y  

o c c u r  a s  a  s e r i e s  ( l i k e  a  comb) o f  s i m i l a r ,  b u t  n o t  n e c e s s a r i l y  

i d e n t i c a l , t e e t h .

The o n ly  o t h e r  spec im ens c o l l e c t e d  i n  t h e  B r a s s f i e l d  t h a t  

have  d e n t i t i o n  p r e s e r v e d  a r e  a s s i g n a b le  t o  Lyrodesm a. P o je ta  

(1971 , p . 10) im p l ie d  homology o f  t h e  t e e t h  i n  E a r ly  O rd o v ic ia n  

ly ro d e s m id s  and a c t in o d o n t s  such a s  C y c lo c o n ch a . Small 

j u v e n i l e ( ? )  spec im ens o f  an unnamed s p e c i e s  o f  Lyrodesma 

c o l l e c t e d  from  th e  B r a s s f i e l d  Form ation  s u p p o r t  a  somewhat 

d i f f e r e n t  l i n e  o f  r e a s o n i n g .  A com p ariso n  o f  t h e  d e n t i t i o n  

o f  th e  B r a s s f i e l d  specim ens and t h a t  o f  T r ig o n ia  shows 

s t r i k i n g  s i m i l a r i t i e s  i n  m orphology ( T e x t - f i g .  4 . )  D e n ta l

T e x t - f i g .  4— Com parison o f  d e n t i t i o n  o f  T r ig o n ia  sp .  ( T r e a t i s e

o f  I n v e r t e b r a t e  P a l e o n to lo g y ,  472N, 1969) and Lyrodesma sp .
✓

( B r a s s f i e l d ,  h e r e i n )  u s in g  t h e  D o u v i l le  a p p l i c a t i o n  o f  

E e rn a rd  num bering sy s tem  f o r  h e te r o d o n t  d e n t i t i o n

e le m e n ts  o f  Lyrodesma s p .  and T r ig o n ia  s p .  may be  d e s ig n a t e d  

u s in g  t h e  D o u v i l le  num bering  sys tem . T h is  num bering  system  

was o r i g i n a t e d  by B ernard  (1895) f o r  d e s c r i b i n g  h e te r o d o n t  

d e n t i t i o n  b u t  was a p p l i e d  t o  p a la e o h e te r o d o n t s  by D o u v i l le  

(1 9 1 2 ) .  The l e f t  v a lv e  c o n ta in s  a m ass iv e  c e n t r a l  c a r d i n a l  

t o o t h ,  t h e  "2" t o o t h ,  and two o t h e r  c a r d i n a l s  on each  s i d e ,  

t h e  "4a" and "4b" t e e t h ,  which a r e  t h i n n e r  and s m a l l e r  t h a n  

t h e  "2" t o o t h .  T here  a r e  two t e e t h  i n  th e  r i g h t  v a lv e  o f  

a p p ro x im a te ly  e q u a l  s i z e ,  d e s ig n a t e d  "3a" and " 3 b ."
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Trigonia sp. L eft valve Trigonia sp . Right valve
(redraw n from  Cox, 1969, p.N 4 7 2 )

5a?

Ly ro d esm a  sp. 
W U -1-12 Left v a lv e  
(P I .9 , fig .10, h erein )

Ly ro d esm a  sp. 
WU-1-1 R ight valve  
( P l . 9 , f i g . 9 ,  h ere in )

T e x t - f i g .  4— Com parison o f  d e n t i t i o n  o f  T r ig o n ia  s p .  ( T r e a t i s e  
o f  I n v e r t e b r a t e  P a le o n to lo g y ,  472N, 19^,9) and Lyrodesma sp . 
( B r a s s f i e l d ,  h e r e i n )  u s in g  t h e  D o u v i l l e •a p p l i c a t i o n  o f  
B ernard  numbering, sys tem  f o r  h e te r o d o n t  d e n t i t i o n
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T h is  a r ra n g e m e n t  o f  t e e t h  i s  a p p a r e n t l y  t r u e  f o r  a l l  

g row th  s t a g e s  o f  s p e c i e s  o f  T r i g o n i a , a l th o u g h  th e  s m a l l e s t  

specim ens s e e n  by t h e  a u th o r  were f a r  from  b e in g  j u v e n i l e s  

(10 to  15mm i n  l e n g t h ) .  On th e  o t h e r  h a n d ,  t h i s  ty p e  o f  

d e n t i t i o n  (two o r  t h r e e  c a r d i n a l  t e e t h  i n  each  v a lv e )  i s  

d e v e lo p e d  i n  o n ly  s m a l l  i n d i v i d u a l s  o f  Lyrodesma ( l e s s  t h a n  

2.0mm i n  l e n g t h )  from t h e  B r a s s f i e l d  ( P I .  9 ,  f i g .  6 , 7 ) .  

I n d i v i d u a l s  o f  l a r g e r  s i z e  have  a d d i t i o n a l  c a r d i n a l  t e e t h ,  

t h a t  a r e  seem in g ly  added a t  t h e  a n t e r i o r  o r  p o s t e r i o r  end 

o f  t h e  h in g e  p l a t e ,  u n t i l  f i v e  t o  n in e  t e e t h  occupy t h e  h in g e  

o f  each  v a lv e  ( P I .  9 , f i g .  8 ) .  W hile t h e  t e e t h  o f  l a r g e r  

( a d u l t )  Lyrodesma have  l a t e r a l  s t r i a t i o n s ,  no such  s t r i a t i o n s  

a p p e a r  on th e  t e e t h  o f  t h e s e  s m a l l e r  spec im ens  ( j u v e n i l e s ) .  

T h is  f e a t u r e ,  how ever, may n o t  have b een  p r e s e r v e d .  The 

i s o l a t e d  l a r g e r  Lyrodesma t e e t h  and th e  co m p le te  and p a r t i a l  

h in g e  p l a t e s  r e c o v e r e d  from t h e  B r a s s f i e l d  do have  l a t e r a l  

s t r i a t i o n s  ( P I .  9 , f i g .  4 ,  8 ) .

M u sc u la tu re

The o n ly  m u sc le  s c a r s  on th e  i n t e r i o r  o f  v a lv e s  o b se rv e d  

i n  t h i s  s tu d y  a r e  th o s e  o f  t h e  a d d u c to r ,  p e d a l - b y s s a l  and t h e  

p a l l i a l  s y s te m s .  Of t h e s e ,  t h e  a d d u c to r  s c a r s  a r e  t h e  l a r g e s t  

and m ost d e e p ly  im p re ss e d  ( t h a t  i s ,  h av e  th e  d e e p e s t  p i t s  i n  

t h e  s h e l l ) .  I n  n u c u lo i d s ,  t h e r e  a r e  two a d d u c to r  m usc le  

s c a r s  t h a t  a r e  n e a ly  e q u a l  i n  s i z e  ( i s o m y a r ia n )  i n  e ach  v a lv e  

in  an  a n t e r i o r  and p o s t e r i o r  p o s i t i o n .  I n  th e  h o l o ty p e  o f  

A c t i n o p t e r i a  b r i s a  ( H a l l )  ( P I .  7 , f i g .  12) th e  p o s t e r i o r
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a d d u c to r  s c a r  i s  t h r e e  t o  f o u r  t im e s  l a r g e r  t h a n  t h e  a n t e r i o r  

o n e . T h is  a r ra n g e m e n t  i s  te rm ed  a n is o m y a r ia n  m u s c u la tu r e .

I f  o n ly  a  s i n g l e  a d d u c to r  m u sc le  s c a r  w ere  p r e s e n t ,  t h e  s h e l l  

would be  d e s c r i b e d  a s  h a v in g  m onomyarian m u s c u la tu r e .  No 

b i v a l v e s  i n  t h e  B r a s s f i e l d  a r e  known t o  e x h i b i t  monomyarian 

m u s c u la tu r e  a l th o u g h  "M y t i l a r c a " f o e r s t e i  may be  monomyarian 

i f  i t  i s  a  M y t i l a r e a . P o j e t a  ( w r i t t e n  com m unica tion )  f e e l s

t h a t  m y t i l a r c i d s  may be  m onomyarian.

As w i th  d e n t i t i o n ,  t h e  o n ly  g ro ups  o f  b i v a l v e s  i n  t h e  

B r a s s f i e l d  w i th  p r e s e r v e d  m usc le  s c a r s  a r e  t h e  n u c u lo id s  

and Lyrodesma s p .  The a d d u c to r  s c a r s  o f  th e  n u c u lo id s  a r e  

o v o id ,  and w i th  r e l a t i o n  t o  t h e  s h e l l s '  d o r s o - v e n t r a l  a x i s ,  

t h e  s c a r s  o f  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  f i g .  1) 

a r e  p r o l a t e  ( e l o n g a t e  p a r a l l e l  t o  t h e  d o r s o - v e n t r a l  a x i s )  

w h i le  t h o s e  o f  P a l a e o n e i l o  fe c u n d a  ( H a l l )  ( P I .  5 , f i g .  5) and 

N u c u l i t e s  n e g le c t u s  ( H a l l )  ( P I .  3 , f i g .  12) a r e  o b l a t e  

( e l o n g a te  p e r p e n d i c u l a r  t o  t h e  d o r s o - v e n t r a l  a x i s ) .  An 

a d d i t i o n a l  f e a t u r e  a s s o c i a t e d  w i th  t h e  a n t e r i o r  a d d u c to r  

s c a r  o f  N u c u l i t e s  n e g le c t u s  ( U l r i c h )  i s  a  d o r s o - v e n t r a l  

r i d g e  m ark ing  t h e  a d d u c t o r ' s  i n n e r  m a rg in  ( P I .  3 , f i g .  1 3 ,  

1 6 ) .  T h is  r i d g e  h a s  been  i n t e r p r e t e d  a s  a  b u t t r e s s  f o r  t h e  

a d d u c to r  o r  a s s o c i a t e d  m u sc le s  (e_.g. U l r i c h ,  189H) . The 

a d d u c to r  s c a r s  o f  Lyrodesma s p . a r e  i n f r e q u e n t l y  p r e s e r v e d  

b u t  a p p e a r  t o  be  e s s e n t i a l l y  c i r c u l a r  o r  s l i g h t l y  p r o l a t e .

S m a lle r  m u sc le  s c a r s  a r e  u s u a l l y  g ro u p ed  t o g e t h e r  u n d e r  

th e  i n c l u s i v e  h e a d in g  o f  a c c e s s o r y  m u sc le  s c a r s .  Most
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a c c e s s o r y  m usc le  s c a r s ,  p a r t i c u l a r l y  t h e  l a r g e r  o n e s ,  a r e  

p rodu ced  by t h e  p e d a l  a n d /o r  b y s s a l  m u sc le  sy s te m , a l th o u g h  

some b i v a l v e  s h e l l s  hav e  s c a r s  o f  v i s c e r a l ,  b r a n c h i a l  

m u sc le s  and o t h e r  m u sc le s  o f  unknown o r  u n c e r t a i n  f u n c t i o n .  

The p e d a l  m usc le  s c a r s  o f  n u c u lo id s  ( t h e r e  a r e  a p p a r e n t l y  no 

b y s s a l  o n e s )  a r e  o f t e n  w e l l  p r e s e r v e d  on t h e  specim ens 

c o l l e c t e d  from  t h e  B r a s s f i e l d  ( p a r t i c u l a r l y  S t e i n k e r n s ) .

In  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  f i g .  12) and 

N u c u l i t e s  n e lg e c t u s  ( H a l l )  ( P I .  3 , f i g .  13) t h e  a n t e r i o r  

p e d a l  p r o t r a c t o r  s c a r  ( t h e  m usc le  o f  w hich  i s  p a r t i a l l y  

r e s p o n s i b l e  f o r  e x t r u d in g  th e  f o o t )  i s  l o c a t e d  j u s t  d o r s a l  

to  th e  a d d u c to r  s c a r  and p a r t i a l l y  c o n f l u e n t  w i th  i t .  The 

a n t e r i o r  p r o t r a c t o r  s c a r s  o f  P a l a e o n e i l o  fe c u n d a  (H a l l )  

a r e  d o r s a l  t o  and d i s j u n c t  from t h e  a d d u c to r  s c a r s .  The 

p e d a l  r e t r a c t o r  m usc le  s c a r s  a r e  l o c a t e d  a n t e r i o r l y  and 

p o s t e r i o r l y .  I n  D. s c o f i e l d i  ( P I .  1 , f i g .  12) and P. 

fec u n d a  ( P I .  4 , f i g .  7 ) ,  t h e  a n t e r i o r  r e t r a c t o r  s c a r  i s  

d o r s a l  t o  and c o n f l u e n t  w i th  th e  p r o t r a c t o r  s c a r ,  w h i le  a 

s i n g l e  p o s t e r i o r  r e t r a c t o r  s c a r  i s  d i s j u n c t  from th e  a d d u c to r  

s c a r .  I n  N. n e g l e c t u s  t h e  a n t e r i o r ,  a s  w e l l  a s  two 

p o s t e r i o r  r e t r a c t o r  s c a r s  a r e  d i s j u n c t  from  t h e  a d d u c to r  

o r  t h e  p r o t r a c t o r  s c a r s  ( P I .  3 , f i g .  1 2 ,  13 , 1 4 ) .  The shape 

o f  t h e s e  a c c e s s o r y  s c a r s  i s  t a x o n o m ic a l ly  s i g n i f i c a n t .  The 

a n t e r i o r  r e t r a c t o r  and p r o t r a c t o r  s c a r s  a r e  ro u g h ly  o v a l  i n  

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

o f  D. s c o f i e l d i  ( P I .  1 , f i g .  15) i s  n e a r l y  c i r c u l a r ,  w h i le
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t h e  p o s t e r i o r  r e t r a c t o r  o f  P a la e o c o n c h a  o h io e n s i s  B a s s l e r  

( P I .  2 , f i g .  12) and P. fe c u n d a  ( P I .  4 ,  f i g .  11) a r e  

narrow  and a n t e r o - p o s t e r i o r l y  e lo n g a te .  L ik e w ise ,  b o th  

p o s t e r i o r  r e t r a c t o r  s c a r s  o f  N. n e g le c tu s  a r e  na rrow  and 

e lo n g a te  ( P I .  3 , f i g .  12 , 1 4 ) .  The p o s i t i o n i n g  o f  t h e s e  

a c c e s s o r y  s c a r s  h a s  p rov en  u s e f u l  f o r  O r i e n t a t i o n  o f  b i v a l v e s  

o f  t h i s  t y p e .

With H e a th ’s (19 37) work a s  a  t e m p l a t e ,  D r i s c o l l  (1964) 

deduced t h e  a n t e r i o r  and p o s t e r i o r  o f  v a r io u s  P a le o z o ic  

n u c u lo id s  by t h e  p o s i t i o n  o f  a c c e s s o r y  m usc le  s c a r s  on t h e  

s h e l l s  and S te in k e r n s  ( t h e  s i n g l e  a c c e s s o r y  m uscle  s e p a r a t e  

from  an a d d u c to r  was c o n s id e r e d  p o s t e r i o r ,  w h i le  t h e  p a i r  

o f  s c a r s  f u s e d  t o  an a d d u c to r  were a n t e r i o r ) .  A s i m i l a r  

a p p ro a ch  to  o r i e n t a t i o n  o f  n u c u lo id s  i s  a p p l i e d  t o  t h e  

B r a s s f i e l d  form s s t u d i e d  h e r e .  R e c o n s t r u c t io n s  o f  m usc le  

anatomy f o r  s e v e r a l  s p e c i e s  o f  n u c u lo id s  i n  t h e  B r a s s f i e l d  

( T e x t - f i g .  5) a r e  made th ro u g h  homology w i th  th e  m orphology 

o f  R ecent p ro to b ra n c h s .  as d e s c r i b e d  by H eath  (1 9 3 7 ) .

T e x t - f i g .  5— R e c o n s t r u c t io n s  o f  s h e l l  m u s c u la tu re  b a se d  on 

m usc le  s c a r s  f o r  (a )  De c e p t r i x  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  

f i g .  1 ) ,  (b )  P a l a e o n e i lo  fe c u n d a  ( H a l l )  ( P I .  4 ,  f i g .  1 2 ) ,  and 

(c )  N u c u l i t e s  n e g le c tu s  ( H a l l )  ( P I .  3 ,  f i g .  10) from  th e  

B r a s s f i e l d .

In  t h e  r e g i o n  o f  t h e  beak and umbone, t h e r e  a r e  s e v e r a l  

p a i r s  o f  s m a l l ,  c i r c u l a r  o r  e lo n g a te  ( p r o l a t e )  m usc le  s c a r s .
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T e x t - f i g .  5— R e c o n s t r u c t io n s  o f  s h e l l  m u s c u la tu r e  b a se d  on 

m usc le  s c a r s  f o r  ( a )  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  ( P I .  1 ,  

f i g .  1 ) ,  (b ) P a l a e o n e i l o  fe c u n d a  ( H a l l )  ( P I .  M-, f i g .  1 2 ) ,  and 

(c )  N u c u l i t e s  n e g l e c t u s  (H a l l )  ( P I .  3, f i g .  10) from  th e  

B r a s s f i e l d .
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A -A d d u cto r  

R - R etractor

P - P rotractor F -  Foot 

D M -D o r so -v e n tr o  m edian
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T hese seem t o  b e  s i m i l a r  i n  m orphology and  p o s i t i o n  t o  t h o s e  

s c a r s  p ro d u ce d  by m u sc le s  named " d o rs o -m e d ia n ” and v e n t r o -  

m edian" by H eath  (1937) i n  h i s  a n a to m ic a l  s t u d i e s  o f  R ecen t 

p r o to b r a n c h s  ( n u c u l o i d s ) .  T hese s c a r s  o c c u r  i n  D. s c o f i e l d i  

(P I .  1 ,  f i g .  1 5 ) ,  N. n e g le c t u s  ( P I .  3 , f i g .  10) and P. f e c u n d a , 

( P I .  4-, f i g .  12) from  th e  B r a s s f i e l d .

The p a l l i a l  m u sc le  s c a r s  a r e  r e f l e c t e d  on t h e  s h e l l  a s  

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

m ark ing  t h e  a t t a c h m e n t  o f  th e  m a n t le  t o  t h e  s h e l l .  P a l l i a l  

l i n e s  a r e  r a r e l y  p r e s e r v e d  i n  e a r l y  P a le o z o ic  p e le c y p o d s ;  

h o w ever, s e v e r a l  specim ens i n  t h i s  s tu d y  h av e  some e v id e n c e  

o f  a p a l l i a l  l i n e .  P a l a e o n e i l o  fe c u n d a  ( H a l l )  h a s  a  f a i n t  

p a l l i a l  l i n e  ( P I .  5 , f i g .  6 ) ,  a s  does  M o d io lo p s i s C?] 

rhom boidea  H a l l  ( P I .  9 ,  f i g .  2 ) .  The h o lo ty p e  o f  A c t i n o p t e r i a  

b r i s a  ( H a l l )  h a s  a  w e l l  p r e s e r v e d  p a l l i a l  l i n e  ( P I .  7 , f i g .

1 2 ) .  When t h e  p a l l i a l  l i n e  i s  c o n t in u o u s  from  a d d u c to r  to  

a d d u c to r ,  i t  i s  d e s c r i b e d  as  e n t i r e .  No spec im ens w i t h  a 

d i s c o n t in u o u s  p a l l i a l  l i n e  a r e  known from  t h e  B r a s s f i e l d .

A p a l l i a l  l i n e  t h a t  i s  in d e n te d  ( r e c u r v e d )  a lo n g  i t s  p o s t e r i o r  

c o u rs e  i s  d e s c r i b e d  a s  s i n u p a l l i a t e . T h is  i n d e n t a t i o n  

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

p re s e n c e  o f  t h e s e  fu s e d  m a n t le  s t u c t u r e s  i n  f o s s i l  b i v l a v e s .

A summary o f  t h e  o c c u r r e n c e  o f  m a jo r  m o rp h o lo g ic  f e a t u r e s  

i n  th e  s p e c i e s  o f  B r a s s f i e l d  p e le c y p o d s  i s  p r e s e n t e d  i n  

T ab le  1 . N o ta t io n  i s  made a s  t o  w h e th e r  th e  f e a t u r e s

T ab le  1 - -O c c u r r e n c e  o f  m ajo r  m o rp h o lo g ic  f e a t u r e s  i n  s p e c i e s  

o f  B r a s s f i e l d  b i v a l v e s
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T ab le  1

O c cu rre n ce  o f  m a jo r  m o rp h o lo g ic  f e a t u r e s

i n  s p e c i e s  o f  B r a s s f i e l d  b i v a l v e s

S p e c ie s
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A c t i n o p t e r i a  b r i s a 7 B X X X B 7 X B
Cuneamya c a s w e l l i * B B 7 7 7 B 7 7 —
" C y p r i c a r d in i a "  u n d u l o s t r i a t a B B 7 7 7 B B 7
C v r to d o n ta L ? ]  f e r r u g i n e a * B 7 7 7 7 B 7 7 3
D e c e p t r ix  s c o f i e l d i B B B B B B B 7 —

Genus "A” f o e r s t e i  n .  sp . * 7 B 7 7 B B B 7 —
Lyrodesma s p . & B 3 B B B B B 7 —
M o d io lo p s isL ?J  rhom boidea B B X X — 7 7 X —
[ ? ]  M o d io lo p s is  subrhom boidea B 7 X 7 — B 7 7 —
" M y t i la r c a "  f o e r s t e i * 7 B 7 7 7 B 7 7 —
N u c u l i t e s  n e g le c t u s B B B B B 7 B 7 —
P a la e o c o n c h a  o h i o e n s i s * B B B B B B 7 7 —

P a l a e o n e i l o  fe c u n d a B B B B B B B B —

P ra e n u c u la  a l b e r t i n a B B B B B 7 7 7 — —

B The s t r u c t u r e  o r  f e a t u r e  i s  known t o  o c c u r  i n  B r a s s f i e l d

members o f  t h e  s p e c i e s .

X F e a tu r e  o c c u r s  i n  s p e c i e s ,  b u t  n o t  i n  spec im ens from  t h e

B r a s s f i e l d

— F e a tu r e  d o e s  n o t  o c c u r  i n  t h e  s p e c i e s  

? I t  i s  unknown w h e th e r  f e a t u r e  o c c u r s  i n  s p e c i e s ;  s p e c i e s  i s  

to o  p o o r ly  p r e s e r v e d  t o  d e te rm in e  p r e s e n c e  o r  a b sen c e

I
i
i
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a r e  o b se rv e d  in  specim ens c o l l e c t e d  from th e  B r a s s f i e l d  

F o rm a tio n .

CLASSIFICATION

T h is  i s  n o t  t h e  p la c e  t o  e v a l u a t e  th e  m e r i t s  o f  t h e  

com peting  names P e lecy p o d a  and B iv a lv i a  w hich  a r e  i n  c u r r e n t  

u sage  f o r  t h e  c l a s s  o f  m o llu sc a n  b i v a l v e s .  H ere t h e  names 

a r e  u sed  in te r c h a n g e a b ly .  T here  was no a t t e m p t  made d u r in g  

t h i s  s tu d y  to  i n t e n s i v e l y  e v a l u a t e  th e  s u p r a g e n e r i c  t a x a  

used  h e r e i n .  The g e n e ra  t o  which t h e  B r a s s f i e l d  s p e c i e s  a r e  

a s s ig n e d  a r e  p la c e d  in  h i g h e r  t a x a  p r i m a r i l y  i n  a c c o rd a n c e  

w i th  t h e  sy s tem  used  by R. C. Moore (19 69) i n  th e  T r e a t i s e  

o f  I n v e r t e b r a t e  P a l e o n t o l o g y , P a r t  N B i v a l v i a . An 

e x c e p t io n  t o  t h i s  p ro c e d u re  i s  i n  th e  s y s te m a t i c s  o f  

Lyrodesm a, where some a l t e r a t i o n  i n  t h e  T r e a t i s e  taxonomy has  

been  made.

G en er ic  a s s ig n m e n ts  made h e r e i n  were b a se d  on r e c e n t l y  

p u b l i s h e d  in f o r m a t io n  ( i n c l u d in g  M c A les te r ,  1968; Moore 

196g; and P o j e t a ,  1966 and 1 9 7 1 ) ,  w i th  a few m o d i f i c a t i o n s  

t h a t  seem r e a s o n a b le  on t h e  b a s i s  o f  o b s e r v a t i o n  o f  ty p e  

sp e c im e n s .

S e v e ra l  g e n e ra  c o n ta in e d  s p e c i e s  h e r e t o f o r e  su p p o sed ly  

n o t  r a n g in g  beyond th e  O rd o v ic ia n  a r e  h e r e  u se d  f o r  

B r a s s f i e l d  s p e c i e s  ( e . g . ,  P a lae o co n c h a  and Lyrodesm a) .

Genera t r a d i t i o n a l l y  u sed  f o r  m ain ly  Devonian s p e c i e s  a r e  

l i k e w i s e  h e r e  r e p o r t e d  ( e . g . , N u c u l i t e s , P a l a e o n e i l o  and 

A c t i n o p t e r i a . T h is  a s s ig n m e n t  i s  b ased  on co m parison  o f
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B r a s s f i e l d  m a t e r i a l  w i th  th e  ty p e  s p e c i e s  o f  t h e s e  g e n e ra .  

T axobases  as  p r e s e n t l y  u n d e rs to o d  le a v e  no a l t e r n a t i v e  to  

a s s i g n i n g  B r a s s f i e l d  s p e c ie s  to  t h e s e  t r a d i t i o n a l l y  non- 

S i l u r i a n  g e n e ra .

The a s s ig n m e n t  o f  two B r a s s f i e l d  s p e c i e s  t o  M o d io lo p s is  

( u s u a l l y  O rd o v ic ia n )  m ust be c o n s id e r e d  te n u o u s  b e c a u se  o f  

t h e i r  p o o r  p r e s e r v a t i o n  C y r to d o n ta L?] f e r r u g i n e a  ( H a l l  and 

W h i t f i e l d )  may o n ly  t e n t a t i v e l y  be a s s ig n e d  t o  C y r to d o n ta  

b e c a u se  none o f  t h e  B r a s s f i e l d  specim ens have i n t e r n a l  

f e a t u r e s  p r e s e r v e d .  The s h e l l  shape  o f  t h i s  s p e c i e s  i s  

c y r t o d o n t i d ,  b u t  knowledge o f  d e n t i t i o n  p lac em en t and 

m orphology i s  n e c e s s a r y  f o r  c e r t a i n  g e n e r i c  a s s ig n m e n t .

T axobases v a ry  from  " s u p e r fa m i ly "  to  " s u p e r f a m i ly . "  F o r  

exam ple , n u c u lo id s  a r e  d i s t i n g u i s h e d  p r i m a r i l y  by d e n t i t i o n  

and s h e l l  s h a p e ,  w h i le  am bonychiid  and p t e r i n e i d  g e n e ra  

a r e  s e p a r a t e d  by s h e l l  shape  and p ro so p o n . O ther g ro u p s  such  

a s  m o d io lo p s id s , c y r t o d o n t id s  and c a r d i i d s  a r e  d i s t i n g u i s h e d  

by v a r i o u s  c o m b in a t io n s  o f  d e n t i t i o n ,  p ro so p o n  and s h e l l  

s h a p e .  Thoughts on c l a s s i f i c a t i o n  o f  v a r io u s  t a x a  ( e s p e c i a l l y  

n u c u lo id s )  h av e  changed s u b s t a n t i a l l y  d u r in g  t h e  l a s t  c e n tu r y  

p r i m a r i l y  b e c a u se  o f  an  i n c r e a s e  i n  knowledge a b o u t  c o m p a ra t iv e  

m o rp h o lo g ie s .  Taxonomic p h i lo s o p h y  o f  James H a l l ,  E. 0.

U l r i c h  and A ugust F. F o e r s t e  seems c o n s e r v a t iv e  to d a y .  For 

exam ple , U l r i c h  (1894) i n f o r m a l ly  s u b d iv id e d  C ten o d o n ta  

S a l t e r  i n t o  s i x  g ro u p s ,  a p p a r e n t l y  b a sed  on c o n s i s t e n t  

d i f f e r e n c e s  i n  m orphology o f  t h e  encom passed s p e c i e s .  A lthough
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i n t i m a t i n g  t h a t  t h e s e  g roups sh o u ld  p ro b a b ly  be  s e p a r a t e  

g e n e r a ,  he  h e s i t a t e d  t o  p ro p o se  t h e s e  new t a x a .  Based on 

U l r i c h ’ s o b s e r v a t i o n s  and c o n s i d e r a b l e  new d a t a ,  m ost o f  

h i s  (1894) " g ro u p s"  o f  C ten o d o n ta  h a v e  now been  in c o r p o r a te d  

i n t o  one o r  more g e n e ra  ( e . g .  s p e c i e s  i n  h i s  " C ten o d o n ta  

r e c u r v a  g rou p"  a r e  now p la c e d  i n  P a la e o c o n c h a  M i l l e r  o r  

S im i lo d o n ta  S o o t-R y e n ) .

STRATIGRAPHY

The B r a s s f i e l d  F o rm ation  was f o r m a l ly  named t h e  B r a s s f i e l d  

L im estone  by F o e r s t e  (1 9 0 6 , p .  18) f o r  r o c k s  ex p o sed  in  a 

s e r i e s  o f  s e c t i o n s  a lo n g  th e  now abandoned  L o u i s v i l l e  and 

A t l a n t i c  r a i l r o a d  berm be tw een  B r a s s f i e l d  and P a n o la ,  M adison 

County, K en tucky . T h is  sequence  o f  r o c k s  w as, how ever, 

r e c o g n iz e d  a s  d i s t i n c t  a t  a  c o n s i d e r a b ly  e a r l i e r  t im e .  Owen 

(18 57, f i d e  O’D o n n e l l ,  1967, p .  16) u se d  t h e  name " C l in to n "  

f o r  some o o l i t i c  i r o n  beds  c a p p in g  t h e  C i n c i n n a t i a n  s t r a t a  

i n  K en tucky , w h i le  O rton  (1890 , p . 14 5) a p p l i e d  t h a t  name to  

a s i m i l a r  u n i t  i n  O h io .

F o e r s t e  (1 885 , 1895 , 1896 , e t c . )  was t h e  f i r s t  p e r s o n  to  

i n t e n s i v e l y  i n v e s t i g a t e  t h e  B r a s s f i e l d  F o rm a tio n .  He 

a n a ly z e d  s t r a t i g r a p h y  and d id  d e t a i l e d  p a le o n to lo g y o f  t h e  

" C l in to n "  l i m e s t o n e ,  f i r s t  in  Ohio (1 8 8 5 , 1 8 9 5 ) ,  t h e n  i n  

I n d i a n a ,  K entucky and T en n essee  (189 6 , 1 9 0 1 ) .  F o e r s t e ’ s 

s e r i e s  o f  s t u d i e s  w ere , and a r e  s t i l l  t h e  m ost co m p reh en s iv e  

ones d e a l in g  w i th  t h e  B r a s s f i e l d .  As e a r l y  a s  1896 ( p .  1 8 9 ) ,  

F o e r s t e  r e a l i z e d  t h a t  t h e  " C l i n t o n , "  p a r t i c u l a r l y  i n  O hio,
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was n o t  t i i r e  e q u i v a l e n t  w i th  t h e  New York C l in t o n ,  a l th o u g h  

i t  may have  r e p r e s e n t e d  a  s i m i l a r  f a c i e s .  He p ro p o se d  t h e  

name Montgomery F o rm a tio n  f o r  t h e  " C l in to n "  i n  O hio , b u t  

found  th e  name t o  be p re o c u p ie d  and r e t u r n e d  t o  t h e  u s e  o f  

C l in to n  (1904 , p . 3 4 0 ) .  The s t r a t i g r a p h i c  p o s i t i o n  o f  t h e  

B r a s s f i e l d  F o rm a tio n  r e l a t i v e  t o  o t h e r  Upper O rd o v ic ia n  and 

S i l u r i a n  f o r m a t io n s  i s  shown i n  T e x t - f i g .  6.

T e x t - f i g .  6— G e n e r a l i z e d  r e g i o n a l  s t r a t i g r a p h i c  d i s t r i b u t i o n  

o f  Upper O rd o v ic ia n  iand Lower S i l u r i a n  fo r m a t io n s  o f  t h e  

c o n t i n e n t a l  i n t e r i o r  o f  t h e  U n ite d  S t a t e s  (m o d if ie d  from  

B erry  and B o u co t,  19 7 0 ) .

The te rm  B r a s s f i e l d  L im estone  was s u b s e q u e n t ly  u se d  by 

him and o t h e r  a u th o r s  ( e . g . , R exroad , e t  a l .  1965) e s s e n t i a l l y  

a s  o r i g i n a l l y  p ro p o se d  u n t i l  O 'D onn e ll  (19 67, p .  31) emended 

i t  t o  in c lu d e  s e v e r a l  o v e r l y i n g  u n i t s  p l a c e d  by R exroad , 

e t  a l . , (19 6 5) i n  t h e  Noland F o rm a tio n .

The B r a s s f i e l d  F o rm a tio n ,  as  c u r r e n t l y  c o n c e iv e d  (O 'D o n n e l l ,  

1 9 6 7 ) ,  c o n s i s t s  o f  f o u r  g e n e r a l  l i t h o l o g i c  u n i t s ,  two o f  w hich 

a r e  r e c o g n iz e d  a s  members. From t h e  b a s e  upw ard , th e y  a r e :

1) The B e l f a s t  Member, o r i g i n a l l y  r e c o g n iz e d  by F o e r s t e  

(1 8 9 5 ) ,  i s  an  a p p ro x im a te ly  6 - f o o t  t h i c k n e s s  o f  c a l c a r e o u s  

o r  d o lo m i t i c  t h in l y - b e d d e d  s h a l e s  and s i l t s t o n e s ,  r e s t i n g  on 

t h e  to p  o f  t h e  P r e a c h e r e v iH e  F o rm a tio n  o f  t h e  

C i n c i n n a t i a n  G roup. T h is  B e l f a s t  member i n c lu d e s  a  s h a le y  

u n i t  c a l l e d  th e  C e n t e r v i l l e  F o rm a tio n  by  F o e r s t e  (19 31, p .  1 8 4 ) .
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T e x t - f i g .  6 - - 'G e n e ra l iz e d  r e g i o n a l  s t r a t i g r a p h i c  d i s t r i b u t i o n  
o f  Upper O rd o v ic ia n  and Lower S i l u r i a n  fo r m a t io n s  o f  t h e  
c o n t i n e n t a l  i n t e r i o r  o f  t h e  U n ited  S t a t e s  (m o d if ie d  from 
B e rry  and B ouco t,  1 9 7 0 ) .
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2) The " lo w er  m ass iv e  u n i t "  c o n s i s t s  o f  l im e s to n e  o r  

d o lo m ite  beds 4 t o  15 in c h e s  t h i c k ,  o c c u r r i n g  above th e  

B e l f a s t  member. T h is  u n i t  i n  some s e c t i o n s  ( e s p e c i a l l y  i n  

s o u t h e a s t e r n  I n d ia n a )  a p p e a rs  a s  a  s i n g l e  b e d ,  v i r t u a l l y  

c o n t in u o u s  upw ard, composed o f  medium to  c o a r s e l y  c r y s t a l l i n e  

c a r b o n a te  h a v in g  few f o s s i l s  o t h e r  th a n  d i s a r t i c u l a t e d  

ech inoderm  p l a t e s .

3) Above th e  m ass iv e  u n i t  i s  a  t h i n l y  bedded  u n i t  

c o n s i s t i n g  o f  a l t e r n a t i n g  bed s  o f  s h a l e  and l im e s to n e  o r  

d o lo m i te ,  r a r e l y  g r e a t e r  t h a n  6 in c h e s  t h i c k  each  ( s e e  T e x t-  

f i g .  7 ) .  T h is  u n i t  c o n ta in s  th e  m ost f o s s i l i f e r o u s  s t r a t a ,  

i n c l u d i n g  t h e  "bead  bed" ( a  l a y e r  r i c h  in  l a r g e  c r i n o i d  

c o lu m n a ls )  and t h e  f e r r u g i n o u s  zones from which many 

p e le c y p o d s  w ere  a c i d - e t c h e d  f o r  t h i s  s tu d y . S e v e ra l  c h e r t -  

b e a r in g  zones a l s o  o c cu r  i n  t h i s  u n i t  on th e  e a s t e r n  s i d e  o f  

t h e  C i n c i n n a t i  A rch . The "bead bed" was c o n v e n t io n a l ly  u se d  

as  a m ark e r  f o r  t h e  to p  o f  t h e  B r a s s f i e l d  by F o e r s t e  (189 6 , 

1906, e t c ) ,  b u t  may o c c u r  i n  o t h e r  h o r i z o n s  (O ’D o n n e l l ,

1967, p .  3 5 ) .

4) The Noland Member was d e s ig n a t e d  as  a f o r m a t io n  by 

R ex road , e t  a l .  (19 65) t o  in c lu d e  two p a i r s  o f  a l t e r n a t i n g  

s h a l e  and c a rb o n a te  beds  d e s c r i b e d  a s  o v e r ly in g  th e  

B r a s s f i e l d  i n  C e n t r a l  Kentucky by F o e r s t e  (190 6 ) .  The Plum 

Creek S h a le ,  Oldham D o lo m ite ,  L u lbeg rud  S h a le  and Waco 

D o lom ite  a r e  now c o n s id e r e d  to n g u es  and l e n t i l s  w i t h i n  t h e  

Noland Member (O 'D o n n e l l ,  19 67, p . 3 1 ) ,  T hese  bed s  a r e
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d i f f i c u l t  to  t r a c e  f o r  any g r e a t  d i s t a n c e ,  and O 'D o nne ll  

remarked t h a t  t h e  Noland i s  d i f f i c u l t  t o  r e c o g n iz e  n o r th  o f  

Bath County, K en tucky . The u p p e r  s h a l e s  and l im e s to n e  o f  

t h e  u p p e r  t h in - b e d d e d  u n i t  i n  t h e  e a s t e r n  and n o r t h e r n  

o u tc ro p  r e g io n s  may be t r a c e a b l e  to  th e  Noland f a r t h e r  

so u th  (O 'D o n n e l l ,  1967, p . 38 ) .  However, Rexroad e t  a l . 

(196 5, p .  21) s u g g e s te d  t h a t  t h e  b a s a l  c a r b o n a te  bed o f  t h e  

Waco may c o r r e l a t e  w i th  t h e  Dayton L im estone  i n  s e c t i o n s  

f a r t h e r  n o r t h .

T e x t - f i g .  7— One o f  t h e  o u tc r o p s  i n  t h e  West U nion , Ohio 

a r e a  on S t a t e  Road 41

The i n c l u s i o n  o r  e x c lu s io n  o f  t h e  Noland i n  th e  

B r a s s f i e l d  i s  im m a te r ia l  t o  t h i s  s t u d y , s i n c e  no p e le cy p o d s  

w ere found in  any o f  t h e  Noland u n i t s .  Rexroad e t  a l .

(1965) f i r s t  c o n s id e r e d  F o e r s t e ' s  " B r a s s f i e l d  L im estone" t o  

be  a f o r m a t io n .

The above d e s c r i p t i o n  i s  a  co m p o s ite  s t r a t i g r a p h i c  

s u b d i v i s i o n  o f  t h e  B r a s s f i e l d .  In  m ost s e c t i o n s ,  some o f  t h e  

component s t r a t i g r a p h i c  u n i t s  a r e  m is s in g  o r  u n r e c o g n iz a b le .  

For exam ple , i n  m ost I n d ia n a  o u tc r o p s  o f  t h e  B r a s s f i e l d ,  o n ly  

a  m a s s iv e ly  bedded c a r b o n a te  u n i t  i s  o b s e rv e d .  W hile  i n  

o t h e r  s e c t i o n s ,  more th a n  f o u r  u n i t s  a r e  r e c o g n i z a b l e .  I n  

Adams C ounty , O hio, an  a d d i t i o n a l  t h i n l y  bedded ( lo w e r)  and 

m a s s iv e ly  bedded u n i t  (u p p e r )  c an  be  r e c o g n iz e d  b e tw een  th e  

" lo w er m a ss iv e  u n i t "  and th e  "u p p e r  t h i n l y  bedded  u n i t . "
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T e x t - f ig .  7—One o f  th e  ou tc rop s  i n  th e  West Union, Ohio a re a  on S ta te  Road 41. Massive 
l a y e r  a t  top  o f  s e c t io n  marks th e  top  o f  th e  B r a s s f i e ld .  E n t i r e  s e c t io n  i s  in  th e  upper 
th in -b ed ded  u n i t .  The bottom 26 f e e t  o f th e  fo rm ation  a re  no t  exposed h e re .  The man’s 
r i g h t  hand i s  a t  the  l e v e l  o f  sample WU-14.
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The l o c a t i o n s  o f  t h e  s e c t i o n s  s t u d i e d  a r e  g iv e n  i n  th e  

ap p en d ix  t o  t h i s  w ork .

The B r a s s f i e l d  i s  g e n e r a l l y  c o n s id e r e d  to  l i e  unco n fo rm ab ly  

upon ro c k s  o f  t h e  C i n c i n n a t i a n  S e r i e s  i n  t h e  Ohio v a l l e y  

r e g i o n .  I n  g e n e r a l ,  t h e  c o n t a c t  o f  t h e  b a s e  o f  t h e  

B r a s s f i e l d  w ith  C i n c i n n a t i a n  ( u s u a l l y  t h e  E lk h o rn ,  E b e a c h e rsv i l le ,  

o r  S a lu d a )  F o rm a tio n s  o f  t h e  Richmond G roup, marks a change 

i n  l i t h o l o g y .  The un co n fo rm ab le  c o n t a c t  i s  d i s t i n c t  when 

t h e  m a s s iv e ly  bedded  c r y s t a l l i n e  c a r b o n a te  p hase  o f  t h e  

B r a s s f i e l d  o v e r l i e s  t h e  s h a l e s  and t h i n  l im e s to n e s  o f  t h e  

E lk h o rn  F o r m a t i o n ( P r e a c h e r s v i l l e  F o rm a tio n  i n  e a s t e r n  

Kentucky and a d j a c e n t  O h io ) . However, some s e c t i o n s  show 

s u p e r f i c i a l l y  s i m i l a r  l i t h o l o g i e s  i n  t h e  Richmond beds  and 

t h e  s u p e r j a c e n t  B r a s s f i e l d .  Near M adison , I n d i a n a  ( a t  

Hanging Rock) t h e  c o a r e s l y  c r y s t a l l i n e ,  m a s s iv e  B r a s s f i e l d  

o v e r l i e s  t h e  m a s s iv e ly  bedded c r y s t a l l i n e  d o lo m i te s  o f  th e  

S a lu d a  F o rm a tio n .  D i s t i n g u i s h i n g  t h e  B r a s s f i e l d  i n  t h e s e  

s e c t i o n s  i s  d i f f i c u l t .  However, t h e  B r a s s f i e l d  i s  more 

c o a r s e l y  c y r s t a l l i n e  and o f  a  d a rk  b ro n z e  c o l o r .  The c o n t a c t  

s u r f a c e  i s  i r r e g u l a r ,  s u g g e s t in g  some e r o s i o n  of t h e  S a luda  

p r i o r  t o  B r a s s f i e l d  d e p o s i t i o n .  The e n v iro n m e n ts  o f  

d e p o s i t i o n  o f  t h e s e  two fo rm a t io n s  a r e  l i k e l y  to  be  s i m i l a r  

b e c a u se  o f  th e  s i m i l a r  l i t h o l o g i e s .

On t h e  e a s t  s i d e  o f  t h e  C i n c i n n a t i  A rch , e s p e c i a l l y  i n  

Adams C ounty , t h e  B r a s s f i e l d  o v e r l i e s  s h a l e s  o f  t h e  

P r e a c h e r s v i l l e  F o rm a tio n  ( T e x t - f i g s .  8 , 9a, b ) . The b a s a l
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T e x t - f i g .  8— B a sa l  c o n t a c t  o f  t h e  B r a s s f i e l d  F o rm a tio n  

(Lower S i l u r i a n )  w i th  t h e  u n d e r ly in g  P r e a c h e r s v i l l e  

F o rm a tio n  (Upper O rd o v ic ia n )  n e a r  B e n to n v i l l e  and West 

U nion , Adams C ounty , Ohio

T e x t - f i g .  9a— G r a d a t io n a l  c o n t a c t  be tw een  E lk h o rn  F o rm ation  

(O rd o v ic ia n )  and B r a s s f i e l d  (Lower S i l u r i a n )  i n  c r e e k  2 .4  

m i l e s  n o r t h  o f  West U nion , Ohio.

T e x t - f i g .  9b— S h a rp e r  c o n t a c t  be tw een  B r a s s f i e l d  and 

P r e a c h e r s v i l l e  F o rm a t io n s .

B r a s s f i e l d  i n  t h e  a r e a  i s  t h e  B e l f a s t  Member, a  seq u en ce  o f  

t h i n l y  bedded s h a l e s  and s i l t s t o n e s .  The c o n t a c t  be tw een  

t h e  u n d e r ly in g  O rd o v ic ia n  and B r a s s f i e l d  i n  t h i s  a r e a  i s  

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

a b o u t  o n e - f o u r t h  m i le  so u th  o f  B e n t o n v i l l e ,  Ohio, on S t a t e  

Road 136, a  r e l a t i v e l y  t h i c k  seq u en ce  o f  r e d ,  g re e n  and 

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

F o rm a tio n  a r e  capped  by B r a s s f i e l d .  Near t h e  to p  o f  t h e  

P r e a c h e r s v i l l e ,  t h i n  l e n t i l s  o f  d o lo m i t i c  l im e s to n e  o c c u r .  

These s t r i n g e r s  a r e  l i t h o l o g i c a l l y  v e ry  s i m i l a r  t o  th e  

o v e r l y i n g  lo w e r  m a ss iv e  b e d s  o f  t h e  B r a s s f i e l d .  About two 

f e e t  below  t h e  m ain c a r b o n a t e  b ed s  o f  t h e  B r a s s f i e l d  a r e  

s e v e r a l  2 -  t o  3 - in c h  t h i c k  l a y e r s  o f  c a l c a r e o u s  s h a l e  and 

s i l t s t o n e  w i th  some s h a l e  p a r t i n g  ( T e x t - f i g .  8 ) .  The
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T e x t - f i g .  8— B a sa l  c o n ta c t  o f  t h e  B r a s s f i e l d  Form ation  (Lower 
S i l u r i a n )  w i th  th e  u n d e r ly in g  P r e a c h e r s v i l l e  Form ation  (Upper 
O rd o v ic ia n )  n e a r  B e n to n v i l l e  and West U nion, Adams C ounty , Ohio
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Lower Massive 
Unit

C 5 l

IglTTTi- i - i-

Belfast

Preachersville Formation

T e x t - f i g .  9 a— G r a d a t io n a l  c o n ta c t  be tw een  P r e a c h e r s v i l l e  
F o rm ation  (O rd o v ic ia n )  and B r a s s f i e l d  (Lower S i l u r i a n )  i n  
c re e k  2 .4  m ile s  n o r th  o f  West U nion , Ohio

Lower Thin 

Bedded 

Unit

Preachersville 

Formation Jk

T e x t - f i g .  9b— S h a rp e r  c o n ta c t  be tw een  B r a s s f i e l d  and P r e a c h e r s ­
v i l l e .  L e n t i l e s  o f  c a rb o n a te  a r e  v i s i b l e  i n  P r e a c h e r s v i l l e .  
Road c u t  on S t a t e  Road 41 Ohio Brush C reek , Adams C ou n ty , Ohio

m

Belfast or 
Lower Massive 

Unit

□
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i n c r e a s i n g  amount o f  c a r b o n a te  and th e  s t r i n g e r s  o f  l im e s to n e  

seem t o  have  been  a  p r e lu d e  t o  t h e  m a in ly  c a l c a r e o u s  

B r a s s f i e l d  s e d im e n ta t io n  t o  f o l l o w .  The b a s e  o f  t h e  B e l f a s t  

sh o u ld  be  drawn a b o u t  2 f e e t  be low  th e  f i r s t  m a ss iv e  

c a r b o n a te  b e d ,  and  th e  g r a d a t i o n  b e tw een  B e l f a s t  and 

P r e a c h e r s v i l l e  seems s u b t l e  enough t h a t  o n ly  a  r a t h e r  

s h o r t  i n t e r r u p t i o n  i n  s e d im e n ta t io n  a c r o s s  th e  c o n t a c t  

o c c u r r e d .  The o n ly  o rg an ism s  known from  t h e s e  two u n i t s  

a r e  p a l in o m o rp h s . T h is  f l o r a  i s  v e ry  s i m i l a r  i n  b o th  

f o r m a t io n s  ( s e e  d i s c u s s i o n  below  o f  Gray and B o uco t,  1 9 7 2 ) .

F a r t h e r  n o r th  i n  Adams C ounty , i n  s e v e r a l  ro a d  c u t s  

a lo n g  S t a t e  Road 4 1 ,  t h e  B e l f a s t  i s  a g a in  s u p e r j a c e n t  t o  t h e  

P r e a c h e r s v i l l e  s h a l e s .  I n  t h e s e  s e c t i o n s  ( T e x t - f i g s .  8 ,  9a) 

t h e r e  a r e  no l im e s to n e  l e n t i l s  i n  t h e  u p p e r  P r e a c h e r s v i l l e ,  

but t h e  o v e r ly in g  B e l f a s t  i s  a l s o  l e s s  c a l c a r e o u s .  About 

6 f e e t  below  th e  b a s e  o f  t h e  f i r s t  m a s s iv e  c a r b o n a te  bed  (o f  

t h e  B r a s s f i e l d )  i s  a  s u b t l e  chang e  i n  b e d d in g ,  c o l o r a t i o n ,  

and l i t h o l o g y .  A t t h i s  p o i n t ,  t h e r e  i s  a  b e d d in g  p la n e  

t h a t  i s  n e a r l y  h o r i z o n t a l  and c o a te d  w i th  a f i l m  o f  d a rk  

( o r g a n ic ? )  m a t e r i a l .  Below t h i s  p l a n e  a r e  t h i n l y  la m in a te d  

c l a y e y  P r e a c h e r s v i l l e  s h a l e s ,  and  above  a r e  s l i g h t l y  t h i c k e r  

bedded , somewhat more c a l c a r e o u s  s h a l e s  and s i l t s t o n e s  o f  

t h e  B e lf a s t , ,  b u t  become more l im e y  a p p ro a c h in g  t h e  m a s s iv e ly -  

bedded  B r a s s f i e l d  above . T h is  t y p e  o f  c o n t a c t  o f  t h e  

B r a s s f i e l d  F o rm a tio n  w i th  t h e  v a r i o u s  Upper O rd o v ic ia n  

fo r m a t io n s  ( T e x t - f i g .  9) i s  r a t h e r  a t y p i c a l  f o r  m ost o f  th e
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B r a s s f i e l d .  F o r  t h e  most p a r t ,  t h e  B r a s s f i e l d  d i s t i n c t l y  

un co n fo rm ab ly  o v e r l i e s  t h e  O rd o v ic ia n ,  w i th  o b v io u s  d i f f e r e n c e s  

i n  l i t h o l o g y .  The " t y p i c a l "  B r a s s f i e l d  i s  a  d e n s e ,  c o a r e s l y  

c r y s t a l l i n e  d o lo m i te  o r  l im e s to n e  b ro n ze  o r  "sa lm on" p in k  

i n  c o l o r .  However, t h e  u n d e r ly in g  O rd o v ic ia n  ro c k s  a r e  

commonly b l u i s h  o r  g r e e n i s h  g ra y  s h a l e s  o r  l im e s to n e  ( a l th o u g h  

some r e d d i s h  s h a l e s  a r e  known i n  p a r t  o f  t h e  P r e a c h e r s v i l l e  

F o r m a t io n ) .

B iv a lv e s  were c o n s p ic u o u s ly  a b s e n t  from  m ost r o c k s  o f  

t h e  " t y p i c a l "  B r a s s f i e l d  l i t h o l o g y .  Only a  few h o r iz o n s  

o f  th e  m a s s iv e ,  c r y s t a l l i n e  l i t h o l o g y  a t  F a i r b o r n e ,  Ohio 

(sa m p le s  F B -1 ,2 )  y i e l d e d  any b i v a l v e s  ( A c t i n o p t e r i a  b r i s a  

a s s e m b la g e ) . I t  a p p e a r s  t h a t  t h i s  en v iro n m en t m ust have  

been  h o s t i l e  t o  b i v a l v e  c o l o n i z a t i o n .  The s h a l e s ,  s i l t s t o n e s  

and more f i n e l y  c r y s t a l l i n e  l im e s to n e s  o f  s e v e r a l  s e c t i o n s  

i n  Adams C ounty, Ohio were a p p a r e n t l y  form ed i n  e n v iro n m en ts  

more c o n d u c iv e  t o  b i v a l v e  e x i s t e n c e .  B iv a lv e s  a r e  common 

i n  s e v e r a l  c r y s t a l l i n e  l im e s to n e  l a y e r s  i n  t h e  u p p e r  t h i n -  

bedded u n i t  and i n  some f e r r u g i n o u s  c a r b o n a te  beds  

im m e d ia te ly  o v e r l y i n g  t h e s e  l im e s to n e  l a y e r s .  C o n c e n t r a t io n s  

o f  many t a x a  o t h e r  t h a n  b i v a l v e s  ( o t h e r  m o l lu s k s ,  b ra c h io p o d s  

and b ry o z o a n s )  i n  t h e s e  l a y e r s  p ro b a b ly  r e p r e s e n t  l a g  o r  

c u r r e n t  c o n c e n t r a t i o n  o f  b io g e n ic  p a r t i c l e s .

The a p p a r e n t  p a r a c d n f o r m i ty  be tw een  th e  B r a s s f i e l d  and 

P r e a c h e r s v i l l e  in  p a r t  o f  Adams County, Ohio was t h e  s u b j e c t  

o f  a  s tu d y  by Gray and Boucot (1 9 7 2 ) .  P a l y n o lo g i c a l
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e v id e n c e  was u sed  t o  d e te r m in e  e n v iro n m en ts  o f  d e p o s i t i o n  

and w a te r  d e p th  o f  se d im e n t  d e p o s i t i o n  o f  t h e  P r e a c h e r s v i l l e  

and B e l f a s t  b eds  on each  s i d e  o f  t h i s  c o n t a c t .  D ata  b a se d  

on s p o re  t e t r a d s  and a c r i t a r c h s  i n d i c a t e  t h a t  p a lin o m o rp h s  

a s se m b la g e s  a r e  n e a r l y  i d e n t i c a l  a c r o s s  t h e  E lk h o r n - B e l f a s t  

c o n t a c t  and change o n ly  h i g h e r  i n  t h e  B r a s s f e i l d  away from 

t h e  p a ra c o n fo r -m ity . W ater d e p th s  i n d i c a t e d  by t h e s e  d a t a  

a r e  v e ry  s h a l lo w  and n e a r s h o r e ,  e s s e n t i a l l y  i n t e r t i d a l .

Gray and B oucot w ere n o t  w i l l i n g  t o  r u l e  o u t  n e a r s h o r e ,  

n o n -m arin e  e n v iro n m e n ts  e i t h e r  (197 2 , p .  1 3 1 1 ) .  The 

p a le o g e o g r a p h ic  p i c t u r e  th u s  i n f e r r e d  from Gray and B o u c o t 's  

s tu d y  i s  t h a t  o f  n e a r s h o r e ,s h a l lo w  w a te r  s e d im e n ta t io n  

( p r o b a b ly  m a r in e )  a t  th e  t o p  o f  t h e  E lk h o rn  and i n  t h e  

lo w e r  p o r t i o n  o f  t h e  B e l f a s t ,  w i th  w a te r  d e p th  i n c r e a s i n g  

h i g h e r  i n t o  t h e  B e l f a s t  and low er m a s s iv e  B r a s s f i e l d .

Depth z o n a t io n  f o r  t h e  E lk h o rn  and B e l f a s t  was d e te rm in e d  

s o l e l y  on t h e  b a s i s  o f  p a l in o m o p p h s , w h i le  h i g h e r  B r a s s f i e l d  

beds  ( lo w e r  m a ss iv e  u n i t  and u p p e r  t h in ly - b e d d e d  u n i t )  

c o n ta in e d  m e g a fo s s i ls  ( i n c l u d i n g  b ra c h io p o d s )  which a l lo w e d  

d e p th  z o n a t io n  w i th  c r i t e r i a  p ro p o se d  by Z i e g l e r  (19 65) and 

Z i e g l e r ,  Cocks and Bambach (1968) f o r  Lower S i l u r i a n  m ar in e  

c o m m u n itie s .  A lthough  no m e g a f o s s i l s  w ere  found  in  t h e  lo w er  

B e l f a s t  i n  t h i s  s tu d y  o r  by p r e v io u s  w o rk e rs  ( e . g .  Gray and  

B ouco t,  1 9 7 2 ) ,  i t  i s  c o n s id e r e d  t o  be e q u iv a l e n t  t o  th e  

" L in g u la  b e n th i c  l i f e  z o n e ,"  w h i le  t h e  u p p e r  B e l f a s t  and 

p a r t  o f  t h e  lo w e r  m ass iv e  u n i t  t h e y  th o u g h t  t o  be
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r e p r e s e n t a t i v e  o f  t h e  "E o c o e l i a  l i f e  zone" (Gray and Boucot 

1972, p .  1 3 1 1 ) ,  The u p p e r  p a r t  o f  t h e  m ass iv e  beds and  some 

o f  t h e  t h in l y - b e d d e d  u n i t  would c o r re s p o n d  t o  t h e  

"P en tam erus  l i f e  z o n e ,"  w h i le  t h e  r e s t  o f  t h e  s e c t i o n  ( t o  

t h e  to p )  i s  com parab le  t o  t h e  " S t r i c k l a n d i a  zone" (G ray  and 

B ouco t,  1972, p .  1 3 0 2 ) .  I n  t h e  B r a s s f i e l d ,  t h e  "E o c o e l ia  

l i f e  zone" i s  r e p r e s e n t e d  by t h e  "C r y p t o t h y r e l l a  com m unity"; 

th e  " P en tam erus  l i f e  zone" i s  r e p r e s e n t e d  by t h e " P l a ty m e r e l l a  

com m unity"; and th e  " S t r i c k l a n d i a  l i f e  zone" i s  r e p r e s e n t e d  

by t h e  "M i c r o c a r d i n a l i a  community" ( Z i e g l e r  and  B ouco t,  1970, 

and Gray and B ou co t,  1 9 7 2 ) .  The v a l i d i t y  o f  t h i s  e x te n s io n  

o f  Z i e g l e r ' s  i d e a s  t o  t h e  l i t h o l o g i c a l l y  q u i t e  d i s t i n c t i v e  

B r a s s f i e l d ,  where o n ly  some o f  h i s  community b i o - i n d i c a t o r s  

o c c u r  s h o u ld  be  c o n s id e r e d  t e n t a t i v e  u n t i l  more d a t a  a b o u t  

t h e  f a u n a s  i n  t h e  B r a s s f i e l d  a r e  a v a i l a b l e .  However, t h e r e  

a p p e a r  t o  be t a x a  i n  t h e  B r a s s f i e l d  t h a t  a r e  e c o l o g i c a l l y  

s i m i l a r  t o  t h o s e  o f  Z i e g l e r ' s .  S e v e ra l  b r a c h io p o d s ,  

i n c l u d i n g  s p e c i e s  o f  C r y p t o t h y r e l l a  have  been  c o n s id e r e d  

a n a lo g o u s  t o  "E o c o e l i a " i n  Z i e g l e r ' s  " E o c o e l ia  z o n e ."

And some s p e c i e s  o f  P l a t y m e r e l l a  i n  t h e  B r a s s f i e l d  a r e  

th o u g h t  t o  compare e c o l o g i c a l l y  w i th  P en tam erus  ( "Pen tam erus 

zo n e" )  a c c o rd in g  t o  Z i e g l e r  and B oucot,1 9 7 0 ) .

A lthough  t h e r e  may have  b een  a gap i n  s e d im e n ta t io n  

be tw een  t h e  P r e a c h e r s v i l l e  and B e l f a s t  beds  i n  Adams 

C ounty , t h e  se d im e n ts  and m i c r o f l o r a  s u p p o r t  t h e  c o n c lu s io n  

t h a t  t h e  en v iro n m en t was r e l a t i v e l y  s i m i l a r  on each  s i d e  o f  

th e  c o n t a c t  and t h a t  n o n - d e p o s i t i o n  f o r  an unknown b u t
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r e l a t i v e l y  s h o r t  p e r io d  o f  t im e  (b a se d  on t h e  m i c r o f lo r a )  

i s  a l l  t h a t  s e p a r a t e s  O rd o v ic ia n  (E lk h o rn )  from  S i l u r i a n  

( B e l f a s t )  s e d im e n ts  i n  t h i s  a r e a .

I t  seems a p p a r e n t  from  th e  f o r e g o in g  d i s c u s s i o n  t h a t  

some ty p e  o f  s t r a t i g r a p h i c  h i a t u s  (u n c o n fo rm ity )  i s  p r e s e n t  

a t  t h e  b a s e  o f  t h e  B r a s s f i e l d  th ro u g h o u t  m ost o f  t h e  Ohio 

v a l l e y  r e g i o n ,  b u t  t h a t  a s i n g l e  g e n e r a l  s t a te m e n t  a b o u t  

t h a t  h i a t u s  i s  u n t e n a b le .

The age  o f  t h e  B r a s s f i e l d  i s  u s u a l l y  c o n s id e r e d  L ate  

E a r ly  L la n d o v e r ia n  ( E a r ly  S i l u r i a n ) . T h is  c o n c lu s io n  i s  

b a se d  on s e v e r a l  l i n e s  o f  e v id e n c e :

1) P o s i t i o n  o f  B r a s s f i e l d  i n  th e  s t r a t i g r a p h i c  column 

(be tw een  Richm ondian Upper O rd o v ic ia n  s t r a t a  and N ia g a ra n  

M iddle S i l u r i a n  s t r a t a )

2) O ccu rrence  o f  t h e  b ra c h io p o d s  P l a t y m e r e l l a  and 

C r y p t o t h y r e l l a  ( Z i e g l e r  and B ouco t, 19 70)

3) O ccu rren ce  o f  t h e  conodon t I c r i o d i n a  i r r e g u l a r i s  

(R ex ro ad , 19 6 7 ) .

A l l  o f  t h e s e  i n d i c a t e  a Lower S i l u r i a n  p o s i t i o n  f o r  t h e  

B r a s s f i e l d  F o rm a tio n .  Numerous I c r i o d i n a  i r r e g u l a r i s  

B ranson and B ranson  were r e c o v e re d  from a c id  r e s i d u e s  o f  th e  

sam ples from th e  "P a l a e o n e i lo  fe c u n d a  p r o v i n c e ” in  th e  

Upper th in ly - b e d d e d  u n i t .  T h is  u n i t  a l s o  c o n ta in e d  s e v e r a l  

s p e c i e s  o f  th e  conodon t genus P a l to d u s  which a r e  c h a r a c t e r i s t i c  

o f  t h e  B r a s s f i e l d  F o rm ation  (R ex ro ad , 1967).
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ECOLOGY AND PALEOECOLOGY

I t  i s  n o t  p o s s i b l e  t o  g iv e  a  v e ry  m e a n in g fu l  t r e a t m e n t  

o f  t h e  b i v a l v e  p a le o e c o lo g y  o f  t h e  B r a s s f i e l d  F o rm a tio n  

b e c a u se  t h a t  would n e c e s s i t a t e  an  e c o l o g i c a l  e v a l u a t i o n  o f  

a l l  s p e c i e s  o f  o rg an ism s  known from  th e  B r a s s f i e l d  and t h e i r

i n t e r a c t i o n s .  D e t a i l e d  a n a l y s i s  o f  th e  p u r e l y  p h y s i c a l  d a t a

would a l s o  be n e c e s s a r y .  T h is  s tu d y  d e a l s  o n ly  w i th  t h e  

b i v a l v e  fau n a ,  and t h e  b i v a l v e s  co m p rise  o n ly  a  v e ry  sm a ll  

p e r c e n ta g e  o f  a l l  B r a s s f i e l d  s p e c i e s .  M oreover, t h e  c o m p le te  

f a u n a  i s  f a r  from  b e in g  a d e q u a te ly  d e s c r i b e d .

The t o t a l  number o f  s p e c i e s  i n  t h e  B r a s s f i e l d  ( i n c l u d i n g

t h e  Noland F o rm a tio n )  i s  w e l l  i n  e x c e s s  o f  t h e  20 6 s p e c i e s

l i s t e d  by F o e r s t e  (1931 , p .  1 7 5 -1 7 6 , 1 8 6 -1 8 7 ) .  C u r re n t  work 

by Laub ( p e r s o n a l  com m unica tion)  on t h e  B r a s s f i e l d  c o r a l s  

a lo n e  w i l l  c o n s i d e r a b ly  augment t h i s  l i s t .  Only 14 s p e c i e s  o f  

p e le c y p o d s  a r e  r e c o g n iz e d  h e r e i n .  S in ce  b i v a l v e s  co m p rise  

a  s m a l l  p o r t i o n  o f  t h e  f a u n a ,  l i t t l e  a t t e m p t  i s  made h e r e i n  

t o  a n a ly z e  any a s p e c t s  o f  th e  B r a s s f i e l d  sy n e co lo g y  (community 

e c o l o g i c a l  r e l a t i o n s h i p s ) .

B iv a lv e s  u s u a l l y  o c c u r  i n  B r a s s f i e l d  s t r a t a  where o t h e r  

p h y la  and c l a s s e s  o f  o rg an ism s abound. I n  h o r i z o n s  o f  g r e a t e s t  

p e le cy p o d  ab u n d an ce , g a s t r o p o d s ,  t r i l o b i t e s ,  b r a c h io p o d s ,  

b ry o z o a  and c r i n o i d  stem s o f t e n  o c c u r .  T h ere  i s ,  how ever ,  a  

c o n sp ic u o u s  l a c k  o f  c o r a l s  a s s o c i a t e d  w i th  t h i s  f a u n a .  

I n t e r p r e t a t i o n  o f  l i f e  h a b i t s ,  g ro w th ,  f e c u n d i t y  and m o r t a l i t y  

o f  th e  b i v a l v e s  o f  t h e s e  f a u n a s  i s  p r e s e n t e d  f o r  t h e  more
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numerous s p e c i e s .  By a n a lo g y  o r  hom ology, a l l  s p e c i e s  w ere  

compared w i th  m odern fo rm s i n  o r d e r  to  h y p o th e s iz e  p ro b a b le  

f u n c t i o n a l  m orpho logy .

B r a s s f i e l d  B iv a lv e  F au na l A s s o c i a t i o n s  and t h e i r  D i s t r i b u t i o n s

B iv a lv e s  a r e  commonly d iv id e d  i n t o  i n f a u n a l  and e p i f a u n a l  

ty p e s  ( e . g .  P o j e t a ,  1971, p . 30) d e p en d in g  on t h e i r  h a b i t u s  

r e l a t i v e  t o  t h e  sed im en t  w a te r  i n t e r f a c e .  I n f a u n a l  b i v a l v e s  

l i v e  subm erged i n  t h e  s u b s t r a t e ,  w h i le  e p i f a u n a l  fo rm s l i v e  

on o r  above th e  s u b s t r a t e  s u r f a c e .  Some fo rm s ,  l i v i n g  o n ly  

p a r t i a l l y  imbedded in  t h e  s e d im e n t ,  a r e  r e f e r r e d  t o  a s  se m i-  

i n f a u n a l  ( S t a n l e y ,  1 9 7 0 ) .

B re ts k y  (19 70, p . 50) u s e s  h a b i t u s  and f e e d i n g  p r o c e s s e s  

to  c a t e g o r i z e  b i v a l v e  e c o l o g i c  t y p e s .  H is s u b d i v i s i o n s  o f  

e p i f a u n a l  s u s p e n s io n ,  i n f a u n a l  s u s p e n s io n  and i n f a u n a l  d e p o s i t  

f e e d e r s  a r e  b i o l o g i c a l l y  r e a l i s t i c .  I t  sh o u ld  be  b o rn e  in  

m ind, how ever, t h a t  th e y  do n o t  r e p r e s e n t  d i s t i n c t  s e p a r a t e  

e n v iro n m e n ts  which s u p p o r t  each  t y p e .  Many modern e n v iro n m en ts  

o f t e n  s u p p o r t  more th a n  one t y p e .  For exam ple , M e rc e n a r ia  

m e r c e n a r ia  (a n  i n f a u n a l  s u s p e n s io n  f e e d e r )  and C r a s s o s t r ea  

v i r g i n i c a  (an  e p i f a u n a l  s u s p e n s io n  f e e d e r )  a r e  fo und  i n  t h e  

same modern e n v iro n m e n t ,  t h e  i n t e r t i d a l  s a l t  m arsh ( p e r s o n a l  

o b s e r v a t i o n ,  B e a u f o r t ,  N orth  C a r o l i n a ,  1 9 71 ) .

A l l  o f  B r e t s k y ' s  h a b i t u s  and f e e d in g  ty p e s  a r e  

r e p r e s e n t e d  among th e  B r a s s f i e l d  b i v a l v e s ,  w h ich , b a sed  

upon t h e i r  g e o g ra p h ic  d i s t r i b u t i o n ,  compose two d i s t i n c t  

f a u n a l  a sse m b la g e s  ( T e x t - f i g ,  2 ) .  One a ssem b lag e  c o n ta in s
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i n f a u n a l  d e p o s i t  and s u s p e n s io n  f e e d e r s  ( " P a l a e o n e i l o  fe c u n d a  

a s s e m b la g e ” ) ;  t h e  o t h e r ,  e p i f a u n a l  s u s p e n s io n  f e e d e r s  

( A c t i n o p t e r i a  b r i s a  a s s e m b la g e ” ) .  These a sse m b la g es  a r e  

names f o r  t h e  s p e c i e s  w hich  i s  m ost a b u n d an t  and o m n ip re s e n t .  

A s s o c ia te d  i n  t h e  A c t i n o p t e r i a  b r i s a  a ssem b lag e  a r e :  

A c t i n o p t e r i a  b r i s a  ( H a l l )

"C y p r i c a r d i n i a ” u n d u l o s t r i a t a  ( H a l l )

"M y t i l a r c a ” f o e r s t e i  C la rk e  and Ruedemann 

M o d io lo p s i s [ ? ]  rhom boidea  H a l l  

[ ? ] M o d io lo p s is  subrhom boidea  Simpson 

Cuneamya c a s w e l l i  ( F o e r s t e )

A s s o c ia te d  i n  t h e  P a l a e o n e i l o  fe c u n d a  a ssem b lag e  a r e :  

P a l a e o n e i l o  f e c u n d a  ( H a l l )

D e c e p t r ix  s c o f i e l d i  ( U l r i c h )

P r a e n u c u la  a l b e r t i n a  ( U l r i c h )

P a la e o c o n c h a  o h io e n s i s  ( B a s s l e r )

Genus "A” f o e r s t e i  n . s p .

N u c u l i t e s  n e g l e c t u s  ( H a l l )

Lyrodesma s p .

C y r to d o n ta [ ? ]  f e r r u g i n e a  ( H a l l  and W h i t f i e ld )

The above l i s t e d  B r a s s f i e l d  i n f a u n a l  d e p o s i t  and 

s u s p e n s io n  f e e d e r s  do n o t  seem t o  be  s e g r e g a te d  from  each 

o t h e r  as t h e y  a p p a r e n t l y  a r e  from  e p i f a u n a l  f e e d in g  t y p e s . For 

exam ple , Lyrodesma s p .  and C y r to d o n ta [ ? ]  f e r r u g i n e a  ( H a l l  and 

W h i t f i e ld )  a r e  i n f a u n a l  s u s p e n s io n  f e e d e r s  ( P o j e t a ,  1971, 

t e x t - f i g .  9) and o c c u r  i n  t h e  same a ssem b lag e  a s  t h e  

i n f a u n a l  d e p o s i t  f e e d in g  n u c u lo i d s .
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A lthough  members o f  each  o f  t h e  two a b o v e - d e s c r ib e d  

a sse m b la g es  s h a r e  a  common h a b i t u s  and f e e d in g  t y p e s ,  

i t  i s  n o t  assumed t h a t  t h i s  c o in c id e n c e  a lo n e  c o n c l u s i v e l y  

d e m o n s tr a te s  t h a t  t h e s e  f o s s i l  a s se m b la g es  r e p r e s e n t  

com m unities  o r  " f a u n a l  p r o v i n c e s . "  They do p ro b a b ly  

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

u n t i l  s u p p o r t i v e  d a t a  has  b een  g a th e r e d  from  s p e c i e s  o f  

o t h e r  a s s o c i a t e d  t a x a ,  no community i n f e r e n c e s  may be draw n.

The s p e c i e s  l i s t e d  a s  members o f  t h e s e  two com m unities  

were t h e  o n ly  s p e c i e s  found  i n  t h i s  s tu d y ,  and th e y  o c c u r re d  

o n ly  in  Ohio. A lthough  th e  B r a s s f i e l d  F o rm a tio n  was 

e x t e n s i v e l y  sam pled i n  In d ia n a  and Kentucky ( T e x t - f i g .  1 ) ,  

no b i v a l v e s  were found  i n  t h o s e  s t a t e s  d u r in g  t h e  p r e s e n t  

i n v e s t i g a t i o n  n o r  by F o e r s t e  d u r in g  h i s  many y e a r s  o f  

s tu d y in g  th e  B r a s s f i e l d  (1 8 8 5 -1 9 3 1 ) .

One p l a u s i b l e  e x p la n a t i o n  o f  t h i s  l i m i t e d  a r e a l  

d i s t r i b u t i o n  o f  t h e  B r a s s f i e l d  b i v a l v e s  i s  t h a t  th e y  s im ply  

may n o t  have  l i v e d  in  th e  e n v iro n m e n ts  r e p r e s e n t e d  by 

Kentucky and I n d ia n a  s e d im e n ts .  The l i t h o l o g y  o f  B r a s s f i e l d  

se d im e n ts  o f  Ohio, K entucky and I n d ia n a  may be  d iv id e d  i n t o  

t h r e e  m a jo r  t y p e s ,  d i s t r i b u t e d  i n  a p a t t e r n  n e a r l y  

c o e x te n s iv e  w'ith o u tc ro p  a r e a s  i n  th e  t h r e e  s t a t e s  (O’D o n n e l l ,  

1 9 6 7 ) .  The B r a s s f i e l d  F o rm a tio n  i n  Ohio c o n s i s t s  p r i m a r i l y  

o f  in te r b e d d e d  s h a l e s  and f i n e -  t o  m ed ium -gra ined  c r y s t a l l i n e  

( s p a r r y )  l im e s to n e s .  Some s e c t i o n s  i n  t h e  s o u th e r n  p a r t  o f  

th e  s t a t e  ( e s p e c i a l l y  Adams County , l o c a l i t i e s  4- and 5,
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T e x t - f i g .  1 ,  7) c o n ta in  more s h a l e  th a n  l im e s to n e .  In  

I n d ia n a ,  t h e  B r a s s f i e l d  l i t h o l o g y  i s  a lm o s t  w h o lly  m a s s iv e ly  

bedded, c o a r s e l y  c r y s t a l l i n e  d o lo m i te  ( o c c a s i o n a l l y  some 

l i m e s t o n e ) . T h is  i s  t h e  b ro n ze  o r  p in k  d o lo m i te  commonly 

th o u g h t  o f  a s  " t y p i c a l 1* B r a s s f i e l d  l i t h o l o g y .  T h ere  i s  

v e ry  l i t t l e  s h a l e  exposed  a t  m ost o u tc ro p s  i n  t h i s  r e g i o n .

The B r a s s f i e l d  F o rm ation  i n  Kentucky i s  g e n e r a l l y  t h i n  

bedded , medium t o  f i n e l y  c r y s t a l l i n e  d o lo m ite  ( o c c a s i o n a l l y  

b e in g  more m ass iv e )  w i th  some in te r b e d d e d  s h a l e .  A much 

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

o f  t h e  Ohio o u t c r o p s .

T h u s , t h e  en v iro n m en ts  r e c o r d e d  by t h e  B r a s s f i e l d  

l i t h o l o g y  i n  Ohio ( i n te r b e d d e d  s h a l e s  and l im e s to n e s )  may w e l l  

have  been  more c o n d u c iv e  t o  p e le c y p o d  s u r v i v a l  and grow th  

th a n  were t h o s e  i n  Kentucky and I n d ia n a .  T here  i s  a  g r e a t e r  

p r o p o r t i o n  o f  s h a le y  and f i n e - g r a i n e d  s e d im e n ts  i n  t h e  Ohio 

s e c t i o n ,  p a r t i c u l a r l y  in  Adams and H ig h land  c o u n t i e s ,  which 

p ro v id e d  a  s u b s t r a t e  s u i t a b l e  f o r  p r o l i f e r a t i o n  o f  

i n f a u n a l  d e p o s i t  and su s p e n s io n  f e e d in g  b i v a l v e s .

A n o th e r  e x p la n a t io n  f o r  t h i s  d i s t r i b u t i o n ,  and in d ee d  

f o r  th e  d i s t r i b u t i o n  o f  a l l  f o s s i l  a s s e m b la g e s ,  in v o lv e s  

p r e s e r v a t i o n .  The g r e a t  m a j o r i t y  o f  th e  b iv a lv e s  i n  t h i s  

s tu d y  r e p r e s e n t  a  s p e c i a l  s e l e c t i v e  ty p e  o f  p r e s e r v a t i o n .  

L im on ite  p e r m i n e r a l i z a t i o n  (w hich  may hav e  i n i t i a l l y  form ed 

as  p y r i t e ) , p h o s p h o r i t i c  molds and S te in k e r n s  a r e  th e  u s u a l  

mode o f  p r e s e r v a t i o n  o f  b i v a l v e s  i n  t h e  Ohio B r a s s f i e l d  b e d s .
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T h is  mode o f  p r e s e r v a t i o n  b e sp e a k s  a  r e d u c in g  s e t t i n g  w hich  

may have  b een  r e s t r i c t e d  t o  t h e  B r a s s f i e l d  Sea t o  t h e  e a s t  o f  

t h e  p r e s e n t  C i n c i n n a t i  Arch i n  t h e  Ohio a r e a ,  w here bo tto m  

c i r c u l a t i o n  may hav e  been  impeded.

B iv a lv e  L i f e  H a b i t s

L i f e  h a b i t  i n f o r m a t io n  a b o u t  b i v a l v e s  i s  u s u a l l y  g rouped  

i n t o  two m ajo r  c a t e g o r i e s .  As d i s c u s s e d  ab o v e , b i v a l v e s  may 

be  c a t e g o r i z e d  by f e e d in g  ty p e  ( d e t r i t u s  o r  se d im e n t  g a th e r in g  

d e p o s i t  f e e d e r s  and suspended  p a r t i c l e  f i l t e r i n g  s u s p e n s io n  

f e e d e r s )  and by mode o f  l i f e  ( i n f a u n a l ,  e p i f a u n a l  o r  

s e m i - i n f a u n a l ) .  Mode o f  l i f e  ( t h a t  i s ,  t h e  o r i e n t a t i o n  and 

p o s i t i o n  o f  b i v a l v e s  r e l a t i v e  t o  t h e  s u b s t r a tu m )  may a l s o  

be th u s  be  i n f e r r e d .  Mode o f  l i f e  and f e e d in g  ty p e  a r e  

n e c e s s a r i l y  r e l a t e d :  v i r t u a l l y  a l l  o f  t h e  e p i f a u n a l  ty p e s

a r e  s u s p e n s io n  f e e d e r s ;  i n f a u n a l  s p e c i e s  may be s u s p e n s io n  

o r  d e p o s i t  f e e d e r s .  The f e e d in g  ty p e  o f  B r a s s f i e l d  b i v a l v e s  

can  be i n f e r r e d  by a n a lo g y  and homology w i th  R ecen t form s 

by a n a ly z in g  t h e  f u n c t i o n a l  m orphology o f  t h e  s h e l l  (K auffm an,

19 69, and S t a n l e y ,  19 7 2 ) .

Members o f  t h e  P a l a e o n e i l o  fec u n d a  a s s e m b la g e ,  n u c u lo id s  

a r e  a l s o  r e p r e s e n t e d  i n  R ecen t s e d im e n t s . Two s u p e r f a m i l i e s  

o f  N u c u lo id s  a r e  r e p r e s e n t e d  i n  B r a s s f i e l d  s e d im e n ts :  t h e

N u cu lacea  and N u c u la n a c e a .  The two g ro u p s  have  a  d i s t i n c t  

m o rp h o lo g ic a l  d i f f e r e n c e s :  n u c u la n id s  a r e  p o s t e r i o r l y  e l o n g a t e ,  

w h i le  n u c u l i d s  a r e  a n t e r i o r l y  e lo n g a t e .  R ecen t members o f  

b o th  g ro u p s  a r e  s h a l lo w  w a t e r ,  d e p o s i t  f e e d e r s ;  b u t  t h e
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p o s t e r i o r  e l o n g a t i o n  o f  n u c u la n a c e a n s  i n d i c a t e s  a b e t t e r  

d eve lopm en t o f  s ip h o n a l  s t r u c t u r e s ,  w hich  a l lo w s  g e n e ra  o f  

t h i s  group  t o  l i v e  more d e e p ly  b u r i e d  i n  th e  s e d im e n t .  The 

B r a s s f i e l d  n u c u la c e a n  g e n e ra  D e c e p t r i x , P r a e n u c u la  and 

P a la e o c o n c h a  c an  t h e r e f o r e  be i n t e r p r e t e d  as  s h a l lo w  

i n f a u n a l  d e p o s i t  f e e d e r s ;  N u c u l i t e s  and P a l a e o n e i l o , e lo n g a te  

B r a s s f i e l d  n u c u la n a c e a n s ,  were by co m p a r iso n  w ith  R ecen t 

n u c u la n a c e a n s ,  p r o b a b ly  more d e e p ly  b u r ro w in g  d e p o s i t  f e e d e r s .

Snyder and  B re ts k y  (1971 , p . 243 and t e x t - f i g .  12) 

p r e s e n te d  a r e c o n s t r u c t i o n  o f  th e  mode o f  l i f e  o f  N u c u l i t e s  

n e g l e c t u s  and P a l a e o n e i l o  f e c u n d a  b a s e d  p r i m a r i l y  on e x t e n t  

o f  p o s t e r i o r  s h e l l  e lo n g a t i o n .  They s u g g e s te d  t h a t  P. fe c u n d a  

l i v e d  a p p ro x im a te ly  1cm below  t h e  s e d im e n t /w a te r  i n t e r f a c e ,  

w h i le  N. n e g l e c t u s  l i v e d  a t  a b o u t  tw ic e  t h a t  d e p th  based  

upon i t s  lo n g e r  p o s t e r i o r  r e g i o n .  They p r e s e n t e d  no d a ta  

f o r  n u c u la c e a n  b i v l a v e s .  Because o f  t h e  s h a l lo w e r  b u rro w in g  

h a b i t  f o r  n u c u la c e a n s ,  how ever, i t  i s  i n f e r r e d  t h a t  th e y  

l i v e d  w i th  t h e i r  s h e l l  m arg in s  l e s s  th a n  1cm below  t h e  sed im en t  

s u r f a c e .

Com parison o f  t h e s e  f o s s i l  fo rm s w i th  l i v i n g  members o f  

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

m o rp h o lo g ic  i n t e r p r e t a t i o n s  o f  l i f e  h a b i t s  b u t  a l s o  can  g iv e  

i n s i g h t  i n t o  t h e o r i e n t a t i o n  o f  t h e  s h e l l s .  Yonge (1939) 

p ro v id e d  such  i n s i g h t  i n t o  t h e  n u c u lo i d s .  He d e s c r ib e d  th e  

l i f e  p o s i t i o n  o f  N ucula  ( a  n u c u la c e a n )  and Y o ld ia  (a  

n u c u la n a c e a n ) . N ucula  l i v e s  j u s t  be low  th e  s e d im e n t /w a te r
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i n t e r f a c e  w i th  i t s  a n t e r i o r  end u p p e rm o s tj  Y o ld ia  l i v e s  

s l i g h t l y  d e e p e r ,  w i th  i t s  a n t e r o - p o s t e r i o r  a x i s  n e a r l y  v e r t i c a l  

and i t s  p o s t e r i o r  end upperm ost  ( S t a n l e y ,  1 9 7 0 ) .  M a l l e t i a , 

a  genus i n  t h e  same s u p e r f a m i ly  a s  Y o ld i a , l i v e s  d e e p e r  i n  

th e  s e d im e n t ,  y e t  i n  a  more n e a r l y  h o r i z o n t a l  l i f e  p o s i t i o n .  

U sing  th e  u n i f o r m i t a r i a n  a p p ro a c h ,  t h e  l i f e  p o s i t i o n  o f  

D e c e p t r i x , P r a e n u c u la  and P a la e o c o n c h a  can  be  i n f e r r e d  a s  

i n f a u n a l ,  n e a r  se d im e n t  s u r f a c e  w i th  t h e  a n t e r i o r  edge o f  t h e  

s h e l l  u p p e rm o s t .  N u c l i t e s  and P a l a e o n e i l o  can  be compared 

w i th  M a l l e t i a  and Y o ld ia  and so th o u g h t  t o  have  l i v e d  d e e p e r  

i n f a u n a l l y  w i th  t h e  p o s t e r i o r  end u p p e rm o s t.  A l l  t h e s e  

g e n e ra  a p p a r e n t l y  were d e p o s i t  f e e d e r s .

A n o th e r  e le m e n t  o f  t h e  P a l a e o n e i lo  fe c u n d a  assem b lag e  

i n  t h e  B r a s s f i e l d  i s  C y r to d o n ta C?] f e r r u g i n e a , a  member o f  

t h e  f a m i ly  C y r t o d o n t i d a e . T h is  f a m i ly  i s  e x t i n c t  and h a s  no 

R ecen t hom ologues. However, i t s  s h e l l  form i s  a n a lo g o u s  t o  

R ecen t form s such  as  G lycym eris  and o t h e r  a r c o i d s  ( P o j e t a ,

1971, p .  3 7 ) .  G lycym eris  i s  known t o  be  a s h a l lo w  b u rro w e r  

w i th  t h e  p o s t e r i o r  end o f  t h e  s h e l l  p r o t r u d in g  from th e  

se d im e n t  ( V l^ s ,  1906 f i d e  P o j e t a ,  1971 , p .  3 7 ) .  T h e r e f o r e ,  

C y r to d o n ta  may have  been  s e m i - i n f a u n a l  i f  t h e  a n a lo g y  w i th  

G lycym eris  i s  c o r r e c t .  The B r a s s f i e l d  s p e c i e s  o f  t h i s  genus 

has a  somewhat f l a t t e n e d  a n t e r i o r  m arg in  s u g g e s t in g  t h a t  i t  

r e s t e d  on t h a t  s u r f a c e ,  b u t  t h e  l a c k  o f  b y s s a l  s t r u c t u r e s  

( a t  l e a s t  an  o p en in g  r e f l e c t e d  i n  t h e  s h e l l )  does n o t  s t r e n g t h e n  

t h i s  h y p o t h e s i s .  T h is  t y p e  o f  b ro ad  s u r f a c e ,  h ig h  p o s i t i o n
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c e n t e r - o f - g r a v i t y  s h e l l  would have  b een  r e l a t i v e l y  u n s t a b l e  i n  

an e p i f a u n a l  p o s i t i o n  ( S t a n l e y ,  1 9 7 2 ) .  R a th e r ,  t h e  g e n e r a l  

s h e l l  shape  s u g g e s t s  an  u p r i g h t ,  s e m i - in f a u n a l  p o s i t i o n  

(Kauffm an, 1 9 6 9 ) .  The p o s t e r i o r  r e g i o n  i s  somewhat 

ex te n d ed  and c o u ld  have  r e a s o n a b ly  housed  s h o r t ,  b ro a d  s ip h o n s .  

I t  i s  assumed t h a t  C y r to d o n ta  was a s u s p e n s io n  f e e d e r ,  a l th o u g h  

o n ly  a d d i t i o n a l  m o rp h o lo g ic  d a t a ,  such  as  a p a l l i a l  s in u s  

s c a r ,  c o u ld  s u b s t a n t i a t e  t h i s .

Lyrodesma s p . ,  a l s o  a  member o f  t h i s  P a l a e o n e i l o  fec u n d a  

a sse m b la g e ,  i s  presum ed to  have  been i n f a u n a l  b a sed  p r i n c i p a l l y  

on i t s  a n t e r o - p o s t e r i o r l y  e lo n g a te  v a lv e  s h a p e .  S in ce  P o j e t a  

(19 71) h a s  r e p o r t e d  t h e  p r e s e n c e  o f  a  p a l l i a l  s i n u s  i n  some 

O rd o v ic ia n  Lyrodesma s p e c i e s ,  i t  i s  p o s s i b l e  t h a t  t h i s  

B r a s s f i e l d  s p e c i e s  may a l s o  have  had a s i n u s  and, h e n c e ,  

r e t r a c t i b l e  s ip h o n s .  Lyrodesma s p .  was p ro b a b ly  an  i n f a u n a l  

s u s p e n s io n  f e e d e r  on t h i s  b a s i s .

The g e n e r a l i z e d  f e e d in g  ty p e  and l i f e  p o s i t i o n  o f  th e  

s p e c i e s  i n  t h e  A c t i n o p t e r i a  b r i s a  a ssem b lag e  o f  t h e  B r a s s f i e l d  

can  be c h a r a c t e r i z e d  a s  e p i f a u n a l - s u s p e n s i o n  f e e d i n g ,  a l th o u g h  

t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  s p e c i f i c  t y p e s .  Genera i n  

t h i s  a ssem b lag e  i n c l u d e  "M y t i l a r c a , 11 A c t i n o p t e r i a , 

" C y p r i c a r d i n i a , 11 M o d io lo p s is  [? ] ,  and Cuneamya, w hich (w i th  t h e  

e x c e p t io n  o f  Cuneamya) have  u s u a l l y  been  c o n s id e r e d  as  

b y s s a l l y  a t t a c h e d  e p i f a u n a  ( e . g .  P o j e t a ,  1966 , and Kauffman, 

1 9 6 9 ) .

Kauffman (1969) d e s c r ib e d  s e v e r a l  c a t e g o r i e s  o f
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e p i f a u n a l  b y s s a t e  b i v a l v e s .  He p la c e d  M y t i l a r c a  i n  t h e  

" b y s s a t e  c l o s e l y  a t t a c h e d  b i v a l v e s  i n  exposed  h a b i t a t s ” 

c a t e g o r y .  M o d io lo p s is  may a l s o  f i t  i n t o  t h i s  c a t e g o r y  o r  

may have  been  a  ’’b y s s a t e  e p i f a u n a l  n e s t l e r . ” C y p r i c a r d in i a  

may a l s o  be  c o n s id e r e d  ’’b y s s a t e  n e s t l e r s . "  The ’’b y s s a t e ,  

c l o s e l y  a t t a c h e d ” ty p e  o f  h a b i t u s  i s  more o f  an  o p e n , exposed  

l i f e  p o s i t i o n  th a n  i s  th e  ’’b y s s a t e  n e s t l e r . "  D i f f e r e n c e s  in  

s h e l l  m orphology o f  t h e s e  two g roups may be q u i t e  m in o r .  Most 

" b y s s a t e  n e s t l e r s "  have th e  b y s s a l  a p p a r a tu s  n e a r  th e  m id - l i n e  

o f  t h e  v a lv e s  and have  a  r e e n t r a n t  i n  t h e  s h e l l  m arg in  a t  

t h a t  p o i n t  ( e . g . ,  C y p r i c a r d i n i a ) . The s h e l l  sh ap e  o f  

Cuneamya in  t h e  B r a s s f i e l d  i s  somewhat u n l i k e  o t h e r  s p e c i e s  

a s s ig n e d .  The B r a s s f i e l d  form h a s  a more e r e c t  umbonal 

r i d g e ,  a  more s u b c e n t r .a l  beak  and a  f a i r l y  p ro m in e n t  m e d ia l  

s u l c u s  ( b y s s a l ? )  a s  compared to  o t h e r  s p e c i e s  o f  t h e  g e n u s .  

Because o f  i t s  s h e l l  sh a p e ,  t h e  B r a s s f i e l d  form  i s  r e m in i s c e n t  

o f  some R ecent " b y s s a te  n e s t e r s ” such a s  A nadara  o r  N o e t ia  

( A r c o id a ) . I n t e r p r e t a t i o n  o f  l i f e  p o s i t i o n  f o r  t h i s  

B r a s s f i e l d  Cuneamya m ust rem a in  t e n t a t i v e  u n t i l  more i s  

known o f  t h e  s h e l l  m orphology ( e s p e c i a l l y  t h e  p a l l i a l  l i n e ) .  

P o j e t a  (19 66 and w r i t t e n  com m unication) h a s  s u g g e s te d  t h a t  

Cuneamya may be c o n s id e r e d  i n f a u n a l  b a se d  on t h e  p re s e n c e  o f  

a  d i s t i n c t  l u n u le  and e sc u tc h e o n .  Only a  l u n u le  i s  p r e s e n t  

i n  t h e  B r a s s f i e l d  fo rm s , however b e t t e r  p r e s e r v a t i o n  o f  

m a t e r i a l s  may y i e l d  s u b s t a n t i v e  m orpho log ic  f e a t u r e s  f o r  l i f e  

h a b i t  i n t e r p r e t a t i o n .
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The " b y s s a t e  c l o s e l y  a t t a c h e d "  form s may have  a b y s s a l  

a p p a r a tu s  a t  v a r i o u s  p o s i t i o n s  a lo n g  t h e  s h e l l  m a rg in ,  a l th o u g h  

i t  te n d s  t o  occupy a  p o s i t i o n  a lo n g  th e  a n t e r i o r  h a l f  o f  t h e  

s h e l l .  The s h e l l  m arg in  i n  c o n t a c t  w ith  t h e  s u b s t r a tu m  i s  

r e l a t i v e l y  s t r a i g h t ,  h a v in g  o n ly  a s l i g h t  i n d e n t a t i o n  a t  t h e  

p o s i t i o n  o f  th e  b y s s u s .

P o j e t a  (1971 , p .  33) i l l u s t r a t e d  M o d io lo p s is  i n  b o th  

" c l o s e l y  a t t a c h e d "  ( t o  an exposed  s u b s t r a t e )  and " n e s t l e d "

( i n  t h e  b ra n c h e s  o f  a  t r e p o s to m e  b ry o zo an )  l i f e  p o s i t i o n s .

He a l s o  i l l u s t r a t e d  two am bonych iid  g e n e r a ,  a p p a r e n t l y  r e l a t e d  

to  M y t i l a r c a  i n  a " c l o s e l y  a t t a c h e d  h a b i t u s .  B ecause  o f  

t h e  s h e l l  shape  and i n f e r r e d  p o s i t i o n  o f  b y s s a l  em ergence , 

t h i s  i s  a p p a r e n t l y  a  r e a s o n a b l e  i n t e r p r e t a t i o n .

Kauffman (19 69, p . 144) would p ro b a b ly  c h a r a c t e r i z e  t h e  

p t e r i i d  A c t i n o p t e r i a  a s  a " b y s s a t e  f r e e - s w in g in g  b i v a l v e . "

The t r a d i t i o n a l  l i f e  p o s i t i o n  i n t e r p r e t a t i o n  o f  m ost f o s s i l  

p t e r i i d s  i s  much l i k e  t h a t  o f  t h e  modern genus P t e r i a , 

commonly d e p i c t e d  a s  f r e e - s w in g in g ,  b y s s a l l y  a t t a c h e d  to  some 

s t a l k - l i k e  s t r u c t u r e  (su c h  as  g o rg o n ia c e a n s )  above th e  

sed im e n t  i n t e r f a c e  ( S t a n l e y ,  1 9 7 0 ) .  S t a n le y  (1972) to o k  

e x c e p t io n  t o  t h i s  and many o t h e r  t r a d i t i o n a l  i n f e r e n c e s  a b o u t  

l i f e  o r i e n t a t i o n  o f  f o s s i l  b y s s a t e  b i v a l v e s .

Working from  t h e  h y p o th e s i s  t h a t  t h e  modern s e m i - i n f a u n a l , 

b y s s a t e  g e n e ra  o f  t h e  P in n a c e a  and t h e  M y t i la c e a  a r e  

a r c h e t y p i c a l  r a t h e r  t h a n  s e c o n d a r i l y  m o d i f i e d ,  S ta n le y  (19 72) 

r e f e r r e d  many p t e r i o i d s ,  a m b o n y c h i id s , and m o d io lo p s id s  t o
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w hat h e  c a l l e d  an " e n d o b y s s a te  mode o f  l i f e ” ( i n f a u n a l  o r  

s e m i - i n f a u n a l ) . However, some modern M y t i l a c e a ,  such  a s  

A r c u a t u l a , t h a t  a r e  s e m i - i n f a u n a l ,  may h av e  s e c o n d a r i l y  

o b t a i n e d  t h a t  h a b i t  (K auffm an, 1969 , p .  1 6 3 ) .

S ta n le y  c o n s id e r e d  m ost a n c i e n t  b y s s a t e  g e n e ra  t h a t  a r e  

p r o s o c l i n e  and have  an  a n t e r i o r  a u r i c l e  t o  have  been  sem i-  

i n f a u n a l  o r  " e n d o b y s s a te . "  More p r o s o c l i n e  fo rm s w i th  a 

l e s s  p ro m in e n t  a u r i c l e  w ere  l e s s  d e e p ly  imbedded i n  s e d im e n t  

o r  may have  b een  e p i f a u n a l  ( f o r  exam ple , S t a n le y ,  1972 , 

t e x t - f i g .  1 7 ) .

As w e l l  a s  u s in g  a n t e r i o r  l o b a t i o n  as  a c r i t e r i o n  f o r  an 

e n d o b y s s a te  l i f e  h a b i t ,  S ta n le y  u se d  s h e l l  i n f l a t i o n  ( o r  

c r o s s - s e c t i o n a l  a r e a )  as  an i n t e r p r e t i v e  f e a t u r e  r e f l e c t i n g  

mode o f  l i f e  ( f o r  exam ple , s e e  S t a n l e y ,  1972 , t e x t - f i g .  6 ) .  

S h e l l s  w i th  w id e s t  c r o s s - s e c t i o n  n e a r  t h e  s u b s t r a t e  he  f e l t  

w ere l i k e l y  t o  h av e  b e e n  " e p i b y s s a t e "  ( e p i f a u n a l ) . T h is  

m orphology p r o v id e s  a  low er  c e n t e r  o f  g r a v i t y  f o r  th e  s h e l l ,  

t h u s  m aking i t  a more s t a b l e  i n  exp osed  h a b i t a t s .  With th e  

t h i c k e s t  p a r t  o f  t h e  s h e l l  a  g r e a t e r  d i s t a n c e  from  t h e  

s u b s t r a tu m ,  t h e  c e n t e r  o f  g r a v i t y  would be  h ig h  and t h e  s h e l l  

c o u ld  be more e a s i l y  o v e r t u r n e d .  He commented t h a t  s h e l l s  

w i th  t h e i r  g r e a t e s t  t h i c k n e s s  a t  m id - h e ig h t ,  o r  d o r s a l  t o  t h a t ,  

a r e  t y p i c a l l y  b u r r o w e r s . Much o f  t h i s  i n t e r p r e t a t i o n  w ould , 

o f  c o u r s e ,  depend on th e  n a t u r e  o f  t h e  b y s s u s ,  i t s  s t r e n g t h ,  

l e n g t h  and s u b s t r a t e  a t t a c h m e n t .

S t a n l e y ’ s i n t e r p r e t a t i o n  o f  th e  modes o f  l i f e  o f  m ost
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B r a s s f i e l d  b i v a l v e  s p e c i e s  v a r i e s  i n  g r e a t  m easu re  from  t h a t  

o f  Kauffman.

A lthough  S t a n le y  v i s u a l i z e d  M y t i l a r c a  a s  l i v i n g  much 

l i k e  modern M y t i lu s  e d u l i s  ( " e p i b y s s a t e " ) ,  a  mode o f  l i f e  

i n t e r p r e t a t i o n  much l i k e  K a u f fm a n 's ,  h i s  i n t e r p r e t a t i o n  o f  

o t h e r  b y s s a t e  g e n e r a  (A c t i n o p t e r i a , C y p r i c a r d i n i a ,

M o d io lo p s i s ) was d i f f e r e n t .  S ta n le y  (1972 , p .  184) d e p ic t e d  

A c t i n o p t e r i a  as  a  s h a l lo w  e n d o -b y s s a te  form  w i th  a b o u t  o ne-  

t h i r d  o f  t h e  s h e l l  b u r i e d .

The s p e c i e s  o f  A c t i n o p t e r i a  (A. d e c u s s a t a  and A. b o y d i ) 

u se d  by S ta n le y  a r e  n o t  a s  i n f l a t e d  a s  t h e  B r a s s f i e l d  s p e c i e s  

(A. b r i s a ) , which a l s o  h as  a  c o n s id e r a b ly  l a r g e r  a n t e r i o r  

a u r i c l e .  The c r o s s - s e c t i o n  a r e a  o f  A. b r i s a  would i n d i c a t e  

an  e p i b y s s a t e  l i f e  h a b i t  when compared w i th  o t h e r  s p e c i e s  

o f  A c t i n o p t e r i a . However, a n a ly z in g  th e  s i z e  o f  t h e  

a n t e r i o r  a u r i c l e ,  A. b r i s a  s h o u ld  be  more d e e p ly  i n f a u n a l .

U sing  S t a n l e y ' s  t e c h n iq u e  f o r  A. b r i s a  p r e s e n t s  a  c o n fu s in g  

p i c t u r e  o f  A. b r i s a ' s  l i f e  h a b i t .  I t  seems more l i k e  t h a t  

A. b r i s a  had a  mode o f  l i f e  s i m i l a r  t o  modern P t e r i a ,  which 

i s  f r e e - s w in g in g  b y s s a t e .  T h ere  a r e  many l a r g e ,  b ra n c h in g  

t r e p o s to m e  b ry o z o a  w hich c o u ld  have  s e rv e d  as  an a t t a c h m e n t  

s i t e  f o r  A. b r i s a  i n  t h e  B r a s s f i e l d  Sea. C y p r i c a r d i n i a  and 

M o d io lo p s is  p ro b a b ly  had  a  s i m i l a r  mode o f  l i f e .  S t a n le y  

c o r r e l a t e d  t h e  shape  o f  t h e s e  e x t i n c t  g e n e ra  w i th  l i v i n g  

M o d io lu s , and i n f e r r e d  t h a t  th e y  w ere  e n d o b y s s a te  o f  v a ry in g  

b u rro w in g  d e p th .  I n  S t a n l e y ’ s v iew , t h e  more e q u id im e n s io n a l
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t h e  v a lv e s ,  t h e  s h a l lo w e r  t h e  d e p th .  Kauffman (19 69) 

c o n s id e r e d  t h e s e  two g e n e ra  a s  " b y s s a t e  n e s t i e r s , "  a s  d id  

P o j e t a  (1971 , p .  33) i n  r e p o r t i n g  th e  o b se rv e d  o c c u r r e n c e  o f  

a  s p e c i e s  o f  M o d io lo p s is  n e s t l e d  i n  t h e  b ra n c h e s  o f  a 

t re p o s to m e  b ry o z o a n .  T h is  p ro b a b ly  was the  S i l u r i a n  mode 

o f  l i f e  f o r  t h i s  genus a l s o .  " C y p r ic a r d in ia "  1 s l i f e  h a b i t s  a r e  

s t i l l  c o n j e c t u r a l ,  b u t  b e ca u se  i t  h a s  a  s h e l l  form  s i m i l a r  to  

M o d io lo p s is  ( e s p e c i a l l y  w i th  a  m ed ia l  [ b y s s a l ? ]  s u l c u s ,  

" C y p r i c a r d in i a " may a l s o  have  had  a  " n e s t i e r "  l i f e  h a b i t .

I f  t h e s e  form s from  t h e  A. b r i s a  a ssem b lage  a r e  

e p i f a u n a l  a s  i n t e r p r e t e d  h e r e ,  t h e i r  f e e d in g  ty p e  would be 

s u s p e n s io n - f e e d i n g .  S in c e  th e y  would n o t  be  imbedded i n  t h e  

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

t h e i r  o p p o r t u n i t y  t o  i n g e s t  b o t to m  se d im e n t  ( d e p o s i t - f e e d i n g )  

would be n i l .  D ocum en ta tion  o f  su s p e n s io n  f e e d in g  a w a i t s  

m o rp h o lo g ic  d a t a .  The p r e s e n c e  o f  a  p a l l i a l  s i n u s ,  i n d i c a t i n g  

s ip h o n s  ( t h e  s t r u c t u r e s  u se d  i n  s u s p e n s io n  f e e d in g )  would 

s u p p o r t  t h e  s u s p e n s io n  f e e d in g  i n t e r p r e t a t i o n  f o r  t h e s e  t a x a .  

Even Ihough Cuneamya may e v e n t u a l l y  be c o n s id e r e d  i n f a u n a l , 

i t  i s  p ro b a b ly  s t i l l  a  s u s p e n s io n  f e e d e r ,  b e c a u se  o f  i t s  

e lo n g a te  p o s t e r i o r  r e g i o n ,  which may hou se  s ip h o n s .  

D ocum enta tion  o f  i n t e r n a l  f e a t u r e s  o f  Cuneamya i s ,  

u n f o r t u n a t e l y ,  l a c k i n g .  Based on t h e  l i f e  h a b i t s  s u g g e s te d  

h e r e i n ,  a  g e n e r a l i z e d  d iag ram  o f  l i f e  p o s i t i o n s  f o r  g e n e ra  

i n  each  o f  t h e  two a sse m b la g e s  o f  B r a s s f i e l d  b i v a l v e s  ( T e x t -  

f i g .  10) c an  be made.
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T e x t - f i g .  10— P ro b a b le  l i f e  h a b i t  r e c o n s t r u c t i o n  f o r  g e n e ra  

o f  t h e  A c t i n o p t e r i a  b r i s a  and P a l a e o n e i l o  fecu nda  f a u n a l  

a sse m b la g e s  i n  t h e  B r a s s f i e l d .

A u teco logy

A u teco logy  i s ,  i n  p a r t ,  t h e  s tu d y  o f  th e  e n v iro n m e n ta l  

i n t e r r e l a t i o n s h i p s  o f  each  s p e c i e s  w i th  t h e  c h e m ic a l  and 

p h y s i c a l  e n v iro n m en t i n  which i t  l i v e d .  I t  a l s o  i n c l u d e s  how 

o rg an ism s re sp o n d  to  t h e s e  e n v iro n m e n ta l  f a c t o r s .

E n v iro n m en ta l  f a c t o r s  t h a t  a r e  c r i t i c a l  t o  o rg a n is m a l  l i f e  

p r o c e s s e s  a r e  many and v a r i e d ;  and some such  f a c t o r s  a r e  

s a l i n i t y ,  oxygen c o n te n t  and food  s u p p ly  (S nyder and 

B re ts k y ,  19 71, p .  2 28) .

A u teco logy  u s u a ly  i n c l u d e s  such  f a c t o r s  o f  a s p e c i e s  a s  

g row th  r a t e ,  f e c u n d i t y ,  m o r t a l i t y ,  s u r v i v o r s h i p .  These 

f a c t o r s  can  be  deduced  from  s i z e - f r e q u e n c y  d a ta  u s in g  th e  

t e c h n iq u e  employed by L e v in to n  and Bambach (1 9 7 0 ) .  A grow th  

model p ro p o se d  by them can  be e x p re s s e d  by th e  f o l lo w in g  

e q u a t io n

D = s ln (T  + 1)

where D i s  t h e  s i z e ,  T i s  t im e  ( o r  a g e )  and s i s  a  c o n s t a n t .

Snyder and B re ts k y  (1971) u sed  t h i s  e q u a t io n  t o  c o n s t r u c t

l i f e  t a b l e  and s u r v i v o r h i p  d a t a  f o r  p o p u la t io n s  o f

P a l a e o n e i lo  fe c u n d a  and N u c u l i t e s  n e g le c t u s  i n  t h e  b a s a l  

Maquoketa F o rm a tio n  a t  S c a le s  Mound and Mt. C a r r o l l ,  I l l i n o i s .
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Actinopteria

Modiolopsis'

MytilarcaCuneamya'

Cypricardinia

Modiolopsis

wjPalaeoconcha

r todont ai P s r
Oljyi.v.-. Palaeoneilo

v /. V-

I'VLyrodesmaDeceptrix

Palaeoconcha

PraenuculaPalaeoneilo
Nuculites

T e x t - f i g .  1 0 - - P r o b a b le  l i f e  h a b i t  r e c o n s t r u c t i o n  f o r  g e n e ra  
o f  t h e  A c t i n o p t e r i a  b r i s a  and P a l a e o n e i l o  fe c u n d a  f a u n a l  
a sse m b la g es  i n  t h e  B r a s s f i e l d  (u p p e r  and lo w e r , '  r e s p e c t i v e l y ) .
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The c o n s t a n t  £  i s  d e te r m in e d  from  t h e  e q u a t io n  by u s in g  th e  

maximum s i z e  f o r  D, and s e l e c t i n g  a  v a lu e  f o r  T. The l a r g e r  

t h e  v a lu e  s e l e c t e d  f o r  T, t h e  s m a l l e r  t h e  r e s u l t i n g  s_. I t  

i s  c l e a r l y  i m p o r t a n t  t h a t  t h e  s e l e c t i o n  o f  T be c o n s i s t e n t  

i f  two p o p u l a t i o n s  a r e  t o  be com pared. Snyder and B re ts k y  

were u n a b le  t o  make t h e i r  v a lu e s  f o r  T (and  c o n s e q u e n t ly ,  s )  

a v a i l a b l e  t o  t h e  a u t h o r .  F o l lo w in g  L e v in to n ’ s ( p e r s o n a l  

com m unication  and L e v in to n  and Bambach, 19 70) i n s t r u c t i o n s ,  

t h e  a u th o r  c o u ld  n o t  d e te r m in e  a c o n s t a n t  v a lu e  f o r  ŝ  i n  

a l l  o f  Snyder and B r e t s k y ' s  (19 71) s u r v i v o r s h i p  c u r v e s .  

B ecause  t h e  a u th o r  c o u ld  n o t  be  s u r e  t h a t  t h e  s u r v i v o r s h i p  

c u rv e s  which he  c o u ld  c o n s t r u c t  from  d a t a  i n  t h i s  s tu d y  would 

have b een  c o n s t r u c t e d  a s  Snyder and  B r e t s k y ' s  w e re ,  th e y  

a r e  n o t  p r e s e n t e d  h e r e .  R a th e r ,  o n ly  t h e  h i s to g r a m s  (T e x t-  

f i g .  11) o f  P. fe c u n d a  i n  t h e  B r a s s f i e l d  i s  p r e s e n t e d  f o r  

c o m p ar iso n  w i th  t h a t  o f  Snyder and B re ts k y  (19 7 1 ) .  The 

B r a s s s f i e l d  p o p u l a t i o n  o f  P a l a e o n e i l o  fe c u n d a  i s  more l i k e  

t h e  S c a le s  Mound th a n  t h e  Mt. C a r r o l l  p o p u l a t i o n s  o f  

Snyder and B re ts k y  (1 9 7 1 ) .

T e x t - f i g .  11— S i z e - f r e q u e n c y  d i s t r i b u t i o n s  o f  l e n g t h ,  h e i g h t ,  

and a n t e r i o r  l e n g t h  o f  P a l a e o n e i l o  fec u n d a  ( H a l l )  from  t h e  

B r a s s f i e l d

N u c u l i t e s  n e g l e c t u s ,  a l th o u g h  th e  second  m ost a b u n d a n t  n u c u lo id  

i n  t h e  B r a s s f i e l d  was n o t  g e n e r a l l y  w e l l  enough p r e s e r v e d  t o  

d e te rm in e  s i z e - f r e q e n c y  d a t a .
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T here  i s  a  p redom inance  o f  sm a ll  b i v a l v e s  ( e s p e c i a l l y  

n u c u lo id s )  i n  t h e  u p p e r  t h in ly - b e d d e d  B r a s s f i e l d  i n  Adams 

County s e c t i o n s  ( l o c a l i t i e s  4 ,  5, and 6 ) ,  a s  e x e m p l i f i e d  by 

P. fe c u n d a  ( t e x t - f i g .  1 0 ) ,  and a l s o  t r u e  o f  a l l  s p e c i e s  i n  

t h e  P. fecu n d a  assem b lag e  ( d e s c r i b e d  e a r l i e r ) .  B ecause  o f  t h e  

r e s t r i c t i o n  o f  t h e  s m a l l  o rg an ism s  to  t h i s  p a r t  o f  th e  

B r a s s f i e l d ,  t h e s e  h o r i z o n s  (from  2 8 to  36 f e e t  above t h e  

b a s e  o f  th e  B r a s s f i e l d  a t  l o c a l i t y  4) a r e  i n f o r m a l ly  

d e s ig n a t e d  th e  " d im in u t iv e  zone" o f  t h e  B r a s s f i e l d .  S m all­

s i z e d  o r  " d im in u t iv e "  fa u n a s  a r e  n o t  u n iq u e  t o  t h e  

B r a s s f i e l d .  They hav e  been  d e s c r ib e d  from  many g e o g ra p h ic  

a r e a s  and g e o lo g ic  a g e s .  B ranson  (19 30, P h o s p h o r ia  

F o rm a tio n ,  P e rm ian , Wyoming), F i s h e r  (1951 , L u d lo w v il le  

F o rm a tio n ,  D evon ian , New Y o rk ) ,  Loomis (1 9 0 3 , " T u l ly  

l i m e s t o n e , "  D evon ian , New York) and Snyder and B re ts k y  (19 71, 

B a sa l  Maquoketa F o rm a tio n ,  O rd o v ic ia n ,  Iowa and I l l i n o i s )  a r e  

some o f  t h e  a u th o r s  who have  d e s c r ib e d  and a n a ly z e d  t h e s e  

d im in u t iv e  f a u n a s .  Numerous c a u s e s  have  a l s o  been  s u g g e s te d  

f o r  t h e  sm a ll  s i z e  o f  t h e s e  o rg an ism s  (T a sc h ,  1 9 5 3 ) .  

E n v iro n m e n ta l  " s t u n t i n g "  o r  "d w a rf in g "  i s  o f t e n  u se d  t o  

e x p la in  t h i s  phenomenon. P h y s io -c h e m ic a l  h a r d s h ip  i n  t h e  

en v iro n m en t su p p o se d ly  p rodu ced  t h i s  " s t u n t i n g . "  M ech an ica l  

s o r t i n g  may a l s o  p ro d u ce  a c o n c e n t r a t i o n  o f  c e r t a i n  s i z e d  

i n d i v i d u a l s  ( a s  su g g e s te d  f o r  t h e  b a s a l  Maquoketa by T asch , 

1 9 5 3 ) .  T h is  p r o c e s s  may, i n  p a r t ,  be  r e s p o n s i b l e  f o r  t h e  s i z e  

d i s t r i b u t i o n  o f  t h e  fa u n a  in  t h e  " d im in u t iv e "  B r a s s f i e l d .
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Snyder and B re ts k y  s u g g e s te d  i n s t e a d  o f  h a r s h  e n v iro n m e n ts  

p ro d u c in g  " s t u n t i n g , " t h a t  th e  en v iro n m en t may h av e  been 

e s p e c i a l l y  r i c h  i n  o r g a n ic  m a t t e r ,  p r o v id in g  an e x c e s s  o f  

n u t r i e n t  m a t e r i a l s .  Faunas i n  t h e s e  e n v iro n m e n ts ,  th e y  

s u g g e s te d ,  m ig h t undergo  s e l e c t i o n  f o r  h ig h  f e c u n d i t y ,  r a p i d  

m a tu r a t i o n  and s u b s e q u e n t  h ig h  m o r t a l i t y  o f  s m a l l ,  s e x u a l ly  

m a tu re  (p aedom orph ic )  i n d i v i d u a l s  (S nyd er  and B r e t s k y ,  1971, 

p. 228, a s  s u g g e s te d  f o r  t h e  b a s a l  Maquoketa F o rm a tio n  o f  

e a s t e r n  Iowa and a d j a c e n t  I l l i n o i s ) .  T h is  h ig h  m o r t a l i t y  

p r o v id e s  l a r g e  q u a n t i t i e s  o f  sm a l l  i n d i v i d u a l s  a s  p o t e n t i a l  

f o s s i l s .

The s i z e  d i s t r i b u t i o n  o f  t h e  " d im in u t iv e "  B r a s s f i e l d  

b i v a l v e  fa u n a  ( e s p e c i a l l y  i t s  dom inan t e le m e n t  P. f e c u n d a ) 

i s  q u i t e  s i m i l a r  t o  t h e  b a s a l  Maquoketa fa u n a  r e p o r t e d  by 

Snyder and B re ts k y  (1 9 7 1 ) .  The maximum s i z e  f o r  P. fe c u n d a  

i n  t h e  B r a s s f i e l d  i s  a b o u t  10 t o  15 p e r c e n t  l e s s  th a n  th o s e  in  

t h e  b a s a l  M aquoketa , which may r e f l e c t  c u r r e n t  s o r t i n g  o f  th e  

B r a s s f i e l d  sp e c im en s .  ( D e ta i l e d  co m parison  o f  t h e  " d im in u t iv e "  

B r a s s f i e l d  and th e  b a s a l  Maquoketa i s  g iv e n  below  u n d e r  a 

s e p a r a t e  s u b h e a d in g . )

POST-MORTEM INFLUENCES

One o f  t h e  m ost o b v io u s  q u e s t io n s  t o  be answ ered  a b o u t  

any f o s s i l  a ssem b lag e  i s  how c l o s e l y  i t  r e p r e s e n t s  a l i f e  

a sse m b la g e .  By s tu d y in g  t h e  a c c u m u la t io n  o f  o rg a n is m a l  

rem a in s  i n  modern a s s e m b la g e s ,  i t  i s  c l e a r  t h a t  e r ro n e o u s  

i n t e r p r e t a t i o n s  o f  t h e  r e l a t i v e  abundances  and s i z e  ( a g e s )
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o f  t h e  community members c o u ld  be  made ( Jo h n so n ,  1960, 

K o rn ic k e r ,  Wise and W ise, 1963; A ger, 1963; H a llam , 1967; 

and Raup and S ta n le y ,  1 9 7 1 ) .  G ross m i s i n t e r p r e t a t i o n s  o f  t h e  

l i v i n g  a ssem b lag es  c a n  be  made i f  t h e  re m a in s  a r e  a n a ly z e d  

a s  r e p r e s e n t a t i v e  o f  th o s e  a s se m b la g e s .  K o rn ic k e r ,  Wise 

and Wise (196 3) showed t h a t  th e  p e r c e n ta g e  o f  v a r i o u s  modern 

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

l e f t  v a l v e s , v a r i e d  from  month t o  month i n  t h e  d e a th  

a c c u m u la t io n s  from an  o f f s h o r e ,  s t a b l e  community.

B i o l o g i c a l  f a c t o r s  such as s e l e c t i v e  m o r t a l i t y  o r  

p r e d a t i o n  on a c e r t a i n  age ( s i z e )  g roup  c a u se  t h e  f o s s i l  

a c c u m u la t io n  t o  be  u n r e p r e s e n t a t i v e  o f  t h e  p o p u l a t i o n  a s  a 

w hole . V a r io u s  p o s t-m o rte m  e f f e c t s  can  a l t e r  t h e  o r i g i n a l  

s i z e  and s p e c i e s  c o m p o s i t io n  o f  t h e  l i v i n g  p o p u l a t i o n .  S o r t in g  

and s e l e c t i v e  d e s t r u c t i o n  a r e  two e a r l y  taphonom ic  s e l e c t i v e  

p r o c e s s e s  t h a t  a l t e r  t h e  o r i g i n a l  p o p u l a t i o n .  S o r t i n g  

i s  p ro b a b ly  th e  m ost s t u d i e d  (and p e rh a p s  t h e  m ost i n f l u e n t i a l )  

p r o c e s s .  S o r t i n g  may be e i t h e r  p h y s i c a l  (m e c h a n ic a l )  o r  

b i o l o g i c a l .  For exam ple , o rg an ism s  such  a s  some p o ly c h a e t e s  

( s a b e l l i d s )  s e l e c t  p a r t i c u l a r  s i z e d  s h e l l s  o r  f r a g m e n ts  t o  

cem ent t o  t h e i r  d w e l l in g  bu rrow . O ther exam ples a r e  c i t e d  by 

S c h a fe r  (1 9 7 2 ) .  S e l e c t i v e  d e s t r u c t i o n  by o rg an ism s  

( e s p e c i a l l y  b o r in g  t y p e s ,  A ger, 1963) o f  a  p a r t i c u l a r  age  

group  ( s h e l l  s i z e )  i s  a n o th e r  example o f  b i o l o g i c a l  s o r t i n g .

No e v id e n c e  was e n c o u n te re d  in  t h e  B r a s s f i e l d  t o  s u g g e s t  

b i o l o g i c  s o r t i n g  o r  d e s t r u c t i o n .
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M ech an ica l  s o r t i n g  h a s  commonly b e e n  c i t e d  a s  h a v in g  

o c c u r r e d  i n  a n c i e n t  o r  modern s k e l e t a l  a sse m b la g es  ( e . g .

B o u co t,  1953; Jo h n s o n ,  1 9 6 0 ) .  T h is  ty p e  o f  s o r t i n g ,  p ro d u ced  

by b o tto m  c u r r e n t s  i n  t h e  subm arine  sy s te m , u s u a l l y  form s an  

a ssem b lag e  w i th  a  d i s p r o p o r t i o n a t e l y  h ig h  number o f  members 

o f  one s i z e  g rou p  as  com pared w i th  a  l i v i n g  p o p u l a t i o n  ( e . g .  

B ra ce ,  Boucot and Demar, 1958; Jo h n s o n ,  1960 ; and H a llam , 1 9 6 7 ) .

A r e s t r i c t e d  s i z e  d i s t r i b u t i o n  f o r  a  f o s s i l  a ssem b lag e  

a lo n e  may n o t  be  c o n c l u s i v e  e v id e n c e  f o r  s o r t i n g  o f  t h e  

p o p u l a t i o n .  The l a r g e r  and s m a l l e r  members o f  a  s p e c i e s  may 

have  l i v e d  i n  s e p a r a t e  h a b i t a t s .  The j u v e n i l e s  o f  C a l l i a n a s s a  

m a jo r  Say l i v e  i n  an  en v iro n m en t  s e p a r a t e  from  t h e  a d u l t s  o f  

th e  same s p e c i e s  (W. A. P r y o r ,  p e r s o n a l  c o m m u n ic a t io n ) .  In  

t h e  e s t u a r i e s  and la g o o n s  n e a r  B e a u f o r t ,  N orth  C a r o l i n a ,  

sm a ll  ( a p p r o x im a te ly  1cm i n  l e n g th )  i n d i v i d u a l s  o f  A e q u ip e c te n  

i r r a d i a n s  Say l i v e  a t t a c h e d  t o  w h a rf  p i l i n g s  and o t h e r  s u b s t r a t a ,  

w hereas t h e  l a r g e r  i n d i v i d u a l s  ( u s u a l l y  a v e r a g in g  <4 to  5cm 

i n  l e n g t h )  l i v e  i n  t h e  more s a l i n e  s u b t i d a l  sand  f l a t s  i n  t h e  

la g o o n s  ( p e r s o n a l  o b s e r v a t i o n ,  1 9 7 1 ) .

C o r r o b o r a t in g  s e d im e n to lo g ic a l  e v id e n c e  i s  e s s e n t i a l  t o  

any a f f i r m a t i v e  s t a t e m e n t  a b o u t  m e c h a n ic a l  s o r t i n g  o f  an 

a s se m b la g e .  P r im a ry  se d im e n ta ry  s t r u c t u r e s  such  a s  r i p p l e  

m arks , s c o u r  and  f i l l  f e a t u r e s ,  c r o s s - b e d d in g  and narrow  

g r a i n  s i z e  d i s t r i b u t i o n  c o u ld  i n d i c a t e  t h e  p r e s e n c e  o f  a 

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

o f  t h e  f o s s i l  a s se m b la g e .
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S e g r e g a t io n  a c c o rd in g  t o  s i z e  i s  n o t  t h e  cnly  way in  

which a  p o p u l a t i o n  o r  community may be  s o r t e d .  In  o rg an ism s  

w i th  s k e l e t o n s  o f  two o r  more a r t i c u l a t i n g  p a r t s  ( e . g . , 

v e r t e b r a t e s ,  A m phineura , e c h in o d e rm s , b r a c h io p o d s ,  o r  

p e l e c y p o d s ) , t h e  p a r t s  may become s e p a r a t e d  d u r in g  c u r r e n t -  

in d u ce d  movement a lo n g  t h e  b o t to m , w i th  c o n c o m ita n t  s i z e ,  

shap e  and g r a v i t y  s e g r e g a t i o n .  T h ere  a r e  s e v e r a l  r e p o r t s  o f  

a sse m b la g e s  o f  p e le c y p o d s  and b r a c h io p o d s  t h a t  h av e  been  

s e l e c t i v e l y  s o r t e d  t o  p ro d u ce  a dom inance  o f  one v a lv e  

( e . g . L e v e r ,  19 58; M a rt in -K a y e ,  19 51; K o rn ic k e r ,  Wise and 

Wise, 1 9 6 3 ) .  The g e n e r a l  c o n c lu s io n  from  an a sse m b la g e  o f  

t h i s  t y p e  i s  t h a t  s o r t i n g  has  a c t e d  t o  s e l e c t i v e l y  c o n c e n t r a t e  

one v a lv e  o f  t h e s e  b i v a l v e  fo rm s ,  o v e r  t h e i r  l i v i n g  c o n d i t i o n  

o f  e x a c t l y  e q u a l  numbers o f  each  v a l v e .  B ou co t,  B race  and 

Demar(1958) hav e  made s e v e r a l  s t r e a m - t a b l e  and flum e s t u d i e s  

p e r t i n e n t  t o  t h i s  s e g r e g a t i o n .  S e v e ra l  h o r i z o n s  ( a t  s e c t i o n s  

4 :. and 5 i n  t h e  " d im in u t iv e "  B r a s s f i e l d )  form  which b i v a l v e s  

w ere r e c o v e r e d  show s e d i m e n to l o g i c a l  e v id e n c e  o f  c u r r e n t  

a c t i v i t y  and p resu m ab ly  c o n c o m ita n t  s o r t i n g  o f  f o s s i l  

sp e c im en s .  R ip p le d  b eds  o c c u r  i n  t h i s  se q u en c e  ( T e x t - f i g .  1 2 ) .

T e x t - f i g .  12— R ip p le d  l im e s to n e  bed  i n  s e c t i o n  shown in  

T e x t - f i g .  7.

However, t h e  p e le cy p o d s  o f  t h e s e  l a y e r s  (members o f  t h e  

P a l a e o n e i l o  fe c u n d a  a ssem b lag e )  a r e  a p p a r e n t l y  n o t  s o r t e d
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as t o  r i g h t  and l e f t  v a lv e s  (T a b le  2 ) ,  w hich was n o t  e x p e c te d ,  

g iv e n  c u r r e n t  movement o f  t h e  se d im e n t .  D ata  f o r  sam ple WU- 

14 f o r  exam ple , shows n e a r l y  e q u a l  numbers o f  l e f t  and 

r i g h t  v a lv e s  o f  P a l a e o n e i l o  f e c u n d a . T here  were 32 3 l e f t  

v a l v e s ,  34 5 r i g h t  v a lv e s  and 57 a r t i c u l a t e d  specim ens o f  t h i s  

s p e c i e s  r e c o v e re d  from  t h i s  sam p le . In  th e  same sam p le , t h e r e  

were 65 l e f t ,  72 r i g h t ,  and 9 a r t i c u l a t e d  v a lv e s  o f  Lyrodesma 

s p .

A lthough  t h i s  a ssem b lag e  o f  th e  B r a s s f i e l d  p e lecy p o d  

fau n a  d oes  n o t  a p p e a r  t o  be  s o r t e d  on t h e  b a s i s  o f  r i g h t / l e f t  

v a lv e  abu ndance , t h e  s i z e  d i s t r i b u t i o n  seems q u i t e  narrow

T ab le  2. Valve Counts from  t h e  P a l a e o n e i lo  f e c u n d a  a ssem b lage  

i n  t h e  B r a s s f i e l d  F o rm a tio n .

(0.3mm t o  6.5mm i n  l e n g t h )  w i th  o v e r  h a l f  o f  t h e  specim ens 

i n  some s p e c i e s  l e s s  th a n  1.5mm i n  l e n g t h .  T h is  s i z e  

d i s t r i b u t i o n  c o u ld  be  i n t e r p r e t e d  as a  r e f l e c t i o n  o f  m e c h an ica l  

s o r t i n g  which h a s  s e l e c t i v e l y  c o n c e n t r a t e d  t h e  s m a l l e r  s h e l l s .  

T h is  would seem somewhat p e c u l i a r  i n  te rm s  o f  c u r r e n t  s o r t i n g  

p r o c e s s e s  which u s u a l l y  c o n c e n t r a t e  l a r g e r  p a r t i c l e s  and 

winnow away th o s e  s m a l l e r  s i z e s .  I t  s e e s  s i g n i f i c a n t  i n  

t h i s  c o n n e c t io n  t h a t  t h e r e  a r e  b ro k en  f ra g m e n ts  o f  l a r g e r  

s h e l l s  o f  t h i s  s i z e  r a n g e  i n  t h e  a s se m b la g e .  The s e l e c t i v e  

b re a k a g e  o f  l a r g e r  s h e l l s  may have  p roduced  t h i s  r e l a t i v e  

abundance  o f  sm a l l  i n d i v i d u a l s .
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T ab le  2. Valve c o u n ts  from  t h e  P a l a e o n e i l o  f e c u n d a  a sse m b la g e  

i n  t h e  B r a s s f i e l d  F o rm a tio n  

S p e c ie s ( sam ple  number) R ig h t  L e f t  A r t i c u l a t e d

D e c e p t r ix  s c o f i e l d i  (WU-11) 0 1

D. s c o f i e l d i  (WU-14) 3 6

D. s c o f i e l d i  (WU-101-20) 3 8

D. s c o f i e l d i  (WU-1) 3 4

P a l a e o n e i lo  f e c u n d a  (WU-14) 345 323

P. fe c u n d a  (WU-1) 191 213

P. fec u n d a  (WU-11) 117 102

P. f e c u n d a  (WU-101-20) 1 2

N u c u l i t e s  n e g le c tu s  (WU-1) 15 18

N. n e g le c tu s  (WU-14) 25 22

Lyrodesma s p .  (WU-14) 72 65

L. sp .  (WU-1) 36 24

L. s p .  (WU-11) 23 18

L. sp .  (WU-101-20)

P a la e o c o n c h a  o h i o e n s i s  (WU-1) 4 3

P. o h io e n s i s  (WU-14) 8 10

P. o h io e n s i s  (WU-11) 2 1

P ra e n u c u la  a l b e r t i n a  (WU-1) 11 11

P. a l b e r t i n a  (WU-14) 1 3

P. a l b e r t i n a  (WU-11) 6 5

P. a l b e r t i n a  (WU-101-20)

Genus "A: f o e r s t e i  (WU-1) 2 2

C. lo n g a  (WU-14) 11 8

C. lo n g a  (WU-11) 1 1

2

12

22

9

57

18

3

31

9

7

2

5

11

2
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N u c u l i t e s  n e g l e c t u s , w hich a p p a r e n t l y  h a s  a  t h i n n e r ,  

l e s s  d u r a b le  s h e l l  t h a n  P a la 'e o n e i lo  fecu n d a .  i s  commonly 

found  as b ro k e n  f r a g m e n ts , w h i le  P . fe c u n d a  i s  commonly 

found  as  i n t a c t  v a l v e s .  Broken v a lv e s  o f  v a r i o u s  s i z e s  a r e  

found  f o r  a l l  s p e c i e s ,  b u t  i t  a p p e a rs  t h a t  t h e  l a r g e r  v a lv e s  

may h ave  s u f f e r e d  m o s t .  T h is  b re a k a g e  p ro b a b ly  o c c u r r e d  d u r in g  

t r a n s p o r t ,  b u t  some may have  o c c u r r e d  d u r in g  sam ple p r o c e s s in g .  

A few p o s t e r i o r  h in g e  p l a t e s  o f  P. fe c u n d a  h a v e  been  r e c o v e re d  

t h a t  a r e  5.5mm in  l e n g t h .  T hese  sp e c im en s ,  when w ho le , would 

have m easu red  8 t o  9mm in  l e n g t h .  A lthough  l a r g e r  th a n  any 

w hole specim ens from  t h e  B r a s s f i e l d ,  t h i s  s i z e  s h e l l  i s  w e l l  

w i t h i n  t h e  s i z e  r a n g e  o f  t h e  b a s a l  Maquoketa " d e p a u p e ra te "  

p o p u l a t i o n  o f  t h i s  s p e c i e s  (S ny der  and B r e ts k y ,  19 7 1 ) .

Some w orke rs  m ig h t a l s o  a rg u e  t h a t  a  d i s p a r i t y  i n  t h e  

r a t i o  o f  l e f t  t o  r i g h t  v a lv e s  would be p r e s e n t  i f  c u r r e n t  

s o r t i n g  had o c c u r r e d .  However, K o rn ic k e r ,  Wise and Wise 

(1963 , p .  706) showed t h a t  s i g n i f i c a n t  c u r r e n t  t r a n s p o r t  

d id  n o t  a lw ays p ro duce  a  g r e a t  d i s p a r i t y  o f  v a lv e  r a t i o s  i n  

th e  r e s u l t a n t  d e p o s i t .  I n  f a c t ,  a  r i g h t - l e f t  v a lv e  d i s p a r i t y  

m igh t be  e x p e c te d  o n ly  i f  t h e r e  were marked d i s p a r i t y  i n  th e

v a lv e  m o rpho loy , w hich  i n  t h e  g e n e ra  h e r e  in v o lv e d  d oes  n o t

e x i s t .  O the r  f a c t o r s  such  a s  th e  i n t e n s i t y  o f  t h e  c u r r e n t  

and w h e th e r  i t  was u n i d i r e c t i o n a l  o r  o s c i l l a t o r y  may a l s o  

p l a y  a  r o l e  i n  v a lv e  s e p a r a t i o n  and d i s p e r s i o n .

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

p a r t  o f  t h e  B r a s s f i e l d  i s  r e s t r i c t e d  t o  r i p p l e d  and
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c ro s s - b e d d e d  l a y e r s  o f  b io g e n ic  l im e s t o n e .  I t  may n o t  

be  e n t i r e l y  s a f e  t o  c o n c lu d e  t h a t  t h e  s m a l l ,  r e s t r i c t e d  s i z e  

d i s t r i b u t i o n  o f  t h e 'd i m i n u t i v e " B r a s s f i e l d  f a u n a  i s  w h o lly  

due t o  c u r r e n t  s o r t i n g .  Snyder and B re ts k y  (1971) have 

d e s c r ib e d  a f a u n a  from  th e  b a s a l  M aquoketa " d e p a u p e ra te "  

zone , t h a t  i s  v e ry  s i m i l a r ,  b o th  i n  s i z e  d i s t r i b u t i o n  and 

taxonom ic  c o m p o s i t io n  t o  t h i s  one from  th e  'd im in u t iv e "  

B r a s s f i e l d .  T h e i r  e x p l a n a t i o n  o f  t h e  f a u n a ' s  sm a l l  and 

r e s t r i c t e d  s i z e  m e r i t s  c o n s i d e r a t i o n  and may l o g i c a l l y  a p p ly  

h e r e ,  b e c a u se  o f  t h e  taxonom ic  s i m i l a r i t y  o f  t h e  B r a s s f i e l d  

" d im in u t iv e "  fa u n a  t o  t h e i r s .

They found  v e ry  l i m i t e d  p h y s i c a l  e v id e n c e  o f  bo tto m  

c u r r e n t  movement and co n c lu d ed  t h a t  t h e  a sse m b la g e  

underw en t l i t t l e  o r  no p o s t-m o rte m  t r a n s p o r t  and s o r t i n g  

(S u p p o r t in g  t h i s  i n t e r p r e t a i t i o n  i s  t h e  f a c t  t h a t  m ost b i v a l v e  

i n d i v i d i u a l s  a r e  a r t i c u l a t e d . )  The common e x p l a n a t i o n  o f  

t h i s  s m a l l - s i z e d  a s se m b la g e  would th e n  in v o lv e  e n v iro n m e n ta l  

" s t u n t i n g "  o r 'd w a r f i n g "  ( e . g .  Ladd, 1 9 2 9 ) .

Snyder and B re ts k y  (1 9 7 1 , p .  244) s u g g e s te d  t h a t  th e  

s m a l l  s i z e  o f  t h i s  a sse m b la g e  may be g e n e t i c a l l y  c o n t r o l l e d  

r a t h e r  th a n  an  e n v i ro n m e n ta l ly  c o n t r o l l e d  p h e n o ty p ic  

v a r i a t i o n  ( i . e .  " s t u n t i n g " ) .  They h y p o th e s iz e d  t h a t  

e n v iro n m e n ta l  c o n d i t i o n s  such  a s  a t h i x o t r o p i c ,  u n s t a b l e  

s u b s t r a tu m  p rodu ced  h ig h  j u v e n i l e  m o r t a l i t y  r a t e s ,  so t h a t  

e a r l y  m a t u r a t i o n  and h ig h  f e c u n d i t y  would be s e l e c t e d  f o r .  

"Those few , m ost s u c c e s s f u l  s p e c i e s  would f l o u r i s h  a t  t h e
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e x p en se  o f  a l l  t h e  o t h e r s ,  dom ina te  t h e  e n v iro n m e n t ,  and
\ T

d r a s t i c a l l y  low er t h e  f a u n a l  d i v e r s t i 'y "  (S n y d e r  and B r e ts k y ,  

p .  2 4 6 ) .  They, t h e n ,  b e l i e v e d  t h a t  i n  th e  b a s a l  Maquoketa 

n a t u r a l  s e l e c t i o n  f o r  paedom orphic  ( s e x u a l l y  m a tu re  s m a l l ­

s i z e d  " j u v e n i l e s " )  i n d i v i d u a l s  had o c c u r r e d ,  p ro d u c in g  th e  

g r e a t  q u a n t i t i e s  o f  s m a l l  s h e l l s .

The sm a ll  s i z e  o f  t h e  b i v a l v e s  i n  t h e  " d im in u t iv e "  

B r a s s f i e l d  a sse m b la g e  may a l s o  i n  p a r t  be a  r e s u l t  o f  t h i s  

paedom orph ic  p r o c e s s .  A lthough  t h e  d im in u t iv e  B r a s s f i e l d  

b i v a l v e s  a r e  o b v io u s ly  s o r t e d ,  i t  may be  t h a t  o n ly  t h e  

l a r g e r  members o f  t h e  " l i v i n g  a s s o c i a t i o n "  h av e  been  

rem oved . Com parison o f  s i z e - f r e q u e n c y  d a t a  f o r  P a l a e o n e i l o  

fe c u n d a  ( H a l l )  shows a s i m i l a r  d i s t r i b u t i o n  o f  i n d i v i d u a l s  

i n  t h e  " d im in u t iv e "  B r a s s f i e l d  ( T e x t - f i g .  11) and t h e  b a s a l  

M aquoketa (S n y d e r  and B re ts k y ,  1971, t e x t - f i g .  4 ,  5 ) .  T here  

a r e ,  h ow ever, more l a r g e r  i n d i v i d u a l s  i n  t h e  b a s a l  M aquoketa 

a s s e m b la g e s .

Com parison o f  t h e  " d im in u t iv e "  B r a s s f i e l d  w i th  th e  

b a s a l  M aquoketa i s  b a se d  on s e v e r a l  f a c t o r s  o t h e r  t h a n  s i z e  

o f  t h e  i n d i v i d u a l s .  S e v e ra l  o f  t h e  b i v a l v e  s p e c i e s  from  t h e  

" d im in u t iv e "  B r a s s f i e l d  ( t h e  P a l a e o n e i l o  f e c u n d a  a sse m b la g e )  

a r e  a l s o  found  i n  t h e  b a s a l  M aquoketa F o rm a tio n ,  P a l a e o n e i l o  

f e c u n d a  ( H a l l )  i s  t h e  dom inant b i v a l v e  i n  t h e  b a s a l  M aquoketa ; 

N u c u l i t e s  n e g l e c t u s  H a l l  i s  s.econd g r e a t e s t  i i i  ^abundance i n  t h e  

B a sa l  M aquoketa.. • P a l a e o n e i l o  f e c u n d a  i s  a l s o  t h e  dom inan t 

b i v a l v e  i n  t h e  " d im in u t iv e "  B r a s s f i e l d ,  where N. n e g le c t u s

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



81

i s  a g a in  second  i n  abundance i n  t h e  " d i m i n u t iv e ” B r a s s f i e l d ,  

b u t  r e l a t i v e l y  l e s s  so th a n  i n  the  b a sa l  Maquoketa (p e rh a p s  

b e ca u se  o f  s e l e c t i v e  d e s t r u c t i o n  i n  t h e  h i g h e r  en e rg y  

tap h o c o en o se  o f  t h e  B r a s s f i e l d ) . P ra e n u c u la  a l b e r t i n a  

( U l r i c h )  o c c u rs  i n  b o th  a sse m b la g es  b u t  i s  a  r e l a t i v e l y  

m inor c o n s t i t u e n t  (1 -5  p e r c e n t ) .

O th e r  m o llu sc a n  f a u n a ,  a s s o c i a t e d  w i th  t h e  b i v a l v e s ,  

i n  t h e  " d im in u t iv e "  B r a s s f i e l d  a r e  s i m i l a r  t o  th o s e  i n  t h e  

b a s a l  M aquoketa. S e v e ra l  s p e c i e s  o f  a r c h e o g a s t r o p o d s , 

i n c l u d i n g  L io s p i r a  m ic u la  ( H a l l )  and " C y c lo r a " d e p a u p e ra ta  

( H a l l )  and a supposed  scaphopod P l a g io g l y p t a  io w e n s is  (Jam es) 

o c c u r  b o th  i n  t h e  b a s a l  M aquoketa and i n  th e  " d im in u t iv e "  

B r a s s f i e l d  zone (L . H a r r i s o n ,  p e r s o n a l  c o m m u n ica tio n ) .  A 

B r a s s f i e l d  h y o l i t h i d ,  E l e g a n t i l i t e s ? sp .  i s  v e ry  s i m i l a r  t o  

"H y o l i t h e s " p a r v i u s c u l u s  ( H a l l )  from  t h e  b a s a l  M aquoketa.

S p e c ie s  o f  m o llu sk s  d e s c r ib e d  from  t h e  b a s a l  Maquoketa 

and th o s e  found i n  t h e  " d im in u t iv e "  B r a s s f i e l d  ( t h i s  s tu d y  

and L. H a r r i s o n ,  p e r s o n a l  com m unica tion) a r e  l i s t e d  i n  

T ab le  3. Those marked w i th  an  a s t e r i s k  a r e  dom inant

T ab le  3. B a sa l  M aquoketa and d im in u t iv e  B r a s s f i e l d  

M o llu sc an  s p e c i e s

f a u n a l  e le m e n ts .

The s i m i l a r i t y  o f  s i z e - f r e q u e n c y  d a t a  f o r  P. f e c u n d a , 

and th e  o v e r a l l  sm a ll  s i z e  o f  t h e  two f a u n a l  a s se m b la g e s ,
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Table 3. Basal Maquoketa and diminutive Brassfield

Molluscan species

Taxa

Maquoketa Brassfield 
(this study)

Oj
ak
an
ga
s 

(1
95
9)

La
dd

(1
92
9)

Jo
hn
so
n 

(19
3

9
)

Sn
yd
er
 

an
d 

Br
et

sk
y(

19
71
)

"Ctenodonta" pulchella Ulrich X

Deceptrix scofieldi (Ulrich) X

■'Nuculites neglectus (Hall) X X X X X

Lyrodesma sp. X

Orthdesma approximatum Foerste X

Orthodesma triangulata (manuscript type) X

"Palaeoconcha?" hamburgensis (Walcott) X

Palaeoconcha obliqua (Hall) X X X X

Palaeoconcha ohioensis (Bassler) X
*Palaeoneilo fecunda (Hall) X X X X X

Praenucula albertina (Ulrich) X X
Praenucula sp. X
Genus A aff. "Ctenodonta" longa (Ulrich) X
Michelinoceras sociale (Hall) X X X
Orthoconic cephalopod X
*"Plagioglypta" iowaensis (James) X X X X

"Bellerophon" lirata Hall X X

"Bellerophon" patersoni Hall X X

Bucanella (Plectonotus) conradi Hall X X

Bucanella (Plectonotus) sp. X
Bucania? sp. X

Cyclonema (Cyclonema) humorosum Ulrich X
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Cyclonema (Cyclonema) bilex Conrad X
Cyclonema (Dyeria?) sp. X
"Cyclora" depauperata (Hall) X X X
"Cyclora" minuta Hall X
"Cyclora" sp. X

"Cyclora" cf. "C." pulchella Miller X
Cyrtolites carinatus Miller X

Cyrtolites retrorsus var. fillmorensis
Ulrich and Scofield X

Holopea symmetrica Hall X
Holopea? sp. X
Holopea cf. H. symmetrica Hall X

*Liospira micula (Hall) X X X X
Loxoplocus (Donaldiella) sp. X
Loxoplocus (Lophospira) milleri X

Loxoplocus (Lophospira) tropidophora Meek X
Loxoplocus (Lophospira) sp. X
loxoplocus (Lophospira?) sp. X
Murchisonia (Hormotoma) trentonensis

Ulrich and Scofield X
Murchisonia (Hormotoma) sp.? X
Murchisonia (Hormotoma) sp. X
Murchisonia (Murchisonia) sp. X
Raphistomina rugata Ulrich and Scofield X
Tropidodiscus subacutus Ulrich X
Tropidodiscus sp. X
Elegantilites? sp. X
"Hyolithes" parviusculus (Hall) X X X
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t h e  taxonom ic  s i m i l a r i t y  (T ab le  4) and t h e  p r e s e n c e  o f  t h e

T a b le  4 .  B r a s s f i e l d  and Maquoketa e n v iro n m e n ta l  e q u i v a l e n t s

same dom inan t f a u n a l  e le m e n ts  s u g g e s t  t h a t  t h e  fa u n a  o f  th e  

b a s a l  M aquoketa b ed s  o f  Iowa, I l l i n o i s  and M is s o u r i  i s  

v e ry  s i m i l a r  t o  t h a t  o f  t h e  " d i m i n u t iv e ’1 B r a s s f i e l d  f a u n a  

i n  Adams C o un ty , O h io .

The 11 d im in u t iv e "  B r a s s f i e l d  m igh t be  d e s c r i b e d  a s  a 

" r e c u r r e n t "  a ssem b lag e  i n  t h e  s e n s e  o f  Raup and S ta n le y  

(1971 , p .  2 2 9 ) .  However, t h i s  f a u n a  i s  o n ly  " r e c u r r e n t "  i n  

a  s t r a t i g r a p h i c  s e n s e ;  i t  i s  r e a l l y  a  r e f l e c t i o n  o f  s i m i l a r  

f a c i e s  which o c c u r  i n  b o th  a r e a s .  The f a c i e s  o c c u r s  i n  t h e  

Upper O rd o v ic ia n  b a s a l  Maquoketa i n  Iow a, I l l i n o i s  and 

M is s o u r i  and a p p a r e n t l y  m ig ra te d  e a s tw a r d ,  where i t  i s  found  

i n  th e  " d im in u t iv e "  B r a s s f i e l d  i n  Adams C oun ty , Ohio. Some 

e v o lu t i o n  o f  t h e  fa u n a  o c c u r re d  d u r in g  t h i s  i n t e r v a l ,  b u t  

t h e  dom inant m o llu s k  e le m e n ts  s u r v iv e d  r e l a t i v e l y  u n c h an g ed .,  

O th e r  a n a ly s e s  o f  t h i s  s o r t  o f  f a c i e s  phenomenon may be 

found  i n  W il l ia m s  (1 9 1 4 ) ,  C a s te r  (1 9 3 4 , 1938) and Kohut 

(1 9 6 0 ) .

The l i t h o l o g i e s  o f  t h e  b a s a l  M aquoketa and th e  

" d i m i n u t i v e " B r a s s f i e l d  a r e  n o t  so s t r i k i n g l y  s i m i l a r .  I t  

sh o u ld  be e m p h a s ize d ,  how ever, t h a t  t h e  " d im in u t iv e "  B r a s s f i e l d  

f a u n a  may n o t  now be  found  i n  t h e  l i t h o l o g y  r e p r e s e n t a t i v e  

o f  i t s  l i v i n g  e n v iro n m e n t .  The b a s a l  M aquoketa h a s  p r o b a b ly  

b een  somewhat a l t e r e d  i n  l i t h o l o g y  from  when th e  fa u n a
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T ab le  if, B r a s s f i e l d  and M aquoketa e n v iro n m e n ta l  e q u iv a l e n t s

Ma j o f  Tax on M aquoketa/  B r 'a s s f i e l  d

"Scaphopoda" "P T a g io g ly p ta  i o w a e n s i s /"R " io w a e n s is

C ephalopoda N Mi c h e l in o c e r a s  s o c i a l e /

N u c u lo id - B iv a lv ia  N u c u i i t ’e s  n e g l e c t u s /N . n e g le c t u s

PaT eoconcha/ P a le o c o n c h a  

P a l a e o n e i lo  f e c u n d a / P .  fec u n d a  

P r  a e n u c u la  a l b e r t  i n a / P . a l b e r t  i n a

A rc h e o g a s tro p o d a  B e l le ro p h o n / B u c an ia  ?

B u c a n e l la  (P l e c t o n o t u s ) /B . ( P l e c t o n o t u s )

Cyclonema ( Cyclonema) / C. (D y e r ia ? )

"C y c lo ra "  d e p a u p e r a ta /  " C ." d e p a u p e ra ta

Cy r  t  o l i  t  e s /  Cy r  t  o'l i t  e s

H o lo p ea / H olopea

L i o s p i r a  m ic u la /L .  m ic u la

M u rc h iso n ia  (M u rc h is o n ia ) / M. (M u rc h is o n ia ) 

T ro p id o d is  c u s / T ro p id o d is  cus

H y o l i th i d a  "H y o l i t h e s " p a r v i u s c u i u s / E l e g a n t i l i t e s ? sp .
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o c c u p ie d  t h a t  en v iro n m en t,  Penecontem poraneousC ?] 

d o l o m i t i z a t i o n  (S n yder  and B r e t s k y y 19 71) o f  th e  b a s a l  

Maquoketa may have  a c c e n tu a te d  t h e s e  d i f f e r e n c e s .  The 

o r i g i n a l  b a s a l  M aquoketa en v iro n m en t may have  c o n ta in e d  

s i l t y  and c la y e y  se d im e n ts  r i c h  i n  o r g a n ic  m a t t e r .

In te r b e d d e d  w i th  t h e  b i o c l a s t i c  l im e s to n e s  i n  th e  d im in u t iv e  

B r a s s f i e l d  a r e  s h a l e  and c l a y s t o n e  u n i t s  ( T e x t - f i g .  12) 

t h a t  c o u ld  r e p r e s e n t  se d im e n ts  from  th e  l i v i n g  en v iro n m en t 

o f  th e  b i v a l v e s  and o t h e r  m o l l u s k s . S in ce  much o f  t h i s  

fa u n a  i s  i n f e r r e d  t o  have l i v e d  a t  th e  sed im e n t  i n t e r f a c e  

o r  o n ly  a  few m i l l i m e t e r s  below  i t ,  th e y  c o u ld  e a s i l y  

have  been  e roded  by c u r r e n t s  and i n c o r p o r a t e d  i n t o  th e  

b i o c l a s t i c  sands  t h a t  compose t h e  r i p p l e d  l im e s to n e s .

Only t h e  co n o d o n ts  ( u s u a l l y  c o n s id e r e d  e x c e l l e n t  

b i o s t r a t i g r a p h i c  i n d i c a t o r s )  i n  t h e s e  two fo r m a t io n s  a re  

d i s t i n c t l y  d i f f e r e n t  and p ro v id e  a  p a r t i a l  key to  th e  

d i f f e r e n t  c h r o n o lo g ic  ages  o f  t h e  b a s a l  Maquoketa and 

" d im in u t iv e ” B r a s s f i e l d .  The b a s a l  Maquoketa c o n ta in s  

c h a r a c t e r i s t i c a l l y  O rd o v ic ia n  c o n o d o n ts  ( G l e n i s t e r ,  1 9 5 7 ) ,  

w h i le  t h i s  a ssem blage  in  t h e  B r a s s f i e l d  c o n ta in s  Lower 

S i l u r i a n  form s such  as  I c r i o d i n a  i r r e g u l a r i s  (R ex road , 1 9 6 7 ) .

B iv a lv e s ,  o t h e r  th a n  th o s e  i n  t h e  "P a l e o n e i l o  fe c u n d a  

a s se m b la g e ” a r e  i n  such  low abundance  t h a t  i n f e r e n c e s  a b o u t  

t h e i r  p o s t-m o rtem  h i s t o r y  i s  u n s a f e .  I t  sh o u ld  be n o te d ,  

how ever, t h a t  a l l  o f  th e  50 spec im ens o f  A c t i n o p t e r i a  

b r i s a  w ere l e f t  v a lv e s .  T h is  d i s t r i b u t i o n  m igh t im ply
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s e l e c t i v e  s e p a r a t i o n  o f  t h e  two v a l v e s j  how ever, e x a m in a t io n  

o f  specim ens o f  o t h e r  s p e c i e s  o f  A c t i n o p t e r i a  i n d i c a t e s  t h a t  

t h e  r i g h t  v a lv e  i s  much t h i n n e r  and f l a t t e r  th a n  t h e  l e f t  

and i s  p ro b a b ly  more s u s c e p t i b l e  t o  s e l e c t i v e  d e s t r u c t i o n  i n  

s i t u , and q u i t e  l i k e l y  re s p o n d e d  q u i t e  d i f f e r e n t l y  

h y d ro d y n a m ic a l ly .

CONCLUSIONS

The p e le cy p o d  t a x a  o c c u r r in g  i n  th e  B r a s s f i e l d  F o rm ation  

o f  Ohio, I n d ia n a  and Kentucky have  b een  r e v i s e d  t o  r e f l e c t  

c u r r e n t  taxonom ic  c o n c e p ts .  The f o l lo w in g  a d d i t i o n a l  

in f o r m a t io n  h as  been g a th e r e d  p e r t a i n i n g  t o  t h i s  fa u n a :

1) The l o c a l  ab u n d an ce , w i th  l i m i t e d  r e g i o n a l  

d i s t r i b u t i o n  o f  t h i s  E a r ly  S i l u r i a n  f a u n a ,  a s  compared w i th  

th e  more w id e sp re a d ,  abun dan t o c c u r r e n c e  o f  p e le c y p o d s  in  

t h e  u n d e r ly in g  Upper O rd o v ic ia n  h a s  d i r e c t  i m p l i c a t i o n  on 

th e  ph y lo geny  and e v o lu t i o n  o f  b i v a l v e s  i n  t h e  C i n c i n n a t i  Arch 

a r e a .

B iv a lv e  f o s s i l s  were found i n  l o c a l l y  ab u n d an t  

a sse m b la g es  i n  s e v e r a l  p l a c e s  i n  O hio , i n c l u d i n g  l o c a l i t i e s  

i n  th e  Dayton a r e a  and i n  Adams C ounty , b u t  none were found  

i n  th e  I n d ia n a  and Kentucky e x p o s u r e s . The g r e a t  v a r i e t y  o f  

t a x a ,  i n c l u d i n g  numerous g e n e ra  o f  a m b o n y c h i id s , c y r t o d o n t i d s , 

and m o d io lo p s id s  known i n  th e  u n d e r ly in g  O rd o v ic ia n  s t r a t a  

i s  much r e d u c e d  in  t h e  B r a s s f i e l d .  Only one genus each  o f  

t h o s e  above l i s t e d  g roups i s  found  i n  t h e  B r a s s f i e l d .
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N u c u lo id s ,  how ever, a t  l e a s t  on a  g e o g r a p h i c a l l y  r e s t r i c t e d  

s c a l e ,  a r e  a b u n d a n t .  T h is  r e s t r i c t e d  g e o g ra p h ic  and 

taxonom ic  d i s t r i b u t i o n  o f  p e le c y p o d s  i n  t h e  S i l u r i a n  B r a s s f i e l d ,  

a s  compared w i th  th e  u n d e r l y i n g  O r d o v ic ia n ,  s u g g e s t s  a 

marked u n s u i t a b i l i t y  o f  t h e  B r a s s f i e l d  en v iro n m en t f o r  t h e  

b i v a l v e s  ( e x c e p t  p e rh a p s  n u c u l o i d s ) . I n  t h e  C i n c i n n a t i  Arch 

r e g i o n ,  t h e n ,  t h e  end o f  t h e  O rd o v ic ia n  m arks a  change i n  

e n v iro n m e n ta l  c o n d i t i o n s  t h a t  e x t i n g u i s h e d  o r  f o r c e d  

im m ig ra t io n  o f  a  ta x o n o m ic a l ly  d i v e r s e ,  r e g i o n a l l y  e x t e n s i v e  

b i v a l v e  fa u n a  and en co u rag ed  i t s  r e p la c e m e n t  i n  t h e  S i l u r i a n  

by a  t a x o n o m ic a l ly  m eager and e x t r e m e ly  l o c a l i z e d  f a u n a .

2) S e v e ra l  t a x a  p r e v i o u s l y  unknown in  t h e  S i l u r i a n  

a r e  d e s c r ib e d  h e r e i n .  These fo r m s ,m o s t ly  n u c u l o i d s ,  a r e  

c o n s p e c i f i c  w i th  n u c u lo id s  from  t h e  Upper O rd o v ic ia n  

"D e p au p e ra te  Zone" o f  t h e  b a s a l  M aquoketa F o rm a tio n  (S n y d er  

and B r e t s k y ,  1 9 7 1 ) .  These t a x a  a r e :  P a l a e o n e i l o  fe c u n d a  

( H a l l ) ,  N u c h l i t e s  n e g l e c t u s  H a l l ,  P r a e n u c u la  a l b e r t i n a  

( U l r i c h ) ,  D e c e p t r ix  s c o f i e l d i  ( U l r i c h ) ,  P a la e o c o n c h a  

o h i o e n s i s  ( C la rk e  and Ruedem ann). T h is  s tu d y  r e p r e s e n t s  

t h e  f i r s t  docum ented  o c c u r r e n c e  o f  L yrodesm a, P a lae o co n c h a  

and P r a e n u c u la  i n  ro c k s  o t h e r  th a n  O rd o v ic ia n  i n  a g e .

3) The d i s t r i b u t i o n  o f  p e le c y p o d s  i n  t h e  B r a s s f i e l d  

i s  i n  two d i s t i n c t  f a u n a l  a s s o c i a t i o n s .  T hese  a r e  th e  

"P a l a e o n e i l o  f e c u n d a  a sse m b la g e"  i n  w hich a l l  s p e c i e s  a r e  

i n f a u n a l ,  and t h e  "A c t i n o p t e r i a  b r i s a  a sse m b la g e"  where 

a l l  s p e c i e s  a r e  p r o b a b ly  e p i f a u n a l .
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The "P a l a e o n e i l o  fe c u n d a  a sse m b la g e"  a p p e a rs  t o  be a  

s t r a t i g r a p h i c a l l y  r e c u r r e n t  a sse m b la g e  o f  t h e  "D e p au p e ra te  

Zone" o f  t h e  b a s a l  M aquoketa F o rm a tio n  i n  t h e  Upper 

O rd o v ic ia n .  O ther  e le m e n ts  o f  t h e  B r a s s f i e l d  f a u n a  o f  t h i s  

community ( e . g .  g a s t r o p o d s ,  c .ep h a lo p o d s , "scaphopods" and 

h y o l i t h i d s )  a r e  a l s o  v e r y  s i m i l a r  t o  t h e ’D e p au p e ra te  Z o ne ,"  

r e i n f o r c i n g  t h i s  i n t e r p r e t a t i o n .  The "A c t i n o p t e r i a  b r i s a  

a sse m b la g e"  i s  ta x o n o m ic a l ly  s i m i l a r  t o  t h e  yo unger 

S i l u r i a n  o r  D evonian  f a u n a s , b u t  c a n n o t  be  c o r r e l a t e d  w i th  

any a ssem b lag e  b a se d  on p r e s e n t  d a t a .
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SYSTEMATIC PALEONTOLOGY 

S u b c la s s  PALAEOTAXODONTA Korobkov 

O rder NUCULOIDA D a l i

D e s c r i p t i o n

B iv a lv e s  o f  t h i s  o r d e r  p o s s e s s  ta x o d o n t  d e n t i t i o n  o f t e n  

d i s t i n g u i s h a b l e  a s  t o  p o s t e r i o r  and a n t e r i o r  s e r i e s .  They a r e  

commonly sm a ll  compared w i th  o t h e r  b i v a l v e s .  M uscle s c a r s  

l e f t  on t h e  s h e l l  c o n s i s t  o f  n e a r l y  e q u a l  s i z e d  ( i s o m y a r ia n )  

a d d u c to r s  and o f t e n  s e v e r a l  p a i r s  o f  p e d a l  m u sc le  s c a r s  i n  

t h e  d o r s a l  r e g i o n  o f  t h e  s h e l l .  The s h e l l  m i c r o s t r u c t u r e  may 

b e  e i t h e r  n a c re o u s  o r  c r o s s - l a m e l l a r .  L iv in g  r e p r e s e n t a ­

t i v e s  show p r o t o b r a n c h i a t e  g i l l  deve lo pm en t.

S u p e r fa m i ly  NUCULACEA Gray

D e s c r ip t i o n

A l l  fo rm s in c lu d e d  h e r e i n  a r e  n u c u lo id s  t h a t  a r e  t r u n -
i

c a t e  p o s t e r i o r l y  and e lo n g a te  a n t e r i o r l y .  A p a l l i a l  s i n u s  

does  n o t  o c c u r .  The p o s i t i o n i n g  o f  t h e  l ig a m e n t  ( i n t e r n a l  o r  

e x t e r n a l )  h a s  h i s t o r i c a l l y  been  t h e  b a s i s  f o r  f a m i l i a l  d i s ­

c r i m i n a t i o n .

Fam ily  PRAENUCULIDAE M cA les te r

D e s c r ip t i o n

G enera  in c lu d e d  i n  t h i s  f a m i ly  a re  n u c u la c e a n  b i v a l v e s  

w i th  an e x t e r n a l  l ig a m e n t  p o s i t i o n e d  p o s t e r i o r  t o  th e  b e ak .  

The umbones c u rv e  to w ard  th e  e lo n g a te  a n t e r i o r  r e g i o n  o f  t h e  

s h e l l  ( p r o s o g y r o u s ) . The s u r f a c e  p ro so pon  c o n s i s t s  e x c lu ­

s i v e l y  o f  c o m a rg in a l  g ro w th  v a r i c e s .
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Genus D e c e p t r ix  F u ch s , 1919 

1852 non C te n o d o n ta  S a l t e r ,  p .  64

1894 C ten o d o n ta  S a l t e r ,  U l r i c h ,  p .  57 8 ( p a r t i m : m ost o f  t h e  

s p e c i e s  o f  t h e  C ten odo n ta  l e v a t a  g roup)

1919 D e c e p t r ix  F u ch s , p .  79

1934 P r a e l e d a  P f a b ,  p . 231

1968 D e c e p t r ix  F u ch s ,  M cA les te r ,  p .  25

19 69 D e c e p t r ix  F u ch s , M c A les te r ,  p .  229

19 70 P r a e l e d a  P fa b ,  Bradshaw, p . 636

1971 D e c e p t r ix  F uchs , P o j e t a ,  p .  16 ( p a r t i m )

Type S p e c ie s

D e c e p t r ix  c a r i n a t a  Fuchs (1919) i s  t h e  ty p e  s p e c i e s  by 

monotypy. The l e c t o t y p e  was d e s i g n a t e d  by Dahmer (19 51, p. 

67) a s  th e  r i g h t  v a lv e  i l l u s t r a t e d  by Fuchs on h i s  P l a t e  7 , 

f i g u r e  2. The l e c t o t y p e  and t h r e e  p a r a l e c t o t y p e s  a r e  w e l l  

i l l u s t r a t e d  by M cA les ter  (1968 , P l a t e  6 , f i g u r e s  1 -1 0 ) .  The 

ty p e  s u i t e  i s  from t h e  Lower D evonian o f  Germany.

D ia g n o s is

A n t e r i o r l y  e lo n g a te  p r a e n u c u l id  b i v a l v e s  w i th  d e n t a l  

s e r i e s  d i f f e r e n t i a t e d  i n t o  a  few l a r g e  a n t e r i o r  t e e t h  and 

numerous s m a l l e r  p o s t e r i o r  t e e t h .

D e s c r ip t i o n

T hese a r e  medium s i z e d  ( a d u l t s  g e n e r a l l y  10-20mm in  

l e n g t h ) ,  e q u iv a lv e d ,  s u b c i r c u l a r  t o  s u b q u a d r a te ,  a n t e r i o r l y  

e lo n g a te  and p o s t e r i o r l y  t r u n c a t e ,  p ro so g y ro u s  b i v a l v e s  w i th  

numerous ta x o d o n t  t e e t h  which a re  commonly d i f f e r e n t i a t e d  

i n t o  an a n t e r i o r  and p o s t e r i o r  s e r i e s .  The h in g e  p l a t e  i s
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s l i g h t l y  a rc h e d  w i th  t h e  a n t e r i o r  d e n t a l  s e r i e s  c o n ta in i n g  

few er  and s u b s t a n t i a l l y  l a r g e r  t e e t h  th a n  th e  p o s t e r io r ,  

s e r i e s .  The number o f  t e e t h  i n  e ach  s e r i e s  i s  v a r i a b l e  w ith  

o n to g e n e t i c  age and from  s p e c i e s  t o  s p e c i e s ,  b u t  t h e r e  a r e  

commonly 3 t o  10 a n t e r i o r  t e e t h  and p e rh a p s  tw ic e  t h a t  many 

p o s t e r i o r  o n e s .  The t e e t h  a r e  commonly c h e v ro n -s h a p e d ,  b u t  

may be l o n g , s t r a i g h t  o r  u n d u lo se  i n  some s p e c i e s  (B radshaw ,

19 70, p .  2 32 and B ab in , 1966, p .  4 7 ) .  Rounded a d d u c to r  s c a r s  

a r e  m o d e ra te ly  im p re sse d  i n t o  t h e  s h e l l , w i th  s c a r s  o f  w e l l -  

d ev e lo p ed  p e d a l  m u sc le s  d o r s a l  t o  t h e  a d d u c to r s .  A n t e r i o r  

p e d a l  p r o t r a c t o r  and r e t r a c t o r  m usc le  s c a r s  a r e  u s u a l l y  con­

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

c l e  s c a r s  may be f r e e  o r  p a r t i a l l y  fu s e d  t o  t h e  a d d u c to r s .

The p a l l i a l  l i n e  i s  e n t i r e  and n o n s in u a te .  Numerous, sm a l l  

m ag n itu d e ,  c o m a rg in a l  g row th  v a r i c e s  mark t h e  e x t e r n a l  s h e l l  

s u r f a c e .

The l ig a m e n t  i s  e x t e r n a l  a s  shown by P o j e t a  (19 71,

P I .  5, f i g .  9 ,  17 , 20) and by t h e  c o n t in u a n c e  o f  d e n t i t i o n  

b e n e a th  th e  b e a k s ,  w hich  p r e c lu d e s  t h e  p r e s e n c e  o f  a 

r e s i l i f e r .

D is c u s s io n

Most e a r l y  P a l e o z o ic  n u c u lo id  b i v a l v e s  from  N orth  

A m erica have  b een  r e f e r r e d  t o  t h e  genus C tenod on ta  S a l t e r  

(1 8 5 2 ) .  C te n o d o n ta , how ever, a s  r e p r e s e n t e d  by C. n a s u t a , 

i t s  t y p e  s p e c i e s  from  th e  Upper B lack  R iv e r i a n  (M iddle  

O rd o v ic ia n )  o f  O n ta r io ,  Canada, e s t a b l i s h e s  much more 

r e s t r i c t i v e  f e a t u r e s  f o r  t h e  genus th a n  t r a d i t i o n a l  

a s s ig n m e n ts .  Use o f  t h e  name C ten o d o n ta  sh o u ld  be
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r e s t r i c t e d  t o  b i v a l v e s  w i th  t h e  g e n e r a l  m orphology  o f  C. 

n a s u t a  a s  i n d i c a t e d  by M cA les te r  (1 9 6 8 , 19 6 9 ) ,  Bradshaw 

(1970) and P o j e t a  (1 9 7 1 ) .

U l r i c h  (1894) r e c o g n iz e d  t h a t  u sa g e  o f  t h i s  genus was 

a s  a k in d  o f  " omnium g a th e ru m " f o r  a  h e te ro g e n e o u s  g roup  o f  

s p e c i e s .  A lthou gh  h e s i t a n t  t o  e r e c t  new g e n e r a ,  w hich he  

seems t o  have  f e l t  w ere someday r e q u i r e d ,  he d i d  d i v i d e  t h e  

s p e c i e s  a s s i g n a b l e  t o  " C te n o d o n ta " i n t o  s i x  g ro u p s .  (F o r  

f u r t h e r  d i s c u s s i o n  se e  s e c t i o n  e n t i t l e d  " C l a s s i f i c a t i o n . " )  

U l r i c h ' s  C ten o d o n ta  l e v a t a  g rou p  (1 8 9 4 , p .  581) was composed 

o f  n u c u lo id s  t h a t  w ere p re d o m in a n t ly  p o s t e r i o r l y  t r u n c a t e  

and a n t e r i o r l y  e l o n g a t e .  Some o f  t h e  s p e c i e s  d e s c r ib e d  by 

U l r i c h  t h a t  a r e  a s s i g n a b l e  t o  t h i s  form  g ro up  a r e  " C te n o d o n ta " 

s o c i a l i s , "C."  n i t i d a , "C."  m e d i a l i s , "C ."  s c o f i e l d i  and "C."  

a l b e r t i n a  ( a l l  a u th o r e d  by U l r i c h ) .  At l e a s t  t h r e e  g e n e r i c  

names h av e  b een  p ro p o sed  f o r  t h e s e  e a r l y  P a l e o z o ic  n u c u lo id s :  

e . g . ,  D e c e p t r ix  Fuchs (1 9 1 9 ) ,  P r a e l e d a  P fa b  (1934) and 

P r a e n u c u la  P fab  (1 9 3 4 ) .  D e c e p t r ix  i s  more o r  l e s s  e q u i l a t e r a l  

th a n  P r a e l e d a  w hich i s  e lo n g a te d  a n t e r o - p o s t e r i o r l y  (B radshaw , 

1 9 7 0 ) .  The d e n t i t i o n s  o f  t h e s e  two g e n e r a  a r e  s i m i l a r ,  and 

th e y  a r e  c o n s id e r e d  synonymous by some a u th o r s  (M c A les te r ,

19 69, and P o j e t a ,  1 9 7 1 ) .  P ra e n u c u la  and P r a e l e d a  a r e  s i m i l a r  

i n  e lo n g a te  s h e l l  o u t l i n e  and may be s a t i s f a c t o r i l y  s e p a r a t e d  

o n ly  by d i f f e r e n c e s  i n  d e n t a l  a r ra n g e m e n t  (M c A le s te r ,  196 9 ) . 

P r a e l e d a  and D e c e p t r ix  each  have  an  a n t e r i o r  d e n t a l  s e r i e s  

w i th  r e l a t i v e l y  few and r a t h e r  l a r g e  c h e v ro n -sh a p e d  t e e t h  

and a p o s t e r i o r  s e r i e s  w i th  more and s m a l l e r  ch ev ro n  o r  

s t r a i g h t  t e e t h .  In  P r a e n u c u la  th e  t e e t h  a r e  o f  s i m i l a r  s i z e

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



94

th ro u g h o u t  and a r e  e q u a l  i n  number a n t e r i o r  and p o s t e r i o r .  

P o j e t a  (1971) p o in te d  o u t  t h e  e s s e n t i a l  i n t e r g r a d a t i o n  o f  

s h e l l  shape  i n  t h e s e  t h r e e  " g e n e r a . "  T e x t - f i g u r e  13 

i l l u s t r a t e s  t h e  o u t l i n e  o f  some O rd o v ic ia n  and S i l u r i a n  

s p e c i e s  o f  t h e  " C te n o d o n ta  l e v a t a  g roup "  and d e m o n s t r a te s  

t h e  l i k e l i h o o d  o f  a  g r a d a t i o n a l  s e r i e s  o f  " s p e c i e s "  w hich  

a r e  b a s e d  on  s h e l l  o u t l i n e  a lo n e .  On th e  b a s i s  o f  d e n t i t i o n ,

T e x t - f i g .  13 — V alve  o u t l i n e s  o f  s e v e r a l  O rd o v ic ia n  and 

S i l u r i a n  s p e c i e s  o f  t h e  D e c e p t r i x - P r a e l e d a - P ra e n u c u la  form  

group  (n o t  t o  s c a l e )

ho w ever, some o f  t h e s e  " s p e c i e s "  can be r e f e r r e d  t o  

P r a e n u c u la , w h i le  o t h e r s  m ust be  c o n s id e r e d  o f  t h e  P r a e l e d a -  

D e c e p t r ix  t y p e .  The two ty p e s  o f  d e n t i t i o n  do n o t  

i n t e r g r a d e  and a r e  t h e  v a l i d  t a x o b a s i s . S h e l l  sh a p es  a r e  

a p p a r e n t l y  hom eom orphic .

A few spec im ens  w i th  t h e  P ra e n u c u la  d e n t a l  ty p e  w ere 

e n c o u n te re d  in  t h i s  study, and f u r t h e r  a n a l y s i s  o f  t h e s e  

fo rm s may be  foun d  i n  t h e  d i s c u s s i o n  o f  P r a e n u c u l a . There  

a r e  numerous sp ec im en s  from  t h e  B r a s s f i e l d  F o rm a tio n  w ith  

D e c e p t r i x - P r a e l e d a  d e n t i t i o n .  D e c e p t r ix  Fuchs (1919) h a s  

p r i o r i t y  o v e r  P r a e l e d a  Pfab  (19 3 4 ) .

D i s t r i b u t i o n

The a s s ig n m e n t  o f  s p e c i e s  t o  D e c e p t r ix  i s  b a se d  on t h e  

a r ra n g e m e n t  o f  d e n t i t i o n  ( l a r g e ,  few a n t e r i o r  and many 

s m a l l e r  p o s t e r i o r  t e e t h ) . B ecause  d e n t i t i o n  i s  n o t  commonly
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Praenucula exoonsa Pfab
Praeleda compar Pfab Deceptrix carinata Fuchs

Ctenodcnta
Ulrich

Ctenodonta medialis
Ulrich

O
Ctenodonta frobisherensis 

Schuchert

Ctenodonta scofieldi 
Ctenodonta nitida Ulrich

Ulrich

Ctenodonta carinata 
Ctenodonta albertina Ulrich

Ulricho
Ctenodonta ribeiroi Nucula levata

flail

Tellinomva clintonensis Ctenodonta hartsvillensis Ctenodonta retrorsa 
F oerste  S affo rd  Ulrich

T e x t - f i g .  1 3 - -V a lv e  o u t l i n e s  o f  s e v e r a l  O rd o v ic ia n  and S i l u r i a n  
s p e c i e s  o f  t h e  D e c e p t r ix ^ P r a e l e d a - P r a e n u c u la  form group  ( n o t  t o  
s c a l e )
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p r e s e r v e d ,  o n ly  a  few s p e c i e s  o f  t h e  D e c e p t r ix - P ra e n u c u la  

sh ap e  g roup  can  be  d e f i n i t e l y  a s s ig n e d  t o  e i t h e r  g e n u s .  The 

m a j o r i t y  o f  s p e c i e s  a s s i g n a b l e  t o  t h e  D e c e p t r ix - P ra e n u c u la  

sh ap e  g roup  have  been  d e s c r ib e d  from  t h e  O rd o v ic ia n  o f  N orth  

A m erica ( U l r i c h ,  1894 , 1895; S te w a r t ,  1920; P o j e t a ,  1 9 7 1 ) .  

S e v e ra l  s p e c i e s  hav e  a l s o  been  d e s c r i b e d  from  O rd o v ic ia n  

th ro u g h  D evonian in  n o r t h e r n  F rance  (B a b in ,  1 9 6 6 ) .

D e c e p t r ix  s c o f i e l d i  ( U l r i c h )

P I .  1 , f i g .  1-17

1894 C ten o d o n ta  s c o f i e l d i  U l r i c h ,  p .  593, P I .  42 , f i g .  53- 

58.

1895 [?] C ten odo n ta  p e rm in u ta  U l r i c h ,  p . 680, P I .  4 6 ,  f i g .  

11 -1 4 .

Type Specimen

T h is  s p e c i e s  i s  r e p r e s e n t e d  by two v i a l s  o f  sy n ty p e  

spec im ens d e p o s i t e d  i n  th e  N a t io n a l  Museum o f  N a tu r a l  H i s to r y  

(USNM 46150-46 151 ).  No l e c t o t y p e  h a s  y e t  b een  d e s i g n a t e d ;  

how ever, d e s i g n a t i o n  f o r  a l l  O rd o v ic ia n  s p e c i e s  w i th o u t  

h o lo ty p e s  i s  fo r th c o m in g  in  a  monograph on O rd o v ic ia n  

p e le c y p o d s  by John  P o j e t a  (m a n u s c r ip t  i n  p r e p a r a t i o n ) . One 

s y n ty p e  i s  f i g u r e d  h e r e i n  ( P I .  1 , f i g .  1 - 2 ) .  The ty p e  

m a t e r i a l  o f  "C."  s c o f i e l d i  was c o l l e c t e d  from  th e  "T re n to n  

s h a l e s "  (M iddle  O rd o v ic ia n )  n e a r  Cannon F a l l s ,  M in n e so ta .  

"C te n o d o n ta " p e rm in u ta  (USNM 46145) was c o l l e c t e d  from  Upper 

O rd o v ic ia n  ro c k s  i n  th e  C in c in n a t i ,  Ohio r e g io n .

D ia g n o s is

D e c e p t r ix  w ith  a l a r g e ,  h ig h  b eak  and an a t t e n u a t e d

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



97

a n t e r i o r  r e g io n  w hich  c o m p r ise s  t w o - t h i r d s  o f  th e  t o t a l  

l e n g t h .

D e s c r ip t io n

Specimens a s s i g n a b l e  h e r e  a r e  s m a l l  t o  a v e ra g e  s i z e  f o r  

t h e  genus ( a d u l t s  r a n g e  from  5 t o  10mm i n  l e n g th )  e q u iv a lv e d  

and m arked ly  i n e q u i l a t e r a l . The s h e l l  o u t l i n e  i s  su b o v a l  

t o  s u b q u a d ra te  w i th  a  p ro m in e n t ,  h ig h  and e r e c t  p ro so g y ro u s  

beak  s i t u a t e d  i n  t h e  p o s t e r i o r  t h i r d  o f  t h e  s h e l l  ( P I .  1 ,  

f i g .  1 , 5, 1 3 ) .  The a n t e r i o r  r e g io n  o f  th e  s h e l l  i s  e lo n g a te  

and a t t e n u a t e d  a t  t h e  a n t e r i o r  m arg in .

The a n t e r i o r  t e e t h  a r e  l a r g e r  and few er  th a n  th e  

p o s t e r i o r .  G e n e r a l ly ,  t h e r e  a r e  t h r e e  t o  f i v e  a n t e r i o r  

t e e t h  a l th o u g h  t h e r e  may be  tw ic e  t h a t  many p o s t e r i o r  t e e t h  

( P I .  1 ,  f i g .  6, 1 5 ) .  A lthough  t h e  d e n t i t i o n  i s  c o n t in u o u s  

b e n e a th  t h e  b e a k  on a  g e n t l y  a r c h in g  h in g e  p l a t e ,  t h e r e  i s  

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

p o s t e r i o r  d e n t a l  s e r i e s :  in  a d d i t i o n  t o  number and s i z e  o f

t h e  t e e t h ,  t h e  a n t e r i o r  s e r i e s  o c c u r s  i n  f r o n t  o f  t h e  beak  on 

th e  e lo n g a te  p o r t i o n  o f  t h e  s h e l l .

The a d d u c to r  m u sc le s  l e f t  im p re s s e d ,  o v a l  s c a r s  

on th e  s h e l l  n e a r  t h e  a n t e r i o r  and p o s t e r i o r  m arg in s  s l i g h t l y  

above t h e  s h e l l  m id - h e ig h t  (PI.. 1 ,  f i g .  1) S e v e ra l  p a i r s  o f  

a c c e s s o r y  m usc le  s c a r s  o c cu r  n e a r  t h e  h in g e  i n  t h e  d o r s a l  

p a r t  o f  th e  s h e l l .  A lthough  s m a l l e r  t h a n  th e  a d d u c to r s ,  t h e  

p e d a l  m u sc le s  a r e  p ro m in e n t  and w e l l  im p re s s e d .  The a n t e r i o r  

p r o t r a c t o r  and r e t r a c t o r  s c a r s  a r e  c o n f l u e n t  and merge w i th  

t h e  d o r s a l  p o r t i o n  o f  t h e  a d d u c to r  n e a r  t h e  h in g e  l i n e .  The
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a n t e r i o r  p r o t r a c t o r  m u sc le  l e a v e s  a  s l i g h t l y  l a r g e r  s c a r  

t h a t  i s  n e a r e r  t h e  a d d u c to r  th a n  t h e  r e t r a c t o r  s c a r  ( P I .  1 ,  

f i g .  12 , 1 4 ) .  P o s t e r i o r l y ,  o n ly  a  r e t r a c t o r  m usc le  s c a r  i s  

p r e s e n t .  I t  i s  s l i g h t l y  l a r g e r  th a n  t h e  a n t e r i o r  o ne .

C i r c u l a r  t o  su b o v a l  i n  o u t l i n e ,  t h e  p o s t e r i o r  r e t r a c t o r  s c a r  

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

from  t h e  p o s t e r i o r  a d d u c to r  s c a r  ( P I .  1 ,  f i g .  1 6 ) .  A no the r  

s e t  o f  two o r  t h r e e  a c c e s s o ry  m u sc le  s c a r s  o c c u r s  i n  th e  

umbonal r e g i o n  o f  t h e  s h e l l ,  on t h e  u n d e r s id e  o f  each  b e ak ;  

th e y  c a n n o t  be c e r t a i n l y  a s c r i b e d  t o  m u sc le s  o f  any p a r t i c u l a r  

f u n c t i o n ,  b u t  a r e  p ro b a b ly  homologous w i th  th o s e  c a l l e d  

" d o rso -m ed ia n "  and " v e n tro -m e d ia n "  by H e a th  (1 9 3 7 , p .  14) and 

D r i s c o l l  (196 4 , p .  62) ( P I .  1 ,  f i g .  1 5 ) .  The m ost p ro b a b le  

f u n c t i o n  o f  t h e  m u sc le s  i s  e i t h e r  a t t a c h m e n t  o f  d o r s a l  

v i s c e r a  t o  t h e  s h e l l  o r  o f  an a c c e s s a r y  p e d a l  m echanism .

H eath  (19 37, p .  14) i n d i c a t e s  t h a t  f i b e r s  o f  t h e s e  m u s c le s ,  

i n  R ecen t p r o t o b r a n c h s , e x te n d  i n t o  b o th  t h e  v i s c e r a l  mass 

and t h e  f o o t .

The p a l l i a l  l i n e  i s  r a r e l y  o b s e r v a b le  i n  spec im en s  o f  

t h i s  s p e c i e s ,  b u t  i t  a p p e a r s  t o  be  e n t i r e  and i n t e g r i p a l l i a t e  

( n o n - s i n u a t e ) .

S in c e  spec im ens o f  t h i s  s p e c i e s  a r e  u s u a l l y  p r e s e r v e d  

a s  S t e i n k e r n s ,  t h e r e  g e n e r a l l y  i s  l i t t l e  e v id e n c e  o f  a  

l ig a m e n t .  In  some sp e c im e n s ,  however, t h e  l ig a m e n t  a p p e a r s  t o  

have  o c c u p ie d  a  s l i t  b e n e a th  and s l i g h t l y  p o s t e r i o r  t o  t h e  

b e a k .  W hatever i t s  p la c e m e n t ,  t h e  l ig a m e n t  m ust c e r t a i n l y  

have been  e x t e r n a l ,  a s  t h e  d e n t i t i o n  and h in g e  p l a t e  a r e
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c o n t in u o u s  b e n e a th  t h e  b e a k ,  p r e c l u d in g  t h e  p r e s e n c e  o f  a  

r e s i l i f e r .

The mode o f  p r e s e r v a t i o n  g e n e r a l l y  l i m i t s  knowledge n o t  

o n ly  o f  t h e  l ig a m e n t  s t r u c t u r e  b u t  a l s o  o f  e x t e r n a l  s u r f a c e  

f e a t u r e s .  The p ro so p o n  i s ,  how ever, p r e s e r v e d  on some o f  t h e  

spec im ens from  t h e  B r a s s f i e l d  F o rm a tio n .  I t  c o n s i s t s  o f  

u n i fo rm ly  sp a c e d ,  v e ry  f i n e  v a r i c e s  o f  g ro w th  ( F I . -  1 ,  f i g .  

1 7 ) .

D is c u s s io n

D e c e p t r ix  s c o f i e l d i  i s  d i s t i n c t : ,  e s p e c i a l l y  i n  t h e  

B r a s s f i e l d  a s s o c i a t i o n ,  b e c a u se  o f  i t s  h ig h  b eak  and lo n g  

a n t e r i o r  r e g i o n .  T hese  and o t h e r  t r a i t s ,  which a p p e a r  t o  

be  d i a g n o s t i c  f o r  l a r g e  (p re su m a b ly  a d u l t )  specim ens 

a s s ig n e d  h e r e ,  a p p e a r  t o  change s u b s t a n t i a l l y  d u r in g  

o n to g e n y .  What a r e  a s s e s s e d  to  be j u v e n i l e s  and a d u l t s  from 

t h e  B r a s s f i e l d  F o rm a tio n  a r e  d i s s i m i l a r  i n  m orpho logy , b u t  a 

r e l a t i v e l y  c o n t in u o u s  ra n g e  o f  c o n s t a n t l y  v a ry in g  

m o rp h o lo g ie s  from  s m a ll  (0.60mm) t o  medium (4.5mm i n  l e n g t h )  

spec im en s  s u p p o r t s  p l a c in g  them in  an o n t o g e n e t i c  s e r i e s  o f  

t h i s  s p e c i e s .  M orphology o f  t h e  v a r i o u s  s i z e d  i n d i v i d u a l s  

i s  d i s c u s s e d  below  in  t h e  s e c t i o n  on o n to g e n y .

D e c e p t r ix  p e rm in u ta  ( U l r i c h )  o r i g i n a l l y  d e s c r i b e d  from  

Upper O rd o v ic ia n  s t r a t a  i n  t h e  C i n c i n n a t i ,  Ohio a r e a ,  i s  

t h o u g h t  t o  be c o n s p e c i f i c  w i th  D. s c o f i e l d i  b e c a u se  s e v e r a l  

sm a l l  sp ec im en s  w hich  o c c u r  i n  t h e  B r a s s f i e l d  and seem t o  

b e lo n g  t o  t h e  D. s c o f i e l d i  o n t o g e n e t i c  s e r i e s ,  a r e  v i r t u a l l y  

i d e n t i c a l  w i th  s y n ty p e s  o f  D. p e rm in u ta  ( P I .  1 ,  f i g .  3, 4)
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U l r i c h  f e l t  t h a t  C te n o d o n ta  s c o f i e l d i  was m ost c l o s e l y  

r e l a t e d  t o  C te n o d o n ta  m e d i a l i s  w hich  can  a l s o  be  a s s ig n e d  t o  

D e c e p t r i x . D. m e d i a l i s  i s  a t  p r e s e n t  d i f f e r e n t i a b l e  from  D. 

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

r e g i o n  o f  D. m e d i a l i s ,  g iv in g  i t  a  much more e q u i l a t e r a l  

s h e l l  o u t l i n e .  The D. m e d ia l i s  b eak  i s  more c e n t r a l  t o  t h e  

d o r s a l  a r e a  and i s  s e e m in g ly  n o t  a s  p ro m in e n t  a s  i n  D. 

s c o f i e l d i . The a n t e r i o r - d o r s a l  s lo p e  i s  l e s s  convex upward 

i n  D. s c o f i e l d i  t h a n  i n  D. m e d i a l i s .

Ontogeny

In  t h e  sam ples  c o l l e c t e d  f o r  t h i s  s t u d y ,  D. s c o f i e l d i  

o c c u r s  i n  v a r i a b l e  abund an ces  b u t  u s u a l ly  c o m p r is e s  l e s s  th a n  

10 p e r c e n t  o f  t h e  b i v a l v e s  r e c o v e re d  (T a b le  2 ) .  F o r  exam ple , 

one sam ple  (WU-14) c o n ta in e d  21 spec im ens o f  D. s c o f i e l d i  

o f  t h e  t o t a l  982 b i v a l v e s .  A no th e r  sam ple (WU-101-20) 

c o n ta in e d  3 3 D. s c o f i e l d i  o f  79 t o t a l  b i v a l v e s .  T ab le  2 

p r e s e n t s  d a t a  on ab u n d an ces  o f  D. s c o f i e l d i  i n  two o t h e r  

sam p le s .  S e v e n ty - th r e e  specim ens o f  D. s c o f i e l d i  were 

c o l l e c t e d  i n  t h i s  s tu d y ;  o f  t h e s e ,  o n ly  41 were co m p le te  

enough to  m easure  some s i z e  p a ra m e te r s  ( t h e s e  d a t a  a r e  

p r e s e n te d  i n  T e x t - f i g s . 14 , 15 , 1 6 ) .  i t  sh o u ld  be remembered 

t h a t  t h e s e  d a t a  a r e  from  s a m p le s ' from  f o u r  s e p a r a t e  

h o r i z o n s  and i t  i s  h a z a rd o u s  t o  u n c o n d i t i o n a l l y  draw 

c o n c lu s io n s  a b o u t  on to g en y  from  s e v e r a l  sam p les  ( p o p u l a t i o n s ? ) .  

The spec im ens from  t h e s e  sam ples a r e  so s i m i l a r  t h a t  i t  seems 

r e a s o n a b le  t o  d i s c u s s  them a s  a m o rp h o lo g ic  co n tinuum  

( b e a r in g  i n  mind t h e i r  h e te r o g e n o u s ,  b u t  s u p e r j a c e n t  

h o r i z o n s ) .
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T e x t - f i g .  1 4 - - S i z e - f r e q u e n c y  d i s t r i b u t i o n  o f  l e n g t h ,  h e i g h t ,  

and a n t e r i o r  l e n g t h  o f  D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  from 

sam ples WU-14 and WU-101-20.

T e x t - f i g .  1 5 - -L en g th  t o  h e i g h t  p l o t  f o r  D e c e p t r ix  s c o f i e l d i  

( U l r i c h )  p o p u la t i o n s  a t  West U nion , Ohio (combined d a t a  from 

WU-14 and WU-101-20).

T e x t - f i g .  16— A n t e r i o r  t o  p o s t e r i o r  l e n g t h  p l o t  f o r  D e c e p t r ix  

s c o f i e l d i  ( U l r i c h )  p o p u l a t i o n s  from West U nion, Ohio (WU-14 

and WU-101-20).

T e x t - f i g u r e s  15 and 16 show th e  change i n  v a r io u s  s h e l l  

p a ra m e te r s5 w i th  i n c r e a s i n g  s i z e .  T here  seems t o  be l i t t l e  

change i n  l e n g th  t o  h e i g h t  r a t i o s .  A l l  i n d i v i d u a l s  p l o t  

v e ry  c l o s e  t o  a  s t r a i g h t  l i n e ,  w i th  th e  l e n g t h  s l i g h t l y  

g r e a t e r  th a n  h e i g h t .  The d a t a  im ply g row th  o f  l e n g t h  and 

h e i g h t  a t  t h e  same r a t e .  A p l o t  o f  a n t e r i o r / p o s t e r i o r  l e n g t h  

( T e x t - f i g .  16) y i e l d s  a  more d i v e r s e  p a t t e r n ,  and i t  can  be 

co n c lu d ed  o n ly  t h a t  t h e r e  i s  c o n s i d e r a b l e  d i v e r s i t y  i n  th e  

g row th  r a t e  o f  t h e  l o n g e r  a n t e r i o r  r e g io n  compared t o  t h e  

p o s t e r i o r .  T h is  s p e c i e s ,  a s  s e v e r a l  o t h e r s  i n  th e  WU-1, 1 1 , 

14 , and 101-20 sa m p le s ,  i s  r e p r e s e n t e d  by a  l a r g e  r e l a t i v e  

abundance o f  s m a l l  spec im ens (42% b e in g  l e s s  th a n  1.00mm in  

l e n g t h ) .

The a n t e r i o r  t e e t h  a p p e a r  f i r s t  and a r e  p r e s e r v e d  in  

t h e  s m a l l e s t  i n d i v i d u a l s  known. The p o s t e r i o r  t e e t h  a r e  n e v e r  

found in  i n d i v i d u a l s  s m a l l e r  th a n  0 .9  0mm, and a r e  r a r e l y  se e n
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T e x t - f i g .  14— S i z e - f r e q u e n c y  d i s t r i b u t i o n  o f  l e n g t h ,  h e i g h t ,  and a n t e r i o r  l e n g t h  o f  
D e c e p t r ix  s c o f i e l d i  ( U l r i c h )  from  sa m p le s  WU-14 and  WU-101-20.

102



L
en

gt
h 

(m
m

)

103

4.25

4.00

3.75

3.50

3.25

3.00

2.75 s lo p e  0 .8:1
2.50

2.25
s lo p e  1:1

2.00

1.75

1.50-

1.25 N =39
1.00

0.75

0.50

0.25

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75

H eigh t (m m )
T e x t - f i g .  15— L ength  t o  h e i g h t  p l o t  f o r  D e c e p t r ix  s c o f i e l d i  
( U l r i c h )  p o p u la t io n s  a t  West U nion , Ohio (com bined d a t a  from  
WU-14 and WU-101-20).
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p o p u l a t i o n s  from  West U n ion , Ohio (WU-14 and W U-101-20),
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even i n  l a r g e r  o n e s .  In  sp ec im en s  w here p o s t e r i o r  t e e t h  can  

b e  o b s e rv e d ,  t h e r e  a r e  tw ic e  a s  many a s  a n t e r i o r  t e e t h  ( P I .

1 ,  f i g .  15). With an i n c r e a s e  i n  s h e l l  s i z e ,  a d d i t i o n a l  

a n t e r i o r  t e e t h  a r e  added a t  t h e  a n t e r i o r  m arg in  o f  t h e  h in g e  

p l a t e .  New a n t e r i o r  t e e t h  a r e  added f i r s t  t o  t h e  l e f t  v a l v e ,  

th e n  a  c o r r e s p o n d in g  t o o t h  i s  form ed in  t h e  r i g h t  v a lv e .  

Specim ens i n  one sam ple  (WU-101-20) ra n g e  from  1 t o  3 a n t e r i o r  

t e e t h  i n  each  v a lv e .  When t h e r e  i s  an u n e q u a l  number o f  

t e e t h ,  t h e  e x t r a  one i s  i n  t h e  l e f t  v a l v e .  The maximum 

number o f  a n t e r i o r  t e e t h  ( f i v e  i n  each  v a lv e )  o c c u r  i n  

spec im ens g r e a t e r  th a n  4.0mm in  l e n g t h  ( P I .  1 ,  f i g .  6 ) .

T here  i s  one a n t e r i o r  t o o t h  i n  each  v a lv e  o f  specim ens l e s s

th a n  0.40mm in  l e n g t h ,  and two in  each  v a lv e  o f  s h e l l s  a b o u t

0.80mm i n  l e n g t h .  Those g r e a t e r  th a n  1.0mm i n  l e n g t h  have 

t h r e e  a n t e r i o r  t e e t h  i n  each  v a lv e .  In  l a r g e r  s h e l l s ,  

p o s t e r i o r  t e e t h  a r e  r a r e  so  a s  t o  make g e n e r a l i z a t i o n s  ab o u t

l a t e r  s t a g e s  o f  deve lopm en t h a z a rd o u s .

F ig u re d  Specim ens

USNM 46151, 46145; UCGM 42619-42626 .

Genus P r a e n u c u la  P f a b ,  19 34

1799 non N ucu la  Lamarck, p .  87

1852 non C ten o d o n ta  S a l t e r ,  p. 64

1881 N ucula  Lamarck, B a rra n d e  P I . 269, 273 , 274 ( p a r t im )

1894 C ten o d o n ta  S a l t e r ,  U l r i c h ,  p . 578 ( p a r t im )

1934 P ra e n u c u la  P fa b ,  p .  234

1966 C te n o d o n ta  S a l t e r ,  B a b in ,  p . 41 ( p a r t im )

1968 P ra e n u c u la  P f a b ,  M c A le s te r , p . 46
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19 69 P ra e n u c u la  P fa b ,  M c A les te r ,  p . 229

1971 P ra e n u c u la  P f a b ,  P o j e t a ,  p . 16

Type S p e c ie s

P r a e n u c u la  ex p an sa  Pfab  (19 34, p. 234) i s  th e  ty p e  

s p e c i e s  by o r i g i n a l  d e s i g n a t i o n .  A l e c t o t y p e  f o r  t h e  ty p e  

s p e c i e s  was s e l e c t e d  by M cA les te r  (19 68, p . 4 6 ) .  T h is  l e f t  

v a lv e  ( P f a b ,  1934, P I .  3 , f i g .  10 and 1 1 ) ,  t o g e t h e r  w ith  

p a r a l e c t o t y p e s  a r e  w e l l  i l l u s t r a t e d  by M cA les te r  (19 68, P I .

8, f i g .  3 - 9 ) .  These spec im ens in  th e  B a rra n d e  c o l l e c t i o n  a t  

t h e  N arodn i Museum, P ra g u e ,  C z e c h o s lo v a k ia ,  were c o l l e c t e d  

from  th e  Bohemian O rd o v ic ia n  n e a r  Osek, C z e c h o s la v a k ia .  

D ia g n o s is

A n t e r i o r l y  e lo n g a te  p r a e n u c u l id  b i v a l v e s  w ith  d e n t a l  

s e r i e s  c o n ta in i n g  num erous, n e a r l y  u n ifo rm  a n t e r i o r  t e e t h  and 

an  e q u a l  o r  s m a l l e r  number o f  s i m i l a r  p o s t e r i o r  t e e t h .  

D e s c r ip t i o n

S p e c ie s  o f  t h i s  genus a r e  o f  s m a l l  t o  medium s i z e  f o r  

t h e  fa m ily  (5mm t o  20mm in  l e n g t h ) ,  a n t e r i o r l y  e l o n g a t e ,  and 

p o s t e r i o r l y  t r u n c a t e .  Each v a lv e  i s  s u b t r i a n g u l a r  t o  s u b o v a l ,  

w i th  many s p e c i e s  h a v in g  an o u t l i n e  s i m i l a r  t o  D e c e p t r i x .

The beak  i s  r a t h e r  p ro m in e n t  and p o in te d .  T here  i s  a  d i s ­

t i n c t  a n t e r i o r  umbonal r i d g e  e x te n d in g  from  th e  b e ak  a t  

l e a s t  h a l f  way to  th e  v e n t r a l  m arg in  and a more w eakly  

d e v e lo p e d ,  s h o r t e r  p o s t e r i o r  r i d g e .  These r i d g e s  a c c e n tu a t e  

t h e  i n f l a t e d  umbonal r e g i o n .  R e l a t i v e l y  u n d i f f e r e n t i a t e d  

a n t e r i o r  and p o s t e r i o r  d e n t a l  s e r i e s  occupy a  h in g e  p l a t e  

which i s  d o r s a l l y  concave  a n t e r i o r l y  and convex p o s t e r i o r l y .
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Numerous, s m a l l  u n ifo rm  c h e v ro n -sh a p e d  t e e t h ,  w i th  t h e  

c h ev ro n  apexes  d i r e c t e d  tow ard  t h e  b e a k ,  compose each  d e n t a l  

s e r i e s .  The number o f  p o s t e r i o r  t e e t h  may b e  e q u a l  t o  o r  

few er  th a n  t h e  a n t e r i o r  o n e s .

The m uscle  s c a r s  o f  t h i s  genus a r e  l i g h t l y  im p re s s e d .

Oval a d d u c to r  s c a r s  a r e  l o c a t e d  n e a r  th e  s h e l l  m a rg in s ,  v e n t r a l  

t o  t h e  a n t e r i o r  and p o s t e r i o r  ends o f  t h e  h in g e  p l a t e  and 

s l i g h t l y  d o r s a l  t o  t h e  m id - h e ig h t  o f  t h e  s h e l l .  A n t e r i o r  

and p o s t e r i o r  p e d a l  r e t r a c t o r  m u sc le s  a r e  r e f l e c t e d  i n  th e  

s h e l l  a s  sm a l l  c i r c u l a r  p i t s  d o r s a l  t o  t h e  a d d u c to r  s c a r s .

The a n t e r i o r  r e t r a c t o r  i s  b ro a d ly  f u s e d  to  t h e  a d d u c to r ,  

w h i le  t h e  p o s t e r i o r  one i s  s e p a r a t e d  from  t h e  c o r re s p o n d in g  

a d d u c to r .  O ther a c c e s s o r y  m usc le  s c a r s  a r e  r a r e l y  p r e s e r v e d ,  

a l th o u g h  some specim ens have two o r  f o u r  p a i r s  o f  sm a l l  

s c a r s  i n  t h e  umbonal r e g i o n  j u s t  below  th e  b e ak .  These 

umbonal s c a r s  may r e f l e c t  m u sc le s  d e s c r i b e d  a s  d o r s o -  and 

v e n tro -m e d ia n  by H eath  (19 37) f o r  R ecen t n u c u lo id  b i v a l v e s .

The p a l l i a l  l i n e  i s  p o o r ly  p r e s e r v e d  b u t  a p p e a rs  t o  be  e n t i r e  

and i n t e g r i p a l l i a t e . The l ig a m e n t  o c c u p ie s  a s h o r t ,  narrow  

s l i t  a lo n g  t h e  d o r s a l  m arg in  o f  th e  h in g e  p l a t e ,  b e n e a th  and 

p o s t e r i o r  t o  t h e  b e a k s .  While m ost r e p r e s e n t a t i v e s  o f  t h i s  

genus a r e  p r e s e r v e d  a s  molds o f  t h e  v a lv e  i n t e r i o r  a s  

S t e i n k e r n s , a  few show s h e l l  e x t e r i o r  f e a t u r e s . The ty p e  o f  

p ro sop on  p r e s e r v e d  on t h e s e  fo rm s c o n s i s t s  o f  v e ry  f i n e  and 

c l o s e l y  spaced  c o m a rg in a l  v a r i c e s  o f  g ro w th .

D is c u s s io n

P r a e n u c u la  i s  v e ry  s i m i l a r  t o  D e c e p t r ix  i n  g e n e r a l  s h e l l
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to p o g ra p h y  and o u t l i n e .  The t e e t h  o f  P r a e n u c u la  a r e  s i m i l a r  

i n  s i z e  a n t e r i o r l y  and p o s t e r i o r l y ,  w i th  an e q u a l  o r  g r e a t e r  

number a n t e r i o r l y .  D e c e p t r ix  h a s  a  few l a r g e  t e e t h  a n t e r i o r l y  

and numerous s m a l l e r  t e e t h  p o s t e r i o r l y .

U l r i c h  (1894 , p . 581) l i s t e d  a  number o f  s p e c i e s  i n  h i s  

"C ten o d o n ta  l e v a t a  g ro u p ,"  m ost o f  w hich c a n  be p la c e d  i n  

D e c e p t r i x ; how ever, C. fec u n d a  and C. c a l v i n i  a r e  a s s i g n a b l e  

t o  P a l a e o n e i lo  and C. a l b e r t i n a , C. f i l i s t r i a t a  and C. 

h a r t s v i l l e n s i s  may be p la c e d  i n  P r a e n u c u l a . C ten o d o n ta  c i a e  

S harpe  (1853) a s  c i t e d  by Babin (1 9 6 6 , p . 49) and Bradshaw 

(19 70, p .  633) a l s o  seems t o  f i t  i n t o  P r a e n u c u l a .

D i s t r i b u t i o n

The ty p e  s p e c i e s  o c c u r s  i n  M iddle  O rd o v ic ia n  s t r a t a  n e a r  

Osek, C z e c h o s lo v a k ia .  O the r  s p e c i e s  o c c u r  i n  v a r i o u s  M iddle  

and Upper O rd o v ic ia n  s t r a t a  o f  N orth  A m erica  ( H a l l ,  1862b; 

U l r i c h ,  1894, 1895; S te w a r t ,  1920; P o j e t a ,  1 9 7 1 ) .

O rd o v ic ia n  ro c k s  o f  n o r t h e r n  F ran ce  (M a ss if  A rm o r ic a in ,  

B ab in , 19 66) c o n t a i n  s p e c i e s  o f  P r a e n u c u l a . The known 

B r a s s f i e l d  d i s t r i b u t i o n  o f  t h i s  genus i s  r e s t r i c t e d  t o  t h e  

f e r r u g i n o u s  and c r y s t a l l i n e  l im e s to n e  l a y e r s  35 t o  37 f e e t  

above t h e  b a se  o f  t h e  fo rm a t io n  i n  s e v e r a l  s e c t i o n s  a lo n g  

S t a t e  Road 41 , 2 .5  m ile s  n o r t h  o f  West U n ion , Adams C ounty , 

Ohio (WU-14, WU-1, WU-11, WU-101-20).

P r a e n u c u la  a l b e r t i n a  ( U l r i c h )

P I .  2, f i g .  1 ,2  

1847 non N ucula l e v a t a  H a l l ,  p .  50 , P I .  34, f i g .  l a - i

1875 [?3 T e ll in o m y a  l e v a t a  ( H a l l ) ,  H a l l  and W h i t f i e l d ,  p .  82
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1894 C ten o d o n ta  a l b e r t i n a  U l r i c h ,  p .  598, P I .  42 , f i g .  76-

80

1894 C ten o d o n ta f i l i s t r i a t a  U l r i c h ,  p .  599 5 f i g

1920 C ten o d o n ta a l b e r t i n a  U l r i c h ,  S t e w a r t , p . 9

19 70 P ra e n u c u la l e v a t a  ( H a l l ) ,  B r e t s k y ,  p . 114

Type Specimen

U l r i c h  (1 8 9 4 , p .  598) d e s c r i b e d  and f i g u r e d  ( P I .  4 2 ,  

f i g .  76-82) s e v e r a l  spec im ens o f  t h i s  s p e c i e s .  T h ree  o f  

t h e s e  specim ens (USNM 46122) a r e  i l l u s t r a t e d  by P o j e t a  (197 1 , 

P I .  5 , f i g .  14 , 16 and 1 8 ) .  No specim en  was d e s ig n a t e d  

h o lo ty p e  by U l r i c h  (1894) and a  l e c t o t y p e  w i l l  be d e s ig n a t e d  

by P o j e t a  (m a n u s c r ip t  i n  p r e p a r a t i o n ) . The ty p e  m a t e r i a l  o f  

"C te n o d o n ta ” a l b e r t i n a  i s  from  t h e  Upper O rd o v ic ia n  n e a r  

C l a r k s v i l l e ,  Ohio (R ich m o n d ian ) .  The t y p e  o f  "C ."  f i l i s t r i a t a  

i s  from  th e  Upper O rd o v ic ia n  n e a r  C o v in g to n ,  Kentucky 

E d e n i a n ) .

D ia g n o s is

P ra e n u c u la  w i th  more t e e t h  a n t e r i o r l y  ( u s u a l l y  5 t o  15 

a n t e r i o r  t e e t h ) .  A n e a r l y  v e r t i c a l  p o s t e r i o r  m arg in  and 

e lo n g a te  a n t e r i o r  r e g i o n  w i th  g e n t l y  ro u n d ed  m a rg in .  The 

beak  i s  e s s e n t i a l l y  o r th o g y ro u s  and r a t h e r  s m a l l  r e l a t i v e  t o  

r e s t  o f  t h e  s h e l l ,  and t h e  a n t e r i o r  and p o s t e r i o r  h in g e  p l a t e s  

m eet a t  a  v e ry  o b tu s e  a n g le  ( g r e a t e r  t h a n  1 2 0 ° ) .

D e s c r i p t i o n

I n d i v i d u a l s  o f  t h i s  s p e c i e s  a r e  a v e ra g e  t o  l a r g e  s i z e  

f o r  t h e  genus ( l a r g e  i n v i d u a l s  a r e  a b o u t  15mm l o n g ) .  The 

s h e l l s  a r e  e q u iv a lv e d  and v e ry  i n e q u i l a t e r a l  w ith  t h e  beak  

i n  t h e  p o s t e r i o r  t h i r d  o f  each  v a l v e .  S u b t r i a n g u l a r  t o
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s u b r e c t a n g u l a r  i n  o u t l i n e ,  t h e  s h e l l s  o f  t h i s  s p e c i e s  a r e  

e lo n g a te  a n t e r i o r l y  and t r u n c a t e  p o s t e r i o r l y ,  w i th  t h e  

p o s t e r i o r  m arg in  b e in g  n e a r l y  v e r t i c a l  t o  t h e  s h e l l ' s  

a n t e r o - p o s t e r i o r  a x i s .  The beak  i s  low , rou nded  and 

o r th o g y r o u s  o r  s l i g h t l y  p ro s o g y ro u s .  The many sm a l l  

c h e v ro n -sh a p e d  t e e t h  t h a t  occupy t h e  a n t e r i o r  and p o s t e r i o r  

h in g e  p l a t e  a r e  v a r i a b l e  i n  num ber, b u t  u s u a l l y  a r e  more 

numerous in  th e  a n t e r i o r  s e r i e s .  The a p ex e s  o f  t h e  c h e v ro n s  

p o i n t  to w ard  t h e  b e ak .  The t o t a l  number o f  t e e t h  i s  g r e a t e r  

w i th  i n c r e a s i n g  age  ( s i z e ) .

Oval a d d u c to r  m usc le  s c a r s  a r e  s i t u a t e d  j u s t  below  th e  

ends o f  t h e  h in g e  p l a t e  n e a r  t h e  a n t e r i o r  and p o s t e r i o r  

m arg in s  in  each  v a l v e .  A c c e sso ry  m u sc le  s c a r s  a r e  n o t  w e l l  

p r e s e r v e d  i n  m ost o f  t h e  spec im en s  o f  t h e  ty p e  s u i t e , o r  on 

t h e  B r a s s f i e l d  sp e c im en s .

The a n t e r i o r  r e t r a c t o r  i s  i n s e r t e d  v e ry  n e a r  t o  t h e  

s c a r  p roduced  by t h e  a d d u c to r  and a p p e a r s  f u s e d  t o  i t ,  b u t  

t h e  p o s t e r i o r  p e d a l  r e t r a c t o r  i s  w id e ly  d i s j u n c t  from  th e  

p o s t e r i o r  a d d u c to r  s c a r  and a p p e a rs  a s  a lo b e  on t h e  d o r s a l  

m arg in  o f  t h e  a d d u c to r  be tw een  t h e  p e d a l  r e t r a c t o r  and th e  

a d d u c to r .  Two t o  f o u r  p a i r s  o f  s m a l l  m u sc le  s c a r s  a r e  

l o c a t e d  i n  t h e  umbonal r e g i o n  j u s t  b e n e a th  t h e  b e ak ;  th e y  

a r e  p ro b a b ly  m u sc le s  o f  t h e  d o rso -m e d ia n  group  (H e a th ,  19 3 7 ) .  

The p a l l i a l  l i n e  and l ig a m e n t  a r e  n o t  p r e s e r v e d  on any o f  

t h e  B r a s s f i e l d  sp e c im en s .

The e x t e r n a l  s u r f a c e  i s  marked by v e ry  f i n e ,  u n i fo rm ly  

sp a ce d  g row th  v a r i c e s .
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D is c u s s io n

U l r i c h ' s  (1894-, p .  598, 599) C ten o d o n ta  a l b e r t i n a  and C. 

f i l i s t r i a t a  (b o th  from  Upper O rd o v ic ia n  s t r a t a  o f  s o u th w e s te rn  

Ohio) were d i s t i n g u i s h e d  on t h e  b a s i s  o f  f i n e r  g row th  l i n e s  

i n  t h e  l a t t e r  and some m inor d i f f e r e n c e s  i n  s h e l l  sh a p e .  

U l r i c h ' s  d i s t i n c t i o n s  (p .  599) be tw een  th e s e  two " s p e c i e s "  

seem t o  be w i t h in  t h e  ra n g e  o f  i n t e r s p e c i f i c  v a r i a t i o n .  The 

d e n t i t i o n  o f  t h e  two a p p e a rs  t o  be i d e n t i c a l :  U l r i c h  (1 894 ,

P I .  42 , f i g .  80 and t e x t  f i g .  44e) and P o j e t a  (1971 P I .  5 , 

f i g .  14-16) f i g u r e  th e  h in g e  p l a t e s  o f  C. a l b e r t i n a  and C. 

f i l i s t r i a t a  and t h e r e  a p p e a rs  t o  be l i t t l e  d i f f e r e n c e  

be tw een  t h e s e  sp ec im en s .

T e ll in o m y a  l e v a t a  (H a l l )  o f  H a l l  and W h i t f i e ld  (1873, 

p . 8 2) (from  t h e  Richmondian o f  Ohio) seems a l s o  t o  b e lo n g  in  

t h i s  s p e c i e s  p r i m a r i l y  on th e  b a s i s  o f  t h e i r  i l l u s t r a t i o n s  

o f  s i m i l a r  d e n t i t i o n .  However, N ucula  l e v a t a  H a l l  (1847 , p .  

150) (from  t h e  New Y ork , T r e n to n ,  M iddle O rd o v ic ia n )  i s  

p ro b a b ly  a D e c e p t r i x .

U l r i c h  (189 4 , p .  599) made t h e  f o l lo w in g  comment in  

com paring  C ten o d o n ta  f i l i s t r i a t a  and T e ll in o m y a  l e v a t a  

( H a l l ) .

T h is  s p e c i e s  [C. f i l i s t r i a t a ] i s  g e n e r a l l y  

i d e n t i f i e d  w i th  H a l l ' s  N ucula  o r  T e l l in o m y a  

l e v a t a , o r i g i n a l l y  d e s c r ib e d  from th e  T ren to n  

l im e s to n e  o f  New York, and c l o s e l y  re s e m b le s  

C. n i t i d a  o f  t h i s  r e p o r t .  The e r r o r  o f  t h i s  

i d e n t i f i c a t i o n  i s  so p a lp a b l e  t h a t  i t  i s  r e a l l y
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n o t  w orth  t h e  w h i le  t o  r e f u t e  i t .  Anyone a t  a l l  

c a p a b le  o f  d i s t i n g u i s h i n g  s p e c i e s  m u s t ,  now 

t h a t  a t t e n t i o n  h a s  been  d i r e c t e d  t o  t h e  m a t t e r ,  

s e e  a t  once t h a t  t h e  two s h e l l s  a r e  v e ry  

d i f f e r e n t .

P r a e n u c u la  a l b e r t i n a  was compared by U l r i c h  (1 894 , p .  

597-8) t o  C ten o d o n ta  m a d iso n e n s is  from t h e  Upper O rd o v ic ia n  

(R ichm ondian) n e a r  M adison, I n d i a n a .  However, i n t e r n a l  

s t r u c t u r e s  o f  C. m a d iso n e n s is  a r e  n o t  known, and even thou gh  

e x t e r n a l  f e a t u r e s  o f  t h e  two s p e c i e s  a r e  s i m i l a r ,  t h e  l a c k  o f  

i n t e r n a l  m orphology l e a v e s  t h e  m a t t e r  u n s e t t l e d .

Specimens o f  P ra e n u c u la  c i a e  (S h a rp e ,  1853) from th e  

M iddle  O rd o v ic ia n  o f  n o r t h e r n  F ra n ce  f i g u r e d  by Babin  (1966 , 

P I .  1 , f i g .  9 and t e x t - f i g u r e s  10-12) and Bradshaw (19 70 , 

t e x t - f i g u r e s  11 , 12) a r e  v e ry  s i m i l a r  t o  P. a l b e r t i n a , 

d i f f e r i n g  m a in ly  i n  t h e  shape  o f  t h e  p o s t e r i o r  t e e t h  w hich 

a r e  s t r a i g h t  o r  o n ly  s l i g h t l y  c h e v ro n -sh a p e d  i n  P. c i a e  

( s e e  B ab in , 19 66, p .  49 and Bradshaw , 19 70, p .  63 3 f o r  

com p le te  d e s c r i p t i o n  o f  P. c i a e ) .

D i s t r i b u t i o n

Type m a t e r i a l  o f  C ten o d o n ta  a l b e r t i n a  was c o l l e c t e d  

from  t h e  "u p p e r  beds  o f  t h e  C i n c i n n a t i  Group [Upper 

O rd o v ic ia n ]  a t  C l a r k s v i l l e  and o t h e r  l o c a l i t i e s  i n  O h io ."

T h is  s p e c i e s  may a l s o  o c c u r  " i n  M in n eso ta  . . .  i n  t h e  Hudson 

R iv e r  s t r a t a  [Upper O rd o v ic ia n ]  n e a r  S p r in g  V a l le y "  ( U l r i c h ,  

1894, p . 59 9). These s t r a t a  a r e  now c o n s id e r e d  R ichm ondian i n  

age  i n  Ohio and p ro b a b ly  so i n  M in n eso ta .
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C ten o d o n ta  f i l i s t r i a t a  ty p e s  were c o l l e c t e d  i n  " th e  

low er beds o f  t h e  C i n c i n n a t i  g rou p  a t  numerous l o c a l i t i e s  i n  

and n e a r  t h e  c i t y  o f  C i n c i n n a t i "  and o c c u r  a l s o  i n  " e q u i v a l e n t  

beds  a t  G ra n g e r ,  M in n e s o ta ."  These beds a r e  p ro b a b ly  o f  

E den ian  age i n  t h e  C i n c i n n a t i  a r e a .

Numerous sp ec im en s  w ere r e c o v e r e d  from  sam ples  c o l l e c t e d  

35 t o  37 f e e t  above t h e  b a se  o f  t h e  B r a s s f i e l d  F o rm a tio n  a t  

s e v e r a l  s e c t i o n s  on S t a t e  Road 41 , 2 .5  m i l e s  s o u th  o f  West 

U nion, Adams C ounty , Ohio (WU-1, 11 , 14 , 1 0 1 -2 0 ) .

F ig u re d  Specimens

OSU 2975, UCGM 42627

Genus P a lae o co n c h a  M i l l e r ,  18 89 

1852 non C ten o d o n ta  S a l t e r ,  p . 64

1889 P a la e o c o n c h a  S. A. M i l l e r ,  p .  498

1894 C ten o d o n ta  S a l t e r ,  U l r i c h ,  p .  578 ( p a r t i m )

19 68 P a la e o c o n c h a  M i l l e r ,  M c A le s te r ,  p .  40

1969 P a la e o c o n c h a  M i l l e r ,  M c A le s te r ,  p .  229

1971 P a la e o c o n c h a  M i l l e r ,  P o j e t a ,  p .  16

Type S p e c ie s

P a lae o co n c h a  f a b e r i  ( M i l l e r ,  1889) i s  t h e  ty p e  s p e c i e s  

by o r i g i n a l  d e s i g n a t i o n .  T here  a r e  t h r e e  s y n ty p e s  o f  t h i s  

s p e c i e s  i n  t h e  W alker Museum C o l l e c t i o n  a t  t h e  Chicago 

N a tu ra l  H i s t o r y  Museum (WM 8 8 7 0 ).  M cA les te r  (1968) d id  n o t  

d e s i g n a t e  a  l e c t o t y p e  a s  t h e s e  spec im ens  w ere  u n a v a i l a b l e  

t o  h im . L ik e w ise ,  P o j e t a  (1971) f a i l e d  t o  s p e c i f y  a l e c t o t y p e  

f o r  t h i s  s p e c i e s ,  a l th o u g h  he i l l u s t r a t e d  one o f  t h e  s y n ty p e s  

( P I .  6 , f i g .  6 0 8 ) .  P o j e t a  (1 9 7 2 , p e r s o n a l  com m unica tion) i s
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p r e s e n t l y  p r e p a r i n g  a  monograph on O rd o v ic ia n  p e le c y p o d s  

which w i l l  c o n t a i n  l e c t o t y p e  i n d i c a t i o n s  f o r  a l l  u n d e s ig n a te d  

O rd o v ic ia n  s p e c i e s .

P. f a b e r i  was c o l l e c t e d  from  th e  Upper O rd o v ic ia n  

(R ichm ondian) n e a r  V e r s a i l l e s ,  I n d i a n a .

Diagnos i s

Very s m a l l  ( c o n s i s t a n t l y  l e s s  th a n  5mm in  l e n g t h ) ,  

n u c u la c e a n  b i v a l v e s  w i th  a  m ark ed ly  t r i a n g u l a r  d o r s a l  o u t l i n e  

and a ro u n d e d ,  h e m i s p h e r i c a l  v e n t r a l  o u t l i n e .  Numerous, 

sm a l l  b lo c k y  t a x o d o n t  t e e t h  u n i fo rm ly  compose t h e  a n t e r i o r  

and p o s t e r i o r  d e n t a l  s e r i e s .

D e s c r ip t i o n

S p e c ie s  a s s i g n a b l e  t o  P a la e o c o n c h a  a r e  e q u i l a t e r a l  and 

n e a r l y  e q u id im e n s io n a l  b i v a l v e s  w hich  a r e  c o n s i s t a n t l y  l e s s  

t h a n  5mm i n  l e n g t h .  I n d i v i d u a l s  p la c e d  h e re  show a d i s t i n c t l y  

t r i a n g u l a r  o u t l i n e  o f  t h e  d o r s a l  h a l f  o f  t h e  s h e l l  and a 

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

The a n t e r i o r - d o r s a l  m arg in  i s  s l i g h t l y  e x c a v a te d  and 

a  p o s t e r i o r  a u r i c l e  may be d e v e lo p e d  t o  v a ry in g  d e g r e e s .  

S t r a i g h t ,  p r o m in e n t ,  e l e v a t e d  b e a k s  a r e  e r e c t  o r  somewhat 

p r o s o g y ro u s .  The h in g e  p l a t e  i s  a rc h e d  o r  b e n t  a t  an  o b tu s e  

a n g le  w i th  t h e  a n g u l a t i o n  j u s t  be low  th e  b e a k s .  No 

d i f f e r e n t i a t i o n  o f  a n t e r i o r  and p o s t e r i o r  d e n t a l  s e r i e s  was 

n o te d  w i t h i n  t h e  g e n e r a l l y  o b s c u re  and e x tre m e ly  f i n e  i. 

t a x o d o n t  t e e t h .  A lth o u g h  d im in i s h in g  somewhat i n  s i z e ,  t h e  

d e n t a l  s e r i e s  i s  c o n t in u o u s  b e n e a th  t h e  b e a k s , m aking t h e
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p re s e n c e  o f  a  r e s i l i f e r  u n l i k e l y .  The a n t e r i o r  a d d u c to r  

im p re ssed  a  p ro m in en t  ro u nded  s c a r  on  t h e  s h e l l ,  w h i le  th e  

p o s t e r i o r  a d d u c to r  i s  l a r g e r ,  d o r s o - v e n t r a l l y  e l o n g a t e ,  and 

w eakly  im p re s s e d .  O c c a s io n a l ly  p e d a l  m usc le  s c a r s  a r e  

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

e n t i r e  and n o n s i n u a t e ,  b u t  i s  r a r e l y  p r e s e r v e d .  S in c e  a l l  

known specim ens a s s i g n a b l e  h e r e  a r e  p r e s e r v e d  a s  i n t e r n a l  

m o lds , s u r f a c e  f e a t u r e s  o f  t h e  s h e l l  a r e  unknown. T here  i s  

a  f a i n t  i n d i c a t i o n  o f  f i n e  c o m a rg in a l  p ro sop on  on th e  

s u r f a c e  o f  some S t e in k e r n s .

The a b se n c e  o f  a r e s i l i f e r  may i n d i c a t e  an  e x t e r n a l  

l ig a m e n t ,  b u t  i t  i s  n o t  p r e s e r v e d  on th e  i n t e r n a l  m olds. 

D is c u s s io n

I n  1889, S. A. M i l l e r  d e s c r i b e d  P a la e o c o n c h a  f a b e r i  a s  

t h e  ty p e  o f  h i s  new genus P a la e o c o n c h a . I t  was b a s e d  on 

spec im ens o f  v e ry  sm a ll  i n t e r n a l  m olds from  C in c in n a t i a n  

ro c k s  a t  V e r s a i l l e s ,  I n d i a n a  and B u t l e r  C ounty , Ohio ( P I .

2 , f i g .  3, 4 ) .  James H a l l  (184-5) had  p r e v i o u s ly  d e s c r i b e d  

a  s p e c i e s  o f  d im in u t iv e  b i v a l v e  from  t h e  C i n c i n n a t i  ro c k s  

a s  N ucula  o b l i q u a , which U l r i c h  (1894) synonom ized w i th  P. 

f a b e r i ■

F. B. Meek (18 73) d e s c r i b e d  and f i g u r e d  a  specim en from  

" n e a r  t h e  m id d le  o f  t h e  C i n c i n n a t i  g ro u p ,  a t  t h e  to p s  o f  t h e  

h i l l s  a t  C i n c i n n a t i ,  O h io ,"  w hich h e  f e l t  was r e f e r r a b l e  t o  

H a l l ' s N ucula  o b l i q u a , and t h a t  t h e  p r o b a b le  g e n e r i c  

p lac em en t  was i n  T e ll in o m y a  H a l l  (1 8 4 7 ) .  Meek commented,

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



116

ho w ever, t h a t  t h i s  s p e c i f i c  i d e n t i f i c a t i o n  la c k e d  c e r t a i n t y  

b e c a u se  o f  H a l l ’ s f i g u r e - l e s s  and b r i e f  d e s c r i p t i o n .  He 

th e n  p ro v id e d  f o r  any c o n t in g e n c y  by s u g g e s t in g  t h a t  sh o u ld  

h i s  specim en  (Meek, 187 3 , P I .  11 , f i g .  l l a - c )  e v e r  p ro v e  t o  

be d i s t i n c t  from  H a l l ’ s ,  " i t  may t a k e  t h e  name T. m ic ro sp e rm a . " 

Meek’s specim en  i s  c e r t a i n l y  c o n g e n e r ic (a n d  p r o b a b ly  

c o n s p e c i f i c )  w i th  H a l l ' s  N ucula  o b l i q u a .

U l r i c h  (1894) r e g a r d e d  P a lae o co n c h a  a s  a  synonym o f  

C te n o d o n ta , s t a t i n g  t h a t  M i l l e r ’ s genus was "w rongly  

c o n c e iv e d "  and t h a t  t h e s e  fo rm s c o u ld  be accommodated w i th in  

C ten o d o n ta  ( p .  580 , 6 0 5 ) .

N ucula  o b l iq u a  H a l l  (w hich  U l r i c h  (1894) c o n s id e r e d  

synonomous w i th  P . f a b e r i ) i s ,  how ever, s e p a r a t e d  from  m ost 

o t h e r  C ten o d o n ta  by p la c e m e n t  i n  U l r i c h ' s  in fo rm a l  

"C ten o d o n ta  r e c u r v a  g ro u p ."  T h is  in fo rm a l  g ro u p ,  t h a t  a l s o  

i n c l u d e s  s p e c i e s  o f  " C te n o d o n ta " which a r e  p r e s e n t l y  

in c lu d e d  u n d e r  S im i lo d o n ta , i s  one o f  s i x  w hich  U l r i c h  

p ro p o se d  i n  1894. He c o n s id e r e d  members o f  each  g roup  t o  

he c l o s e l y  r e l a t e d  t o  one a n o th e r  and i n t i m a t e d  t h a t  

su b s e q u e n t  g e n e r i c  s e g r e g a t i o n  o f  t h e  g ro u p s  m ig h t  be 

d e s i r a b l e .

A lthough  P a la e o c o n c h a  and S im i lo d o n ta  do a p p e a r  t o  be 

v e ry  c l o s e l y  r e l a t e d  b e ca u se  o f  s i m i l a r  s h e l l  o u t l i n e ,  th e y  

a r e  now c o n s id e r e d  t o  b e  v a l i d  g e n e ra .  C o n s i s t a n t  d i f f e r e n c e  

i n  t h e  s i z e  o f  t h e s e  two form s n o tw i th s t a n d i n g ,  P a la e o c o n c h a  

has  a  p o s t e r i o r  a u r i c l e  v a r i a b l y  d e v e lo p e d ,  w hereas  none

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



117

o c c u r s  i n  S im i lo d o n ta . The h in g e  p l a t e  i n  b o th  g e n e ra  i s  

a n g u la r  ( b e n t  a t  an a n g le  a v e r a g in g  9 0 ° ) ,  b u t  t h e  a re a  

b e n e a th  t h e  beak  o f  S im i lo d o n ta , where th e  a n t e r i o r  and 

p o s t e r i o r  d e n t a l  s e r i e s  m ee t,  shows a gap i n  t h e  d e n t i t i o n  

be tw een  th e  o f f s e t  t o o th  rows ( U l r i c h ,  1894 , P I .  42 , f i g .

3 9 ) .  The d e n t a l  s e r i e s  seems t o  be  c o n t in u o u s  u n d e r  t h e  

b eak  i n  spec im ens o f  P a laeo co n ch a  ( P I .  2 ,  f i g .  1 0 ) .  A 

s t r i k i n g  d i f f e r e n c e ,  which may be more a p p a r e n t  th a n  r e a l ,  

i s  th e  mode o f  p r e s e r v a t i o n  o f  t h e s e  two g e n e ra .  S im i lo d o n ta  

i s  u s u a l l y  found  as r e p l a c e d  s h e l l  m a t e r i a l ,  w h i le  

P a lae o co n c h a  commonly o c c u rs  o n ly  a s  i n t e r n a l  molds o f  th e  

s h e l l s .  T h is  p r e s e r v a t i o n  c o u ld ,  how ever, i n d i c a t e  a  

fu n d a m e n ta l  d i f f e r e n c e  in  s h e l l  c o m p o s i t io n  o f  t h e s e  two 

fo rm s , s i n c e  s h e l l s  o f  s i m i l a r  p h y s i c a l  and c h em ica l  

s t r u c t u r e  would be e x p e c te d  to  be  p r e s e r v e d  s i m i l a r l y .

S p e c ie s  o f  t h e s e  two g e n e ra  a r e  n o t  known to  o c c u r  t o g e t h e r  

( U l r i c h ,  1894).

E x am in a tio n  o f  a  s e r i e s  o f  28 0 spec im ens o f  P. o b l iq u a  

from  th e  F ab e r  C o l l e c t i o n  (UCGM 19 29 2) from  a  s i n g l e  

l o c a l i t y  n e a r  O xford , Ohio (Upper O rd o v ic ia n ,  R ichm ondian) 

s u g g e s t s  t h a t  a  w ide r a n g e  o f  s h e l l  shape may be a l lo w a b le  

w i t h in  a  s i n g l e  s p e c i e s  o f  P a lae o co n c h a  ( s e e  d i s c u s s i o n  o f  

P. o h i o e n s i s ) . The t h r e e  ty p e s  o f  P. f a b e r i  show a  s t r o n g l y  

d e v e lo p e d  p o s t e r i o - d o r s a l  a u r i c l e ,  a  r e l a t i v e l y  sm a l l  beak  

and g r e a t e r  h e i g h t  th a n  l e n g th  ( P I .  2 ,  f i g .  3 ) .  A lthough  

H a l l ’ s ty p e s  o f  P. o b l iq u a  were n o t  exam ined , U l r i c h ' s
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(1894) f i g u r e s  o f  t h e  s p e c i e s  p ro b a b ly  i n d i c a t e  i t s  g e n e r a l  

fo rm . T here  seem t o  be  s u f f i c i e n t  d i f f e r e n c e s  in  t h e  s h e l l  

c o n f i g u r a t i o n  t o  c o n s i d e r  t h e s e  two s e p a r a t e  s p e c i e s .  CSee 

th e  d i s c u s s i o n  u n d e r  P. o h i o e n s i s  f o r  a  d e t a i l e d  a n a l y s i s  

o f  t h e  v a r i a t i o n  i n  t h e  s p e c i e s  o f  P a la e o c o n c h a .

P o j e t a  (1 9 7 1 , p .  7) l i s t s  two s p e c i e s  o f  P a la e o c o n c h a  

i n  t h e  O rd o v ic ia n .  W hile t h e s e  two a r e  n o t  s p e c i f i e d ,  i t  

i s  h e r e  assum ed t h a t  t h e y  a r e  P. f a b e r i  and P. o b l i q u a . A 

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

C ten o d o n ta  o h i o e n s i s  B a s s l e r  (1915) ( f o r m e r ly  T e l l in o m y a  

( N u cu la?) s o c i a l i s  F o e r s t e ,  1893 [1 8 9 5 ] ,  p. 563; n o t  U l r i c h  

1894 [1 8 9 7 ] , p .  5 9 4 ) .  I t  i s  d i s c u s s e d  be low .

D i s t r i b u t i o n

The ty p e  s u i t e  o f  P. f a b e r i  w hich  was c o l l e c t e d  from  th e  

"Hudson R iv e r  Group [Richm ondian?] a t  V e r s a i l l e s ,  I n d ia n a  

and i n  B u t l e r  C oun ty , O h io ."  The s p e c i e s  a l s o  o c c u r s  i n  

o t h e r  h o r i z o n s  i n  t h e  C in c i n n a t i a n  S e r i e s  (E d en ian  th ro u g h  

R ichm ondian) o f  t h e  C i n c i n n a t i  Arch a r e a .  T h is  genus i s  

a l s o  known from t h e  M aquoketa F o rm a tio n  o f  L a te  O rd o v ic ia n  

a g e ,  i n  Iowa, I l l i n o i s ,  W isco n s in ,  and M in n e so ta .  Lower 

S i l u r i a n  o c c u r r e n c e s  i n  t h e  u p p e r  B r a s s f i e l d  a r e  r e p o r t e d  by 

F o e r s t e  (1895) from  s e v e r a l  q u a r r i e s  i n  t h e  v i c i n i t y  o f  

D ay ton , Ohio. A d d i t i o n a l  B r a s s f i e l d  spec im ens (P .  o h i o e n s i s ) 

hav e  been  r e c o v e r e d  from  f e r r u g i n o u s  and a s s o c i a t e d  c a l c a r e o u s  

l im e s t o n e s ,  35 t o  37 f e e t  above t h e  B r a s s f i e l d  b a se  in  

s e v e r a l  ro a d  c u t s  on S t a t e  Road 4 1 , 2 .5  m i le s  n o r t h  o f  West 

U nion , Adams C oun ty , O hio. (WU-1, 1 1 ,  1 4 , 1 0 1 -2 0 ) .

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



119

P a la e o c o n c h a  o h i o e n s i s  B a s s l e r  

P I .  2, f i g .  6 ,  9-17

1894 non C te n o d o n ta  s o c i a l i s  U l r i c h ,  p .  594, P I .  42, 

f i g .  59, 60

1895 T e l l in o m y a  (N u cu la? )  s o c i a l i s  F o e r s t e ,  p .  563 , P I .

37, f i g .  1 2 a -c .

1915 C ten o d o n ta  o h i o e n s i s  B a s s l e r ,  p .  308 (new name f o r  

T e l l in o m y a  s o c i a l i s  F o e r s t e ,  1895)

Type Specimen

T h is  s p e c i e s  was o r i g i n a l l y  p ro p o se d  a s  T e l l in o m y a  

( N u c u la ?) s o c i a l i s  F o e r s t e  (189 5) ( non C te n o d o n ta  s o c i a l i s  

U l r i c h ,  1 8 9 4 ) .  S in c e  C ten o d o n ta  and T e l l in o m y a  a r e  

synonyms, t h e s e  two s p e c i e s  a r e  homonyms. B a s s l e r  (1915) 

t h e r e f o r e  p ro p o se d  C ten o d o n ta  o h i o e n s i s  t o  r e p l a c e  F o e r s t e ’s 

s p e c i e s  name.

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

t h e  c o l l e c t i o n s  o f  th e  N a t io n a l  Museum o f  N a tu r a l  H is to r y  

(USNM 8 8 5 3 8 ) .  Of t h e  e le v e n  spec im ens i n  t h i s  s u i t e ,  sev en  

a r e  r e a s o n a b ly  s i m i l a r  t o  F o e r s t e ' s  i l l u s t r a t i o n  ( F o e r s t e ,  

1895 , P I .  37, f i g .  1 2 a - c ) ,  t h r e e  a r e  f r a g m e n ts  o f  c l a y s t o n e  

and a r e  p ro b a b ly  n o t  f o s s i l s ,  and one i s  a n o th e r  s p e c i e s  o f  

b i v a l v e  m ost p r o b a b ly  P a l a e o n e i l o  f e c u n d a  ( H a l l ) .  The 

s y n ty p e s  have  b e en  m ounted on a  6 0 -sp a c e  m ic r o f a u n a l  s l i d e .  

Specim ens r e f e r r a b l e  t o  t h i s  s p e c i e s  a r e  i n  sp a c e s  f o u r t e e n  

th ro u g h  tw e n ty .  The t h r e e  c l a y s to n e  p a r t i c l e s  a r e  a t  

s q u a re s  25-27 and t h e  P a l a e n e i l o  fe c u n d a  specim en  i s  i n  

sp ace  37.
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N e i th e r  F o e r s t e  (1895) n o r  B a s s l e r  (1915) d e s i g n a t e d  any 

p a r t i c u l a r  specim en  a s  ty p e  f o r  t h e  s p e c i e s .  The l e c t o t y p e ,  

d e s i g n a t e d  h e r e i n ,  i s  th e  spec im en  i n  sp a c e  number 15 on 

t h e  m ic r o f a u n a l  s l i d e  (USNM 88358) ( P I .  2 ,  f i g .  6 , 9 ) .  T h is  

specim en i s  t h e  second  l a r g e s t  o f  t h e  s y n ty p e s  and m ost 

c l o s e l y  r e s e m b le s  F o e r s t e ' s  (1895) f i g u r e s ,  a l th o u g h  th o s e  

f i g u r e s  ( P I .  37, f i g .  1 2 a -c )  a p p e a r  t o  be somewhat s c h e m a t ic .  

The ty p e  s u i t e  i s  from  t h e  u p p e r  s h a le y  b e d s  o f  t h e  

B r a s s f i e l d  F o rm a tio n  (Lower S i l u r i a n )  from  H u ffm an 's  Q uarry  

n e a r  D ay ton , O hio.

D ia g n o s is

P a la e o c o n c h a  w i th  m o d e ra te  deve lopm en t o f  p o s t e r i o r  

a u r i c l e ,  b eak  low and ro u n d e d ,  s h e l l  l e n g t h  i s  e q u a l  t o  o r  

s l i g h t l y  g r e a t e r  t h a n  h e i g h t .

D e s c r ip t i o n

A verage  s i z e  f o r  t h e  g e n u s ,  b u t  sm a l l  a s  com pared w i th  

o t h e r  n u c u lo id s  (1 t o  3mm i n  l e n g t h ) .  T h is  s p e c i e s  p o s s e s s e s  

a  c h a r a c t e r i s t i c  p a la e o c o n c h id  s h a p e ,  w i th  t r i a n g u l a r  

d o r s a l  and s e m i - c i r c u l a r  v e n t r a l  o u t l i n e s .  A p o s t e r i o r  

a u r i c l e  i s  d e v e lo p e d  ( P I .  2 , f i g .  6) b u t  n o t  n e a r l y  so 

p ro m in e n t ly  a s  i n  P . f a b e r i  M i l l e r  ( P I .  3 ,  f i g .  6 ) .  Low, 

ro u nded  b eak s  a r e  e r e c t ,  o r  show s l i g h t  c u r v a t u r e  a n t e r i o r l y .  

The i n t e r n a l  c a s t s  o f  t h e  sy n ty p e  s u i t e  r e f l e c t  a  s h e l l  

t h a t  was i n f l a t e d  ( P I .  2, f i g .  9) compared t o  th e  P. 

f a b e r i  ty p e  ( P I .  2 , f i g .  4 ) .

The g e n e r a l  s t a t e  o f  p r e s e r v a t i o n  o f  th e  s y n ty p e s  o f  

t h i s  s p e c i e s  i s  i n f e r i o r  t o  t h a t  o f  spec im ens exam ined from
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C in c i n n a t i a n  s t r a t a  ( e s p e c i a l l y  F a b e r  C o l l e c t i o n ,  UCGM 

1929 2) .  Those c o l l e c t e d  f o r  t h i s  s tu d y  a r e  much b e t t e r ,  

showing some d e n t i t i o n  and m u s c u la tu r e .

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

g e n u s ,  a r e  n o t  p r e s e r v e d  i n  any o f  t h e  s y n ty p e s ,  and a r e  

uncommonly r e p r e s e n t e d  i n  t h e  B r a s s f i e l d  spec im en s  o b ta in e d  

in  t h i s  s tu d y .  When p r e s e r v e d ,  t h e  t e e t h  a r e  s t r a i g h t ,  

b lo c k y  and t h e r e  i s  l i t t l e  d i f f e r e n t i a t i o n  b e tw een  th e  a n t e r i o r  

and p o s t e r i o r  s e r i e s  ( P I .  2 , f i g .  10 , 1 5 ) .  Lack o f  d e n t i t i o n  

i s  a  r e l a t i v e l y  common p r e s e r v a t i o n a l  f e a t u r e  f o r  

p a la e o c o n c h id s ,  i n d i c a t i n g  t h a t  t h e  t e e t h  a r e  r a t h e r  f r a i l ,  

and t h e i r  a b se n c e  on molds i s  common.

M uscle s c a r s  a re  a l s o  p o o r ly  p r e s e r v e d  on t h e  s y n ty p e s .  

On t h e s e  sp e c im e n s ,  t h e  a n t e r i o r  a d d u c to r  l e a v e s  a sh a l lo w  

im p r e s s io n  on t h e  s h e l l ;  o t h e r  s p e c i e s  c h a r a c t e r i s t i c a l l y  

have w e l l  im p re ssed  a n t e r i o r  a d d u c to r  s c a r s  ( a s  se en  in  

P. o b l iq u a  ( H a l l )  ( P I .  2, f i g .  7 ) .  A n t e r i o r  and p o s t e r i o r  

a c c e s s o r y  m usc le  s c a r s  a r e  p r e s e n t  on one p a r a l e c t o t y p e  

( P I .  2, f i g .  1 4 ) .  These s m a l l ,  e l l i p t i c a l  s c a r s  a re  

p ro b a b ly  p ro d u ced  by t h e  p e d a l  r e t r a c t o r s .  These s c a r s  a re  

b e t t e r  s e e n  i n  some ( P I .  2 , f i g .  12) B r a s s f i e l d  spec im ens 

c o l l e c t e d  i n  t h i s  s tu d y  (WU-1 and WU-11) ahd a r e  v e ry  

s i m i l a r  t o  a  s e r i e s  o f  s c a r s  a lo n g  t h e  h in g e  p l a t e  i n  P. 

o b l iq u a  ( P I .  2 , f i g .  8) from  Upper O rd o v ic ia n  s t r a t a  n e a r  

O xfo rd , Ohio (UCGM 19 29 2 ) .  Both t h e  a n t e r i o r  and p o s t e r i o r  

p e d a l  s c a r s  seem t o  b e  d i s j u n c t  from  t h e  a d d u c to r  s c a r s .

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



122

The p o s t e r i o r  r e t r a c t o r  s o a r s  a r e  e lo n g a te  and l o c a t e d  a t  

t h e  p o s t e r i o r  end o f  th e  a c c e s s o r y  m usc le  s c a r  s e r i e s  a lo n g  

t h e  h in g e  l i n e  ( P I .  2, f i g .  1 2 ) .

Morphology o f  t h e  p a l l i a l  l i n e  and l ig a m e n t  i s  unknown 

from  t h e  spec im en s  a t  han d . The p roso pon  c o n s i s t s  o f  v e ry  

f i n e  c o m a rg in a l  v a r i c e s  o f  g row th  ( P I .  2 , f i g .  1 7 ) .

D is c u s s io n

T his s p e c i e s  a s  r e p r e s e n t e d  by i t s  ty p e  m a t e r i a l  seems 

t o  be d i s t i n c t l y  d i f f e r e n t  i n  o u t l i n e  and s h e l l  c o n f i g u r a t i o n  

from  t h e  ty p e  s p e c i e s  o f  P a lae o co n c h a  (P .  f a b e r i ) a s  

r e p r e s e n t e d  by one o f  t h e  P. f a b e r i  sy n ty p e s  i l l u s t r a t e d  

by P o j e t a  (1971 , P I .  ,6, f i g .  6 - 8 ) .  P a lae o co n c h a  f a b e r i  

M i l l e r  has a  p ro m in e n t  p o s t e r o - d o r s a l  a u r i c l e  which i s  o n ly  

w eakly  d e v e lo p ed  in  P. o h i o e n s i s . The a n t e r o - d o r s a l  r e g i o n  

o f  P. f a b e r i  i s  s t r a i g h t  o r  s l i g h t l y  convex d o r s a l l y ,  w h i le  

P. o h i o e n s i s  shows a somewhat concave  d o r s a l  o u t l i n e  i n  

f r o n t  o f  t h e  b e a k s .  P. f a b e r i  i s  com pressed ; P. o h i o e n s i s  

i s  r o b u s t  and com parab ly  q u i t e  g ib b o u s .  The r a t i o  o f  v a lv e  

h e i g h t  t o  t h i c k n e s s  o f  a r t i c u l a t e d  v a lv e s  i s  2 .50  f o r  t h e  

specim en o f  P. f a b e r i  i l l u s t r a t e d  by P o j e t a  (1 971 , P I .  6, 

f i g .  6 -8 )  b u t  o n ly  1 .5 5  f o r  t h e  l e c t o t y p e  o f  P. o h i o e n s i s .

The t h i r d  " s p e c i e s "  o f  P a la e o c o n c h a , N ucula  o b l iq u a  

H a l l  (1845 , p . 2 9 4 ) ,  from  Upper O rd o v ic ia n  M aquoketa 

s t r a t a  i n  Iowa, and o l d e s t  named e n t i t y  o f  t h e  g e n u s ,  may 

c o n c e p tu a l l y  em brace b o th  o f  t h e  o t h e r  s p e c i e s .  

U n f o r t u n a t e ly ,  t h e  ty p e  m a t e r i a l  ( a t  t h e  A m erican Museum 

o f  N a tu r a l  H i s to r y )  o f  t h i s  s p e c i e s  i s  n o t  a v a i l a b l e  a t
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t h i s  t im e .  I l l u s t r a t i o n s  o f  p l e s i o t y p e s  ( a l s o  n o t  s e e n )  by 

U l r i c h  (1894 , P I .  42 , f i g .  8 3 -87) from  Upper O rd o v ic ia n  

(R ichm ondian) C i n c i n n a t i  O hio , a r e  t h e  b a s i s  f o r  p r e s e n t  

u n d e r s t a n d in g  o f  t h e  s p e c i e s .

U l r i c h ’ s P. o b l iq u a  ( H a l l )  ty p e  d i f f e r s  i n  s h e l l  shape 

and o u t l i n e  from  P. f a b e r i  ty p e s  by t h e  a b se n c e  o f  a 

p o s t e r o - d o r s a l  a u r i c l e  t h a t  i s  p ro m in e n t  i n  P. f a b e r i  ( P I .  2, 

f i g .  5 ) .  P. o b l iq u a  a l s o  h as  l a r g e r  b e ak s  and umbones and 

a d o r s a l l y  concave  a n t e r o - d o r s a l  m arg in  i n  c o n t r a s t  t o  t h e  

s l i g h t l y  convex a n t e r o - d o r s a l  m arg in  i n  P. f a b e r i  ( P I .  2 , 

f i g .  3 ) .

Specimens i l l u s t r a t e d  by M cA les te r  (1 9 6 8 , P I .  11 , f i g .  

11-24) a s  P. f a b e r i  M i l l e r  a r e  v i r t u a l l y  i n d i s t i n g u i s h a b l e  

from  U l r i c h ' s  d r a w in g s ,  and sh o u ld  be a s s ig n e d  t o  P. 

o b l iq u a  ( H a l l ) .  M c A le s te r 's  e n t i r e  s u i t e ,  i n c l u d i n g  t h e  

n in e  i l l u s t r a t e d  spec im ens was exam ined i n  t h i s  i n v e s t i g a t i o n .  

I t  c o n s i s t s  o f  280 spec im en s  c o l l e c t e d  by C. L. F ab e r  from  

"O xford"  (O h io ) ,  i . e .  R ichm ondian , (UCGM 19292) and show 

c o n s i d e r a b l e  v a r i a t i o n  i n  s h e l l  s h a p e .  They a l l  have  a 

m ark ed ly  t r i a n g u l a r  d o r s a l  o u t l i n e ;  h ow ever, t h e r e  a r e  

s e v e r a l  spec im ens i n  t h e  s u i t e  which a r e  q u i t e  s i m i l a r  to  

P. f a b e r i  i n  p o s s e s s in g  a  m o d e ra te ly  w e l l  d e v e lo p e d  

p o s t e r o - d o r s a l  a u r i c l e  and r e l a t i v e l y  s m a l l e r  b e a k s ,  w i th  

a s u b r e c t a n g u l a r  d o r s a l  o u t l i n e .  (None o f  t h e s e  were 

i l l u s t r a t e d  by M cA les te r  (1 9 6 9 ) .  I f  t h i s  sam ple  o f  280 

spec im ens w ere c o n s id e r e d  a  " p o p u la t io n "  o f  P a lae o co n c h a
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o b l i q u a , v a r i a t i o n s  o f  m orphology w i t h i n  t h i s  one s p e c i e s  

c o u ld  i n c l u d e  fo rm s p r e s e n t l y  a s s ig n e d  t o  P. f a b e r i  and P. 

o h i o e n s i s . B ecause  l i t t l e  i s  known o f  t h e  e x a c t  l o c a l i t y  o r  

p r e c i s e  s t r a t i g r a p h i c  p o s i t i o n  o f  t h e s e  sp e c im e n s ,  few 

i n f e r e n c e s  can  be drawn c o n c e rn in g  m o rp h o lo g ic  v a r i a t i o n  

w i t h in  t h e  s p e c i e s .  However, t h e  c h a n c e s  a r e  v e ry  good t h a t  

t h e  F a b e r  s u i t e  r e p r e s e n t s  a  v e ry  c i r c u m s c r ib e d  a r e a  and 

h o r i z o n  i n  t h e  Richmond se q u en c e  o f  t h e  Oxford a r e a ,  s i n c e  

b i v a l v e  o c c u r r e n c e s  o f  abundance  i n  t h e  C i n c i n n a t i a n  te n d  

t o  be  o f  t h i s  n a t u r e .  A lth o u g h  i t  i s  r e a s o n a b l e  t o  s u s p e c t  

from  t h i s  c o l l e c t i o n  t h a t  t h e  t h r e e  s p e c i e s  o f  P a la e o c o n c h a  

may r e p r e s e n t  i n t r a s p e c i f i c  v a r i a t i o n s  w i t h i n  a s i n g l e  

l o n g - l i v e d  s p e c i e s ,  o t h e r  c o m p a rab le  s u i t e s  w i th  p r e c i s e  

p ro v en a n ce  a r e  r e q u i r e d  t o  c l i n c h  t h e  a rg um en t.  M eanw hile , 

t h e  t h r e e  s p e c i e s  a r e  r e g a r d e d  a s  d i s t i n c t  P a lae o co n c h a  

o h i o e n s i s  b e in g  t h e  o n ly  S i l u r i a n  ( B r a s s f i e l d )  r e p r e s e n t a t i v e  

o f  t h i s  o th e r w i s e  O rd o v ic ia n  g e n u s .

D i s t r i b u t i o n

Specim ens i n  t h e  sy n ty p e  s u i t e  a r e  from  th e  B eavertow n 

M arl (U pper c la y e y  u n i t s  o f  t h e  B r a s s f i e l d  F o rm a tio n )  i n  

t h e  a r e a  a ro u n d  D ay ton , Ohio (Huffman and George Young 

Q u a r r i e s ) .  Numerous i n d i v i d u a l s  w ere a l s o  found i n  a c i d  

r e s i d u e s  from  s e v e r a l  f e r r u g i n o u s  l a y e r s  35 t o  37 f e e t  

above t h e  b a s e  o f  t h e  B r a s s f i e l d  a t  two s e c t i o n s  on S t a t e  

Road 4 1 , 2 .5  m i le s  n o r t h  o f  West U n ion , Adams C oun ty , Ohio 

( WU-14, WU-11).
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Ontogeny

In  sam ple WU-14, 10 l e f t ,  8 r i g h t  and 2 a r t i c u l a t e d  

v a lv e s  were r e c o v e r e d .  The s m a l l e s t  v a lv e  i s  0.61mm lo n g  

and 0.60mm h i g h ,  w h i le  t h e  l a r g e s t  v a lv e  in  t h i s  sam ple  h a s  

a  l e n g t h  o f  0 .9  5mm and h e i g h t  o f  0.90mm. A no the r  sam p le ,

WU-1, c o n ta in e d  a  l a r g e r  sp ec im en  t h a t  had  a  l e n g t h  o f  

1.10mm and h e i g h t  o f  1.00mm. Two o t h e r  spec im ens o f  t h i s  

s p e c i e s  were r e c o v e r e d  from  a c i d  r e s i d u e s  o f  WU-T.S., and 

w ere t h e  l a r g e s t  in d iv id u a l s  o b t a i n e d  from  th e  West Union 

(WU) l o c a l i t i e s .  Specimens from  t h e  WU-T.S. and WU-1 

sam p les  were S t e in k e r n s  o f  a r t i c u l a t e d  s h e l l s .  The WU-T.S. 

spec im en s  a r e  1.98mm and 2.90mm in  l e n g t h  and 1 .9  5mm and 

2.65mm in  h e i g h t ,  r e s p e c t i v e l y .  F iv e  o f  th e  sev en  c o ty p e s  

(USNM 88538) w ere co m p le te  enough t o  m ea su re ,  and t h e i r  

s i z e s  ran g e d  from  a  l e n g t h  o f  1.6mm and h e i g h t  o f  1.55mm t o  

3.30mm i n  l e n g th  and h e i g h t .

No one sam ple had many spec im ens  o f  t h i s  s p e c i e s ,  

t h e r e f o r e ,  t h e  d a t a  p r e s e n t e d  h e r e i n  a r e  t a k e n  from  42 

v a lv e s  and S t e in k e r n s  from  s e v e r a l  s a m p le s .  I n  a lm o s t  a l l  

t h e  sp e c im e n s ,  t h e  l e n g t h  i s  s l i g h t l y  g r e a t e r  th a n  th e  h e i g h t .  

The l e n g t h  t o  h e i g h t  r a t i o  d o e s  n o t  v a ry  s i g n i f i c a n t l y  

th ro u g h  o n to g en y . The d a t a  c o n c e rn in g  a n t e r i o r  and 

p o s t e r i o r  p r o p o r t i o n s  do n o t  s u p p o r t  such  c l e a r - c u t  a n a l y s i s .  

The a n t e r i o r  l e n g th  i s  a lw ay s  g r e a t e r  t h a n  t h e  p o s t e r i o r  

l e n g t h .  I n  t h e  s m a l l  i n d i v i d u a l s  o f  sam ple WU-14, t h e  

a n t e r i o r  l e n g t h  i n c r e a s e d  much f a s t e r  th a n  p o s t e r i o r  l e n g t h .
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I n d i v i d u a l s  t h a t  r a n g e  i n  a n t e r i o r  l e n g t h  from  0.36mm t o  

0.71mm have  a  c o r r e s p o n d in g  p o s t e r i o r  l e n g t h  o f  o n ly  0 .2  5 t o  

0.39mm. L a rg e r  sp e c im e n s ,  such  a s  th o s e  from t h e  ty p e  s u i t e  

(USNM 88538) and from  sam ple WU-T.S., h av e  a n t e r i o r /  

p o s t e r i o r  l e n g t h  d im e n s io n s  t h a t  a r e  s u b e q u a l .

The l e c t o t y p e  h a s  an a n t e r i o r  l e n g t h  o f  1.7mm, and a 

p o s t e r i o r  l e n g t h  o f  1.0mm. The s m a l l e s t  specim en  o f  t h e  

ty p e  s u i t e  h a s  an a n t e r i o r  l e n g t h  o f  1.1mm and p o s t e r i o r  

l e n g t h  o f  0.5mm.

The u se  o f  sam p les  from s e v e r a l  l o c a l i t i e s  may r e f l e c t  

g e n e t i c  o r  e n v iro n m e n ta l  d i f f e r e n c e s  o f  s e p a r a t e  p o p u l a t i o n s  

o r  may r e p r e s e n t  an  a l t e r a t i o n  o f  g row th  a t  some s t a g e  d u r in g  

o n to g en y . The s m a l l  number o f  specim ens a v a i l a b l e  f o r  s tu d y  

p r e c l u d e s  a  c o m p le te  and a c c u r a t e  d e s c r i p t i o n  o f  c h an g es  in  

a n t e r i o r / p o s t e r i o r  p r o p o r t i o n s .

V a r i a t i o n  o f  d e n t i t i o n  th ro u g h  on tog eny  i s  n o t  known. 

F ig u re d  Specimens

£• f a b e r i  WM 8870; P. o b l iq u a  UCGM 19292, I ,  P, Q; P. 

o h i o e n s i s  USNM 88538 #14, 15 , 16; UCGM 42628-42631 .

S u p e r fa m ily  NUCULANACEA Adams and Adams

D e s c r ip t i o n

Members o f  t h i s  s u p e r f a m i ly  a r e  p o s t e r i o r l y  e lo n g a te  

n u c u lo id  b i v a l v e s ,  u s u a l l y  w i th  a  p a l l i a l  s i n u s  d e v e lo p e d .  

The p o s i t i o n  o f  t h e  l ig a m e n t  and c u r v a t u r e  o f  beak  and 

umbone a r e  c r i t e r i a  f o r  s e p a r a t i n g  f a m i l i e s .
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Fam ily MALLETIIDAE Adams and Adams 

D e s c r ip t i o n

The l ig a m e n t  o f  g e n e ra  a s s ig n e d  h e r e  i s  p re d o m in a te ly  

e x t e r n a l ,  u s u a l l y  occupy ing  a na rrow  s l i t  p o s t e r i o r  t o  t h e  

b e a k .  The b eak  and umbo a r e  cu rv e d  tow ard  t h e  s h o r t e r  

a n t e r i o r  end o f  t h e  s h e l l  ( p r o s o g y r o u s ) . The g e n e ra  

a s s ig n e d  h e r e  by M c A les te r  (1969 , p . 233-235) a r e  q u i t e  

v a r i a b l e  i n  s h e l l  p ro so p o n ,  o u t l i n e  and d e n t i t i o n .  The 

t e e t h  v a ry  from  genus t o  g e n u s ,  b e in g  v e r t i c a l  ( M a i l e t i a  

D esM o u lin s) ,  i n c l i n e d  (K oenen ia  B eushausen and D ysodonta  

Mansuy) and c h e v ro n -sh a p e d  ( N e i lo  Adams). In  P a l a e o n e i l o , 

t h e  a n t e r i o r  t e e t h  a r e  i n c l i n e d ,  w h i le  t h e  p o s t e r i o r  ones 

a r e  c h e v ro n -sh a p e d .  The l a r g e  amount o f  m o rp h lo g ic  

v a r i a b i l i t y  i n  t h i s  f a m i ly  im p l i e s  h e t e r o g e n e i t y .  F u r t h e r  

s tu d y  o f  t h e s e  form s sh o u ld  y i e l d  a v e ry  d i f f e r e n t  f a m i ly  

l e v e l  taxonom y. The o n ly  c o n s t a n t  f e a t u r e s  o f  m orphology 

f o r  g e n e r a  a s s ig n e d  h e r e  by M cA les te r  (19 69) a r e  p o s t e r i o r  

e l o n g a t i o n  and ta x o d o n t  d e n t i t i o n .

Genus N u c u l i t e s  C onrad , 1841

1841 N u c u l i t e s  Conrad , p .  49 ( p a r t im )

1847 C le id o p h o ru s  H a l l , p .  300

18 51 C u c u l l e l l a  M’ Coy, p .  50

1852 non Pyrenomoeus H a l l ,  p . 87

1856 N u c u l i t e s  C onrad , H a l l , p .  394

1871 C lid o p h o ro u s  ( s i c )  H a l l , H a l l ,  p .  228

1885 N u c u l i t e s  Conrad , H a l l , p .  x x v i

1889 C l id o p h o ru s  ( s i c ) H a l l , M i l l e r ,  p .  471
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1889 N u c u l i t e s  C on rad , M i l l e r ,  p .  496

189 5 C u c u l l e l l a  M’Coy, B eushausen , p . 97

1899 N u c u l i t e s  C onrad , G rabau , p .  2 54

1916 C le id o p h o ru s  H a l l ,  W il l ia m s  and B re g e r ,  p .  159

1917 N u c u l i t e s  C onrad , W il l ia m s ,  p .  29

1963 N u c u l i t e s  C onrad , B ab in , p .  55

1966 N u c u l i t e s  C onrad , B ab in , p .  94

1968 C u c u l l e l l a  M'Coy, M c A le s te r ,  p .  23

19 68 N u c u l i t e s  C onrad , M c A le s te r ,  p .  37

19 69 N u c u l i t e s  C on rad , M c A le s te r ,  p .  233

1971 C le id o p h o ru s  H a l l ,  P o j e t a ,  p .  15 

1971 N u c u l i t e s  C onrad , P o j e t a ,  p .  15

Type S p e c ie s

The ty p e  s p e c i e s  i s  N u c u l i t e s  o b lo n g a tu s  Conrad (1841 , 

p .  50) by su b s e q u e n t  d e s i g n a t i o n  o f  M i l l e r  (18 89, p . 4 9 6 ) .

No h o lo ty p e  was d e s i g n a t e d  by C onrad . Because C o n ra d ’ s 

o r i g i n a l  spec im ens  a p p e a r  t o  h av e  b een  l o s t ,  no l e c t o t y p e  can  

be d e s i g n a t e d .  No spec im ens have  s i n c e  been  d i s c o v e r e d  from  

C o n ra d 's  s i t e ,  and w i th  no to p o ty p e  m a t e r i a l  a v a i l a b l e ,  no 

n e o ty p e  can  be d e s i g n a t e d .  H a l l  (1862b) r e p ro d u c e d  C o n rad ’ s 

(1841) i l l u s t r a t i o n  b u t  i s  so g e n e r a l i z e d  t h a t  i t  c a n n o t  be  

shown t o  r e p r e s e n t  any s i n g l e  specim en  (M c A le s te r ,  19 6 8 , p .  

3 7 ) .  C o n ra d 's  d e s c r i p t i o n ,  how ev er ,  i s  a d e q u a te  so  t h a t  

spec im ens o f  t h e  s p e c i e s  can  b e  r e c o g n iz e d .  I t  i s  from  th e  

H am ilton  (M idd le  D evonian) o f  New York S t a t e .

D ia g n o s is

M a l l e t i i d a e  w i th  i n t e r n a l  septum  b o r d e r in g  t h e  p o s t e r i o r
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edge o f  t h e  a n t e r i o r  a d d u c to r  m u sc le .  C h ev ro n -sh ap ed  t e e t h  

o f  n e a r l y  u n ifo rm  s i z e  o c c u r  a lo n g  t h e  l e n g t h  o f  t h e  

p o s t e r i o r  h in g e  p l a t e ;  s l i g h t l y  l a r g e r  u n d u lo s e  t e e t h  o c c u r  

a n t e r i o r l y .

D e s c r i p t i o n

T hese  a r e  medium t o  l a r g e  (10 t o  30mm i n  l e n g t h ) ,  

p o s t e r i o r l y  e lo n g a te  n u c u la c e a n  b i v a l v e s  w i th  t h e  beak  n e a r  

t h e  a n t e r i o r  t h i r d  o f  t h e  s h e l l .  The s h e l l  o u t l i n e  i s  

g e n e r a l l y  s u b o v a l  t o  s u b r e c t a n g u l a r  o r  may be  s u b t r i a n g u l a r  

i n  a  few s p e c i e s .  P ro so g y ro u s  b e ak s  a r e  low and ro u n d e d ,  

s t a n d in g  b a r e l y  above t h e  d o r s a l  m a rg in .  Many l o n g ,  na rro w  

ta x o d o n t  t e e t h  occupy t h e  g e n t l y  a rc h e d  h in g e  p l a t e  a lo n g  

o n e - h a l f  t o  t w o - t h i r d s  o f  t h e  s h e l l ’ s d o r s a l  l e n g t h .  The 

t e e t h  may b e  s t r a i g h t ,  i n c l i n e d  o r  s l i g h t l y  c h e v ro n e d .  While 

n e a r l y  u n i fo rm  a lo n g  th e  h in g e  p l a t e ,  t h e  t e e t h  become 

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

a n t e r i o r l y .  The t e e t h  o f  t h e  a n t e r i o r  s e r i e s  a r e  n o t  

m ark ed ly  s e t  o f f  from  t h e  c o m p a r a t iv e ly  g r e a t e r  number i n  

t h e  p o s t e r i o r  s e r i e s .  I n  a t  l e a s t  some s p e c i e s  ( i n c l u d i n g  

t h e  t y p e  s p e c i e s , N. o b l o n g a t u s ) s e v e r a l  o f  t h e  t e e t h  i n  

t h e  umbonal r e g io n  b i f u r c a t e  d o r s a l l y .

P e rh a p s  t h e  m ost d i a g n o s t i c  f e a t u r e  o f  t h i s  genus i s  

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

a n t e r i o r  t o  t h e  beak  and e x te n d in g  from  th e  u n d e rs id e : :o .f  t h e  

h in g e  p l a t e  a t  l e a s t  h a lfw a y  t o  t h e  v e n t r a l  m a rg in .  T h is  

r i d g e ,  r e f e r r e d  t o  a s  an a n t e r i o r  "m yophoric  b u t t r e s s "  by 

P o j e t a  (1971) b o r d e r s  th e  p o s t e r i o r  m arg in  o f  t h e  a n t e r i o r
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a d d u c to r .  C a l le d  a  "sep tum " by  M cA les te r  (19 6 8 ) ,  t h i s  

i n t e r i o r  r i d g e  i s  v e r t i c a l  i n  some fo rm s (N. o b l o n g a t u s ) o r  

may s l a n t  o r  c u rv e  a n t e r i o r l y  ( a s  i n  t h e  B r a s s f i e l d  fo rm s ,  

among o t h e r s ) .  T h ere  a r e  s e v e r a l  a c c e s s o r y  m u s c le s .  S c a rs  

o f  p e d a l  p r o t r a c t o r s  and r e t r a c t o r s  o c c u r  a lo n g  w i th  s e v e r a l  

o t h e r  m usc le  im p r e s s io n s  in  t h e  umbonal r e g i o n .  T hese  umbonal 

m u sc le s  s e rv e d  an  unknown f u n c t i o n  b u t  may be  c a l l e d  

" d o r s a l -m e d ia n "  and " v e n tro -m e d ia n "  m u sc le s  i n  t h e  

te rm in o lo g y  o f  D r i s c o l l  (1964) and H eath  (19 3 7 ) .  (F o r  more 

in f o r m a t io n  on a c c e s s o r y  m u sc le  s c a r s ,  s e e  t h e  t e x t  d i s c u s s i o n  

o f  a c c e s s o r y  m u sc le  m o rp h o lo g y ) .

The p a l l i a l  l i n e  i s  n o t  o f t e n  p r e s e r v e d ,  b u t  a p p e a rs  

t o  be  s l i g h t l y  s i n u a t e  (M c A les te r ,  1968 , p .  3 7 ) .

The e x t e r n a l  s u r f a c e  o f  t h e s e  s h e l l s  i s  marked by 

numerous f i n e  c o m a rg in a l  v a r i c e s .  Some spec im ens  may 

p o s s e s s  a  s l i g h t  p o s t e r i o r  umbonal r i d g e ,  b u t  n e v e r  a  s u lc u s  

a s  se e n  i n  P a l a e o n e i l o  H a l l  and W h i t f i e l d .  The l ig a m e n t  

i s  e x t e r n a l  and o c c u p ie s  a  lo n g  na rro w  g ro o v e  d o r s a l  t o  t h e  

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

D is c u s s io n

S e v e ra l  g e n e r i c  names have  been  p ro p o se d  f o r  lo w e r  

P a le o z o ic  n u c u lo id  fo rm s t h a t  a r e  p o s t e r i o r l y  e lo n g a te  and 

p o s s e s s  a  p ro m in e n t  a n t e r i o r  sep tum . N u c u l i t e s  Conrad has 

been  u sed  a lm o s t  e x c l u s i v e l y  f o r  D evonian  s p e c i e s  o f  t h i s  

g e n e r a l  t y p e .  On th e  o t h e r  h a n d , m ost O rd o v ic ia n  form s in  

N o rth  A m erica  h av e  b een  g rou ped  u n d e r  t h e  g enus  C le id o p h o ru s
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H a l l .  O rd o v ic ia n  and S i l u r i a n  E uropean b i v a l v e s  w i th  t h i s  

m orphology h av e  b een  a t t r i b u t e d  t o  M'Coy*s genus C u c u l l e l l a .

Some a u th o r s  have  s u g g e s te d  t h a t  t h e s e  t h r e e  g e n e r a  may 

be synonymous (M c A le s te r ,  1968, and P o j e t a ,  1 9 7 1 ) .

Com parison o f  p h o to g ra p h s  o f  th e  ty p e  s p e c i e s  o f  each  genus 

(M c A le s te r ,  1968) i n d i c a t e s  t h a t  t h e  d i f f e r e n c e  in  m orphology 

o f  t h e s e  s p e c i e s  i s  n o t  o f  g r e a t  co n seq u e n ce  and can be 

t o l e r a t e d  w i t h in  t h e  s i n g l e  genus u n d e r  c u r r e n t  c o n c e p ts .  

P r e s e n t  c r i t e r i a  f o r  a s s ig n m e n t  o f  n u c u lo id  s p e c i e s  t o  

t h e s e  g e n e ra  i s  t h e  p o s s e s s io n  o f  an a n t e r i o r  septum  and a 

p o s t e r i o r l y  e lo n g a te  s h e l l .

H a l l  (1847 , p . 300) o r i g i n a l l y  th o u g h t  C le id o p h o ru s  

was e d e n tu lo u s  b u t  l a t e r  a s s ig n e d  a d e n t a t e  s p e c i e s  t o  t h e  

genus (C. n e g l e c t u s  H a l l ,  1862a, p .  5 5 ) .  The o r i g i n a l  

m a t e r i a l  ( N u c u l i t e s  p l a n u l a t a  Conrad , 184-1) upon w hich  H a l l  

b a sed  h i s  new genus was n o t  v e ry  w e l l  p r e s e r v e d  (M c A le s te r ,  

196 8 ) and q u i t e  p r o b a b ly  t h e  t e e t h  were s im p ly  n o t  p r e s e r v e d .

A lthou gh  C le id o p h o ru s  H a l l , N u c u l i t e s  Conrad and 

C u c u l l e l l a  M'Coy a r e  i n d i s t i n g u i s h a b l e  on t h e  b a s i s  o f  

known m orpho logy , i t  i s  l i k e l y  t h a t  new m o rp h o lo g ic

c h a r a c t e r i s t i c s  w i l l  be d i s c o v e r e d  i n  t h i s  form  g roup  t h a t

may a l lo w  s e p a r a t i o n  o f  t h i s  g roup . R ic h a rd  Bainbach

( V i r g i n i a  P o l y t e c h n i c a l  I n s t i t u t e )  h a s  b een  s tu d y in g  s p e c i e s

o f  t h i s  g ro u p ,  p a r t i c u l a r l y  i n  th e  A p p a la c h ia n  S i l u r i a n ,  and 

h a s  d e f in e d  some m orpholog ic  s t r u c t u r e s  ( su c h  a s  th e  p re s e n c e  

o f  a  p o s t e r i o r  septum i n  some s p e c i e s )  t h a t  may s e rv e  to  

b r e a k  down t h i s  group  i n t o  s e v e r a l  new t a x a  ( J .  P o j e t a ,

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



p e r s o n a l  co m m u n ica tio n ) .  Bambach’ s c o n c lu s io n s  a r e  n o t  

p u b l i s h e d  y e t ,  b u t  sh o u ld  p ro v id e  much needed  new in f o rm a t io n  

a b o u t  t h i s  m o r p h o lo g ic a l ly  c o n s e r v a t i v e ,  l o n g - r a n g in g  g rou p .

N u c u l i t e s  Conrad i s  t h e  o l d e s t  name (1841) and t h e r e f o r e  

h as  p r i o r i t y .

Pyrenomoeus H a l l  (1852) h as  been  c o n s id e r e d  synonymous 

w i th  N u c u l i t e s  by M cA les te r  (1 9 6 9 ) .  T h is  genus i s  b a sed  on 

r e l a t i v e l y  p oo r  m a t e r i a l ,  and specim ens o f  th e  ty p e  s u i t e  

l a c k  d e n t i t i o n .  The p r e s e n c e  o f  an a n t e r i o r  septum  i s  

q u e s t io n a b le  and i f  p r e s e n t  i s  n o t  d e v e lo p ed  t o  a  d e g re e  

a p p ro a c h in g  t h a t  i n  N u c u l i t e s . The o u t l i n e  o f  Pyrenomoeus 

can  p e rh a p s  be accommodated w i t h in  N u c u l i t e s ; ho w ever, t h e  

umbones o f  some specim ens c u rv e  tow ard  t h e  lo n g e r  and o f  

th e  s h e l l  ( a  f e a t u r e  n o t  p o s s e s s e d  by o t h e r  members o f  

N u c u l i t e s ) . Because o f  t h e s e  m o rph o log ic  d i f f e r e n c e s ,  

Pyrenomoeus w i l l  n o t  be  c o n s id e r e d  a synonym o f  N u c u l i t e s  

i n  t h i s  s t u d y .

D i s t r i b u t i o n

The ty p e  m a t e r i a l  was p ro b a b ly  from  th e  M iddle Devonian 

(H am ilton  g roup) n e a r  Smyrna, Chenango C ounty , New York. 

S p e c ie s  o f  N u c u l i t e s  o c c u r  i n  m a r in e  se d im e n ts  o f  M iddle 

O rd o v ic ia n  th ro u g h  D evonian age i n  N orth  A m erica , an d  

n o r t h e r n  Europe (Germany, F ra n c e ,  B r i t i s h  I s l e s )  and 

D evonian o f  South  A m erica  ( C la r k e ,  1900).

N u c u l i t e s  n e g le c tu s  ( H a l l )

P I .  3, f i g .  1 -4 ,  7 -8 ,  10-18 

186 2a C l id o p h o ru s  n e g l e c t u s  H a l l ,  p . 55, f i g .  2 ,3  ( f i g u r e  

o n ly )
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1894 C lid o p h o ru s  n e g l e c t u s  H a l l ,  U l r i c h ,  p .  607, P I .  42 , 

f i g .  2 0 -25 .

189 5 C le id o p h o ru s  (N u c u l i t e s ) f e r ru g in e u m  F o e r s t e ,  p .

564, P I .  37, f i g .  2 a ,b

190 3 C lid o p h o ru s  n e g le c t u s  H a l l ,  W e l le r ,  p .  16 5, P I .  2,

f  i g . 16

1909 N u c u l i t e s  n e g le c t u s  ( H a l l ) ,  Grabau and Sh im er, p .

397, f i g .  508a-c  

1970 N u c u l i t e s  n e g le c t u s  ( H a l l ) ,  Snyder and B r e t s k y ,  p .

2 39, P I .  1 , f i g .  h - j .

Type Specimen

H a l l  (186 2 a , p .  5 5 f i g .  2 and 3) f i g u r e d  two spec im ens 

o f  N u c u l i t e s  n e g le c t u s  b u t  d id  n o t  d e s c r i b e  them. These two 

spec im ens a r e  in  two s u i t e s  o f  specim ens i n  t h e  Am erican 

Museum o f  N a tu r a l  H i s t o r y  (AMNH 1362 /1  and 1 3 6 2 /2 ) .

No specim en was d e s ig n a t e d  as  t h e  ty p e  by H a l l  o r  

s u b s e q u e n t  w o rk e rs .  P o j e t a ,  as  s t a t e d  p r e v i o u s l y ,  w i l l  

e s t a b l i s h  l e c t o t y p e s  f o r  N orth  A m erican O rd o v ic ia n  p e le cy p o d s  

w i th o u t  ty p e  d e s i g n a t i o n s  ( m a n u s c r ip t  i n  p r e p a r a t i o n ) .

S e v e ra l  o f  H a l l ’s s y n ty p e s ,  i n c l u d i n g  h i s  two o r i g i n a l l y  

f i g u r e d  spec im ens a r e  i l l u s t r a t e d  h e r e  ( P I .  3 f i g .  1 ,  3 ) .  

H a l l ’ s ty p e  m a t e r i a l  i s  from  t h e  M aquoketa F o rm atio n  

(Upper O rd o v ic ia n )  n e a r  Dubuque, Iowa.

D ia g n o s is

N u c u l i t e s  w i th  a r e l a t i v e l y  lo n g  a n t e r i o r  sep tum , 

d o r s a l  and v e n t r a l  p o s t e r i o r  m arg in s  a r e  n e a r l y  p a r a l l e l  f o r
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h a l f  t h e i r  l e n g t h  t h e n  r a p i d l y  c o n v e rg e  t o  form  an a t t e n u a t e d  

p o s t e r i o r  t i p .  J u v e n i l e s  show b l u n t e r  a n t e r i o r  and p o s t e r i o r  

m a rg in s .  T here  a r e  num erous, f i n e ,  c h e v ro n e d  t e e t h  w i th  t h e  

apex  o f  t h e  c h e v r o n s p o in t in g  to w a rd  t h e  b e a k .

D e s c r i p t i o n

The s i z e  i s  s m a l l  to  medium f o r  t h e  genus ( l e s s  th a n  

2mm t o  n o t  g r e a t e r  t h a n  15mm). E q u iv a lv e d  and s t r o n g l y  

i n e q u i l a t e r a l ,  t h e  s h e l l  i s  p o s t e r i o r l y  e lo n g a te  w i th  t h e  

a n t e r i o r  and p o s t e r i o r  m a rg in a l  o u t l i n e  r a t h e r  p o i n te d  in  

l a r g e r  i n d i v i d u a l s  and b l u n t e r  i n  s m a l l e r  fo rm s . A s l i g h t  

p o s t e r i o r  wing i s  p r e s e n t  i n  most l a r g e r  sp ec im en s  o f  t h e  

sy n ty p e  s u i t e  ( P i .  3, f i g .  2 ) .  The p ro so g y ro u s  b eak  i s  h ig h  

and somewhat p o i n t e d ,  in  t h e  a n t e r i o r  h a l f  t o  t h i r d  o f  t h e  

s h e l l  ( P I .  3, f i g .  2 , 4 ) .

The a n t e r i o r  septum  i s  w e l l  d e v e lo p ed  ( e l e v a t e d ) , lo n g  

and r a t h e r  na rrow  ( P I .  3, f i g .  2, 4 ) .  H aving a g e n e r a l  

a n t e r i o r  d e c l i n a t i o n ,  t h e  septum  c u rv e s  even  more a n t e r i o r l y  

i n  i t s  lo w e r  h a l f  ( P I .  3, f i g .  2 ,  4 ) .  Septum l e n g t h  i s  a t  

l e a s t  h a l f  t h e  s h e l l  h e i g h t .

The d e n t a l  s e r i e s  i s  d i f f e r e n t i a t e d  i n t o  a p o s t e r i o r  

and a n t e r i o r  s e r i e s .  The a n t e r i o r  s e r i e s  c o n t a i n s  few er  

( U s u a l ly  l e s s  t h a n  7 o r  8 ) and s l i g h t l y  l a r g e r  t e e t h  th a n  

t h e  p o s t e r i o r  s e r i e s .  A n t e r i o r  t e e t h  a r e  u n d u lo se  w i th  th e  

d o r s a l  ends s l a n t e d  a n t e r i o r l y  ( P I .  3, f i g .  1 6 , 1 7 ) .  

P o s t e r i o r l y  t h e r e  a r e  p e rh a p s  tw ic e  a s  many t e e t h  (12 t o  16 

i n  l a r g e  s p e c im e n s ) .  The p o s t e r i o r  t e e t h  a r e  ch ev ro n  shaped
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w i th  t h e  p o i n t  o f  t h e  c h e v ro n  p o i n t i n g  to w ard  t h e  b e ak  ( P I .

3, f i g .  1 1 ) .  The apex  o f  t h e  c h e v ro n s  i s  a t  t h e  v e n t r a l  

edge o f  th e  t e e t h  f a r t h e s t  from  t h e  beak  and becomes 

g r a d u a l l y  more d o r s a l  i n  p o s i t i o n  i n  t e e t h  c l o s e r  t o  t h e  b eak . 

T h is  p a t t e r n  i s  v e ry  s i m i l a r  t o  t h a t  shown i n  T e x t - f i g .  3.

In  g e n e r a l ,  t h e  t e e t h  a r e  t h i n  and s m a l l .  The h in g e  p l a t e  

o c c u p ie s  ab o u t  h a l f  t h e  s h e l l  l e n g t h .

S e v e ra l  s e t s  o f  m usc le  s c a r s  a r e  r e f l e c t e d  i n  t h e  s h e l l s  

and on i n t e r n a l  c a s t s  o f  t h i s  s p e c i e s .  The a d d u c to r s  a r e  th e  

l a r g e s t  and g e n e r a l l y  m ost p ro m in e n t  s c a r s  on t h e  s h e l l .

Oval and s l i g h t l y  im p re s s e d ,  t h e  a d d u c to r s  a r e  i n s e r t e d  

beyond and v e n t r a l  t o  t h e  a n t e r i o r  and p o s t e r i o r  end o f  th e  

h in g e  p l a t e  ( P I .  3, f i g .  10 , 1 2 ) .  The a n t e r i o r  a d d u c to r ,  

a s  w e l l  as  t h e  a n t e r i o r  p e d a l  m u s c le s ,  a r e  bounded by th e  

p ro m in e n t  septum  c h a r a c t e r i s t i c  o f  t h e  g e n u s .  Two s m a l l e r ,  

w e l l  im p re ss e d  s c a r s  a r e  s i t u a t e d  n e a r  th e  h in g e  p l a t e ,  

a n t e r i o r  t o  t h e  septum  and d o r s a l  o f  t h e  a d d u c to r .  The 

d o r s a lm o s t  one i s  p ro b a b ly  t h e  r e t r a c t o r ;  and t h e  o t h e r ,  a  

p r o t r a c t o r  s c a r  ( P I .  3, f i g .  1 3 ) .  A p ro m in e n t  lo n g ,  narrow  

s c a r  i s  o b se rv e d  on  t h e  u n d e r s id e  o f  th e  p o s t e r i o r  h in g e  

p l a t e  a b o u t  h a l f - w a y  be tw een  t h e  a d d u c to r  and b e a k .  T h is  

s c a r  i s  m ost l i k e l y  r e f l e c t i v e  o f  t h e  p o s t e r i o r  r e t r a c t o r  

( P I .  3 , f i g .  1 4 ) .  T here  a r e  two o r  t h r e e  d o r s o - v e n t r a l l y  

e lo n g a te  s c a r s  i n  t h e  umbonal r e g i o n  j u s t  b e n e a th  t h e  b e ak ;  

t h e s e  a r e  p ro b a b ly  p ro d u ced  by t h e  d o r s o -  and v e n tro -m e d ia n  

m u sc le s  ( s e e  H e a th ,  19 37, p . 14) ( P I .  3, f i g .  10 , 1 3 ) .  The 

p a l l i a l  l i n e  was n o t  p r e s e r v e d  i n  any o f  t h e  specim ens 

s t u d i e d  h e r e .
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The l ig a m e n t  o c c u p ie s  a  lo n g ,  narrow  g ro o v e  a lo n g  th e  

d o r s a l  m arg in  o f  t h e  h in g e  p l a t e  b e n e a th  and p o s t e r i o r  t o  

t h e  beak  . ( p i .  3, f i g .  1 7 ) .

Numerous low m a g n i tu d e ,  t h i n ,  c l o s e l y  sp a ce d  c o m a rg in a l  

grow th  v a r i c e s  mark th e  e x t e r n a l  s u r f a c e  o f  t h e  s h e l l  i n  t h i s  

s p e c i e s .

D is c u s s io n

H a l l  (1 8 6 2 a ,  p . 55) f i g u r e d  two specim ens o f  h i s  new 

s p e c i e s  C l id o p h o ru s  [ s i c ]  n e g le c t u s  from  th e  Maquoketa n e a r  

Dubuque, Iowa. S in ce  C le id o p h o ru s  H a l l  i s  c o n s id e r e d  

synonymous w i th  N u c u l i t e s  Conrad ( s e e  g e n e r i c  d i s c u s s i o n ) ,

C. n e g l e c t u s  i s  p la c e d  i n  N u c u l i t e s .

U l r i c h  (1894) r e p o r t e d  o c c u r re n c e  o f  t h i s  s p e c i e s  i n  

t h e  "D e p au p e ra te  zone" o f  th e  b a s a l  M aquoketa F o rm ation  

(Upper O rd o v ic ia n )  o f  M in n eso ta  and o t h e r  m id w es te rn  s t a t e s  

and was a p p a r e n t l y  t h e  f i r s t  t o  c a r e f u l l y  d e s c r i b e  t h e  

s p e c i e s  and f i g u r e  th e  s h e l l ' s  m orphology in  d e t a i l .  Snyder 

and B re ts k y  (19 70) s t u d i e d  l a r g e  numbers o f  t h i s  s p e c i e s  from 

s e v e r a l  p o p u l a t i o n s .  They a n a ly s e d  i n t r a s p e c i f i c  v a r i a t i o n  

o f  t h e  p o p u l a t i o n s ,  c o n s t r u c t i n g  grow th and m o r t a l i t y  c u rv e s .  

T h e i r  i n t e r p r e t a t i o n  o f  t h e  p a le o e c o lo g y  o f  t h i s  s p e c i e s  i s  

d i s c u s s e d  h e r e  un der  " B iv a lv e  eco lo g y  and p a le o e c o lo g y ."

U l r i c h  (1894 , p . 607) and B a s s l e r  (1915 , p .  232) 

s u g g e s te d  t h a t  N u c u l i t e s  f a b u l a  ( H a l l ,  1847) from  th e  

Upper O rd o v ic ia n  ( C i n c i n n a t i a n )  o f  C i n c i n n a t i ,  Ohio a r e a ,  

m ig h t be  a "dw arfed "  form  o f  N. n e g le c tu s  ( H a l l ) . Comparison 

o f  ty p e  spec im en s  o f  b o th  s p e c i e s  i n d i c a t e s  t h a t  t h e r e  a r e
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some d i f f e r e n c e s  o t h e r  th a n  s i z e  be tw een  t h e  tw o. N. f a b u l a  

i s  more ro un ded  a t  th e  a n t e r i o r  and p o s t e r i o r  m arg in s  and 

a l th o u g h  s m a l l e r  o v e r a l l ,  N. f a b u l a  h a s  a  r e l a t i v e l y  more 

p ro m in e n t  b e ak .  The shape  and  p o s i t i o n  o f  t h e  a n t e r i o r  

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

i n d i s t i n g u i s h a b l e  i n  ty p e s  o f  th e s e  two s p e c i e s .  Two o f  

t h e  sy n ty p e s  o f  N u c u l i t e s  f a b u l a  (AMNH 1361) a r e  i l l u s t r a t e d  

h e r e  ( P I .  3, f i g .  5 , 6 ) .  Young i n d i v i d u a l s  o f  N. n e g l e c t u s  

have  an o u t l i n e  more l i k e  N. f a b u l a  th a n  a d u l t s  ( P I .  3, f i g .

*o.
S e v e ra l  spec im ens from  th e  B r a s s f i e l d  ( P I .  3, f i g .  8 , 10 , 

15 , 18) hav e  an o u t l i n e  i n t e r m e d i a t e  t o  N. f a b u l a  ( P I .  3, 

f i g .  6 ) and N. n e g le c t u s  ( P I .  3, f i g .  4 ) .  The f a c t  t h a t  

s m a l l  ( j u v e n i l e )  i n d i v i d u a l s  o f  N. n e g l e c t u s  more c l o s e l y  

re se m b le  N. f a b u l a  th a n  do N. n e g le c t u s  a d u l t s  s u g g e s t s  t h a t  

N. f a b u l a  may r e p r e s e n t  t h e  p h y lo g e n e t i c  s to c k  o u t  o f  which 

N. n e g le c t u s  e v o lv e d .  N. f a b u l a  i s  known t o  o c c u r  th ro u g h o u t  

t h e  Upper O rd o v ic ia n  ( C i n c i n n a t i a n  s e r i e s )  w h i le  N. n e g le c tu s  

i s  known o n ly  from  th e  u p p e r  s t a g e  o f  t h e  C in c i n n a t i a n  

(R ichm ondian) and th e  lo w e s t  S i l u r i a n  ( B r a s s f i e l d  F o rm a t io n ) .  

A lth o u g h  m o r p h o lo g ic a l ly  s i m i l a r ,  t h e s e  two s p e c i e s  a r e  

p ro b a b ly  d i s t i n c t .

A lthough  N. n e g l e c t u s  i s  an ab un dan t e le m e n t  o f  th e  

b i v a l v e  f a u n a  in  t h e  b a s a l  Maquoketa F o rm a tio n ,  i t  i s  

r e l a t i v e l y  l e s s  ab u n d an t i n  t h e  B r a s s f i e l d .  T h is  s p e c i e s  

composes up t o  40% o f  t h e  n u c u lo id  b i v a l v e s  in  t h e  b a s a l  

M aquoketa. In  one sample (WU-14) from t h e  B r a s s f i e l d ,  6 .5
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pounds o f  b u lk  sam ple was a c i f i e d  and y i e l d e d  90 2 i n d i v i d u a l  

v a lv e s  and 80 a r t i c u l a t e d  b i v a l v e  s h e l l s .  Of t h e s e  9 82 

sp e c im e n s ,  o n ly  47 ( a b o u t  5 p e r c e n t )  w ere N u c u l i t e s  n e g l e c t u s . 

A l l  o f  t h e s e  a r e  d i s a r t i c u l a t e d ,  22 l e f t ,  and 2 5 r i g h t  v a lv e s .

N u c u l i t e s  f e r ru g in e u m  ( F o e r s t e ,  189 5, p .  564). was 

d e s c r i b e d  from  th e  B r a s s f i e l d  f e r r u g i n o u s  zone a t  T o d d 's  Fork  

C reek , Ohio. The o n ly  known sp ec im en , t h e  h o lo ty p e  (OSU 

8 2 0 7 ) ,  i s  a p o o r ly  p r e s e r v e d  i n t e r n a l  mold o f  a r i g h t  v a lv e  

( P I .  3, f i g .  1 8 ) .  The shape o f  t h e  b e a k ,  a n t e r i o r  o u t l i n e  

and a n t e r i o r  septum o f  N. f e r ru g in e u m  i s  v e ry  n e a r  t h a t  o f  

t h e  o t h e r  B r a s s f i e l d  N u c u l i t e s  c o l l e c t e d  f o r  t h i s  s tu d y  and 

t o  t h e  ty p e  m a t e r i a l  o f  N. n e g l e c t u s  from  th e  Maquoketa 

F o rm a tio n .  N. f e r ru g in e u m  i s  t h e r e f o r e  synonymized w ith  

N. n e g l e c t u s .

D i s t r i b u t i o n

The N. n e g le c t u s  ty p e  s u i t e s  a r e  from  th e  "Hudson R iv e r  

g roup "  o f  "S in s in n e w a , W isconsin"  and " n e a r  Dubuque, Iow a ,"  

a c c o rd in g  t o  t h e  museum l a b e l s .  These ty p e  s u i t e s  a r e  

p resu m ab le  from  r o c k s  which a r e  now in c lu d e d  in  t h e  Upper 

O rd o v ic ia n  Maquoketa F o rm a tio n .  T h is  s p e c i e s  i s  ab und an t 

i n  many o u tc r o p s  o f  t h e  Maquoketa F o rm a tio n  i n  Iowa, I l l i n o i s  

and W iscons in  (S n y d er  and B r e t s k y ,  1 9 7 1 ) .

The B r a s s f i e l d  o c c u r r e n c e s  a r e  r e s t r i c t e d  to  t h e  numerous 

f e r r u g i n o u s  l a y e r s  and do n o t  o c c u r  i n  t h e  c r y s t a l l i n e  

l im e s to n e  l a y e r s  35 t o  37 f e e t  a b o u t  t h e  b a se  o f  t h e  

B r a s s f i e l d  i n  s e v e r a l  ro a d  c u t s  a lo n g  S t a t e  Road 4 1 ,  2 .5

{
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m ile s  no rth , o f  West U n ion , Adams C oun ty , Ohio ( l o c a l i t i e s  

WU 14 , 1 ,  and 1 1 ) .

F ig u re d  Specimens

N. f a b u l a  AMNH 1361, OSU 8081; N. f e r ru g in e u m  OSU 3207; 

N. n e g le c t u s  AMHN 1 3 6 2 /1 ,  1 3 6 2 /2 ;  UCGM 42632-42637 .

Genus P a l a e o n e i l o  H a l l  and W h i t f i e l d ,  1869

1842 N u c u l i t e s  C onrad , p . 249 (p a r t im )

1847 non T e l l in o m y a  H a l l ,  p .  151

1852 non C ten o d o n ta  S a l t e r ,  p .  64

1869 P a l a e a n e i l o  H a l l and W h i t f i e l d , p . 6

1885 P a l a e o n e i l o  H a l l and W h i t f i e l d , H a l l ,  p .  x x v i i

1888 P a l a e o n e i l o  H a l l and W h i t f i e l d , O e h l e r t ,  p . 653

1889 P a la e o n e i lo  H a l l and W h i t f i e l d , M i l l e r ,  p . 499

1889 T e l l in o m y a  H a l l , M i l l e r ,  p .  514 (p a r t im )

1894 C ten o d o n ta  S a l t e r ,  U l r i c h ,  p . 578 ( p a r t im )

1895 C ten o d o n ta  ( P a l a e o n e i l o )  H a l l ,  B eushausen , P- 77

1899 P a l a e o n e i l o  H a l l and W h i t f i e l d , G rabau , p . 256

1962 P a l a e o n e i l o  H a l l and W h i t f i e l d , M c A le s te r , P- 16

19 6 6 C ten o d o n ta  S a l t e r ,  B a b in ,  p .  41 ( p a r t im )

1966 P a la e o n e i lo  H a l l and W h i t f i e l d , B ab in , p . 72 ( p a r t im )

1968 P a l a e o n e i l o  H a l l and W h i t f i e l d , M c A les te r , P- 41

1969 P a l a e o n e i l o  H a l l and W h i t f i e l d , M c A le s te r , P- 233

Type S p e c ie s

The ty p e  s p e c i e s  f o r  t h i s  genus i s  N u c u l i t e s  c o n s t r i c t a  

Conrad (1842) by s u b s e q u e n t  d e s i g n a t i o n  o f  H a l l  (1 885 , p . 

x x v i i ) .  P r o v i s i o n a l  l e c t o t y p e  o f  t h e  t y p e  s p e c i e s  was
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d e s ig n a t e d  by  M cA les te r  (19 62, p .  18) a s  t h e  r i g h t  v a lv e  

f i g u r e d  by Conrad (18 42 , P I .  1 5 , f i g .  8 ) .  The w h e rea b o u ts  

o f  C o n ra d ’s ty p e s  i s  unknown, and th e y  a r e  assum ed t o  be 

l o s t  (M c A le s te r ,  19 6 8 , p .  M-l). B ecause  t h e  s p e c i e s  can 

a p p a r e n t l y  be r e c o g n iz e d  from  C o n ra d 's  f i g u r e ,  i t  was 

M c A le s te r 's  th o u g h t  t h a t  no n e o ty p e  need  be  d e s i g n a t e d .

T h is  p ro c e d u r e  i s  open t o  q u e s t i o n .  C o n ra d 's  t y p e  m a t e r i a l  

i s  from  t h e  M iddle  D evonian (H am ilto n  g ro up )  o f  New York. 

D ia g n o s is

M a l l e t i i d a e  w i th  a n t e r i o r  and p o s t e r i o r  d e n t a l  s e r i e s  

composed o f  s i m i l a r  s i z e  t e e t h  on an a r c u a t e  d e n t a l  p l a t e  

c o n ta in i n g  t e e t h  r e g u l a r l y  d im in i s h in g  i n  s i z e  to w ard  th e  

b e ak .  A n t e r i o r  t e e t h  a r e  v e r t i c a l  o r  i n c l i n e d  w h i le  t h e  

p o s t e r i o r  ones a r e  c h e v ro n - s h a p e d ,  w i th  t h e  ap ex es  o f  t h e  

ch ev ro n s  p o i n t i n g  to w a rd  t h e  b e ak  and l o c a t e d  a t  t h e  

v e n t e r  o f  t h e  d e n t a l  p l a t e  p o s t e r i o r l y  and becom ing more 

d o r s a l  a n t e r i o r l y  ( T e x t - f i g .  3 ) .  P o s t e r i o r  f l a n k  marked 

by a f a i n t  r a d i a l  s u l c u s ,  e x te n d in g  from  t h e  umbo t o  th e  

p o s t e r o - v e n t r a l  m arg in .

D e s c r ip t i o n

These a r e  medium t o  l a r g e  s i z e d  (10-30mm i n  l e n g t h ) ,  

p o s t e r i o r l y  e lo n g a te  n u c u lo id  b i v a l v e s  t h a t  a r e  e q u iv a lv e d  

and v a ry  from  o v a l  o r  s u b o v a l  t o  s u b r e c t a n g u l a r  i n  o u t l i n e .  

The low , ro u n d e d ,  p ro so g y ro u s  b eak  i s  l o c a t e d  n e a r  t h e  

a n t e r i o r  t h i r d  o f  t h e  s h e l l  and  r a r e l y  e x te n d s  much above 

t h e  d o r s a l  m arg in .  The p o s t e r i o r  m arg in  o f  t h e  s h e l l  may 

be  s l i g h t l y  a t t e n u a t e d .
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The t h i n  ta x o d o n t  t e e t h  a r e  d i s t r i b u t e d  u n i fo rm ly  a lo n g  

a  g e n t l y  a rc h e d  h in g e  p l a t e .  D e n t i t i o n  i s  c o n t in u o u s  

b e n e a th  t h e  b e a k .  The a n t e r i o r  t e e t h  may be v e r t i c a l  o r  

i n c l i n e d ,  w h i le  t h o s e  p o s t e r i o r l y  a r e  c h e v ro n -sh a p e d .  Both 

s e r i e s  d im in is h  i n  s i z e  to w a rd  th e  b e ak .  The p o s t e r i o r  

s e r i e s  o c c u p ie s  a t  l e a s t  h a l f  o f  t h e  h i n g e - p l a t e  l e n g t h ,  

w i t h . a t  l e a s t  t w i c e : a s  many t e e t h  a s  i n  t h e  a n t e r i o r  s e r i e s .  

The ch ev ro n s  o f  t h e  p o s t e r i o r  d e n t a l  s e r i e s  a r e  a s s y m e t r i c a l  

w i th  t h e  apex  o f  t h e  p o s t e r i o r  t e e t h  n e a r  t h e  h in g e  v e n te r  

and becom ing more d o r s a l  i n  p o s i t i o n  n e a r e r  t h e  beak  ( T e x t -  

f i g .  3 ) .

The a d d u c to r  m u sc les  a r e  m o d e ra te ly  im p re s s e d ,  and 

a p p e a r  a s  s u b o v a l  s c a r s  o c c u r r i n g  j u s t  v e n t r a l  t o  t h e  

t e r m i n a l  r e g io n s  o f  t h e  d e n t a l  s e r i e s .  A c ce sso ry  m uscle  

im p re s s io n s  can a l s o  b e  o b se rv e d  d o r s a l  t o  t h e  a d d u c to r s ,  

n e a r  t h e  h i n g e ,  and i n  t h e  umbonal r e g i o n .  These s c a r s  a r e  

i n t e r p r e t e d  a s  r e f l e c t i n g  p e d a l  p r o t r a c t o r  and r e t r a c t o r  

and " d o r s a l - m e d ia n ” m u sc les  r e s p e c t i v e l y  (H e a th ,  193 7 ) .

The p a l l i a l  l i n e  o f  t h i s  genus i s  e n t i r e .  I t  i s  n o t  c e r t a i n  

w h e th e r  a  p a l l i a l  s i n u s  i s  p r e s e n t  s i n c e  p r e s e r v a t i o n  i s  n o t  

optimum in  m ost sp e c im en s .  M cA les te r  (19 6 8 ) s h o w e d  a s l i g h t  

s in u s  i n  one D evonian s p e c i e s  o f  t h i s  g en u s . The ty p e  s p e c i e s  

(P . c o n s t r i c t u s ) i s  n o t  known t o  have a  s i n u s .

The e x t e r i o r  s u r f a c e  o f  P a l a e o n e i lo  i s  marked by f i n e ,  

c l o s e l y  sp a c e d ,  u n ifo rm  c o m a rg in a l  v a r i c e s .  An e x t e r n a l  

l ig a m e n t  o c c u p ie s  a lo n g  na rrow  g ro o v e ,  p o s t e r i o r  t o  t h e  

b e a k ,  a lo n g  t h e  d o r s a l  m arg in  o f  t h e  d e n t a l  p l a t e .
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D is c u s s io n

The s p e l l i n g  o f  t h i s  genus a s  o r i g i n a l l y  p ro p o se d  was 

P a l a e a n e i l o , i n  an anonymous (1869) New York S t a t e  Museum 

p u b l i c a t i o n ,  b u t  was soon changed t o  P a l a e o n e i lo  ( H a l l  and 

W h i t f i e l d ,  1 8 7 3 ) .  Most su b s e q u e n t  a u th o r s  u sed  t h e  emended 

s p e l l i n g .  As S t o l l  (1961) was o f  t h e  v iew , how ever, t h a t  t h e  

new s p e l l i n g  was an u n j u s t i f i e d  e m e n d a t io n ,  t h e  o r i g i n a l  

s p e l l i n g  s h o u ld  b e  r e t a i n e d .  B ecause  t h e  emended s p e l l i n g  

had  been  so  w id e ly  u se d ,  a  d e c i s i o n  was r e q u e s t e d  o f  t h e  

I n t e r n a t i o n a l  Commission on Z o o lo g ic a l  N o m en c la tu re .  In  a 

c o n t r o v e r s i a l  d e c i s i o n ,  O p in ion  215, t h e  Commission r u l e d  

t h a t  t h e  emended s p e l l i n g  and th e  o r i g i n a l  d a te  b e  r e t a i n e d .  

The o p in io n  a t t r i b u t e d  t h e  a u th o r s h ip  o f  t h e  anonymous 1869 

p a p e r  t o  James H a l l .  Cooper (1 9 3 1 ) ,  how ever, end eav o red  to  

show t h a t  th e  a u th o r s h ip  sh o u ld  b e lo n g  t o  H a l l  and W h i t f i e l d .  

C oop er’s e v id e n c e  seems v a l i d ;  t h e r e f o r e ,  P a l a e o n e i lo  i s  

h e r e  a t t r i b u t e d  t o  H a l l  and W h i t f i e l d ,  1869.

S e v e ra l  a u th o r s  h av e  s u g g e s te d  t h a t  P a l a e o n e i lo  i s  a 

subgenus o f  C ten o d o n ta  and i s  p ro b a b ly  synonymous (B eu shausen , 

1895; P fa b ,  1934; and B ab in , 1 9 6 6 ) .  However, t h e  ty p e s  o f  

t h e s e  two g e n e ra  a r e  s u f f i c i e n t l y  d i s t i n c t  t h a t  t h e i r  

synonymy seems u n w a rra n te d .

As w i th  N u c u l i t e s , m ost O rd o v ic ia n  and S i l u r i a n  s p e c i e s  

w i t h i n  t h i s  m o rpho log ic  group  a r e  g iv e n  d i f f e r e n t  g e n e r i c  

names from  t h e i r  D evonian and C a rb o n if e ro u s  c o u n t e r p a r t s , 

w hich  a r e  u s u a l ly  c a l l e d  P a l a e o n e i l o .  O rd o v ic ia n  and
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S i l u r i a n  members a r e  m ost o f t e n  p la c e d  i n  N u c u la , T e l l in o m y a  

o r  C ten odo n ta  ( H a l l ,  1857, 1862; M i l l e r ,  1889 ; U l r i c h ,  1894-; 

F o e r s t e ,  1895; and o t h e r s ) .  F r a n k ly ,  much o f  t h i s  taxonomy 

a p p e a rs  t o  have  h ad  more s t r a t i g r a p h i c  th a n  m o rph o log ic  

b a s i s .  P o j e t a  (1971) s u g g e s te d  t h a t  c e r t a i n  s m a l l  O rd o v ic ia n  

n u c u lo id s  a r e  m o r p h o lo g ic a l ly  b e s t  p l a c e d  i n  P a l a e o n e i l o .

In  t h e  p r e s e n t  w ork , m orphology i s  t h e  s o l e  b a s i s  f o r  taxonom ic  

a s s ig n m e n t .  As w i th  N u c u l i t e s , t h e  p r e s e n t  c r i t e r i a  f o r  

t h i s  form  group a r e  such  t h a t  a  r e l a t i v e l y  l a r g e  group o f  

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

P a l a e o n e i l o , as c o n c e iv e d  by M cA les te r  (19 69, p .  2 33) 

i s  an e x tre m e ly  lo n g  r a n g in g  genus w i th  g e n e r a l i z e d  su b o v a l  

o r  s u b r e c t a n g u l a r  o u t l i n e ,  and u n ifo rm  d e n ta l  s e r i e s  as 

d e s c r ib e d  above. M cA les te r  (19 69) s y n o n y m i z e d  n in e  o t h e r  

g e n e ra  w i th  P a l a e o n e i l o .

I t  seems u n l i k e l y  t h a t  t h i s  form  group  sh o u ld  be  i n c lu d e d  

in  o n ly  one genus w i th  such a lo n g  g e o lo g ic  ( " O rd o v ic ia n  t o  

M esozoic") and w ide  g e o g ra p h ic  r a n g e  ( " c o s m o p o l i t a n " ) .

A lthough  no one h a s  y e t  t a c k l e d  th e  t a s k  o f  s o r t i n g  o u t  t h e  

t a x a  in  t h i s  g ro u p ,  i t  seems l i k e l y  t h a t  d e t a i l e d  e x a m in a t io n  

o f  m o rp h o lo g ic  f e a t u r e s  ( p a r t i c u l a r l y  d e n t i t i o n  and m u s c u la tu re )  

sh o u ld  y i e l d  c r i t e r i a  t o  s e p a r a t e  t a x a  in  t h i s  g ro up .

The P a le o z o ic  t a x a  in c lu d e d  i n  t h e  M a l l e t i i d a e  by 

M cA les te r  (19 69) seem t o  be  a  h e te ro g e n o u s  group o f  g e n e ra  

t h a t  s h o u ld  be  s e p a r a t e d  i n  t h e  f u t u r e .  In  t h i s  f a m i ly ,  

N u c u l i t e s  i s  p e rh a p s  t h e  m ost c l o s e l y  r e l a t e d  t o  P a l a e o n e i l o .
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Both h av e  s i m i l a r  s h e l l  o u t l i n e s  ( p o s t e r i o r l y  e l o n g a t e ) , 

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

o f  b o t h ) . P a l a e o n e i l o  i s  r e a d i l y  d i s t i n g u i s h a b l e  from  o t h e r  

n u c u la c e a n s  ( su c h  a s  P r a e n u c u l id a e  members) i n  t h a t  

P a l a e o n e i l o  i s  p o s t e r i o r l y  e l o n g a t e ,  w h i le  P r a e n u c u l id a e  

g e n e ra  (su c h  a s  D e c e p t r ix  o r  P r a e n u c u l a ) a r e  a n t e r i o r l y  

e lo n g a te .  T h is  s h e l l  shape  r e p r e s e n t s  a fu n d a m e n ta l  

b i o l o g i c  d i f f e r e n c e  be tw een  t h e s e  two f a m i l i e s .  I n  modern 

n u c u l o i d s , a n t e r i o r l y  e lo n g a te  fo rm s such a s  N ucu la  Lamarck 

have  u n fu se d  m a n t le  lo b e s  and a r e  d e p o s i t  f e e d i n g ;  w h i le  

p o s t e r i o r l y  e lo n g a te  t y p e s ,  such  a s  M a l l e t i a  desM o u lin  o r  

Y o ld ia  M o l le r ,  have  p a r t i a l l y  o r  c o m p le te ly  f u s e d  p o s t e r i o r  

m a n t le  lo b e s  t h a t  form  s ip h o n s  f o r  a s u s p e n s io n  f e e d in g  

su p p lem en t t o  a  d e p o s i t  f e e d in g  h a b i t .

D i s t r i b u t i o n

The ty p e  s p e c i e s  was d e s c r i b e d  from t h e  M iddle  D evonian 

(H am ilto n  g rou p )  n e a r  M o rav ia ,  Cayuga C ounty , New York. 

M cA les te r  (1 9 6 9 , p .  233) p l a c e d  n in e  g e n e ra  i n  synonomy 

w ith  P a l a e o n e i l o  and gave i t s  c o n se q u e n t  r a n g e  a s  " O rd o v ic ia n  

to  Mesozoic'* and i t s  o c c u r r e n c e  a s  " c o s m o p o l i t a n ."  Most 

s p e c i e s  have  b een  d e s c r i b e d  from  th e  D evonian  o f  e a s t e r n  

N orth  A m erica  ( H a l l ,  1885; M c A le s te r ,  1962 , and o t h e r s ) .

The Lower P a l a e o z o ic  d i s t r i b u t i o n  o f  t h i s  genus c l o s e l y  

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

E urop e , B r i t i s h  I s l e s  and N orth  A m erica , i n  M iddle  O rd o v ic ia n  

th ro u g h  D evonian  s t r a t a .
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P a l a e o n e i l o  f e c u n d a  (H a l l )

P I .  4 , f i g .  1 -1 3 ;  P I .  5, f i g .  1 -1 3 ,  P I .  6 , f i g .  1 ,  6 

1847 N ucula  l e v a t a  H a l l ,  p .  150 ( p a r t i m ) , P I .  34, f i g .  l f - i

1862a N ucula  ( T e l l in o m y a ) fe c u n d a  H a l l ,  p . 55 ( f i g u r e  o n ly )  

1870 non P a l a e o n e i l o  fe c u n d a  H a l l ,  p .  8 ( f i r s t  i l l u s t r a t e d  

by H a l l  (1889) P I .  49 , f i g .  13 

1894 non C te n o d o n ta  s i m u l a t r i x  U l r i c h ,  p. 600, P I .  42 , 

f i g .  74 , 75

1894 C te n o d o n ta  fe c u n d a  ( H a l l ) ,  U l r i c h ,  p .  595, P I .  42 , 

f i g .  6 7 -7 3 .

1894 [ ? ]  C te n o d o n ta  c a l v i n i  U l r i c h ,  p . 596, P I .  4 2 ,  f i g .

61-64

19 23 C te n o d o n ta  c f .  s im u la t r ix  Ul r i c h , F o e r s t e ,  p . 87,

P I .  14 , f i g .  19a , b 

1946 [?3 C te n o d o n ta  c f .  c a l v i n i  U l r i c h ,  Reed, p. 7 02 (no

f i g u r e )

1971 P a l a e o n e i l o ? fe c u n d a  ( H a l l ) ,  Snyder and B r e ts k y ,  

p. 237 

Type Specim ens

H a l l  (1862^ p . 55) f i g u r e d  a s i n g l e  specim en o f  t h i s  

s p e c i e s .  T h is  specim en  i s  t h e  l a r g e s t  o f  a  l a r g e  s u i t e  o f  

H a l l ’ s ty p e  spec im ens  from  t h e  Upper O rd o v ic ia n ,  M aquoketa 

F o rm a tio n  o f  Iowa which a r e  i n  th e  c o l l e c t i o n s  o f  t h e  

A m erican Museum o f  N a tu r a l  H i s t o r y  (AMNH 1 3 6 0 /5 ) .  I n  a 

m a n u s c r ip t  i n  p r e p a r a t i o n ,  P o j e t a  w i l l  d e s i g n a t e  a l e c t o t y p e .  

T h is  i l l u s t r a t e d  specim en  would seem a u t o m a t i c a l l y  t o  be  

th e  b e s t  c a n d i d a t e  f o r  l e c t o t y p e .  The specim en  f i g u r e d  by 

H a l l  (186 2 a )a s  w e l l  a s  s e v e r a l  o t h e r  sp ec im en s  from  th e
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sy n ty p e  s u i t e  a r e  i l l u s t r a t e d  h e r e i n  (P I .  4 ,  f i g .  1 ,  2 , 4 ,  5, 

6 , 9 ) .

D ia g n o s is

S m all ,  o v a l  P a l a e o n e i l o , w i th  p o s t e r i o r  r a d i a l  s u l c u s  

p o o r ly  d e v e lo p e d  o r  o b s o l e t e .  Beak and umbo r e l a t i v e l y  

l a r g e ,  rounded  and b l u n t ,  and o n ly  s l i g h t l y  p r o s o c l i n e .

Hinge p l a t e  i s  u n i f o r m ly  cu rv ed  and t e e t h  a r e  o f  n e a r l y  

e q u a l  s i z e ,  d e c r e a s in g  o n ly  s l i g h t l y  i n  s i z e  tow ard  th e  

b e a k .

D e s c r i p t i o n

Small ( u s u a l l y  l e s s  th a n  20mm i n  l e n g t h )  e q u iv a lv e d ,  

and o n ly  s l i g h t l y  i n e q u i l a t e r a l ,  p o s t e r i o r l y  e lo n g a te  

P a l a e o n e i l o . The low ro u n d ed , s l i g h t l y  p ro so g y ro u s  beak  

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

T h ere  i s  a f a i n t  r a d i a l  s u l c u s ,  v a r i a b l y  d e v e lo p ed  to  

a b s e n t ,  e x te n d in g  from th e  umbonal r e g i o n  t o  th e  p o s t e r o -  

v e n t r a l  m a rg in .  T h is  s u lc u s  i s  o f t e n  i d e n t i f i a b l e  o n ly  

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

t h e  p o s t e r o - v e n t r a l  m arg in  ( P I .  4 ,  f i g .  1 ,  1 0 ) .

T here  a r e  few er a n t e r i o r  t e e t h  t h a n  p o s t e r i o r .  I n  

s m a l l e s t  i n d i v i d u a l s  (9 .3  t o  0.7mm i n  l e n g t h ) ,  t h e r e  a r e  

t h r e e  to  f o u r  a n t e r i o r  t e e t h  and f o u r  t o  f i v e  p o s t e r i o r  

t e e t h  ( P I .  5, f i g .  1 , 2 ) ;  ho w ever, i n  l a r g e r  s h e l l s  (4 t o  

6mm in  l e n g t h ) ,  t h e r e  a r e  e i g h t  o r  n in e  a n t e r i o r  t e e t h  and 

15 to  20 p o s t e r i o r  t e e t h  ( P I .  5 , f i g .  8 , 1 3 ) .  I n t e r m e d i a t e  

s i z e d  i n d i v i d u a l s  have  numbers o f  t e e t h  c o r r e l a t i v e  w i th  

t h e i r  s i z e  ( P I .  5, f i g .  6 , 7, 9 ) .  The number o f  p o s t e r i o r
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t e e t h  i n c r e a s e  a t  a  g r e a t e r  r a t e  t h a n  t h e  a n t e r i o r  t e e t h  

d u r in g  o n to g e n y .  I n c l i n e d  t e e t h  occupy th e  a n t e r i o r  h in g e  

p l a t e ,  w h i le  th e  p o s t e r i o r  t e e t h  a r e  c h e v ro n -sh a p e d  w ith  

th e  p o i n t s  o f  th e  c h ev ro n  tow ard  t h e  b e a k .  A d d i t i o n a l l y ,  

t h e  apex o f  th e  ch ev ro n  i s  a t  t h e  b a se  ( v e n t r a l  on h in g e  

p l a t e )  o f  p o s t e r io r m o s t  t e e t h  and i s  i n  a s u c c e s s iv e l y  more 

d o r s a l  p o s i t i o n  i n  each  t o o th  c l o s e r  tow ard  th e  b eak . The 

p o s t e r i o r  t e e t h  n e a r e s t  t h e  beak have t h e  ch ev ro n  apexes  

n e a r  t h e i r  d o r s a l  m arg in  ( T e x t - f i g .  3 ) .

S c a rs  o f  m u s c u la tu re  a r e  u s u a l l y  p r e s e r v e d  on th e  

i n t e r i o r  o f  s h e l l s  o r  t h e  s u r f a c e  o f  S t e in k e r n s .  The m ost 

p ro m in e n t  s c a r s  a r e  t h o s e  o f  t h e  a d d u c to r  m u sc le s .  Both 

a n t e r i o r  and p o s t e r i o r  s c a r s  a r e  ro u g h ly  o v a l  i n  o u t l i n e ,  

w i th  th e  a n t e r i o r  a d d u c to r  s c a r  somewhat more im p re ssed  

( P I .  4 , f i g .  13 and P I .  5, f i g .  5 ) .  The a d d u c to r s  were 

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

ends o f  th e  h in g e  p l a t e .

A ccesso ry  s c a r s ,  p ro b a b ly  a s s o c i a t e d  w i th  p e d a l  m u sc les  

a r e  a l s o  p r e s e r v e d  on t h e  s h e l l .  A s h o r t  e lo n g a te  s c a r  

( p e d a l  r e t r a c t o r )  i s  p r e s e n t  on t h e  u n d e r s id e  o f  t h e  h in g e  

p l a t e  d o r s a l  t o ,  b u t  d i s t i n c t l y  s e p a r a t e d  from  th e  a n t e r i o r  

a d d u c to r  ( P I .  4 ,  f i g .  7 ) .  I n  a s i m i l a r  p o s t e r i o r  p o s i t i o n  

i s  a more d .o n g a te  s c a r  ( p e d a l  r e t r a c t o r )  ( P I .  4 ,  f i g .  1 1 ) .

I t  i s  a l s o  d i s c r e t e  from  th e  a d d u c to r .  I n  a few S t e in k e r n s ,  

t h e r e  a r e  two o r  t h r e e  d o r s o - v e n t r a l l y  e lo n g a te  m uscle  s c a r s  

i n  th e  umbonal r e g i o n  u n d e r  t h e  beak  o f  each  v a lv e  (P I .  4 , 

f i g .  1 2 ) .  These s c a r s  a r e  m ost l i k e l y  r e f l e c t i v e  o f
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d o r s o -  and v e n tro -m e d ia n  m u sc les  ( a s  d e s c r ib e d  by H e a th ,

1937, p . 1 4 ) .

The p a l l i a l  l i n e  i s  r a r e l y  p r e s e r v e d .  An o c c a s io n a l  

specim en  shows a p a l l i a l  l i n e  which a p p e a r s  t o  be n o n s in u a te  

( P I .  5, f i g .  6 ) .  The o p i s t h o d e t i c  l ig a m e n t  i s  s e e n  i n  many 

s h e l l s  a s  a  lo n g ,  narrow  groove  on t h e  h in g e  p l a t e ,  d o r s a l  

t o  t h e  t e e t h ,  below and p o s t e r i o r  t o  th e  beak  ( P I .  4 ,  f i g .

9 , P I .  5, f i g .  11 , 1 2 ) .

The s h e l l  s u r f a c e  i s  marked by numerous c l o s e l y  sp a c e d ,  

f i n e ,  c o m a rg in a l  g row th  v a r i c e s  ( P I .  4 ,  f i g .  1 , 2; P I .  5, 

f i g .  1 0 ) .  An o c c a s io n a l  more w id e ly  sp a ce d  v a r i x  i s  a l s o  

o b se rv e d  ( P I .  4 ,  f i g .  2 ) .

D is c u s s io n

I n  1847 James H a l l  d e s c r ib e d  a s e r i e s  o f  spec im ens

c o l l e c t e d  from  th e  M iddle O rd o v ic ia n  " T re n to n  L im estone"  o f

New York and W isconsin  a s  N ucula  l e v a t a .  C la rk e  and 

Ruedemann (1 9 0 3 b ,p .  521) d e s ig n a te d  t h e  specim en  r e p r e s e n t e d  

by H a l l  i n  P l a t e  34, f i g .  l a ,  b ,  a  specim en from  New York, 

a s  t h e  l e c t o t y p e .  Specimens f i g u r e d  by H a l l  a s  t h e  " w e s te rn  

spec im ens"  ( P I .  34, f i g .  l f - i )  a r e  d i s t i n c t l y  d i f f e r e n t  

from t h e  l e c t o t y p e ,  which i s  a n t e r i o r l y  e lo n g a te ,  w h i le  th e  

" w e s te rn  spec im ens"  a r e  p o s t e r i o r l y  e lo n g a t e .  One o f  t h e s e  

spec im ens ( F ig .  l g ,  h ) i s  f i g u r e d  h e r e i n  ( P I .  4 ,  f i g .  7, 10, 

11) and may r e a d i l y  be  p la c e d  i n  P a l a e o n e i l o  f e c u n d a . The 

l e c t o t y p e  and specim ens f i g u r e d  by H a l l  (1847) i n  f i g u r e s  

l c ,  d and e a r e  now c o n s id e r e d  a s  b e lo n g in g  t o  D e c e p t r ix
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( P o j e t a ,  19 71) b e c a u se  o f  th e  e lo n g a t e  a n t e r i o r  r e g i o n .

H a l l  (1862a, p . 55) f i r s t  u se d  t h e  name N ucula  

( T e l l in o m y a ) f e c u n d a  f o r  a s m a l l  n u c u lo id  from  th e  Upper 

O rd o v ic ia n ,  M aquoketa F o rm a tio n  i n  Iow a, w hich  he f i g u r e d  

b u t  d id  n o t  d e s c r i b e .

In  h i s  monograph on "Lower S i l u r i a n  [U pper O rd o v ic ia n ]  

L a m e l l i b r a n c h i a t a  o f  M in n e s o ta ,"  U l r i c h  (1 8 9 4 , p .  59 5) 

f i g u r e d  and d e s c r i b e d  a d d i t i o n a l  sp ec im en s  w hich  he  a t t r i b u t e d  

to  H a l l ' s  s p e c i e s ,  w h i le  a s s i g n i n g  them t o  C te n o d o n ta  

( i n  h i s  C. l e v a t a  g r o u p ) .  U l r i c h  a l s o  c r e a t e d  C ten o d o n ta  

c a l v i n i  f o r  fo rm s v e ry  s i m i l a r  t o  C. f e c u n d a . He d i s t i n g u i s h e d  

C. c a l v i n i  from  C. f e c u n d a  by l e s s e r  c o n v e x i ty  o f  t h e  v a l v e s ,  

g r e a t e r  s i z e  and g r e a t e r  p o s t e r i o r  h e i g h t  i n  C. c a l v i n i .

I n  one sam ple  (WU-14) a n a ly z e d  i n  t h i s  s tu d y ,  

c o n s i d e r a b l e  v a r i a b i l i t y  was o b s e rv e d  i n  s h e l l  shape 

( e s p e c i a l ly  o u t l i n e )  w i th  i n c r e a s i n g  s i z e .  Specimens (WU 1 , 14) 

show t h a t  i n  s m a l l e s t  i n d i v i d u a l s  o f  P. f e c u n d a , t h e  

a n t e r i o r  and p o s t e r i o r  l e n g t h s  a r e  a b o u t  e q u a l  (PI. 5, f i g .

1 ) ;  b u t  a s  i n d i v i d u a l s  grow l a r g e r ,  t h e  p o s t e r i o r  l e n g t h  

i n c r e a s e s  more r a p i d l y ,  th u s  p ro d u c in g  an e lo n g a te  p o s t e r i o r  

r e g i o n  ( P I .  5, f i g .  6 , 8 ) .  The v a r i a t i o n  i n  h e i g h t ,  . .

compared w i th  l e n g t h ,  i s  l e s s  d r a m a t ic  w i th  t h e  l e n g t h  

g e n e r a l l y  b e in g  a b o u t  1 .4  t im e s  t h e  h e i g h t .  Comparing 

i n d i v i d u a l  sp e c im e n s ,  how ever, t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  

in  t h e  r e l a t i v e  h e i g h t  o f  t h e  v a l v e s . S e v e r a l  sm a ll  v a lv e s  

(WU-14, WU-1) have  a  h e i g h t  much l e s s  t h a n  t h e  a v e ra g e  r a t i o
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( l e n g t h  g r e a t e r  t h a n  1 .4  t im e s  h e ig h t )  ( P I .  5 , f i g .  2 , 6 ) .

W hile l a r g e r  v a lv e s  (WU-1) have  a h e i g h t  t h a t  i s  g r e a t e r  

th a n  t h e  a v e ra g e  ( l e n g t h  l e s s  t h a n  1 .4  t im e s  h e i g h t )  (P I .  5, 

f i g .  8 ) .  T hese  spec im ens  o f  P. fe c u n d a  w i th  a  r e l a t i v e l y  

g r e a t e r  p o s t e r i o r  h e i g h t  a r e  q u i t e  s i m i l a r  t o  U l r i c h ' s  ty p e s  

o f  P . c a l v i n i  (com pare  ( P I .  4 ,  f i g .  8 and P I .  5, f i g .  8 ) .

S in c e  n o th in g  i s  known a b o u t  t h e  o n to g en y  o f  P. c a l v i n i , 

i t  would n o t  be w ise  t o  u n c o n d i t i o n a l l y  synonym ize P. fe c u n d a  

and P . c a l v i n i . However, b e c a u se  t h e  m orphology ( p a r t i c l a r l y  

p o s t e r i o r  h e ig h t  r a t i o ). o f  Pi c a lv . in i  i s  w i t h in  t h e  m o rp h o lo g ic a l  

r a n g e  o f  P. f e c u n d a  from  th e  B r a s s f i e l d ,  i t  seems r e a s o n a b l e  

to  a t  l e a s t  q u e s t i o n a b ly  a s s i g n  P. c a l v i n i  t o  P. f e c u n d a .

Snyder and B re ts k y  (1971) s t u d i e d  l a r g e  numbers o f  

spec im ens o f  " P a l a e o n e i l o ? f e c u n d a " from  t h e  M aquoketa in  

an  a t t e m p t  to  e s t a b l i s h  e c o l o g i c a l  p a ra m e te r s  ( m o r t a l i t y  and 

s u r v i v o r s h i p  c u r v e s ,  s i z e  f r e q u e n c y  d i s t r i b u t i o n s ,  e t c ) .

R e s u l t s  o f  t h e i r  a n a l y s e s  a r e  f u r t h e r  d i s c u s s e d  h e r e i n  u n d e r  

" B iv a lv e  Ecology  and P a l e o e c o lo g y ."  T h is  was t h e  f i r s t  

p u b l i s h e d  r e f e r e n c e  t o  C ten o d o n ta  fe c u n d a  a s  a  P a l a e o n e i l o . 

P o j e t a  (1971 , P I .  1 , f i g .  8 - 1 1 ) ,  i n  f i g u r i n g  one o f  U l r i c h ' s  

p l e s i o t y p e s ,  a l s o  r e f e r r e d  t h i s  s p e c i e s  t o  P a l a e o n e i lo  

( H a l l ) . These sp ec im ens  f i g u r e d  by Snyder and B re ts k y  and 

P o j e t a  have  an o u t l i n e ,  shape  and p o s i t i o n  o f  t h e  beak  t h a t  

i s  v e r y  c lo s e  t o  H a l l ' s  ty p e s  o f  P . f e c u n d a .

F o e r s t e  (19 23 , p .  87) r e p o r t e d  t h e  o c c u r r e n c e  o f  

b i v a l v e s  from  t h e  C e n t e r v i l l e  s h a l e  ( lo w erm o s t  B r a s s f i e l d  

F o rm a tio n )  n e a r  D ay ton , Ohio , which h e  q u e s t io n a b ly  a s s ig n e d
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t o  C te n o d o n ta  s i m u l a t r i x  U l r i c h ;  how ever, r e e x a m in a t io n  o f  

F o e r s t e ' s  spec im ens (USNM 72031) and U l r i c h ' s  ty p e  o f  C. 

s i m u l a t r i x  (USNM 46153) i n d i c a t e s  F o e r s t e ' s  specim ens compare 

more f a v o r a b ly  w i th  t h e  ty p e s  o f  N ucula  ( T e l l in o m y a ) [now 

P a l a e o n e i l o ] f e c u n d a  and a r e  th u s  r e a s s ig n e d  to  t h a t  s p e c i e s ,  

C ten o d o n ta  s i m u l a t r i x  U l r i c h  i s  p r o b a b ly  a s s i g n a b l e  t o  th e  

D e c e p t r ix - P r a e n u c u la  form g ro u p . U l r i c h ' s  h o lo ty p e  (USNM 

46153) i s  e lo n g a te  a n t e r i o r l y  w i th  t h e  beak  c u rv in g  s l i g h t l y  

to w ard  th e  e lo n g a t e  end . I n  P . fe c u n d a  (H a l l )  and F o e r s t e ' s  

sp e c im e n s ,  t h e  b eak  c u rv e s  tow ard  t h e  s h o r t e r  a n t e r i o r  

r e g i o n ,  w h i le  t h e  p o s t e r i o r  i s  e l o n g a t e .  The t e e t h  o f  

U l r i c h ' s  " C ." s i m u l a t r i x  a r e  s t r a i g h t  b o th  a n t e r i o r l y  and 

p o s t e r i o r l y  ( U l r i c h ,  1894, P I .  4 2 ,  f i g .  7 5 ) ;  w h i le  th o s e  o f  

P. fec u n d a  a r e  i n c l i n e d  a n t e r i o r l y  and c h ev ro n -sh a p ed  

p o s t e r i o r l y  ( P I .  5, f i g .  1 3 ) .  Some o f  F o e r s t e ' s  specim ens 

a r e  i l l u s t r a t e d  h e r e i n  f o r  co m p a r iso n  ( P I .  6 , f i g .  1 ,  6 ) .

P l a c in g  N ucula  ( T e l l in o m y a ) fe c u n d a  H a l l  (186 2) i n  

P a l a e o n e i l o  c r e a t e s  a  n o m e n c la tu r a l  c o n f l i c t .  H a l l  (1870 , 

p . 9) p ro p o se d  th e  name P a l a e o n e i l o  fe c u n d a  f o r  a d i f f e r e n t  

g roup  o f  s h e l l s  from t h e  "H am ilton  g roup"  (M. D evonian) o f  

New York s t a t e .  T h is  s p e c i e s  was n o t  f i g u r e d  u n t i l  much 

l a t e r  ( H a l l ,  1885, P I .  49 , f i g .  1 3 ,  1 5 - 2 4 ) .  The morphology 

o f  t h i s  H am ilto n  s p e c i e s  i s  docum ented by H a l l  (1885 , p .  336) 

and s h o u ld  s u f f i c e  to  d e s c r i b e  t h e  s p e c i e s .  These two 

s p e c i e s  h a v e ,  t h u s ,  b een  made homonymous. The name b e lo n g s  

t o  t h e  18 62aSp e c i e s ,  and t h e  1870 s p e c i e s  becomes a  j u n i o r
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s u b j e c t i v e  homonym. Some o f  H a l l ’ s o r i g i n a l  specim ens o f  

P a l a e o n e i lo  fec u n d a  H a l l  (1870 , p . 8 ) a r e  r e i l l u s t r a t e d  (P I .  

2, f i g .  4, 7) and t h e  new name f o r  t h i s  M iddle  D evonian 

s p e c i e s ,  p ro p o se d  h e r e ,  i s  P a l a e o n e i l o  h a l l i . The specim en 

f i g u r e d  by H a l l  (18 85 , P I .  49 , f i g .  15) and r e i l l u s t r a t e d  

h e r e  i s  d e s i g n a t e d  th e  l e c t o t y p e  ( P I .  6 , f i g .  3 ) .

The m orphology o f  P a l a e o n e i lo  fe c u n d a  ( H a l l ,  18 6 2a) h a s  

p r e v i o u s ly  b een  known a lm o st  e x c l u s i v e l y  from  a r t i c u l a t e d  

spec im ens p r e s e r v i n g  e x t e r n a l  f e a t u r e s  and from  S t e in k e r n s .  

Most o f  th e  i n d i v i d u a l s  a s s ig n e d  to  t h i s  s p e c i e s  from  th e  

B r a s s f i e l d  a r e ,  how ever, l im o n i t e  r e p l a c e d ,  d i s a r t i c u l a t e d  

v a lv e s  and some show a q u a l i t y  o f  p r e s e r v a t i o n  ( i n t e r i o r  

and e x t e r i o r  f e a t u r e s )  com parab le  t o  T e r t i a r y  and R ecen t 

s h e l l s .

D i s t r i b u t i o n

H a l l ' s  sy n ty p e  s u i t e  o f  P. fe c u n d a  ( H a l l )  was c o l l e c t e d  

from  t h e  "Hudson R iv e r  Group, S c a le s  Mound, I l l i n o i s "  

(p ro b a b ly  M aquoketa F o rm a tio n ,  Upper O r d o v i c i a n ) . T h is  

s p e c i e s  i s  a l s o  r e p o r t e d  from  t h e  M aquoketa F o rm a tio n  o f  

W iscons in  and Iowa ( U l r i c h ,  1894 and Snyder and B r e ts k y ,

19 71) .

I t  i s  known a l s o  from  th e  same h o r i z o n  i n  W isconsin  an 

Iowa ( U l r i c h ,  1894 , Snyder and B r e ts k y ,  1 9 7 1 ) ;  a s  " N ucu la" 

l e v a t a  " w e s te rn  s y n ty p e s "  a l s o  from  th e  W iscon s in  Maquoketa 

( H a l l ,  1 8 4 7 ) ;  from  t h e  M aquoketa, n e a r  G ra f ,  Iowa ( t h e  

ty p e s  o f  C ten o d o n ta  c a l v i n i  U l r i c h ,  1894) and S c a le s  Mound,

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



153

I l l i n o i s  ( U l r i c h ,  1894, p .  5 9 7 ) .  John  P o j e t a  ( p e r s o n a l  

com m unication) h a s  foun d  P. fe c u n d a  i n  t h e  M iddle  O rd o v ic ia n  

o f  K entucky, t h e  o l d e s t  r e p o r t  o f  t h e  s p e c i e s .  Reed (194 6 ) 

i d e n t i f i e d  a s i n g l e  spec im en  o f  C. c a l v i n i  U l r i c h  from  th e  

H i l l  Q uarry  Beds (Upper O rd o v ic ia n )  o f  G i rv a n ,  S c o t la n d .

T here  a r e  s e v e r a l  Lower S i l u r i a n  B r a s s f i e l d  o c c u r r e n c e s :  t h e

C e n t e r v i l l e  S h a le  (Lower B r a s s f i e l d )  n e a r  C e n t e r v i l l e ,  Ohio 

( F o e r s t e ,  1 9 2 3 ) ;  from  th e  p r e s e n t  s t u d y ,  a t  Todd Fork  Creek 

n e a r  W ilm ing ton , Ohio and from  th e  f e r r u g i n o u s  and a s s o c i a t e d  

c a lc a r e o u s  l im e s to n e  l a y e r s  35 t o  37 f e e t  above th e  b a s e  o f  

th e  B r a s s f i e l d  i n  s e v e r a l  r o a d  c u t s  on S t a t e  Road 41 , 2 .5  

m i le s  n o r th  o f  West U nion, Adams C ounty , Ohio (WU-14, 1 ,  11 , 

and 1 0 1 - 2 0 ) .

Ontogeny

Specimens o f  P a l a e o n e i lo  fe c u n d a  o c c u r  i n  a l l  t h e  

sam ples  e tc h e d  w i th  a c id  from  th e  West U nion, Ohio, a r e a .

T h is  i s  by f a r  t h e  m ost a b u n d an t  s p e c i e s  i n  ev e ry  sam ple .

For exam ple , sam ple  WU-14 (a  sam ple used  f o r  q u a n t i t a t i v e  

d a t a  p r e s e n te d  i n  t h i s  s tu d y )  h a s  a t o t a l  o f  894 v a lv e s  and 

78 s h e l l s ,  o f  w hich  668  v a lv e s  and 56 s h e l l s  a r e  a s s i g n a b l e  

to  P. f e c u n d a . T hree  h u n d red  e i g h t y - t h r e e  w e l l  p r e s e rv e d  

specim ens w ere m easu red .

The l e n g t h s  o f  sp ec im en s  i n  t h i s  s p e c i e s  ra n g e  from  

0 .5  5mm t o  5.40mm. The h e i g h t s  o f  2 52 specim ens m easured  

ra n g e  from  0.45mm t o  3,50mm. Of t h e s e  sp e c im en s ,  114 (4.5%) 

a r e  l e s s  t h a n  0.75mm h ig h .  I n  27 7 i n d i v i d u a l s  where l e n g th  

c o u ld  be m easu red , 120 (43%) were l e s s  th a n  1.0mm lo n g .
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T his  l a r g e  number o f  sm a l l  i n d i v i d u a l s  may b e  e x p la in e d  i n  

s e v e r a l  ways ( d i s c u s s e d  i n  t h e  p a le o e c o lo g y  s e c t i o n ) ,  i n c l u d i n g  

m ec h an ica l  s o r t i n g ,  h ig h  j u v e n i l e  m o r t a l i t y ,  and paedom orphism. 

S e v e ra l  h i s to g r a m s  ( T e x t - f i g .  14) show th e  s i z e  d i s t r i b u t i o n  

o f  P. fec u n d a  b a se d  on s e v e r a l  p a r a m e te r s .  The m arked l e f t  

skew o f  t h e s e  g ra p h s  r e i t e r a t e s  t h e  l a r g e  number o f  sm a ll  

i n d i v i d u a l s  i n  t h i s  sam p le .

The number o f  t e e t h  i n  t h e  a n t e r i o r  and p o s t e r i o r  d e n t a l  

s e r i e s  v a r i e s ,  w i th  c o n s i s t e n t l y  more i n  t h e  p o s t e r i o r  s e r i e s .  

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

s h e l l  grows l a r g e r ,  more t e e t h  a r e  added  t o  each  s e r i e s  a t  

i t s  d i s t a l  ( f a r t h e s t  from  b eak )  m arg in .

The a v e ra g e  number o f  a n t e r i o r  t e e t h  f o r  t h e  s m a l l e s t  

specim ens (0 .3 4  t o  1.00mm lo n g )  i s  4 ,  w h i le  l a r g e r  v a lv e s  

( g r e a t e r  th a n  3.00mm) have  9 t e e t h .  T here  a r e  5 t e e t h  i n  

t h e  p o s t e r i o r  s e r i e s  o f  t h e  s m a l l e s t  v a l v e s .  I n t e r m e d i a t e  

s i z e d  s h e l l s  have  num bers o f  t e e t h  com m ensurate  w i th  t h e i r  

s i z e ,  w i th  more p o s t e r i o r  t e e t h  b e in g  added d u r in g  grow th  

(T ab le  5 ) .

T ab le  5. Number o f  t e e t h  p e r  v a lv e  i n  P a l a e o n e i l o  fe c u n d a  

( H a l l )  o f  th e  " d im in u t iv e "  B r a s s f i e l d

In  a d d i t i o n  t o  t h e  c o n s i d e r a b l e  change  i n  number o f  

t e e t h ,  t h e r e  i s  a  change  i n  t o o t h  sh ap e  a s  more t e e t h  a r e  

added and t h e  t e e t h  become l a r g e r .  Both a n t e r i o r  and 

p o s t e r i o r  t e e t h  o f  v e r y  sm a ll  ( l e s s  th a n  0.75mm i n  l e n g t h )  

v a lv e s  o f  P. f e c u n d a  a r e  i n c l i n e d ,  s t r a i g h t  t e e t h ,  and new 

t e e t h  a r e  added w i th  s t r a i g h t ,  i n c l i n e d  o r i e n t a t i o n  ( t o o t h  

s lo p e s  away from  b e a k ) .  However, p o s t e r i o r  t e e t h  n e a r e r  th e  

beak  ( o l d e r  t e e t h )  a r e  more s y m m e tr ic a l ly  c h e v ro n -sh a p e d
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T ab le  5. Number o f  t e e t h  p e r  v a lv e  i n  P a l a e o n e i l o  fec u n d a  

( H a l l )  o f  t h e  " d i m i n u t iv e 1’ B r a s s f i e l d  

(sam p le s  WU-1, 1 1 , 14 , 101-20)

Length(mm)
Number o f  

A n t e r i o r  t e e t h
Number o: 

P o s t e r i o r  ■

0 .00 -0  .33* — —

0 .3 4 -0  .67 3 4-5

0 . 6 8 - 1 . 0 0 4-5 6 - 8

1 .0 1 - 1 .3 3 4-5 7-9

1 .3 4 -1 .6 7 4-6 8 - 1 1

1 . 6 8 - 2 . 0 0 5-6 11-13

2 .0 1 -2 .3 3 6 - 8 12-14

2 .3 4 -2 .6 7 7-8 12-15

2 .6 8 - 3 .0 0 7-8 12-14

3 .0 1 -3 .3 3 7-10 14-16

3 .3 4 -3 .6 7 7-9 14-17

3 .6 8 -4 .0 0 8 18

4 .0 0 - 4 .3 3 8 15-19

*No spec im ens i n  t h e  s i z e  c l a s s  w ere  fo u n d .
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t h a n  th o s e  f a r t h e r  away. T e x t - f i g .  3 i l l u s t r a t e s  t h e  change 

i n  t o o th  shape  o f  t h e  p o s t e r i o r  d e n t i t i o n  from  b e ak  t o  p o s t e r i o r  

m arg in .  A p p a r e n t ly ,  s e c o n d a ry  a d d i t i o n  o f  m a t e r i a l  t o  th e  

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

d i r e c t i o n  p ro d u c e s  t h e  ch ev ro n  e f f e c t ,  and y o u n g e r  p o s t e r i o r  

t e e t h  ( d i s t a l )  have  n o t  h ad  t im e  t o  be form ed i n t o  sy m m etr ica l  

c h e v ro n s  a s  have  t h e  o nes  n e a r  t h e  b e a k .  T here  i s  no change  in  

t h e  shape  o f  t h e  a n t e r i o r  t e e t h  i n  r i g h t  v a lv e s  l e s s  th a n  1.50mm 

i n  l e n g t h .  T here  i s  a  t o o th  d i r e c t l y  be low  th e  b eak  t h a t  i s  

c o n s p ic u o u s ly  l a r g e r  t h a n  o t h e r  t e e t h  and  i s  e r e c t  ( n e a r l y  

v e r t i c a l  t o  t h e  h in g e  p l a t e )  ( P I .  5, f i g .  7, 1 2 ) .  In  t h e  l e f t  

v a l v e ,  t h e r e  i s  a  c o r r e s p o n d in g ly  l a r g e  s o c k e t .  T h is  s o c k e t  i s  

i n  such a  p o s i t i o n  t h a t  i t  c o u ld  be m is ta k e n  f o r  a r e s i l i f e r .  

T h is  l a r g e  t o o th  c a n n o t  be  d i s t i n g u i s h e d  i n  l a r g e r  v a lv e s  

b e c a u se  o f  th e  g r e a t e r  r e l a t i v e  grow th  f a t e  o f  a d j a c e n t  t e e t h .

The p o s i t i o n  o f  t h e  beak  v a r i e s  th ro u g h  o n to g en y . Beak 

p o s i t i o n  i s  r e f l e c t e d  by t h e  a n t e r i o r / p o s t e r i o r  l e n g t h s .  

T e x t - f i g .  17 i s  a  p l o t  o f  a n t e r i o r  l e n g t h  v e r s u s  p o s t e r i o r

T e x t - f i g .  17 - - A n t e r i o r  t o  p o s t e r i o r  l e n g t h  and l e n g t h  t o  

h e i g h t  r a t i o s  o f  P a l a e o n e i l o  fe c u n d a  ( H a l l )  p o p u la t io n  a t  

West U nion , Ohio (WU-14).

l e n g t h .  A r e f e r e n c e  l i n e  o f  an a n t e r i o r / p o s t e r i o r  r a t i o  o f  

1 : 2  i s  in c lu d e d  on t h i s  g r a p h .

The s m a l l e s t  v a lv e  h a s  an  a n t e r i o r  l e n g t h  o f  0.27mm and 

a  p o s t e r i o r  l e n g t h  o f  0.28mm. T h is  y i e l d s  an a n t e r i o r /  

p o s t e r i o r  l e n g t h  r a t i o  o f  n e a r l y  1 . 0 0 , i n d i c a t i n g  a  c e n t r a l l y
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p la c e d  b eak .  Most v a lv e s  w i th  a p o s t e r i o r  l e n g t h  o f  l e s s  

th a n  0.5mm have  an  a n t e r i o r / p o s t e r i o r  l e n g t h  r a t i o  g r e a t e r  

th a n  0 .5  ( t h a t  i s ,  t o  th e  r i g h t  o f  t h e  1 :2  l i n e ) .  I n  t h e s e  

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

However, a s  t h e  v a lv e s  grow l a r g e r ,  t h e  b eak  becomes 

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

th e r e  i s  c o n s i d e r a b l e  v a r i a b i l i t y  i n  l a r g e r  i n d i v i d u a l s ) .

The a p p a r e n t  movement o f  t h e  b eak  p ro b a b ly  r e f l e c t s  a  more 

r a p id  r e l a t i v e  g row th  r a t e  o f  t h e  p o s t e r i o r  r e g io n  o f  t h e  

s h e l l  ( s e e  P I .  5, f i g .  1-10 f o r  a  g row th  s e r i e s  o f  specim ens 

o f  t h i s  s p e c i e s ) .

F ig u re d  spec im ens

P a la e o n e i lo  c o n s t r i c t a  OSU 12968; P a l a e o n e i lo  c a l v i n i  

USNM 46124; " N ucula  l e v a t a " AMNH 1 3 6 2 /3 ;  " C tenod on ta  c f .  

s i m u l a t r i x " USNM 720 31; P a l a e o n e i lo  f e c u n d a  AMNH 1 3 6 0 /5 ,  

1360/5A, 13 60 /5E , 13-60/5G; UCGM 42638-42649 .

New Genus "A"

Type S p e c ie s

New genus "A" f o e r s t e i  n .  s p .  i s  t h e  ty p e  s p e c i e s  o f  

t h i s  g e n u s .  I t  i s  known o n ly  from  t h e  u p p e r  th in ly - b e d d e d  

u n i t  o f  th e  B r a s s f i e l d  (Lower S i l u r i a n )  i n  Adams County ,

O h io .

D ia g n o s is

M a l l e t i i d a e  w i th  e r e c t  b eak  and d e n t a l  p l a t e  

d i f f e r e n t i a t e d  i n t o  an u n eq u a l  a n t e r i o r  and p o s t e r i o r  

r e c t i l i n e a r  s e r i e s  t h a t  m eet w i th  a s h a r p  a n g u la t i o n
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b e n e a th  t h e  b eak  ( a n g le  o f  140° t o  1 5 0 ° ) .  The p o s t e r i o r  

s e r i e s  i s  lo n g e r  and h a s  more t e e t h .  The p o s t e r i o r  t e e t h  

a r e  c h e v ro n - s h a p e d ,  w h i le  t h e  a n t e r i o r  t e e t h  a r e  s t r a i g h t  o r  

s l i g h t l y  u n d u lo se .

D e s c r ip t i o n

F o s s i l s  .a s s ig n a b le  h e r e  a r e  sm a l l  f o r  t h i s  f a m i ly  

(p r o b a b ly  n o t  e x c e e d in g  3 t o  4mm i n  l e n g t h ) .  The s h e l l  

a p p e a rs  t o  be  p o s t e r i o r l y  e lo n g a te  w i th  t h e  b eak  w i t h i n  t h e  

a n t e r i o r  o n e - t h i r d  o f  t h e  s h e l l .  The b eak  i s  d i s t i n c t ,  

ro u n d ed  and e r e c t  ( o r t h o g y r o u s ) .  The p o s t e r i o r  d e n t a l  

s e r i e s  i s  lo n g e r  th a n  t h e  a n t e r i o r  one and th e  t e e t h  a r e  

c h e v ro n -s h a p e d ,  w i th  t h e  apex  o f  t h e  c h e v ro n s  p o i n t i n g  to w a rd  

th e  b e a k .  The a n t e r i o r  t e e t h  a r e  s t r a i g h t  o r  s l i g h t l y  

u n d u lo se  w i th  t h e  lo n g  a x i s  o f  each  t o o t h  p e r p e n d i c u l a r  t o  

t h e  v e n t r a l  m arg in  o f  t h e  h i n g e .  No e v id e n c e  o f  t h e  

m u s c u la tu r e ,  l ig a m e n t  o r  body o f  s h e l l  i s  p r e s e r v e d .  

D is c u s s io n

The M a l l e t i i d a e  as  p r e s e n t l y  c o n c e iv e d  can  accommodate 

t h i s  g e n u s ,  b u t  sh o u ld  t h i s  f a m i ly  be  r e - e v a l .u t e d ,  w i th  

c l o s e  a t t e n t i o n  p a id  t o  t h e  d e n t i t i o n  t y p e s ,  t h i s  genus may 

be  a s s ig n e d  t o  a  new f a m i ly .  . The a n g u l a t i o n  o f  t h e  h in g e  

i n  t h i s  gen us  i s  u n l i k e  any o t h e r  p a l a e o t a x o d o n t . Only 

T a n c r e d io p s i s  B eushausen  (F am ily  C te n o d o n t id a e )  has  a 

s t r o n g l y  a n g u la te d  h in g e  p l a t e  b u t  i n  T a n c r e d i o p s i s , t h e  

a n t e r i o r  and p o s t e r i o r  s e r i e s  a r e  e q u a l  i n  l e n g t h  and 

number o f  c h e v ro n -sh a p e d  t e e t h .  The d e n t i t i o n  o f  t h i s  new 

genus i s  v e ry  s i m i l a r  t o  t h a t  o f  some s p e c i e s  o f  N u c u l i t e s .
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N u c u l i t e s  have an  e lo n g a te  p o s t e r i o r  s e r i e s  w i th  c h e v ro n ­

sh ap ed  t e e t h  and few er  s l i g h t l y  u n d u lo s e  a n t e r i o r  t e e t h .

The N u c u l i t e s  a n t e r i o r  t e e t h  a r e  n o t ,  how ever ,  p e r p e n d i c u l a r  

t o  t h e  v e n t e r  o f  t h e  h in g e  and a r e  o f t e n  more u n d u lo s e .  T h is  

new genus a l s o  l a c k s  t h e  a n t e r i o r  sep tum  c h a r a c t e r i s t i c  

o f  N u c u l i t e s . The h in g e  o f  N u c u l i t e s  i s  n o t  a n g u la t e d ,  

b u t  g e n t l y  c o n v e x ly  c u rv e d  d o r s a l l y .

D i s t r i b u t i o n

The ty p e  s u i t e  was c o l l e c t e d  from  t h e  u p p e r  t h i n l y -  

bedded u n i t  o f  t h e  B r a s s f i e l d  F o rm a tio n  n e a r  West U nion ,

Adams C ounty , Ohio (WU-1, 11 , 14)

New Genus "A" f o e r s t e i  n .  sp .

P I .  6 , f i g .  9-11

Type Specim ens

The h o lo ty p e  (UCGM 42 651) and t h e  p a r a ty p e s  (UCGM 

42650, 42652) a r e  from  th e  u p p e r  t h in l y - b e d d e d  B r a s s f i e l d  

F o rm a tio n  (Lower S i l u r i a n ) ,  n e a r  West U nion , Adams C ounty , 

Ohio.

D ia g n o s is

B ecause  t h i s  s p e c i e s  i s  t h e  o n ly  one a s s i g n a b l e  t o  

New Genus "A", t h e  d i a g n o s t i c  c h a r a c t e r i s t i c s  o f  t h e  g e n u s ,  

i n c l u d i n g  c h e v ro n -s h a p e d  p o s t e r i o r  t e e t h  and s t r a i g h t  o r  

s l i g h t l y  u n d u lo se  a n t e r i o r  o n es  on a d i s t i n c t l y  a n g u la te d  

h in g e  p l a t e ,  a p p ly  h e r e  a s  w e l l .

D e s c r ip t i o n

D e s c r i p t i v e  c h a r a c t e r i s t i c s  a r e  a l s o  p r e s e n t e d  i n  th e  

s y s t e m a t i c s  o f  t h i s  new g e n u s .  L e t  i t  s u f f i c e  h e r e  t o  say
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t h a t  s h e l l s  o f  t h i s  s p e c i e s  a r e  s m a l l ,  p o s t e r i o r l y  e l o n g a t e , 

n u c u lo id s  w i th  an  e r e c t ,  ro u n d ed  beak  and a  p o s t e r i o r  s e r i e s  

o f  c h e v ro n -sh a p e d  t e e t h  ( u s u a l l y  6 - 8  t e e t h )  and an  a n t e r i o r  

s e r i e s  o f  s t r a i g h t  o r  s l i g h t l y  u n d u lo se  t e e t h  w i th  t h e i r  

lo n g  a x e s  p e r p e n d i c u l a r  t o  t h e  v e n t r a l  m arg in  o f  th e  h in g e  

p l a t e .  The a n t e r i o r  and p o s t e r i o r  r e g i o n s  o f  t h e  h in g e  

p l a t e  and c o n ta in e d  d e n t a l  s e r i e s  m eet a t  a  d i s t i n c t  a n g le  

b e n e a th  t h e  b e a k  ( a n g le  o f  14-0-150°).

D is c u s s io n

As m en tio n ed  i n  th e  g e n e r i c  d i s c u s s i o n  o f  New Genus 

"A” , t h e r e  a r e  v i r t u a l l y  no P a le o z o ic  n u c u lo id s  e x a c t l y  l i k e  

New Genus "A" f o e r s t e i  n .  sp .  However, t h e r e  i s  one form 

g ro u p  o f  p a la e o ta x o d o n t s  t h a t  h a s  some s i m i l a r  m o rp h o lo g ic a l  

f e a t u r e s :  " C te n o d o n ta 11 lo n g a  ( U l r i c h ,  1892) ( P I .  6 , f i g .  5 ,

8 ) .  "C." lo n g a  i s  p o s t e r i o r l y  e lo n g a te  and h a s  t h e  d i s t i n c t l y

a n g u la te d  h in g e  p l a t e  and  d e n t a l  s e r i e s .  The p o s t e r i o r  

s e r i e s  i s  l o n g e r  and h a s  more t e e t h  j u s t  a s  i n  th e  sp ec im en s  

o f  New Genus "A" f o e r s t e i  n .  s p .  The t o o t h  sh ap e  i n  "C." lo n g a  

i s  s u b s t a n t i a l l y  d i f f e r e n t  from  t h a t  i n  New Genus "A” 

f o e r s t e i .  "C." lo n g a  h a s  o n ly  s t r a i g h t  t e e t h  t h a t  have  t h e i r  

lo n g  a x e s  p e r p e n d i c u l a r  t o  t h e  a n t e r i o r / p o s t e r i o r  a d d u c to r  

s c a r  a x i s  r a t h e r  th a n  t o  t h e  b a se  o f  th e  h in g e  p l a t e .  The 

t e e t h  o f  t h e  a n t e r i o r  and  p o s t e r i o r  s e r i e s  o f  "C." lo n g a  a r e  

v e ry  s i m i l a r  i n  sh a p e ,  a  few may be s l i g h t l y  u n d u lo s e ,  b u t  

none show any te n d e n c y  to w ard  a  c h e v ro n  sh a p e .  "C." lo n g a  was 

c o l l e c t e d  from  t h e  m id d le  ( s t r a t i g r a p h i c a l l y ) T ren to n  S h a le s  

(M idd le  O rd o v ic ia n )  a t  Goodhue C ounty, M in n e so ta .  John
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P o j e t a  ( p e r s o n a l  com m unication) h a s  r e c o v e r e d  l a r g e  

a c c u m u la t io n s  o f  s e v e r a l  s p e c i e s  s i m i l a r  to"C ."  lo n g a  in  

th e  M iddle  O rd o v ic ia n  o f  C e n t r a l  K entucky.

I t  seems r e a s o n a b l e ,  t h e r e f o r e ,  t h a t  a  c o n s i s t e n t  

deve lopm en t o f  s t r a i g h t  t e e t h  i n  t h e  M iddle  O rd o v ic ia n  form s 

l i k e 'C . "  lo n g a  r e p r e s e n t s  a s e p a r a t e  g e n e t i c  e n t i t y  from 

th o s e  n u c u lo id s  i n  t h e  Lower S i l u r i a n  B r a s s f i e l d  t h a t  have  

c h e v ro n -sh a p e d  p o s t e r i o r  t e e t h  and s t r a i g h t  b u t  d i f f e r e n t l y  

o r i e n t e d  a n t e r i o r  t e e t h .

T h is  d i f f e r e n c e  i n  t h e s e  two t a x a  i s  p e rh a p s  p r e s e n t l y  

b e s t  a s c r i b e d  to  a  g e n e r i c  l e v e l  t a x o b a s i s .  The u n iq u e ly  

s i m i l a r  a n g u la te d  h in g e  d o e s ,  how ever, im ply t h a t  the"C ."  

lo n g a  form  g roup  i s  more c l o s e l y  r e l a t e d  t o  New Genus "A" 

f o e r s t e i  th a n  t o  any o t h e r  P a le o z o ic  n u c u lo id s .  T h is  a f f i n i t y  

m igh t be i n d i c a t e d  by g ro u p in g  t h e s e  two i n  a  s u b f a m i l i a l  

c a t e g o r y .  However, s i n c e  s t r i c t  r e - e v a l u a t i o n  o f  th e  

M a l l e t i i d a e  and c o n c o m ita n t  ta x o b a s e s  i s  g r e a t l y  needed , 

t h e  f a m i l i a l  s t r u c t u r e  o f  t h e s e  p o s t e r i o r  e lo n g a te  P a le o z o ic  

n u c u lo id s  sh o u ld  b e  h e ld  i n  ab eyan ce .

D i s t r i b u t i o n

A l l  spec im ens  from  th e  B r a s s f i e l d  F o rm a tio n  were 

r e c o v e re d  from  a c id  r e s i d u e s  o f  sam ples c o l l e c t e d  from th e  

f e r r u g e n o u s  and a s s o c i a t e d  c a l c a r e o u s  l im e s to n e  35 to  57 

f e e t  above th e  b a s e  o f  t h e  B r a s s f i e l d  a t  s e v e r a l  ro a d  c u t s  

on th e  w es t  s i d e  o f  S t a t e  Road 4 1 ,  2 .5  m i le s  n o r th  o f  West 

Union, Adams County, Ohio.
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F ig u re d  specim ens

" C tenodonta" lo n g a  USNM 4613 5; New Genus "A" f o e r s t e i  

UCGM 42650-42652.

S u b c la s s  HETEROCONCHIA H ertw ig  

O rder TRIGONIOIDA D a li

D ia g n o s is

S h e l l  t r i a n g u l a r  t o  s u b t r i a n g u l a r , p o s t e r i o r l y  e l o n g a t e ,  

w i th  two o r  more v e n t r a l l y  d iv e r g in g  c a r d i n a l  t e e t h  i n  each  

v a lv e .  The s h e l l  e x t e r i o r  i s  d i f f e r e n t i a t e d  i n t o  a  l a t e r a l  

p o r t i o n  ( f l a n k )  and a  postum bonal r e g io n  ( a r e a )  s e p a r a t e d  by 

an umbonal r i d g e  e x te n d in g  from  th e  beak  to  t h e  

p o s t e r o - v e n t r a l  m arg in  (m a rg in a l  c a r i n a ) .

S u p e r fa m ily  LYRODESMATACEA U l r i c h  

( nom. t r a n s .  Lyumkevich, e t  a l . )

Fam ily  LYRODESMATIDAE U lr i c h

D ia g n o s is

T r ig o n io id a  w i th  a  s e m i c i r c u l a r  h in g e  p l a t e  p o s s e s s in g  

f o u r  to  n in e  t r a n s v e r s e l y  s t r i a t e d ,  v e n t r a l l y  d i v e r g i n g  

t e e t h ,  more o r  l e s s  sy m m e tr ic a l ly  a r r a n g e d  b e n e a th  t h e  b e a k .  

D is c u s s io n

The s y s te m a t i c  p o s i t i o n  and c o m p o s it io n  o f  t h e  

L y ro d esm a tid ae  h as  been  s u b j e c t  t o  q u e s t io n  s in c e  th e  f a m i ly  

was f i r s t  p ro p o se d .  U l r i c h  (1894 , p . 486) o r i g i n a l l y  

c o n c e iv e d  t h e  f a m i ly  ( h i s  L yrodesm idae) a s  c o n ta in i n g  

Lyrodesm a, A llo d esm a , I s c h y r i n a  and Technophorous ( a l l  

O r d o v ic ia n ) ,  b u t  l a t e r  i n  t h e  same p a p e r  (p .  608) removed 

a l l  g e n e ra  e x c e p t  Lyrodesm a. U l r i c h  was u n d e c id e d  a b o u t
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t h e  h i g h e r  l e v e l  taxonom ic  r e l a t i o n s  o f  t h e  L y ro d e sm a tid a e  

and b a lk e d  a t  any c o n c r e t e  s t a t e m e n t s  o f  r e l a t i o n s h i p s .

D a l i  (1895 , p .  524 and 1900, p. 378) q u e s t i o n a b ly  

p la c e d  A c t in o d o n ta  a lo n g  w i th  Lyrodesma i n  t h e  L y ro d e sm a tid a e .  

T h is  f a m i ly ,  t o g e t h e r  w i th  t h e  T r ig o n id a e ,  he p la c e d  i n  t h e  

s u p e r f a m i ly  T r ig o n ia c e a .  Lyumkevich, e t .  a l .  i n  t h e  O s n o v ii  

P a l a e o n to l o g i e  (19 60 , p .  9 3) a s s ig n e d  Lyrodesma and A c t in o d o n ta  

t o  th e  L y ro d esm a tid ae  o f  th e  L y ro desm atacea  i n  t h e  o r d e r  

S c h iz o d o n ta  S te inm ann which i s  e q u i v a l e n t  t o  T r ig o n i o i d a  

D a l i  (1889) a s  u se d  by Newell (1 9 6 5 ) .

Vokes (1967 , p .  225) d iv id e d  t h e  o r d e r  T r ig o n i o i d a  

i n t o  two s u p e r f a m i l i e s — th e  L yrod esm atacea  and t h e  T r ig o n i a c e a .  

To t h e  L yrodesm atacea  h e  a s s ig n e d  one f a m i ly  (L y ro d e sm a tid a e )  

w i th  t h e  g e n e ra :  A c t in o d o n ta , A c t in o d o n to p h o ra , H oneym ania,

I s c h y r o d o n ta , P a l a e o p t e r i a  and L yrodesm a, among o t h e r s .

Cox (1960 , p. 73) g roup ed  A c t in o d o n t a , A l io d e s m a , 

C y c lo c o n c h a , I s c h y r o d o n ta , R edonia  and Lyrodesma i n  t h e  

L y ro d e sm a tid a e ,  b u t  p la c e d  them i n  t h e  o r d e r  P a n t o d o n t i d a ,  

a l i t t l e  known s u b o r d e r  o f  D a l i  (189 5 , p . 5 3 7 ) .  The o r d e r  

A c t in o d o n to id a  D o u v i l le  (1 9 1 2 , p .  438) h a s  o f t e n  b een  u sed  

t o  i n c lu d e  t h e  genus A c t in o d o n ta  and m is c e l l a n e o u s  o t h e r  

g e n e r a .  Cox showed p r e f e r e n c e  f o r  P a n to d o n t id a  o v e r  

A c t in o d o n to id a  b e c a u se  o f  what he  c a l l e d  c o n f u s io n  o v e r  t h e  

d e f i n i t i o n  o f  t h e  A c t in o d o n to id a .  H is  c o n c e p t  o f  t h e  o r d e r  

was, how ever, s i g n i f i c a n t l y  b r o a d e r  t h a n  D a l i ’ s ,  as  e v id e n c e d  

by th e  g e n e ra  he in c lu d e d .
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Newell and LaRocque (196 9 , p .  4 71) r e v e r t e d  to  U l r i c h ’ s 

o r i g i n a l  r e v i s e d  id e a  and p la c e d  o n ly  Lyrodesma i n  t h e  

L y ro d esm a tid a e  and q u e s t io n a b ly  p u t  t h e  fa m ily  i n  t h e  

s u p e r f a m i ly  T r ig o n ia c e a  and o r d e r  T r ig o n i o i d a .

P o j e t a  (1 9 7 1 , p. 9) f a v o r s  t h e  u se  o f  A c t in o d o n to id a  

f o r  t h e  o r d i n a l  ta x o n  c o n ta in i n g  t h e  L y ro d e sm a tid a e .  He 

n o te d  ( p .  10) t h a t  a t  p r e s e n t  t h e  L y ro d esm a tid ae  i s  

m o nogeneric  b u t  w i l l  p r o b a b ly  be s u b d iv id e d  when th e  g roup  

i s  more i n t e n s e l y  s t u d i e d .  The a rgum ent used  by P o j e t a  f o r  

c l a s s i f y i n g  Lyrodesma w i th  a c t i n o d o n t s  i s  b a sed  on d e n t i t i o n .  

Com parison o f  d e n t i t i o n  o f  th e  F rench  E a r ly  O rd o v ic ia n  ( t h e  

o l d e s t  l y r o d e s m a t id )  Lyrodesma a rm o r ic a n a  de T ro m e lin  and 

L e b e sc o n te  (187 6 ) w i th  C yc loconcha  (a n  a c t in o d o n t )  o f  M iddle  

and Upper O rd o v ic ia n  a g e )  i n d i c a t e s  t h a t  t h e r e  may be a 

r e l a t i o n s h i p  be tw een  t h e s e  two g e n e r a .  Long p o s t e r i o r  

t e e t h  o f  t h e  E a r ly  O rd o v ic ia n  Lyrodesma a r e  s i m i l a r  t o  th o s e  

o f  some a c t i n o d o n t s  ( P o j e t a ,  p . 1 0 ) .  P o j e t a  a l s o  n o te d  t h a t  

t h e  p o s t e r i o r  t e e t h  a r e  re d u c e d  t o  v i r t u a l l y  t h e  same 

l e n g t h  a s  t h e  a n t e r i o r  o nes  i n  M iddle  and Upper O rd o v ic ia n  

fo rm s .  I n  E a r ly  S i l u r i a n  ( B r a s s f i e l d )  sp e c im en s ,  t h e  t e e t h  

a r e  n e a r l y  a l l  t h e  same l e n g t h .

A lthou gh  P o j e t a  would a g r e e  t h a t  Lyrodesma i s  t h e  most 

p r o b a b le  known genus a n c e s t r a l  t o  t h e  T r ig o n ia c e a n s  (p .  28) 

i t  i s  n o t  a  t r i g o n i a c e a n  p e r  s e . I f  t h e  e lo n g a te  p o s t e r i o r  

t e e t h  o f  L. a rm o r ic a n a  a r e  hom ologous w i th  t h e  p o s t e r i o r  

l a t e r a l  t e e t h  o f  C y c lo c o n ch a , Lyrodesma sho u ld  be c l a s s i f i e d  

i n  th e  O rd e r  A c t in o d o n to id a .

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



166

T here  seems l i t t l e  d o u b t  t h a t  ly r o d e s m a t id s  a r e  r e l a t e d  t o  

a c t i n o d o n t s , and t h e  E a r ly  O rd o v ic ia n  members a r e  q u i t e  

p ro b a b ly  e v o l u t i o n a r y  d e r i v a t i v e s  from  them. But i t  i s  

e q u a l ly  r e a s o n a b l e  t o  assum e t h a t  ly r o d e s m a t id s  a r e  t h e  s to c k  

form  w hich  t r i g o n i d s  and m yophorids  ( t r i g o n i a c e a n s ) e v o lv e d .

The O rder T r ig o n i o i d a  c o n t a i n s  f o u r  f a m i l i e s ,  t h e  Lypodesm atidae, 

T r i g o n i i d a e ,  M yo phoriidae  and S c a p h e l l i n i d a e .  A l l  have th e  

c h a r a c t e r i s t i c  s u b t r i g o n a l  v a lv e  o u t l i n e ,  w i th  f l a n k  

and  a r e a  d i f f e r e n t i a t e d .  Members o f  each  a l s o  have  v e n t r a l l y  

d i v e r g i n g  c a r d i n a l  t e e t h .  T e e th  o f  th e  L y ro d esm a tid ae  and 

T r i g o n i i d a e  a r e  a lw ays t r a n s v e r s e l y  s t r i a t e d  w h i le  th o s e  o f  

t h e  M yo pho riidae  a r e  n o t  commonly s t r i a t e d  and s t r i a t i o n  

i s  a b s e n t  i n  many g e n e ra  a s s i g n e d  h e re .  No s t r i a t i o n  h as  

b een  o b se rv e d  on any members o f  t h e  S c a p h e l l i n i d a e .  The 

s t r a t i g r a p h i c  ran g e  o f  th e  L y ro d esm a tid a e  i s  Lower O rd o v ic ia n  

t o  Lower S i l u r i a n ,  t h e  M yophoridae from Lower D evonian t o  

Upper T r i a s s i c ,  t h e  S c a p h e l l i n i d a e  (m o n o g en e ric )  i s  Lower 

P e rm ia n ,  and th e  T r i g o n i i d a e  M idd le  T r i a s s i c  t o  R e c e n t .

The l a t e r  members (M idd le  and Upper O rd o v iq ia n )  o f  th e  

L y ro d esm a tid a e  a r e  m o r p h o lo g ic a l ly  much more l i k e  T r ig o n ia c e a n s  

t h a n  a c t i n o d o n t s ,  b a se d  on t h e  t o t a l  a s p e c t  o f  t h e i r  

m orpho logy , which i s  sum m arized u n d e r  t h e  g e n e r i c  s y s t e m a t i c s  

o f  L yrodesm a. L y ro d esm a tid s  a r e ,  t h u s ,  p la c e d  i n  th e  o r d e r  

T r ig o n i o i d a ,  b u t  th e  d i f f e r e n c e s  from  o t h e r  t r i g o n i i d s  seem 

t o  w a r r a n t  t h e i r  a s s ig n m e n t  t o  a  s e p a r a t e  s u p e r f a m i ly .  

Lyumkevich e t  a l  (19 60) e l e v a t e d  U l r i c h ’s f a m i ly  t o
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s u p e r f a m i l i a l  s t a t u s .  I t  i s  m o n o ty p ic ,  c o n t a in i n g  th e  

s i n g l e  f a m i ly  L y ro d esm a tid ae  and genus L yrodesm a. 

D i s t r i b u t i o n

Lyrodesma o c c u r s  i n  Lower, M iddle  and Upper O rd o v ic ia n  

s t r a t a ,  w i th  a  c o s m o p o l i ta n  d i s t r i b u t i o n .  The genus i s  a l s o  

r e p o r t e d  from  t h e  Welsh Lower S i l u r i a n .

Genus LYRODESMA Conrad , 1841

1841 Lyrodesma Conrad, p . 51

18 51 Lyrodesma C o nrad , M'Coy, p. 2 72 (p a r t im )

1871 Lyrodesma C o n rad , H a l l ,  p . 2 27

1889 Lyrodesma Conrad, M i l l e r ,  S. A. p. 487

1894 Lyrodesma Conrad, U l r i c h ,  p . 6 08 (p a r t im )

1895 Lyrodesma C onrad , D a l i ,  p . 524 ( p a r t im )

1909 Lyrodesma Conrad, Grabau and Shim er, p. 481

1960 Lyrodesma Conrad, Lvumkevich, e t  a l .  p . 9 3 ( p a r t im )

1966 Lyrodesma Conrad, B a b in ,  p .  23 7

1969 Lyrodesma C onrad , N ew ell and LaRocque, p . 471

1971 Lyrodesma C onrad , P o j e t a ,  p . 10

Type s p e c i e s

Lyrodesma planum Conrad (1841 , p .  51) from  t h e  M iddle 

O rd o v ic ia n  o f  New York s t a t e ,  i s  t h e  ty p e  s p e c i e s  by monotypy. 

No f i g u r e  accom panied  C onrad’ s o r i g i n a l  d e s c r i p t i o n  i n  most 

c o p ie s  o f  t h e  F i f t h  Annual R e p o r t .  However, H a l l  (1 8 6 2 b ,

P I .  11 , f i g .  5) p u b l i s h e d  a p l a t e ,  su p p o sed ly  b e lo n g in g  t o  

C onrad , w hich  he s a i d  was d i s t r i b u t e d  w ith  some c o p ie s  o f  

t h e  F i f t h  Annual R e p o r t .  F ig u re  5 o f  t h i s  p l a t e  i s  l a b e l e d ,
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"Lyrodesma: Conrad , Annual R e p o r t  1841 , p .  5 1 ."

D ia g n o s is

At p r e s e n t ,  Lyrodesma i s  t h e  o n ly  r e p r e s e n t a t i v e  o f  th e  

L y ro d esm a tid ae ;  t h e r e f o r e ,  t h e  d i a g n o s t i c  f e a t u r e s  o f  th e  

genus a r e  th e  same a s  f o r  th e  f a m i ly .

D e s c r ip t io n

These a r e  m ed ium -s ized  ( r a r e l y  e x ce ed in g  30mm i n  l e n g t h ) ,  

i n e q u i l a t e r a l  b i v a l v e s  w i th  t h e  b eak  n e a r  t h e  a n t e r i o r  t h i r d  

o f  t h e  s h e l l .  Most form s a r e  s u b t r i g o n a l ,  w i th  a  rounded  

a n t e r i o r  and v e n t r a l  o u t l i n e .  The p o s t e r i o r  r e g io n  i s  

e lo n g a te  b u t  somewhat o b l iq u e l y  t r u n c a t e ,  and o f t e n  

a t t e n u a t e d  p o s t e r i o r - v e n t r a l l y  w i th  a  postum bonal r e g io n  

( a r e a )  s e p a r a t e d  from  th e  main body ( f l a n k )  o f  t h e  s h e l l  by 

a sh a rp  umbonal c a r i n a .  The f l a n k  c o n ta in s  o n ly  num erous, 

v e ry  f i n e ,  c o m a rg in a l  v a r i c e s ;  t h e  a r e a  may be  smooth o r  

l o n g i t u d i n a l l y  s t r i a t e d .

T here  a r e  f o u r  t o  n in e  c a r d i n a l  t e e t h  on a  s e m i c i r c u l a r  

h in g e  p l a t e  a r r a n g e d  s y m m e t r ic a l ly  d i r e c t l y  b e n e a th  th e  

b e a k .  I n  m ost s p e c i e s ,  t e e t h  a r e  o f  e q u a l  l e n g t h ,  b u t  a t  

l e a s t  two s p e c i e s  (E a r ly  O rd o v ic ia n ,  E u r o p e ) , L. a c u m in a ta  

B a r r o i s  (1891) and L. a rm o r ic a n a  de T ro m e lin e  and L eb esco n te  

(1 8 7 6 ) ,  show some e lo n g a t i o n  o f  t h e  p o s t e r i o r  t e e t h .  In  

j u v e n i l e s  o f  t h i s  genus from  t h e  B r a s s f i e l d ,  a s  few a s  two 

c a r d i n a l  t e e t h  a r e  known and th e  t o o t h  d i s p l a y  may be 

i n t e r p r e t e d  a s  s i m i l a r  t o  T r ig o n ia  ( T e x t - f i g .  4 ) .  A 

d i s t i n c t i v e  f e a t u r e  o f  Lyrodesma t e e t h  i s  t h e  p re s e n c e  

o f  numerous g e n t ly  c u rv in g  t r a n s v e r s e  s t r i a e  on th e  l a t e r a l  

a r t i c u l a t i n g  s u r f a c e  o f  each  t o o t h .
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The two su b e q u a l  a d d u c to r  s c a r s  a r e  m o d e ra te ly  im p re sse d  i n t o  

each  v a lv e  and bounded on t h e i r  i n n e r  m arg in s  by a  s l i g h t l y  

e l e v a t e d  b u t t r e s s .  The a d d u c to r  m u sc le s  a r e  l o c a t e d  i n  t h e  

d o r s a l  o n e - f o u r t h  o f  t h e  v a lv e  and a r e  a t t a c h e d  n e a r  t h e  

s h e l l  m arg in  s l i g h t l y  below  t h e  h in g e  p l a t e .  P e d a l  m usc le  

s c a r s  a r e  sm a ll  c i r c u l a r  p i t s ,  d e e p ly  im p re sse d  a t  t h e  

v e n t r o - l a t e r a l  edges  o f  t h e  h in g e  p l a t e  and j u s t  d o r s a l  t o  

t h e  a d d u c to r  s c a r s .  B ecause th e  a n t e r i o r  p e d a l  and a d d u c to r  

s c a r s  a r e  n o t  d i s t i n c t l y  s e p a r a t e ,  t h e  p e d a l  r e t r a c t o r  and 

p r o t r a c t o r  m usc les  a p p e a r  c o n f l u e n t  w ith  th e  a d d u c to r  m u sc le ,  

w h i le  t h e  p o s t e r i o r  r e t r a c t o r  and a d d u c to r  m u sc le  s c a r s  a r e  

s e p a r a t e ,  p ro b a b ly  i n d i c a t i n g  d i s j u n c t  m u s c le s .  T h ere  a re  

a l s o  s e v e r a l  sm a l l  m u sc le  s c a r s  im p re sse d  on t h e  u n d e r s id e  

o f  th e  h in g e  p l a t e  and i n  th e  umbonal r e g i o n .  These s c a r s  

r e f l e c t  m u sc les  o f  u n c e r t a i n  f u n c t i o n ,  b u t  may be  a c c e s s o r y  

p e d a l  m u sc le s .

The p a l l i a l  l i n e  o f  Lyrodesma i s  e n t i r e  b u t  o n ly  

f a i n t l y  im p re ssed  and p r e s e r v e d  i n  o n ly  a  few sp e c im en s .

Where p r e s e n t ,  how ever, t h e  p a l l i a l  l i n e  shows a s l i g h t  

s in u s  ( U l r i c h ,  1893 [1 8 9 5 ] ,  p .  684, P I .  47 , f i g .  9 and 

P o j e t a ,  1971, p .  11, P I .  3 , f i g .  1 6 - 1 8 ) .

L i t t l e  m e n t io n  i s  made o f  t h e  l ig a m e n t  i n  p u b l i s h e d  

a c c o u n ts  o f  t h i s  g e n u s .  I t  i s  most probably , l o c a t e d  i n  a  

s h o r t  narrow  s l i t  j u s t  p o s t e r i o r  t o  t h e  beak  a lo n g  t h e  

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

t r i g o n i d s .
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D is c u s s io n

A d i s c u s s i o n  o f  t h e  h i s t o r y  o f  h i g h e r  l e v e l  taxonomy 

o f  t h i s  genus i s  p r e s e n t e d  u n d e r  t h e  f a m i ly  L y ro d e sm a tid a e .

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

s h e l l  s u r f a c e  i n t o  a  l a t e r a l  f l a n k ,  a  po s tu m b o n a l a r e a  

s e p a r a t e d  by a c a r i n a  and th e  p re s e n c e  o f  v e n t r a l l y  

d i v e r g i n g  c a r d i n a l  t e e t h  a r e  a s p e c t s  o f  L yrodesm a1s 

m orphology w hich i n d i c a t e  s i m i l a r i t y  t o  t r i g o n i d s  and 

m y o p h o r id s . The m u s c u la tu r e  o f  Lyrodesma and th e  t r i g o n i d s  

and m y o p h ir id s  a r e  a l s o  s i m i l a r .  The a d d u c to r s  o f  each  a r e  

sm a ll  p r o l a t e  and w e l l  im p re ssed  i n  t h e  s h e l l  j u s t  b e n e a th  

t h e  a n t e r i o r  and p o s t e r i o r  ends o f  t h e  h in g e  p l a t e .  The 

p o s t e r i o r  p e d a l  r e t r a c t o r  i s  a l s o  d e e p ly  im p r e s s e d ,  a b o u t  

o n e - t h i r d  t h e  a d d u c to r  s i z e  and l o c a t e d  on t h e  p o s t e r i o r  

v e n t r a l  m arg in  o f  t h e  h in g e  p l a t e .  Lyrodesma d o e s ,  h o w ev er ,  

show l e s s  s i m i l a r i t y  t o  t r i g o n i d s  and m y o p h o r id s th a n  th e y  

do t o  each  o t h e r .  W hile a d u l t  Lyrodesma have  4 t o  9 c a r d i n a l  

t e e t h  i n  eac h  v a l v e ,  a l l  t r i g o n i d s  and m yophorids have  two 

m ain  i n  t h e  r i g h t  v a lv e  and t h r e e  i n  t h e  l e f t .  Lyrodesma 

h a s  an u n s c u l p t u r e d  f l a n k  w h i le  th e  f l a n k  o f  m yophorids  

and t r i g o n i d s  commonly show p ro so p o n  w i th  c o s t a e ,  p l i c a e  

o r  c o m a rg in a l  r u g a e .  Hence th e  c o n c l u s i o n  h e r e  i s  t h a t  

t r i g o n i d s  and m yophorids b e lo n g  to  t h e  same s u p e r f a m i ly  

( T r ig o n ia c e a )  and ly r o d e s m a t id s  t o  a n o th e r  s u p e r f a m i ly  

(L y ro d e sm a ta c e a )  o f  t h e  same o r d e r  ( T r i g o n i o i d a ) .

A p p ro x im a te ly  26 s p e c i e s  ( E a r ly  t o  L a te  O rd o v ic ia n )  

have  b een  a s s ig n e d  t o  Lyrodesma ( P o j e t a ,  19 71, p .  7 ) .
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S p e c ie s  taxonomy h a s  been  b a se d  m a in ly  on t h e  number o f  

c a r d i n a l  t e e t h  and s h e l l  o u t l i n e .  The number o f  c a r d i n a l  

t e e t h ,  how ever, a p p a r e n t l y  v a r i e s  w i th  o n t o g e n t i c  s t a g e  o f  

t h e  i n d i v i d u a l s .  E x am in a tio n  o f  more t h a n  t w e n t y - f i v e  

sp ec im ens  o f  Lyrodesma subplanum  Conrad o f  v a ry in g  s i z e s  

e tc h e d  from  a sam ple  o f  t h e  low er C l a y ' s  F e r r y  L im estone  

(M idd le  O rd o v ic ia n )  c o l l e c t e d  a t  C y n th ia n a ,  K entucky (U.

S. G e o lo g ic a l  Survey l o c a l i t y  6146, CO, UCGM 42667) shows 

t h a t  s m a l l e r  i n d i v i d u a l s  have  few er  t e e t h :  t h e  s m a l l e s t

co m p le te  specim ens from  t h i s  sam ple  (6.5mm) p o s s e s s  f o u r  

c a r d i n a l  t e e t h  w h i l e  t h e  l a r g e s t  ( 2 1 . 0mm) have  n in e .  

I n d i v i d u a l s  i n t e r m e d i a t e  i n  s i z e  p o s s e s s  f i v e  t o  e i g h t  

t e e t h .  V a r i a t i o n  i n  o n to g en y  h a s  a p p a r e n t l y  n o t  b een  t a k e n  

i n t o  a c c o u n t  when t h e s e  s p e c i e s  w ere  e r e c t e d .  B ecause  one 

m a jo r  t a x o b a s i s  (num ber o f  c a r d i n a l  t e e t h )  c a n  be  shown t o  

v a ry  th ro u g h  o n to g e n y ,  i t  seems r e a s o n a b l e  t h a t  t h e s e  

p r e v i o u s l y  e r e c t e d  s p e c i e s  sh o u ld  be r e - e v a l u a t e d  to  see  i f  

some ( t h o s e  w i th  fe w e r  t e e t h )  may be  j u v e n i l e s  o f  o t h e r  

e x i s t i n g  s p e c i e s .

D i s t r i b u t i o n

The genus was h e r e t o f o r e  known from  M idd le  and Upper 

O rd o v ic ia n  beds i n  N orth  A m erica  and E u ro p e ,  p a r t i c u l a r l y  i n  

t h e  e a s t e r n  U n i te d  S t a t e s  and a d j a c e n t  Canada. A lthough  

Z i e g l e r ,  Cocks and Bambach (-19 6 8 ) c i t e  t h e o o c c u r r e n c e  o f  

Lyrodesma i n  t h e  W elsh Lower S i l u r i a n ,  t h e y  g iv e  no s p e c i e s  

i d e n t i f i c a t i o n  n o r  p r e s e n t  any a s p e c t s  o f  m orphology  f o r  

t h e i r  m a t e r i a l .  The o c c u r r e n c e  o f  Lyrodesma in  t h e  up per

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



172

t h in - b e d d e d  u n i t  o f  th e  B r a s s f i e l d  p ro v id e s  an  a d d i t i o n a l ,  

b e t t e r  docum ented r e f e r e n c e  o f  t h i s  genus i n  Lower S i l u r i a n  

r o c k s .

Lyrodesma sp .

P I .  9 , f i g .  4 ,  6-10

D e s c r i p t i o n

M a t e r i a l  upon which t h i s  s p e c i e s  i s  b a sed  c o n s i s t s  o f  

p a r t i a l  and c o m p le te  m olds o f  h in g e  p l a t e s ,  molds o f  

i s o l a t e d  d e n t i c l e s ,  S t e i n k e r n s , and  l i m o n i t e  c o a te d  

o r  p e r m i n e r a l i z e d  v a lv e s  o f  sm a ll  i n d i v i d u a l s  (0.60mm to  

2 . 0 mm) t h a t  a r e  e q u iv a lv e d  and s l i g h t l y  i n e q u i l a t e r a l ,  

b e in g  e lo n g a t e  p o s t e r i o r l y .  Most o f  th e  f o l lo w in g  d e t a i l s  

o f  m orphology a r e  b a se d  on t h e s e  sm a ll  sp e c im en s .  The s h e l l  

o u t l i n e  i s  s u b t r i g o n a l ,  w i th  t h e  a n t e r i o r  and p o s t e r i o r  

m arg in s  q u i t e  ro u n d e d .  An umbonal r i d g e  e x te n d s  from  th e  

b eak  to  t h e  p o s t e r o - v e n t r a l  m arg in  d e l i n e a t i n g  an a r e a  and 

f l a n k ,  a l th o u g h  th e  s e p a r a t i o n  o f  t h e s e  r e g io n s  on th e  s h e l l  

i s  l e s s  d i s t i n c t  th a n  i n  a d u l t  i n d i v i d u a l s  o f  t h e  genus 

( f o r  exam ple , s e e  N ucula  [ Lyrodesm a] p o s t s t r i a t a  H a l l ,  1847, 

P I .  82, f i g .  1 0a , from  th e  Upper O rd o v ic ia n  o f  New York 

S t a t e ) . The umbo o f  each  v a lv e  i s  c o n s id e r a b ly  i n f l a t e d  

making th e  beak  r e g i o n  a p p e a r  r e l a t i v e l y  l a r g e .  The b l u n t  

beak  i s  e r e c t  and e x te n d s  o n ly  s l i g h t l y  above th e  d o r s a l  

m a rg in .

The d e n t i t i o n  c o n s i s t s  o f  two t o  f o u r  v e n t r a l l y  d iv e r g in g  

c a r d i n a l  t e e t h  i n  i n d i v i d u a l s  l e s s  th a n  2mm lo n g  ( P I .  9 ,  

f i g .  6 , 7 , 9 , 1 0 ) .  Most o f  t h e s e  sm a ll  s h e l l s  a r e  from
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0.60mm to  0.90mm i n  l e n g t h  and b e a r  two t e e t h  i n  t h e  r i g h t  

v a lv e  and t h r e e  i n  t h e  l e f t .  These t e e t h  do n o t  a p p e a r  t o  

be  s t r i a t e d .  However, t h e  t e e t h  o f  t h e  co m p le te  d e n t a l  

p l a t e s  (2.7mm i n  l e n g t h  o f  p l a t e )  and th e  i s o l a t e d  t e e t h  

a r e  a l l  t r a n s v e r s e l y  s t r i a t e d  (P I .  9 , f i g .  4-, 8 )

Muscle s c a r s  a r e  som etim es p r e s e r v e d  i n  t h e s e  spec im ens 

and more commonly on S t e i n k e r n s . The a d d u c to r s  a r e  s m a l l ,  

o v a l  and l o c a t e d  u n d e r  t h e  d o r s a l  m arg in  a t  t h e  a n t e r i o r  and 

p o s t e r i o r  ends o f  t h e  s h e l l .  Two o r  t h r e e  p a i r s  o f  s m a l l e r  

a c c e s s o r y  s c a r s  o c c u r  b e n e a th  t h e  beak  and a r e  p a r t i c u l a r l y  

obv ious  i n  t h e  S t e i n k e r n s .  No p a l l i a l  l i n e  i s  p r e s e r v e d  on 

any specim ens s t u d i e d  h e r e . The s h e l l  e x t e r i o r  i s  marked 

by f a i n t ,  f i n e  c o m a rg in a l  g row th  v a r i c e s .  The l ig a m e n t  

a p p a r e n t ly  occuped  a s h o r t ,  narrow  r a r e l y  p r e s e r v e d  g roove  

j u s t  p o s t e r i o r  t o  t h e  b e a k .

D is c u s s io n

T h is  u n c e r t a i n  s p e c i e s  i s  known m ain ly  from  j u v e n i l e  

i n d i v i d u a l s ,  d i s a r t i c u l a t e d  d e n t a l  e le m e n ts  and two 

com p le te  h in g e  p l a t e s  o f  l a r g e r  spec im ens w i th  6 t e e t h .

No co m p le te  a d u l t  v a lv e s  were r e c o v e r e d ,  how ever, t h e  

m orphology o f  t h e s e  h in g e  p l a t e s  ( s e m i c i r c u l a r  w i th  v e n t r a l l y  

d iv e r g in g  s t r i a t e d  d e n t a l  e le m e n ts )  i s  c h a r a c t e r i s t i c  o f  

L yrodesm a. One c o m p le te  h in g e  p l a t e  (2.7mm lo n g )  h a s  s i x  

t e e t h  ( P I .  9 , f i g .  8 ) and by com parison  w i th  t h e  C la y ’ s 

F e r ry  sam p le , would have  a s h e l l  a b o u t  7 o r  8mm lo n g .

The s m a l l e s t  c o m p le te  specim en from t h i s  C la y 's  F e r ry  

(M iddle  O rd o v ic ia n )  sam ple  i s  6.5mm lo n g  and h a s  a  h in g e
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p l a t e  2.5mm lo n g .  A specim en  8.5mm lo n g  has  a  h in g e  p l a t e  

l e n g t h  o f  4 . 0mm; and th e  l a r g e s t  v a lv e  o f  t h i s  s u i t e  i s  2 1 . 0mm 

lo n g ,  w i th  a h in g e  p l a t e  7.5mm lo n g .  The s m a l l e s t  com p le te  

h in g e  p l a t e  r e c o v e re d  was 2 . 2mm lo n g  and c o n ta in e d  f i v e  

t e e t h .  The 2.5mm h in g e  p l a t e  had  s i x  t e e t h ;  t h e  4.0mm 

h in g e ,  sev en  t e e t h ,  and th e  7.5mm h in g e ,  n in e .  T ra n s v e r s e  

s t r i a t i o n s  were n o t  se en  on t e e t h  o f  t h e  s m a l l e s t  h i n g e s ,  b u t  

t h i s  may be  a f a c t o r  o f  t h e  c o a r s e  s i l i c i f i c a t i o n  o f  t h e s e  

s p e c im e n s .

Complete o r  n e a r l y  co m p le te  s h e l l s  o f  sm a ll  specim ens 

from  th e  B r a s s f i e l d  ra n g e  in  s i z e  from  a b o u t  0.6mm to  2.0mm. 

The h in g e  p l a t e s  o f  t h e s e  s m a l l e r  spec im ens a r e  o n ly  a b o u t  

0 .1  to  0.5mm lo n g .  They have  2 o r  3 t e e t h  (d e p e n d in g  on 

t h e  v a lv e ,  s e e  o n to g en y )  i n  t h e  s m a l l e r  s i z e s  and 3 t o  4 

t e e t h  i n  th e  l a r g e r .  B ecause  o f  t h e  i n c r e a s e  o f  t e e t h  w i th  

s i z e ,  t h e  v e n t r a l l y  d iv e r g in g  c a r d i n a l  ty p e  o f  t e e t h ,  

and th e  s u b t r i g o n a l  s h e l l ,  w i th  f l a n k  and a r e a  r e g i o n s ,  

i t  i s  b e l i e v e d  t h a t  t h e s e  sm a ll  spec im ens a r e  j u v e n i l e s  o f  

L yrodesm a. T here  a r e  no spec im ens  ( v a lv e s  o r  h in g e  p l a t e s )  

c o l l e c t e d  i n  th e  s i z e  ran g e  be tw een  th e  l a r g e s t  ( a b o u t  2 . 0mm) 

c o m p le te  sm a ll  specim en  ( v a lv e s )  and th e  p o s t u l a t e d  l e n g t h  

( a b o u t  8mm) o f  th e  specim ens from  which t h e  c o m p le te  h in g e  

p l a t e s  o r i g i n a t e d .  However, t h e  t r e n d  o f  i n c r e a s i n g  number 

o f  t e e t h  w i th  i n c r e a s i n g  s i z e ,  would l e a d  one t o  c o n c lu d e  

t h a t  i f  t h e s e  i n t e r m e d i a t e  s i z e s  w ere fo u n d ,  a co m p le te  

g r a d a t i o n  would e x i s t  from  th e  v a r y  sm a ll  spec im ens w i th  

two t e e t h  to  th o s e  w ith  s i x  t e e t h .
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The gap i n  t h i s  s i z e  d i s t r i b u t i o n  i s  i n  p a r t  p rod uced  

by t h e  c u r r e n t  s o r t i n g  t h a t  h a s  a c t e d  upon t h e s e  p a r t i c l e s ;  

p a r t i c l e s  l a r g e r  t h a n  3mm a r e  uncommon. A d d i t i o n a l l y ,  t h e  

co m p le te  h in g e  p l a t e s  a r e  p r e s e r v e d  d i f f e r e n t l y  from  t h e  

s m a l l  w hole  s p e c im e n s .  S in c e  th e  h in g e  i s  t h e  m ost m ass iv e  

p a r t  o f  t h e  s h e l l ,  i t  i s  more l i k e l y  t o  be  p r e s e r v e d  th a n  

t h e  much t h i n n e r  s h e l l .  W hile t h e  s m a l l ,  co m p le te  s h e l l s  

a r e  c o a te d  o r  i n f i l t r a t e d  w i th  f i n e - g r a i n e d  i r o n  o x id e  

( l i m o n i t e ? ) ,  t h e  l a r g e r  h in g e  p l a t e s  a r e  a p p a r e n t l y  molds 

i n  a  f i n e - g r a i n e d  m a t r ix  o f  i r o n  o x id e  o r  s i l t y  d o lo m i te .  

T h is  m o ld ing  p r o c e s s  may n o t  have  p r e s e r v e d  th e  t h i n  s h e l l  

a s  w e l l  a s  i t  d id  t h e  h in g e  and s u b s e q u e n t  d i a g e n e s i s  o r  

sam ple  p r o c e s s in g  c o u ld  have  d e s t r o y e d  t h e s e  l a r g e r  s h e l l s  

l e a v in g  o n ly  th e  d u r a b le  h in g e  s t r u c t u r e .

S p e c ie s  o f  t h i s  genus a r e  d e f i n e d  on th e  number o f  

t e e t h  and s h e l l  sh a p e  in  a d u l t  i n d i v i d u a l s .  S in ce  no 

co m p le te  a d u l t  spec im ens  w ere  r e c o v e r e d ,  i t  i s  deemed 

unw ise  t o  e r e c t  a  new s p e c i e s  on j u v e n i l e s  and f r a g m e n ts  

o f  a d u l t s .  To t h e  a u t h o r ’ s know ledge, t h i s  i s  t h e  o n ly  

d e s c r i p t i o n  o f  spec im en s  o f  Lyrodesma o f  t h i s  s m a l l  s i z e .  

Most i n d i v i d u a l s  p r e v i o u s l y  d e s c r i b e d  (p re su m a b ly  a d u l t s )  

a r e  r a r e l y  l e s s  t h a n  10mm i n  l e n g t h .

D i s t r i b u t i o n

A l l  o f  t h e  spec im ens  o f  t h i s  s p e c i e s  w ere  c o l l e c t e d  

from  a c e t i c  a c id  r e s i d u e s  o f  sam p les  o f  t h e  f e r r u g i n o u s  

and a s s o c i a t e d  l im e s to n e  l a y e r s  35 t o  37 f e e t  above th e  

b a se  o f  t h e  B r a s s f i e l d  F o rm a tio n  i n  s e v e r a l  s e c t i o n s  on
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t h e  w e s t  s i d e  o f  S t a t e  Road 41 , 2 .5  m i le s  n o r t h  o f  West 

U nion , Adams County , Ohio (WU-1, 11 , 14 and 1 0 1 -2 0 ) .

Ontogeny

D e s c r ip t i o n  o f  o n to g en y  f o r  t h i s  s p e c i e s  i s  b a s e d  on 

137 i n d i v i d u a l s  and 9 a r t i c u l a t e d  v a lv e s  e tc h e d  from  a  6 .5  

pound b lo c k  o f  f e r r u g i n o u s  l im e s to n e  (sam ple  WU-14). Many 

o f  t h e  v a lv e s  w ere b ro k e n ;  how ever, 61 w ere  co m p le te  enough 

t o  m easure  some p a r a m e te r s .  The s m a l l e s t  s h e l l  i s  a  r i g h t  

v a lv e  w ith  a  l e n g t h  o f  0.61mm and  a  h e i g h t  o f  0.53mm. The 

l a r g e s t  co m p le te  v a lv e  i s  1.65mm lo n g  and 1.27mm h ig h  (a  

l e f t  v a l v e ) .  A b ro k e n  r i g h t  v a lv e ,  1.9mm lo n g  was r e c o v e r e d .  

About 7 0% o f  a l l  v a lv e s  r e c o v e r e d  a r e  betw een  1 .6  5mm and 

0 .9  5mm i n  l e n g t h .

S h e l l s  l e s s  t h a n  0.9mm i n  l e n g t h  u s u a l l y  h av e  2 t e e t h  

i n  t h e  r i g h t  v a lv e  and t h r e e  i n  t h e  l e f t .  W ith in  t h e  s i z e  

r a n g e  o f  1.00mm to  1.60mm in  l e n g t h ,  t h e r e  a r e  3 t e e t h  i n  

t h e  r i g h t  v a lv e  and 4 t e e t h  i n  th e  l e f t  v a lv e .  A r i g h t  

v a lv e  1.90mm lo n g  h as  4 c a r d i n a l  t e e t h .  What i s  jud ged  to  

be  an  a d u l t  co m p le te  h in g e  p l a t e  h a s  6 t e e t h  and 5 s o c k e t s . 

T h is  h in g e  p l a t e  i s  2.7mm i n  g r e a t e s t  d im e n s io n .

The s h e l l  sh a p e  o f  t h e s e  sm a ll  i n d i v i d u a l s  ch an g es  

s l i g h t l y  w i th  i n c r e a s i n g  s i z e ,  t h e  p o s t e r i o r  becom ing more 

e lo n g a te  i n  l a r g e r  i n d i v i d u a l s  (1.0mm and l a r g e r ) .  T e x t-  

f i g .  18 i s  a  p l o t  o f  l e n g t h  v e r s u s  h e i g h t  o f  43 v a lv e s  (4 

a r t i c u l a t e d )  from  sam ple  WU^14, T h is  g ra p h  i l l u s t r a t e d  

t h a t  t h e  s h e l l  h a s  a r e l a t i v e l y  g r e a t e r  l e n g t h  in: l a r g e r  

i n d i v i d u a l s  (com pare s lo p e  o f  p o i n t s  t o  a l i n e  r e p r e s e n t i n g
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a  l e n g t h / h e i g h t  r a t i o  o f  1 to  1 ) .  T h is  ty p e  o f  a l l o m e t r i c

T e x t - f i g . 1 8 — Length t o  h e i g h t  p l o t  f o r  Lyrodesma s p .  (WU-14) 

and A c t i n o p t e r i a  b r i s a  ( a l l  s a m p le s ) .

grow th  i s  r e l a t i v e l y  common in  b i v a l v e s ,  p a r t i c u l a r l y  th o s e

w h o s e  o n to g e n ie s  have  b een  s t u d i e d  h e r e i n .

F ig u re d  specim ens

UCGM 42658-42661 , 42666.

S u b lc a s s  PTERIOMORPHIA B e u r le n

O rder [?]ARC0IDA S t o l i c z k a

S u p e r fa m ily  [ ? ]CYRTODONTACEA U l r i c h

( Norn, t r a n s .  N ew ell)

Fam ily  [ ? ]CYRTODONTIDAE U l r i c h

D e s c r ip t i o n

G enera  a s s i g n a b l e  t o  t h i s  f a m i ly  a r e  a v o id  and g ib b o u s ,  

p r o s o c l i n e  b i v a l v e s  w i th  c o m a rg in a l  g row th  v a r i c e s  o r  ru g a e .  

Most a r e  e q u iv a lv e d  w ith  a p ro m in e n t  d u p l i v i n c u l a r  l ig a m e n t  

and commonly w e l l -d e v e lo p e d  c a r d i n a l  and p o s t e r i o r  l a t e r a l  

d e n t i t i o n .  The a d d u c to r  m usc le  s c a r s  a r e  su b e q u a l  i n  s i z e  

and u s u a l l y  n e a r l y  c i r c u l a r ,  w i th  t h e  a n t e r i o r  one o f t e n  

d e e p ly  im p re sse d  i n t o  a  p l a t f o r m  o r  a r e a  o f  s h e l l  t h i c k e n i n g  

( c a l l o u s )  a t  t h e  a n t e r i o r  m arg in  o f  t h e  h in g e  p l a t e .  T h is  

ty p e  o f  a n t e r i o r  a d d u c to r  o c c u r r e n c e  i s  a p p a r e n t l y  r e s t r i c t e d  

to  b y s s a l l y  a t t a c h e d  ty p e s  o f  b i v a l v e s  ( P o j e t a ,  1971, p .  1 8 ) .  

T here  i s  no b y s s a l  gape  se en  i n  fo rm s a s s ig n e d  h e r e .  The
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beak  i s  s i t u a t e d  w i t h i n  t h e  a n t e r i o r  o n e - t h i r d  o f  th e  s h e l l  

( i t  may be t e r m in a l  i n  some g e n e r a ) ,  i s  p r o s o c l i n e  and u s u a l l y  

r e l a t i v e l y  l a r g e  and ro u n d ed . The a n t e r i o r  r e g i o n  o f  t h e  

s h e l l  i s  o f t e n  re d u c e d  and th e  a n t e r i o r  m arg in  may be  

somewhat f l a t t e n e d .

Genus [ ? ] CYRTODONTA B i l l i n g s  1858

1841 [? ] C y p r i c a r d i t e s C o n r a d ,  p. 51 ( p a r t im )

1858 C y r to d o n ta  B i l l i n g s ,  p .  179

1859a P a l a e a r c a  H a l l ,  p .  71

1859b P a l a e a r c a  H a l l ,  p. 270

1862b [ ? ] C y p r i c a r d i t e s  Conrad, H a l l , p .  192

1889 C y p r i c a r d i t e s  C onrad , M i l l e r ,  p . 476 (p a r t im )

18 89 C y r to d o n ta  B i l l i n g s ,  M i l l e r ,  p. 477

1894 C y r to d o n ta  B i l l i n g s ,  U l r i c h  p. 534

1916 C y r to d o n ta  B i l l i n g s ,  W il l iam s  and B re g e r ,  p .  147

19 34 C y p r i c a r d i t e s  Conrad, I s b e r g ,  p . 231

1934 C y r to d o n ta  B i l l i n g s ,  I s b e r g ,  p . 240

1956 C y r to d o n ta  B i l l i n g s ,  W ilson , p. 29

1969 C y r to d o n ta  B i l l i n g s ,  LaRocque, p. 248

1971 C y r to d o n ta  B i l l i n g s ,  P o j e t a ,  p. 36

Type s p e c i e s

C y r to d o n ta  r u g o s a  B i l l i n g s  was one o f  t e n  s p e c i e s  l i s t e d  

by B i l l i n g s  (18 58) when p ro p o s in g  C y r to d o n ta  and was 

s u b s e q u e n t ly  d e s i g n a t e d  t h e  ty p e  s p e c i e s  by  W ill ia m s  and 

B re g e r  (19 16 , p . 1 4 4 ) .  B i l l i n g s  (1858 , p . 180) s t a t e d  t h a t  

C. ru g o sa  was  found  i n  t h e  T re n to n  and B lack  R iv e r  F o rm a tio n s
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(M id d le  O rd o v ic ia n )  a t  P a u q u e t t e ’s and  L a P e t i t e  C h a u d ie re  

R a p id s ,  O ttaw a, Canada.

D ia g n o s is

S p e c ie s  o f  t h i s  genus have  t h e  b e ak  s i t u a t e d  i n  th e  

a n t e r i o r  h a l f  o f  t h e  s h e l l ,  b u t  n e v e r  t e r m i n a l .  The a n t e r i o r  

a d d u c to r  i s  a l s o  n e v e r  on a  p l a t f o r m  and s h e l l  t h i c k e n i n g  

i n  t h a t  r e g io n  i s  m in im a l .  The c a r d i n a l  t e e t h  a r e  a l l  

s i t u a t e d  a n t e r i o r  t o  t h e  b e ak .  The p o s t e r i o r  l a t e r a l  t e e t h  

a r e  ' s u b p a r a l l e l  and occupy o n ly  a s h o r t  s t r e t c h  o f  t h e  h in g e  

p l a t e  n e a r  i t s  p o s t e r i o r  t e r m in u s ,  p ro d u c in g  an e d e n tu lo u s  

r e g i o n  a lo n g  t h e  h in g e  p l a t e  p o s t e r i o r  t o  t h e  b e a k .

D e s c r ip t i o n

T h is  genus c o n ta in s  s p e c i e s  o f  medium t o  l a r g e  s i z e  

f o r  t h e  f a m i ly  (20 t o  50mm i n  g r e a t e s t  d im en sio n )  w i th  low , 

ro u n d e d , p ro so g y ro u s  b e a k s  p la c e d  i n  t h e  a n t e r i o r  h a l f  o f  

t h e  s h e l l ,  b u t  ie v e r  t e r m i n a l .  S h e l l s  o f  C y r to d o n ta  a r e  o v o id  

i n  o u t l i n e  and  each  v a lv e  i n  u n i fo rm ly  t h i c k  s h e l l e d  ( a r e a s  

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

p ro m in e n t ,  b r o a d ,  ro u n d ed  umbonal r i d g e  e x te n d s  from  th e  

beak  t o  t h e  p o s t e r o - v e n t r a l  m arg in .  The a n t e r i o r  r e g io n  i s  

re d u c e d  and somewhat f l a t t e n e d .  No b y s s a l  gape i s  a p p a r e n t .  

The d e n t i t i o n  c o n s i s t s  o f  2 t o  M- i r r e g u l a r l y  shaped  ( s t r a i g h t ,  

c u rv e d  o r  s in u o u s )  a n t e r i o r  t e e t h  and  2 o r  3 s u b p a r a l l e l  

p o s t e r i o r  l a t e r a l  t e e t h .  T here  i s  o f t e n  an  e d e n tu lo u s  

h i a t u s  on th e  h in g e  p l a t e  be tw een  t h e  a n t e r i o r  and p o s t e r i o r
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t e e t h .  S u b c i r c u l a r  a d d u c to r  s c a r s  o c c u r  j u s t  be low  th e  t e e t h  

n e a r  t h e  a n t e r i o r  and p o s t e r i o r  m arg in s  o f  th e  s h e l l .  The 

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

i s  n o t .

The l ig a m e n t  i s  o f  t h e  d u p l i v i n c u l a r  ty p e  and o c c u p ie s  

an  a r e a  p o s t e r i o r  t o  t h e  b e a k .  The e x t e r i o r  s u r f a c e  i s  

marked by f i n e  c o m a rg in a l  v a r i c e s  and ru g a e .

D is c u s s io n

C. c u r t u s  Conrad i s  t h e  ty p e  s p e c i e s  o f  C y p r i c a r d i t e s  

by d e s i g n a t i o n  o f  M i l l e r  (1 889 , p . 4 7 6 ) .  T h is  s p e c i e s  i s  

from  Richm ondian (U. O rd o v ic ia n )  s t r a t a  n e a r  Richmond, I n d ia n a  

and n e a r  Rome, New York. P a l a e a r c a  v e n t r i c o s a  H a l l  (1859 , 

p* 271) was d e s ig n a t e d  by LaRocque (1969 , p . 248) t h e  ty p e  

s p e c i e s  o f  P a l a e a r c a . P. v e n t r i c o s a  was d e s c r ib e d  from  th e  

" T re n to n  L im estone i n  T en n e sse e"  (M idd le  O r d o v i c i a n ) .

S h e l l s  o f  th e  C y r to d o n ta  ty p e  a r e  u s u a l l y  common i n  

M iddle  O rd o v ic ia n  r o c k s  ( P o j e t a ,  1971, p. 18 ) ,  and a r e  

c o n sp ic u o u s  e le m e n ts  o f  some o t h e r  Upper O rd o v ic ia n  and 

Lower S i l u r i a n  f a u n a s .  A lthough  t h i s  g roup  o f  m ain ly  

M iddle  and Upper O rd o v ic ia n  s h e l l s  h a s  lo n g  b een  r e c o g n iz e d  

a s  com posing a d i s t i n c t  g e n e r i c  e n t i t y ,  c o n s id e r a b le  

c o n fu s io n  h a s  a t t e n d e d  i t s  r e c o g n i t i o n  and l i m i t a t i o n s .  

W il l ia m s  and B re g e r  (1916 , p . 14 7) gave a d e t a i l e d  

d i s c u s s i o n  o f  t h e  taxonomy and h i s t o r y  o f  c l a s s i f i c a t i o n  

o f  c y r t o d o n t i d s . The g e n e ra  C y p r i c a r d i t e s  Conrad (1 8 4 1 ) ,  

P a l a e a r c a  H a l l  (1859) and C y r to d o n ta  B i l l i n g s  (1858) have 

b een  employed v a r i o u s l y  s i n c e  C o n ra d 's  d a y ,  f o r  s p e c i e s
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w hich he  was s t r i v i n g ,  w ith  im p r e c i s i o n ,  t o  c r e a t e  a gen u s .

Conrad (1841 , p .  51) p ro p o sed  C y r p i c a r d i t e s  f o r  a group  

o f  16 O rd o v ic ia n  and S i l u r i a n  s p e c i e s .  Of t h e s e ,  a l l  e x ce p t  

C. c u r t u s  Conrad, which M i l l e r  (1889b p .  476) d e s ig n a t e d  th e  

ty p e ,  have now been  p la c e d  in  o t h e r  g e n e r a .  C o n ra d 's  

d e s c r i p t i o n  was somewhat u n d i a g n o s t i c  and th e  f i g u r e  

accom panying i t  ( s e e  d i s c u s s i o n s  by H a l l ,  1860 and 1862b) 

was s c h e m a t ic .  B i l l i n g s  (18 58, p . 179) d e s c r i b e d  and 

i l l u s t r a t e d  C y r to d o n ta  . f o r  which W ill iam s  and B re g e r  (1916 , 

p. 149) d e s ig n a t e d  C. ru g o s a  t h e  ty p e .

H a l l  (1859 , p . 8) d e s c r ib e d  and f i g u r e d  P a l a e a r c a  

v e n t r i c o s a  from  th e  M iddle  O rd o v ic ia n  o f  T en n essee  ( ty p e  

s p e c i e s  o f  P a l a e a r c a  d e s ig n a t e d  by LaRocque, 1969 , p .  248) 

a s  one o f  two s p e c i e s  o f  h i s  new genus P a l a e a r c a . T h is  

genus was a g a in  p u b l i s h e d  as "new" by H a l l  ( 1 8 6 0 b p.  270).

H a l l  (1859b p. 524; 1862b, p . 164) r e f e r r e d  t o  C onrad’ s 

genus C y p r i c a r d i t e s  and gave a f i g u r e  sa y in g  t h a t ,  " t h i s  

f i g u r e  i s  c o p ie d  from  th e  o r i g i n a l  f i g u r e  o f  Mr. Conrad, 

accom panying h i s  d e s c r i p t i o n  o f  t h e  genus i n  1841. The 

p l a t e  upon which t h i s  o c c u rs  was en g ra v ed  to  accompany th e  

Annual R e p o r t  [ 5 th ]  o f  1841; b u t ,  u n f o r t u n a t e l y ,  o n ly  a 

sm a l l  number were e v e r  d i s t r i b u t e d ,  so  f a r  a s  known to  th e  

w r i t e r . "  The p l a t e  was c o m p le te ly  r e p ro d u c e d  by H a l l  i n  th e  

1 5 th  Annual R ep o rt  (1862b , P I .  1 1 ) .

A lthough th e  f i g u r e  o f  C y p r i c a r d i t e s  re p ro d u c e d  by 

H a l l  (1859b p .  524 and 1 8 6 2 b ,P I .  11 , f i g .  4) re s e m b le s  

C y r to d o n ta ,  t h i s  re se m b la n c e  i s  m a in ly  b a se d  on s h e l l
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o u t l i n e ,  p o s i t i o n  o f  t h e  beak  and c a r d i n a l  t e e t h .  Conrad 

i l l u s t r a t e d  no p o s t e r i o r  l a t e r a l  t e e t h  f o r  C. c u r t u s .

B ecause o f  C o n ra d 's  b r i e f  d e s c r i p t i o n  and poor l i n e  d raw in g , 

LaRocque (1 9 6 9 , p .  249) commented t h a t  C y p r i c a r d i t e s  seems 

" p r e s e n t l y  u n r e c o g n iz a b le  from  a v a i l a b l e  e v id e n c e .  " W il l iam s  

and B reg e r  (1916) and U l r i c h  (1 8 9 4 ) ,  how ever, co n c lu d ed  t h a t  

C y p r i c a r d i t e s  was d i s t i n c t  from C y r to d o n ta  and t h a t  b o th  

names were v a l i d .  U l r i c h ,  how ever, employed C y r to d o n ta  f o r  

h i s  s p e c i e s  o f  t h i s  form g roup .

W ill iam s  and B reg e r  c i t e d t h e  l a c k  o f  p o s t e r i o r  d e n t i t i o n  

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

t h e  beak  i n  C y p r i c a r d i t e s  c u r t u s  Conrad a s  c h a r a c t e r i s t i c s  

s e p a r a t i n g  C. c u r t u s  (and  th u s  C y p r i c a r d i t e s ) from C y r to d o n ta  

r u g o s a , which h a s  c a r d i n a l  t e e t h  o n ly  a n t e r i o r  t o  t h e  beak 

and l a m e l l a r  t e e t h  a lo n g  t h e  p o s t e r i o r  p a r t  o f  t h e  h in g e .  

Ju d g in g  from C o n ra d 's  d e s c r i p t i o n  and i l l u s t r a t i o n ,  o t h e r  

c h a r a c t e r i s t i c s  ( su c h  a s  s h e l l  s h a p e ,  m u s c u la tu r e ,  l ig a m e n t  

p lacem en t o r  b eak  p o s i t i o n  and o r i e n t a t i o n )  o f  C y p r i c a r d i t e s  

(C. c u r t u s ) a r e  n o t  d i s t i n g u i s h a b l e  from  C y r to d o n ta  (C. 

r u g o s a ) B i l l i n g s .  D e s p i te  t h e  l e n g th y  e x p la n a t io n  p ro v id e d  

by W ill iam s and B re g e r  (1 9 1 6 ) ,  t h e  r e l a t i o n s h i p  o f  C y r to d o n ta  

and C y p r i c a r d i t e s  i s  s t i l l  c o n fu s e d .  Based on t h e  m orphology 

c i t e d ,  t h e  two sh o u ld  be  c o n s id e r e d  s e p a r a t e  g e n e ra ;  how ever, 

t h e r e  a r e  th o s e  who, b e c a u se  o f  th e  u n d ia g n o s t i c  n a tu r e  

o f  C o n ra d 's  (1841) d e s c r i p t i o n  and  p o o r  q u a l i t y  l i n e  d raw in g , 

want t o  r e s t r i c t  C y p r i c a r d i t e s  t o  t h e  ty p e  s p e c i e s  u n t i l
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more in fo r m a t io n  a b o u t  C. c u r tu s  can  be o b ta in e d  ( s u c h  a s  

by r e c o v e r y  o f  C o n rad ’s ty p e s  which a p p e a r  t o  have  been  l o s t ) .

P a l a e a r c a  H a l l  h a s  o f t e n  b een  synonym ized w i th  e i t h e r  

C y p r i c a r d i t e s  o r  C y r to d o n ta . Even H a l l  (185,9b, p . 524) 

rem arked  t h a t  h i s  new genus ( P a l a e a r c a ) was p ro b a b ly  

synonymous w i th  C y p r i c a r d i t e s  Conrad. As m e n t io n e d ,  s h e l l  

shape  i s  o f  l i t t l e . u s e  i n  t h i s  from  g ro u p ,  a l th o u g h  P a l a e a r c a  

v e n t r i c o s a  i s  o v a l  shaped  w ith  a  g e n e r a l  p r o s o c l i n e  o r i e n t a t i o n  

o f  t h e  umbones, and so  i s  more l i k e  C y r to d o n ta  t y p e s  o f  

s p e c i e s .  The d e n t i t i o n  o f  P a l a e a r c a  i s  much l i k e  C y r to d o n ta  

( s u b p a r a l l e l  p o s t e r i o r  t e e t h  and c a r d i n a l s  o n ly  a n t e r i o r  t o  

th e  beak) and p r o v id e s  t h e  b a s i s  f o r  synonym iz ing  t h e s e  g e n e r a .

A lthough  t h e r e  h a s  b een  vo lum inous d i s c o u r s e  on th e  

s y s te m a t i c s  o f  g e n e ra  i n  t h i s  form  g ro u p ,  t h e r e  h a s  been  

r e l a t i v e l y  l i t t l e  s a t i s f a c t o r y  s o l u t i o n  p r o v id e d .  A 

c o m p le te  s tu d y  o f  ty p e  and su p p le m e n ta ry  spec im ens o f  

s p e c i e s  a s s i g n a b l e  h e r e  would c e r t a i n l y  h e lp  r e s o l v e  th e  

q u e s t io n .  Of param ount im p o rtan c e  i s  t h e  c e r t i f i c a t i o n  o f  

m orphology f o r  C y p r i c a r d i t e s  c u r t u s ,  so p o o r l y  d e s c r i b e d  

by Conrad (1 8 4 1 ) .

D i s t r i b u t io n

S p e c ie s  o f  t h i s  genus a r e  fo und  in  M iddle  O rd o v ic ia n  

th ro u g h  Lower M idd le  S i l u r i a n  o f  N orth  A m erica  and Lower 

S i l u r i a n  o f  E u rop e .

C y r to d o n ta E ?] f e r r u g i n e a  ( H a l l  and W h i t f i e ld )

P I .  7, f i g .  1-3
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18 75 C y p r i c a r d i t e s  f e r ru g in e u m  H a l l  and W h i t f i e l d ,  p . 1 16 , 

P I .  5, f i g .  11

1895 A v ic u la  w h i t f i e l d i  F o e r s t e ,  p .  558, P I .  37, f i g .  5 

( non A v ic u la  f e r r u g i n e a  C onrad , 1848) (new name f o r  

C y p r i c a r d i t e s  f e r r u g in e u m )

Type specim en

H a l l  and W h i t f i e l d  (1875 , P I .  5 ,  f i g .  11) b a se d  t h e i r  

s p e c i e s  on t h e  n a t u r a l  e x t e r n a l  mold o f  a s i n g l e  spec im en . 

T h is  h o lo ty p e  i s  in  th e  c o l l e c t i o n s  a t  Ohio S t a t e  U n i v e r s i t y  

(OSU 3 2 0 8 ) . I t  was c o l l e c t e d  from  t h e  u p p e r  f e r r u g in o u s  

beds  o f  t h e  B r a s s f i e l d  a t  Todd F ork  C reek , n e a r  W ilm ington , 

O h io .

D ia g n o s is

E q u id im e n s io n a l ,  s u b e r e c t  s h e l l s  w i th  t h e  beak  

o n e - t h i r d  t h e  h in g e  l e n g t h  from  t h e  f l a t t e n e d  a n t e r i o r  

m a rg in .  T here  i s  a m o d e ra te ly  d e v e lo p e d  "wing" o r  f l a n g e  

p o s t e r i o r  t o  t h e  b e a k ,  th e  d i s t a l  t i p  o f  which makes n e a r l y  

a r i g h t  a n g le  w i th  t h e  p o s t e r i o r  m a rg in .

D e s c r ip t i o n

Medium s i z e d  ( l e n g t h  30 t o  3 5mm) n e a r l y  e q u id im e n s io n a l  

s h e l l s  ( h e i g h t  s l i g h t l y  g r e a t e r  t h a n  l e n g t h )  t h a t  a r e  

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

s h e l l  w hich  i s  a c c e n tu a t e d  by t h e  n e a r l y  s t r a i g h t  d o r s a l  

m arg in  ( P I .  7, f i g .  1 - 3 ) .  Most d a t a  p r e s e n t e d  i s  from  th e  

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

r e g i o n  o f  a  r i g h t  v a lv e  was c o l l e c t e d  in  t h i s  s tu d y .
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The b eak  i s  w i t h i n  t h e  a n t e r i o r  t h i r d  o f  t h e  d o r s a l  l e n g t h ,  

low , rou nded  and p r o j e c t i n g  j u s t  above t h e  h in g e  l i n e  ( P I .

7, f i g .  3 ) .  Based on a  p o o r ly  p r e s e r v e d  specim en r e c o v e re d  

in  t h i s  s tu d y  ( l o c a l i t y  WU-HO , t h e  d o r s a l  h i n g e l i n e  m eets  

t h e  a n t e r i o r  and p o s t e r i o r  m arg in s  a t  n e a r l y  r i g h t  a n g le s .

The a n t e r i o r  m arg in  i s  s h o r t  and  f l a t t e n e d  w h i le  t h e  

p o s t e r i o r  s i d e  o f  t h e  s h e l l  h a s  a m o d e ra te  "w ing" o r  f l a n g e .  

The umbonal r i d g e  i s  b r o a d ,  e x te n d in g  from  th e  b eak  to  t h e  

p o s t e r o - v e n t r a l  m arg in  and becomes o b s c u re  i n  t h e  v e n t r a l  

h a l f  o f  t h e  s h e l l .

E v idence  o f  t h e  d e n t i t i o n ,  m u s c u la tu re  and l ig a m e n t  i s  

l a c k in g  on a l l  spec im ens o f  t h i s  s p e c i e s .  The e x t e r i o r  o f  

th e  v a lv e s  i s  marked by s t r o n g  c o m a rg in a l  grow th  v a r i c e s  

and ru g a e  ( P I .  7 ,  f i g .  1 , 2 ) .

D is c u s s io n

H a l l  and W h i t f i e l d  (18 75) o r i g i n a l l y  a s s ig n e d  t h e i r  

B r a s s f i e l d  s p e c i e s  t o  C y p r i c a r d i t e s  Conrad, b u t  a s  s t a t e d  

w i th in  t h e  g e n e r i c  d i s c u s s i o n  o f  C y r to d o n ta , h e r e i n ,  i t  i s  

f e l t  t h a t  no s p e c i e s  can  be  c e r t a i n l y  a s s ig n e d  to  t h a t  genus 

( C y p r i c a r d i t e s ) u n t i l  more i s  known o f  i t s  t y p e  s p e c i e s .  

F o e r s t e  (189 5) commented t h a t  H a l l  and W h i t f i e l d ' s  i l l u s ­

t r a t i o n  o f  t h e  h o lo ty p e  was from  a v e ry  p o o r  g u t t a p e r c h a  

c a s t  and d id  n o t  r e p r e s e n t  t h e  s h e l l ' s  t r u e  m orphology. 

F o e r s t e ' s  i l l u s t r a t i o n  (189 5, P I .  37, f i g .  5) was much more 

l i k e  t h e  a c t u a l  sp e c im en . The p r e s e n c e  o f  a s l i g h t  p o s t e r i o r  

"wing" o r  f l a n g e  l e d  F o e r s t e  t o  p l a c e  t h i s  s p e c i e s  i n
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A v ic u la . Conrad (1848) had  p r e v i o u s ly  p ro p o se d  th e  name 

A v ic u la  f e r r u g i n e a  f o r  a n o th e r  s p e c i e s  from th e  M iddle  

S i l u r i a n ,  C l in to n  F o rm a tio n  o f  New York, h en ce  F o e r s t e  

p ro p o sed  A v ic u la  W h i t f i e l d i  t o  o b v ia t e  t h e  homonymy. T h is  

s p e c i e s  i s  n o t ,  ho w ever, cin A v ic u la  (w hich i s  c o n s id e r e d  a 

j u n i o r  synonym o f  P t e r i a  S c o p o l i  by H e r t l e i n  and Cox, 1 9 6 9 ) ,  

on t h e  b a s i s  o f  s h e l l  shape  and o u t l i n e .  The p o s t e r i o r  

" w in g " re g io n  o f  C .? f e r r u g i n e a  i s  n o t  homologous w i th  th e  

wing o r  a u r i c l e  o f  P t e r i a . The p t e r i i d  wing i s  d i s t i n c t  

from  t h e  m ain body o f  t h e  s h e l l  (a s  i n  P I . 7, f i g .  6 , 9) w h i le  

t h e  p o s t e r i o r  f l a n g e  o f  C .? f e r r u g i n e a  merges im p e r c e p t ib ly  

w ith  t h e  s h e l l  body. I n  P t e r i a , t h e r e  i s  a l s o  an a n t e r i o r  

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

e a r .

H a l l  and W h i t f i e ld  (1875) rem arked  t h a t  C.?  f e r r u g i n e a  

was m ost l i k e  P a l a e a r c a  s a f f o r d i  H a l l  (1 8 5 9 a ,p .  1 1  and 

1859b ,p- 271) i n  i t s  e x t e r n a l  c o n f i g u r a t i o n .

C y p r i c a r d i t e s  g r a n d i s  U l r i c h  (1890 , p . 387) i s  

c o n s id e r e d  a C y r to d o n ta  ( P o j e t a ,  19 71) on t h e  b a s i s  o f  

d e n t i t i o n ,  a s  i s  P. s a f f o r d i  ( s e e  g e n e r i c  d i s c u s s i o n ) .  C.

g r a n d i s , p a r t i c u l a r l y  a s  i l l u s t r a t e d  by U l r i c h  (1894 , P I .  40, 

f i g .  9 -1 4 )  and P o j e t a  (1971 , P I .  6 , f i g .  21-23) shows a 

s h e l l  o u t l i n e  s i m i l a r  t o  C .? f e r r u g i n e a  and h as  a p o s t e r i o r  

"wing" t h a t  i s  p o o r ly  d e v e lo p e d  ( U l r i c h ,  1894, P I .  40 , f i g .

14) o r  o n ly  s l i g h t l y  l e s s  p ro m in e n t  th a n  t h a t  i n  C.?  

f e r r u g i n e a  ( U l r i c h ,  1894 , P I .  40 , f i g .  9 ) .  P. s a f f o r d i
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i s  from  th e  T re n to n  l im e s to n e s  (M idd le  O rd o v ic ia n )  o f  

T enn essee  and C. g r a n d i s  i s  from th e  T re n to n  l im e s to n e s  o f  

Kentucky and M in n e so ta .  Because o f  t h e  a b sen c e  o f  d e n t i t i o n ,  

m uscle  s c a r s  and l i g a m e n t a l  g ro o v e s ,  i t  i s  im p o s s ib le  to  

a s s i g n  t h i s  s p e c i e s  t o  any genus w i th  c e r t a i n t y .  F o e r s t e ' s  

s p e c ie s  i s  h e r e i n  q u e s t io n a b ly  a s s ig n e d  to  C y r to d o n ta  

B i l l i n g s  b e c a u se  o f  i t s  s u p e r f i c i a l  re se m b la n c e  t o  C. 

g r a n d is  and C. s a f f o r d i ,  b u t  i t  sh o u ld  be  k e p t  i n  mind t h a t  

d i s t r i b u t i o n  o f  d e n t i t i o n  and m u s c u la tu r e  a r e  c r i t i c a l  

a s p e c t s  o f  m orphology needed  f o r  proper, taxonomy i n  t h i s  

form g ro up .

D i s t r i b u t i o n

C y r to d o n ta ? f e r r u g in e a  h a s  been  c o l l e c t e d  from  th e  

B r a s s f i e l d  F o rm a tio n  a t  Todd Fork  C reek , n e a r  W ilm ington ,

Ohio ( t h e  h o lo ty p e )  and two p o o r ly  p r e s e r v e d  specim ens (a  

r i g h t  and l e f t  v a lv e )  w ere  c o l l e c t e d  i n  t h i s  s tu d y  from th e  

f e r r u g in o u s  l im e s to n e s  3 6 f e e t  above t h e  base  o f  th e  

B r a s s f i e l d  i n  a  r o a d  c u t  on S t a t e  Road 41 , 2 .5  m ile s  n o r th  

o f  West U nion, Adams County , Ohio. Both o f  th e s e  

o c c u r r e n c e s  a r e  i n  th e  u p p e r  10  f e e t  o f  t h e  fo r m a t io n .  

F ig u re d  spec im ens

OSU 3208; UCGM 42653, 42654.

O rder PTERIOIDA Newell 

S u p e r fa m ily  AMBONYCHIACEA M i l l e r  

Fam ily  AMBONYCH11DAE M i l l e r

D e s c r ip t i o n

T h is  f a m i ly  c o n ta in s  e q u iv a lv e d  m y t i l i f o r m  b i v a l v e s
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t h a t  a re  a n is o m y a r ia n  o r  m bnbmyarian, w i th  t h e  ^ a n t e r i o r  

a d d u c to r ,  when p r e s e n t ,  much s m a l l e r  th a n  t h e  p o s t e r i o r  one 

and lo c a t e d  n e a r  t h e  umbonal r e g i o n  o f  t h e  s h e l l  ( P o j e t a ,

19 6 6 ) . G enera  in  t h i s  g roup  a r e  th o u g h t  t o  have a b y ssu s  

(on  th e  b a s i s  o f  b y s s a l  r e t r a c t o r  m usc le  s c a r s )  b u t  n o t  a l l  

show a b y s s a l  gap e . The l ig a m e n t  i s  d u p l i v i n c u l a r  and 

a t t a c h e d  to  t h e  v a lv e s  i n  a s e r i e s  o f  p a r a l l e l  s t r i a t i o n s  o r  

g ro o v es  p o s t e r i o r  t o  t h e  b eak  and u s u a l l y  on t h e  d o r s a l  

s i d e  o f  t h e  h in g e  p l a t e  ( P o j e t a ,  1966, P I .  28, f i g .  8 ) .

T here  i s  a p p a r e n t l y  no c o n s i s t e n t  ty p e  o f  d e n t i t i o n  d i s p l a y e d ,  

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

Genus M y t i l a r c a  H a l l  and W h i t f i e l d ,  1869 

18 70 M y t i l a r c a  H a l l  and W h i t f i e l d ,  p .  19

1883 P le th o m y t i lu s  H a l l ,  p .  4

18 8*+ M y t i l a r c a  H a l l  and W h i t f i e l d ,  H a l l ,  p .  x iv  and 253 

188*+ M y t i la r c a  ( P l e t h o m y t i l u s ) H a l l ,  H a l l ,  p .  x iv  and 253

1886 M y t i l a r c a  H a l l  and W h i t f i e l d ,  F i s c h e r ,  p . 963

1904 S t r e p to m y t i l u s  K in d le  and  B re g e r ,  p .  452

1909 M y t i l a r c a  H a l l  and W h i t f i e l d ,  Grabau and Shim er, p .

43 2 ( p a r t i m )

19 34 M y t i l a r c a  H a l l  and W h i t f i e l d ,  I s b e r g ,  p .  10 7

1937 P le th o m y t i l u s  H a l l ,  M a i l l i e u x ,  p . 81

19 3 7 M y t i l a r c a  H a l l  and W h i t f i e l d ,  M a i l l i e u x ,  p . 84

19 62 M y t i l a r c a  H a l l  and W h i t f i e l d ,  M c A le s te r ,  p . 3 8

1966 M y t i l a r c a  H a l l  and W h i t f i e l d ,  P o j e t a ,  p .  185

1966 P le th o m y t i lu s  H a l l ,  B ab in , p. 174
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19 69 M y t i l a r c a  H a l l  and W h i t f i e l d ,  N ewell and LaRocque, 

p . 287 

Type s p e c i e s

Inoceram us chem ungensis  Conrad (184-2, p .  246) from  th e  

Upper D evonian  (Chemung) o f  New York s t a t e  i s  t h e  ty p e  s p e c i e s  

o f  M y t i l a r c a  by o r i g i n a l  d e s i g n a t i o n  o f  H a l l  and W h i t f i e l d  

(18 69, p. 2 0 ) .  P o j e t a  (19 6 6 ) and M c A les te r  (19 6 2) i l l u s t r a t e d  

s e v e r a l  o f  H a l l ' s  (1883) p l e s i o t y p e s  and o t h e r  spec im ens 

t h a t  t h e y  c o n s id e r e d  r e p r e s e n t a t i v e  o f  t h i s  s p e c i e s .  The 

ty p e  s p e c i e s  o f  S t r e p to m y t i l u s  i s  M y t i l a r c a  w a b a sh e n s is  

K ind le  and B re g e r  (19 04) from  Nia;garan (M iddle  S i l u r i a n )  : 

s t r a t a  o f  I n d i a n a .  The ty p e  s p e c i e s  o f  P l e th o m y t i lu s  i s  

P. p o n d e ro s a , a s  d e s i g n a t e d  by M i l l e r  (1889 , p .  4 2 3 ) .

D ia g n o s is

M y t i l i f o r m  d e n t a t e  A m bonychiidae w i th  one t o  t h r e e  

c a r d i n a l  t e e t h  and two to  f o u r  s h o r t  l a t e r a l  t e e t h ,  c o m a rg in a l  

g row th  v a r i c e s  and no a p p a r e n t  b y s s a l  g ap e . The b eak  i s  

t e r m i n a l  a t  t h e  a n t e r i o r  m a rg in .

D e s c r ip t i o n

S p e c ie s  o f  t h i s  genus a r e  medium to  l a r g e  s i z e  f o r  th e  

fa m i ly  ( g e n e r a l l y  20 t o  60mm i n  l e n g t h ) .  E q u iv a lv e d  and 

i n e q u i l a t e r a l ,  M y t i l a r c a  s h e l l s  have  a  s u b t r i a n g u l a r  o r  

t e a r - d r o p  sh ap ed  o u t l i n e ,  r e m i n i s c e n t  o f  M y t i lu s  e d u l i s .

These s t r o n g l y  p r o s o c l i n e  s h e l l s  h av e  a t e r m in a l  b eak  and 

s h o r t  d o r s a l  h in g e  l i n e  t h a t  g e n e r a l l y  makes an  a c u te  a n g le  

w i th  t h e  co nv ex , s t r a i g h t  o r  co ncave  a n t e r i o r  s h e l l  m a rg in .

The a b se n c e  o f  a  b y s s a l  gape  i s  c o n s p ic u o u s  in  m ost s p e c i e s  

o f  t h i s  g e n u s .
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T here  a r e  one to  t h r e e  c a r d i n a l  t e e t h  j u s t  b e n e a th  

t h e  b e a k ,  w h i le  two t o  f o u r  s h o r t  l a t e r a l  t e e t h  o c c u r  on 

t h e  p o s t e r i o r  edge o f  t h e  h in g e  p l a t e .  M uscle s c a r s  a r e  

unknown i n  spec im ens p r e s e n t l y  a s s ig n e d  t o  t h i s  g e n u s .

The l ig a m e n t  a r e a  c o n s i s t s  o f  numerous r i d g e s  and g ro o v es  

o f  a  d u p l i v i n c u l a r  t y p e .  S u r fa c e  s c u l p t u r e  c o n s i s t s  

e x c l u s i v e l y  o f  v e ry  f i n e  c o m a rg in a l  g row th  v a r i c e s .

D is c u s s io n

M y t i l a r c a  was o r i g i n a l l y  p ro p o se d  i n  an anonymous 

p u b l i c a t i o n  (New York S t a t e  Museum, 1 8 6 9 ) .  The a u t h o r s h i p  

o f  t h i s  p a p e r  h a s  b een  s u b j e c t  t o  much d e b a te  ( s e e  

d i s c u s s i o n  o f  genus P a l a e o n e i l o , h e r e i n ) . The recom m endations 

o f  Cooper (19 31) a r e  f o l lo w e d  in  t h i s  s tu d y ,  and t h e  new 

names p ro p o se d  i n  t h e  anonymous p a p e r  a r e  a t t r i b u t e d  to  H a l l  

and W h i t f i e l d .

T here  h a s  b e e n  c o n s i d e r a b l e  c o n fu s io n  a s  t o  t h e  g e n e r i c  

p la c e m e n t  o f  e a r l y  P a le o z o ic  am bonych iid  s p e c i e s  w i th  

c o m a rg in a l  o rn am e n t.  M y t i l a r c a  h as  s e rv e d  a s  a  ty p e  o f  

omnium ga the rum  f o r  S i l u r i a n  and D evonian am bon ych iid s  w i th  

c o m a rg in a l  g row th  v a r i c e s  b e in g  t h e  o n ly  ty p e  o f  o r n a m e n ta t io n .  

S p e c ie s  a s s ig n e d  h e r e  a r e  p o o r ly  p r e s e r v e d ,  m ost l a c k in g  

d e n t i t i o n  and some even  l a c k in g  o rn a m e n ta t io n  ( s e e  P o j e t a  

1966, P I .  3 7 -4 1 ) .  I t  seems l i k e l y  t h a t  more th a n  one 

g e n e t i c  l i n e a g e  may be  r e p r e s e n t e d  i n  t h i s  form  g ro u p ,  

how ever, a t t e m p t s  to  s u b d iv id e  t h e s e  fo rm s h av e  met w i th  

l i t t l e  s u c c e s s .  S t r e p to m y t i l u s  K in d le  and B re g e r  (19 04) was
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e r e c t e d  f o r  a  N ia g a ra n  (M iddle  S i l u r i a n )  s p e c i e s  (S . 

w a b a s h e n s is ) from  I n d ia n a ,  b u t  was b a s e d  on poor m a t e r i a l  

w i th  no d e n t i t i o n  p r e s e r v e d .  S im i la r  p rob lem s a r e  

e n c o u n te re d  w i th  P l e th o m y t i l u s  H a l l  and W h i t f i e l d  (1 8 6 9 ) .

I t s  ty p e  s p e c i e s ,  P. p o n d e ro sa  H a l l  and W h i t f i e ld  (1 8 6 9 ) ,  

i s  known o n ly  from  S te in k e r n s  and i n t e r n a l  molds n o t  

p r e s e r v i n g  t h e  d e n t i t i o n .  Some o t h e r  s p e c i e s  a s s ig n e d  to  

t h i s  genus by H a l l  (1883) p o s s e s s  p o s t e r i o r  d e n t i t i o n  

( P l e th o m y t i lu s  c u n e a tu s  K ind le  and B re g e r ,  1904 from  th e  

I n d ia n a  N ia g a ra n  and P le th o m y t i lu s  o v i f o r m is  [C onrad , 1841] 

from t h e  New York H am ilton  [M iddle  D e v o n ia n ] ) ,  b u t  a r e  

n o t  p r e s e r v e d  w e l l  enough t o  show c a r d i n a l  t e e t h .  In  f a c t ,  

p r e s e r v a t i o n  o f  t h e  a n t e r i o r  h in g e  and  i t s  d e l i c a t e  c a r d i n a l  

t e e t h  i s  a  r a r e  o c c u r r e n c e  i n  m ost s p e c i e s  o f  t h i s  form 

g ro u p . H a l l ' s  (1883) s u i t e  o f  M y t i l a r c a  chem ungensis  

(C onrad) c o n ta in e d  o n ly  one specim en t h a t  p r e s e r v e d  c a r d i n a l  

t e e t h  and th e y  w ere  p a r t i a l l y  d e s t r o y e d .  I t  i s  obv ious  t h a t  

more c a r e f u l  e x a m in a t io n  and g a th e r in g  o f  b e t t e r  p r e s e rv e d  

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

can  be made i n  t h i s  g ro u p . P o j e t a  h a s  a s s ig n e d  38 s p e c ie s  

to  M y t i l a r c a , m a in ly  on th e  b a s i s  o f  s h e l l  o u t l i n e  o r  

p ro so p o n . Most S i l u r i a n  and D evonian am bonych iids  w i th  

a t e r m in a l  b eak  and w i th o u t  r a d i a l  p ro sopo n  have  been  

a s s ig n e d  h e r e .

D i s t r i b u t i o n

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

s p e c i e s  from  Lower S i l u r i a n  th ro u g h  Upper Devonian s t r a t a  i n
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N orth  America and n o r t h e r n  Europe. S e v e ra l  s p e c i e s  from th e  

Swedish O rd o v ic ia n  ( I s b e r g ,  1934) may b e  a s s ig n e d  h e re  

( P o j e t a ,  1 9 6 6 ) .  The g r e a t e s t  number o f  d e s c r i b e d  s p e c ie s  

come from t h e  n o r t h e a s t e r n  U n ited  S t a t e s  and a d j a c e n t  

Canada.

“M y t i l a r c a 11 f o e r s t e i  C la rk e  and Ruedemann 

P I .  7, f i g .  4 ,  5 

1852 non M yalina  m y t i l i f o r m i s  H a l l  p . 100 , P I .  30, f i g .  l a - d  

1895 M y t i l a r c a  m y t i l i f o r m i s  F o e r s t e ,  p .  559, P I .  37, f i g .  

l a - e

1903a M y t i l a r c a  f o e r s t e i  C la rk e  and Ruedemann, p. 49 [ p ro  

M y t i l a r c a  m y t i l i f o r m i s  F o e r s t e ,  1895, non M y t i l a r c a  

m y t i l i f o r m i s  ( H a l l ) ,  1852]

19 66 M y t i l a r c a  f o e r s t e i  C la rk e  and Ruedemann, P o j e t a ,  

p .  188 , P I .  37, f i g .  20 

jType specim en

The ty p e  o f  F o e r s t e ' s  (1895 , p. 559 , P I .  37, f i g .  l l a - c )  

s p e c i e s  ( =M y t i l a r c a  f o e r s t e i  C la rk e  and Ruedemann, 1903anew 

name) i s  a  s i n g l e  sp ec im en , a l e f t  v a lv e ,  from  t h e  upper 

f e r r u g in o u s  zone o f  t h e  B r a s s f i e l d  F o rm a tio n ,  i n  Todd Fork  

C reek , n e a r  W ilm in g ton , Ohio (USNM 8853 7) .

D ia g n o s is

T h is  s p e c i e s  c o n ta in s  e x tre m e ly  convex (g ib b o u s )  

m y t i l a r c i d s  w i th  a p ro m in en t  s t r a i g h t  umbonal r i d g e  e x te n d in g  

from  a  l a r g e  b l u n t  b e ak  t o  th e  p o s t e r i o r - l a t e r a l  m arg in .

The s t r a i g h t ,  s h o r t  h in g e  i s  a b o u t  h a l f  t h e  s h e l l  l e n g t h .
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D e s c r ip t io n

Medium s i z e  f o r  t h e  genus ( g r e a t e s t  v a lv e  d im e n s io n ,  

o b l iq u e  h e i g h t ,  i s  34mm), t h i s  s p e c i e s  i s  s t i l l  known o n ly  

from  a s i n g l e  w e l l  p r e s e r v e d  l e f t  v a lv e  p r e s e r v i n g  some o f  th e  

s h e l l .  I t  i s  an  i n e q u i l a t e r a l ,  v e ry  r o b u s t  ( i n f l a t e d )  s h e l l .  

The p ro so g y ro u s  b eak  i s  b ro a d  and b l u n t ,  e x te n d in g  s l i g h t l y  

above th e  d o r s a l  h in g e .  The s h e l l  h a s  a g e n e r a l  t e a r - d r o p  

shap e  w i th  t h e  beak  a t  t h e  a p ex . The d o r s a l  h in g e  l i n e  i s  

r e l a t i v e l y  lo n g  (14mm, which i s  a p p ro x im a te ly  o n e - h a l f  t h e  

g r e a t e s t  l e n g th  o f  t h e  s h e l l ) .  The v a lv e  m arg in  i s  g e n t ly  

c u rv e d  a lo n g  th e  p o s t e r i o - l a t e r a l  m arg in  o f  th e  s h e l l .  A 

p ro m in en t umbonal r i d g e  e x te n d s  from  t h e  b eak  t o  th e  

p o s t e r o - l a t e r a l  m arg in  a lo n g  t h e  g r e a t e s t  l e n g t h  o f  t h e  s h e l l  

( P I .  7, f i g .  5 ) .  An a n t e r o - l a t e r a l  v iew  o f  t h e  v a lv e  shows 

a u n i fo rm ly  convex p r o f i l e  from th e  beak  t o  th e  p o s t e r i o r  

com m issure (P I .  7, f i g .  4 ) .  The s h e l l  e x t e r i o r  i s  marked 

by num erous, f i n e ,  u n i fo rm ly  sp aced  c o m a rg in a l  growth 

v a r i c e s  ( P I .  7, f i g .  5 ) .  S in c e  t h e  o n ly  known specim en i s  

a d h e r e n t  t o  a s l a b  o f  l im e s to n e  and o n ly  t h e  e x t e r n a l  s u r f a c e  

i s  e x p o sed ,  no d e t a i l s  o f  t h e  i n t e r n a l  m orphology a r e  known. 

D is c u s s io n

F o e r s t e  (189 5 , p . 5 5 9 ) ,  f o l lo w in g  U l r i c h ' s  a d v ic e ,  

p la c e d  a new s p e c i e s  from  th e  "Ohio C l in to n "  ( B r a s s f i e l d  

Form atio n )  i n  t h e  genus M y t i l a r c a . H is s p e c i e s  was c a l l e d  

"M y t i l a r c a  m y t i l i f o r m i s  s p .  n o v ."  In  t h e  d e s c r i p t i o n  o f  

t h i s  s p e c i e s ,  F o e r s t e  in c lu d e d  a q u o t a t i o n  from  a l e t t e r  by
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U l r i c h .  I n  r e f e r r i n g  F o e r s t e ' s  spec im en  t o  M y t i l a r c a ,

U l r i c h  ( i n  F o e r s t e ,  189 5, p .  560) commented t h a t  " H a l l ' s  

Ambonychia a p h a r a  [ s i c  p ro  a p h a e a ] and Ambonychia a c u t i r o s t r a  

[b o th  N ia g a ra n  o f  I n d i a n a ]  a r e  r e g a r d e d  as  c o n g e n e r i c ,  

l i k e w i s e  h i s  [ H a l l ' s ]  M yalina  m y t i l i f o r m i s  [ C l in to n  (M iddle  

S i l u r i a n )  o f  New Y o r k ] . A l l  f o u r  o f  t h e s e  s p e c i e s  a r e  

c l o s e l y  r e l a t e d  b u t  i t  c a n n o t  b e  s a i d  t h a t  any two a r e  

i d e n t i c a l . "  D e s p i te  t h i s  s t a t e m e n t ,  F o e r s t e  (1895) p ro p o sed  

t h e  t r i v i a l  name M y t i l i f o r m is  f o r  h i s  new s p e c i e s ,  a  c l e a r  

homonym o f  H a l l ' s  S i l u r i a n  s p e c i e s .  The way M y t i l a r c a  i s  

c u r r e n t l y  c o n c e iv e d ,  t h e r e  seems t o  be  no r e a s o n  to  q u e s t io n  

U l r i c h ' s  a n a l y s i s  o f  t h e  c o n g e n e r ic  n a tu r e  o f  t h e s e  s p e c i e s .

The n e c e s s a r y  new name f o r  M y t i l a r c a  m y t i l i f o r m i s  F o e r s t e  

(1895) was p ro p o se d  by C la rk e  and Ruedemann (19033. p. 149) a s  

' M y t i l a r c a " f o e r s t e i . "M y t i l a r c a " f o e r s t e i  may be  s a t i s f a c t o r i l y  

d i s t i n g u i s h e d  from  M y t i l a r c a  m y t i l i f o r m i s  by t h e  g r e a t e r  

c o n v e x i ty  o f  "M." f o e r s t e i  ( P I .  7 , f i g .  4-). M. m y t i l i f o r m i s  

has a  low p r o f i l e  ( P I .  7, f i g .  7) and a d o r s a l  h in g e  l e n g t h  

a b o u t  t w o - t h i r d s  t h e  l e n g t h  o f  t h e  s h e l l  (com pared t o  h a l f  

i n ”M." f o e r s t e i ) ( P I .  7 , f i g .  8 ) .

The l a c k  o f  knowledge o f  i n t e r n a l  f e a t u r e s  i n  t h i s  

s p e c i e s  makes g e n e r i c  p la c e m e n t  q u e s t i o n a b l e .  However, a s  

P o j e t a  (19 6 6 , p .  186) p o in te d  o u t ,  i n t e r n a l  f e a t u r e s  a r e  

r e l a t i v e l y  r a r e  on specim ens o f  m ost s p e c i e s  a s s ig n e d  to  

M y t i l a r c a .

D i s t r i b u t i o n

The h o lo ty p e  and o n ly  specim en o f  t h i s  s p e c i e s  i s  from
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t h e  f e r r u g i n o u s  zone o f  t h e  B r a s s f i e l d  F o rm a tio n  (u p p e r  5 

f e e t )  a t  Todd Fork  C reek , 2 m i le s  n o r th w e s t  o f  W ilm ing ton ,

O hio.

F ig u re d  Specimens

M. m y t i l i f o r m i s  AMNH 1611; "M. " f o e r s t e i , USNM 88537

S u p e rfa m ily  PTERIACEA Gray 

F am ily  PTERINEIDAE M i l l e r

D ia g n o s is

P t e r i a f o r m  s h e l l s  ( u s u a l l y  p r o s o c l i n e  w i th  an a n t e r i o r  

e a r  and p o s t e r i o r  w ing) w i th  o p i s t h o d e t i c  d u p l i v i n c u l a r  

l ig a m e n t  and l e f t  v a lv e  g e n e r a l l y  more convex  th a n  r i g h t .  

D i s c u s s io n

As P o j e t a  (19 71, p .  19) p o in te d  o u t ,  P a le o z o ic  

p t e r i a c e a n s  (m o s t ly  P t e r i n e i d a e )  have  n o t  been s t u d i e d  i n  

d e t a i l  and a r e  p o o r ly  known. A lthough  p r e s e r v a t i o n  o f  

p t e r i a c e a n s  i s  g e n e r a l l y  l e s s  th a n  i d e a l ,  e x t e r n a l  f e a t u r e s  

may o f t e n  be  w e l l  p r e s e r v e d .  D e t a i l s  o f  i n t e r n a l  m orpho logy , 

how ever, a r e  c o n s p ic u o u s ly  l a c k i n g  in  m ost o f  th e  p u b l i s h e d  

a c c o u n ts  o f  s p e c i e s  and g e n e ra  a s s i g n e d  h e r e .  The l a c k  o f  

d e f i n i t i v e  m o rp h o lo g ic  t r a i t s  h a s  l e d ,  i n  p a r t ,  t o  c o n s i d e r a b l e  

c o n f u s io n  i n  t h e  taxonomy o f  t h i s  g ro u p . N ew ell and 

LaRocque (1 9 6 9 , p . 298-302) p r e s e n t  r a t h e r  lo n g  synonym ies 

f o r  some g e n e r a  and i n d i c a t e  t h a t  a u th o r s  o f t e n  c r e a t e  t a x a  

( p a r t i c u l a r l y  g e n e ra )  on t h e  b a s i s  o f  r a t h e r  s u p e r f i c i a l  

t r a i t s  such a s  " s l i g h t  v a r i a t i o n  i n  o b l i q u i t y ,  [ s h e l l ]  

fo rm , d e n t i t i o n  [ t a x a  a p p a r e n t l y  hav e  been  e r e c t e d  f o r
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v i r t u a l l y  i d e n t i c a l  fo rm s w i th  t h e  t e e t h  i n  v a r i o u s  s t a t e s  

o f  p r e s e r v a t i o n ] "  and m inor d i f f e r e n c e s  i n  p ro so p o n .

W ill iam s (189 0) a t t e m p te d  t o  s u b d iv id e  t h e  genus 

P t e r i n e a . A lthough  he  e r e c t e d  a number o f  new g e n e r a ,  i t  i s  

t h e  g e n e r a l  v iew  to d a y  t h a t  h i s  t a x a  can  be accommodated w i t h in  

p r e - e x i s t i n g  g e n e r a ,  and t h i s  su ppo sed  r e v i s i o n  seems to  

have enhanced n o m e n c la t o r i a l  t u r m o i l  r a t h e r  th a n  e a s e  i t  

( s e e  McLearn 1924 , p .  113, f o r  a d d i t i o n a l  com m ents). No 

a t t e m p t  i s  made h e r e  t o  e v a l u a t e  and r e v i s e  t h e  s y s te m a t i c s  

o f  t h e  f a m i ly ,  a s  t h a t  would e n t a i l  an  e n t i r e l y  s e p a r a t e  s tu d y .  

The B r a s s f i e l d  sp ec im en s  were a s s ig n e d  to  th e  m ost p l a u s i b l e  

t a x a  a c c o rd in g  t o  c u r r e n t  s t a n d a r d s  ( e s s e n t i a l l y  t h e  t a x a  

c o n s id e r e d  v a l i d  by N ewell and LaRocque, 1 9 6 9 ) .

Genus A c t i n o p t e r i a  H a l l ,  1884

1826 non P t e r i n e a  G o ld fu s s ,  p .  133

1883 A c t in o p t e r a  H a l l ,  p .  3

1884 A c t i n o p t e r i a  H a l l ,  H a l l  p .  x i i

1889 A c t i n o p t e r i a  H a l l ,  M i l l e r ,  p .  4 59

1889 P t e r i n e a  G o ld fu s s ,  M i l l e r ,  p .  50 5 ( p a r t im )

1908 [? ]T o lm a ia  W il l im a s ,  p .  85

1908 [ ? ] A c t i n o p t e r e l l a  W il l ia m s ,  p .  87

1915 A c t i n o p t e r i a  H a l l ,  B a s s l e r ,  p .  16

1915 P t e r i n e a  G o ld f u s s ,  B a s s l e r ,  p .  1058 ( p a r t im )

1924 P t e r i n e a  G o ld f u s s ,  McLearn, p . 113 ( p a r t im )

1962 A c t i n o p t e r i a  H a l l ,  M c A le s te r ,  p .  2 6
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1966 L e i o p t e r i a  ( A c t i n o p t e r i a )  H a l l ,  B ab in , p .  158 

19 69 P t y c h o p t e r i a  ( A c t i n o p t e r i a )  H a l l ,  Newell and LaRocque,

p . 302 

Type s p e c i e s

A v ic u la  d e c u s s a t a  H a l l  (1843 , p. 203) i s  t h e  ty p e  

s p e c ie s  as s u b s e q u e n t ly  d e s i g n a t e d  by B a s s le r  (1915 , p .  1 6 ) .  

T h is  s p e c i e s  i s  r e p r e s e n te d  by th e  ty p e  s u i t e  o f  a p p ro x im a te ly  

one dozen  specim ens (AMNH 4 6 6 5 /1 -4 6 6 5 /4 )  c o l l e c t e d  from th e  

H am ilton  Group (M iddle  D evonian) i n  t h e  v i c i n i t y  o f  L iv in g s to n  

County , New York.

D ia g n o s is

S t ro n g ly  p r o s o c l i n e  P t e r i n e i d a e  w i th  lo b o se  e a r  and 

w e l l  d e v e lo p e d  p o s t e r i o r  w ing . I n e q u i l a t e r a l  and in e q u iv a lv e d  

p t e r i a c e a n s ,  w i th  th e  l e f t  v a lv e  more convex th a n  t h e  r i g h t .  

S u r fa c e  s c u l p t u r e  c o n s i s t s  o f  a  r e t i c u l a t e  p a t t e r n  o f  

p rom inen t r a d i a l  r i b s  and e v e n ly  sp aced  co m a rg in a l  growth 

v a r i c e s ,  commonly u n e q u a l ly  d e v e lo p ed  on th e  two v a lv e s .  

D e s c r ip t i o n

S p e c ie s  in  t h i s  genus a r e  medium to  l a r g e  s i z e d  (2 0  t o  

50mm), w i th  t h e  s h e l l  s t r o n g l y  p r o s o c l i n e  and th e  l a r g e  

b l u n t  b e ak s  e x te n d in g  s l i g h t l y  above th e  h in g e  l i n e .  Each 

v a lv e  c o n s i s t s  o f  a  s u b t r i a n g u l a r  c e n t r a l  body p o r t i o n ,  

an a n t e r i o r  lo b o s e  a u r i c l e  ( e a r )  and a l a r g e r  p o s t e r i o r  

w ing , w i th  a  d i s t i n c t l y  d i f f e r e n t  to p o g ra p h y  and som etim es 

d i f f e r e n t  p ro so p o n  from t h e  s h e l l  body.

The t e e t h ,  a l th o u g h  r a r e l y  p r e s e r v e d ,  a r e  t y p i c a l l y  

p t e r i n e o i d  w i th  one to  t h r e e  c a r d i n a l s  j u s t  a n t e r i o r  to  t h e
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beak  and one o r  two lo n g  p o s t e r i o r  l a t e r a l  t e e t h  a lo n g  t h e  

i n t e r n a l  d o r s a l  m arg in  o f  t h e  w ing .

M u sc u la tu re  i s  r a r e l y  p r e s e r v e d  on spec im ens a s s i g n a b l e  

h e r e .  Some i n d i v i d u a l s  do show a r e l a t i v e l y  l a r g e  p o s t e r i o r  

a d d u c to r  s c a r  on t h e  p o s t e r o - d o r s a l  f l a n k  o f  t h e  body . For 

many y e a r s  t h i s  genus was supposed  to  be  m onom yarian, b u t  

t h e r e  i s  a  s m a l l e r  and o f t e n  o b sc u re  a n t e r i o r  a d d u c to r  s c a r  

on t h e  e a r  n e a r  t h e  b eak  ( s e e  P I .  7, f i g .  1 2 ) .  A sm a ll  lo b e  

on th e  a n t e r o - d o r s a l  edge o f  t h e  p o s t e r i o r  a d d u c to r  s c a r  

r e p r e s e n t s  th e  p o s t e r i o r  r e t r a c t o r ,  w h i le  t h e  a n t e r i o r  

r e t r a c t o r  i s  o b s c u r e ,  b u t  may be c o n f l u e n t  w i th  t h e  a d d u c to r .  

A d d i t io n a l  sm a l l  ( b y s s a l ? )  m usc le  s c a r s  a r e  som etim es 

p r e s e r v e d  on th e  a n t e r i o r  f l a n k  o f  th e  body ( s e e  H a l l ,  18 84, 

P I .  19, f i g .  3 1 ) .  The p a l l i a l  l i n e  i s  o f t e n  in c o m p le te  

a n t e r i o r l y  and v a g u e ly  s i n u p a l l i a t e ,  which i s  c u r i o u s ,  

s in c e  i t  i s  assumed t h a t  t h e s e ,  l i k e  m ost o r  a l l  p t e r o i d s ,  

were b y s s a t e ,  t h e  n o tc h  a t  t h e  b a s e  o f  th e  e a r  b e in g  th e  

em ergence s i t e  o f  t h e  b y s s a l  s t r a n d .  The ligefcment i s  

o p i s t h o d e t i c  and o f  a  d u p l i v i n c u l a r  t y p e ,  o ccu p y in g  lo n g  

narrow  g ro o v es  i n  t h e  d o r s a l  p a r t  o f  t h e  p o s t e r i o r  h in g e  p l a t e .

The p ro so p o n  d i a g n o s t i c  o f  t h e  genus (u n d e r  p r e s e n t  

taxonom ic  p h i lo s o p h y )  c o n s i s t s  o f  r a d i a l  r i b s  and c o m a rg in a l  

grow th l i n e s  o f  v a r y in g  s t r e n g t h  and s p a c in g .  E i t h e r  r a d i a l  

o r  c o m a rg in a l  e le m e n ts  may d o m in a te ;  c a n c e l l a t i o n  a l s o  

o c c u rs  w here th e  two a r e  e q u a l .  The l e f t  v a lv e  shows b e t t e r  

dev e lopm en t o f  a l l ,  e s p e c i a l l y  r a d d a l ,  p ro so p o n , w h i le  t h e
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r i g h t  v a lv e  h as  w eaker and  p re d o m in a n t ly  c o m a rg in a l  p ro so p o n . 

The l e f t  v a lv e  i s  u s u a l l y  t h i c k e r  s h e l l e d  and much more 

commonly p r e s e r v e d .

D is c u s s io n

H a l l  (18 84 , p .  x i i )  p ro p o se d  A c t i n o p t e r i a  f o r  A v ic u la  

d e c u s s a t a  H a l l  (184 3) and s e v e r a l  o t h e r  s p e c i e s  o f  D evonian  

p t e r i n e o i d s .  A c t i n o p t e r i a  h a s  m a in ly  b een  u sed  f o r  D evonian  

s p e c i e s ,  w h i le  s i m i l a r  S i l u r i a n  s p e c i e s  have g e n e r a l l y  been  

p la c e d  i n  P t e r i n e a  G o ld fu s s .  P t e r i n e a , a s  r e p r e s e n t e d  by 

i t s  ty p e  s p e c i e s ,  P. l a e v i s  G o ld fu s s  (from  t h e  German Lower 

D evonian) and a s  r e d e f i n e d  by W ill iam s  (1908 , p. 8 4 ) ,  i s  a  

r a t h e r  o r t h o c l i n e  s h e l l  w i th  c o m a rg in a l  p ro so p o n  o n ly .

Most O rd o v ic ia n  p t e r i n e o i d s  may b e  p la c e d  in  P t e r i n e a  

( P o j e t a ,  1971 , p . 1 9 ) .  R a d ia l  p ro so p o n  i s  r a r e  o r  a b s e n t  i n  

t h e  O rd o v ic ia n  fo rm s ,  and th e  s h e l l  sh a p es  o f  m ost s p e c i e s  

a r e  s i m i l a r  t o  P t e r i n e a  l a e v i s . P t e r i n e a  c o r r u g a t a  Jam es, 

how ever, i s  a  R ichm ondian (U pper O rd o v ic ia n )  s p e c i e s  w i th  

some m o rp h o lo g ic  f e a t u r e s  o f  A c t i n o p t e r i a . I t  i s  p r o s o c l i n e  

w i th  a b ro a d ,  b l u n t  e a r  and a  l a r g e  w in g . The s h e l l  s u r f a c e  

i s  marked w i th  p ro m in e n t ,  r a i s e d  c o m a rg in a l  v a r i c e s ,  t h a t  

a r e  f o ld e d  i n t o  a l i g n e d ,  v e n t r a l l y  p r o j e c t i n g ,  s p i n e - l i k e  

c r e n u l a t i o n s  ( s e e  P I .  8 , f i g .  8 , 10 , 11 , 1 4 ) .  These  a l ig n m e n ts  

c r e a t e  a  d i s c o n t i n u o u s  r a d i a l  o r n a m e n ta t io n .  The a b se n c e  

o f  c o n t in u o u s  r a d i a l  s c u l p t u r e ,  i . e . ,  " r i b s , "  would seem to  

e l i m i n a t e  t h e  s p e c i e s  from  A c t i n o p t e r i a  u n d e r  p r e s e n t  taxonom ic  

s t a n d a r d s .  P . c o r r u g a t a  may w e l l  be  o f  t h e  l i n e a g e  t h a t
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e v o lv e d  i n t o  A c t i n o p t e r i a  i n  t h e  E a r ly  S i l u r i a n ,  and m ig h t  

be accommodated i n  t h e  genus w i th  s l i g h t  em en da tion  o f  

g e n e r i c  c r i t e r i a .

A lthough  many a u th o r s  hav e  c o r r e c t l y  a p p l i e d  A c t i n o p t e r i a  

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

a s s i g n a b l e  t h e r e  i n  P t e r i n e a  (M cLearn, 19 24, p . 113 and 

o t h e r s ) .  W il l ia m s ,  who (1886) had b e en  v e ry  c r i t i c a l  o f  

James H a l l ' s  work (188 3 , 1885) on th e  New York s t a t e  D evonian  

b i v a l v e s  and what he  th o u g h t  was to o  much s p l i t t i n g  i n t o  

s p e c i e s ,  e s p e c i a l l y  i n  t h e  p t e r i n e i d s ,  emended (1908)

P t e r i n e a  i n  g e n o ty p ic  te rm s  t o  in c lu d e  o n ly  smooth 

fo rm s , o r  th o s e  w i th  p ro so p o n ,  w h i le  e r e c t i n g  f o u r  new 

g e n e ra  t o  c o n ta in  s p e c i e s  w i th  r a d i a l  p ro so p o n . Two o f  

t h e s e , A c t i n o p t e r e l l a  and T olm aia  (W il l ia m s ,  1 9 0 8 ) ,  a r e  h e r e  

synonym ized w i th  A c t i n o p t e r i a  b e c a u se  t h e y  a r e  b a sed  o n ly  on 

p ro so p o n a l  f e a t u r e s  t h a t  a r e  c u r r e n t l y  a c c e p t a b l e  w i t h i n  t h e  

v a r i a t i o n  i n  A c t i n o p t e r i a . A l l  f o u r  o f  t h e s e  g e n e ra  ( p lu s  

e i g h t  o t h e r s )  a r e  p la c e d  in  synonymy w i th  P t y c h o p t e r i a  ( th e  

genus t o  which A c t i n o p t e r i a  i s  a s s i g n e d  a s  a s u b g e n u s ) ,  by 

Newell and LaRocque (19 69, p .  3 2 ) .  A c t i n o p t e r i a  has  a l s o  b een  

c o n s id e r e d  a subgenus o f  L e i o p t e r i a  H a l l  (188 3) from  t h e  

M iddle  D evonian o f  New York (B a b in ,  1 9 6 6 ) .

These a s s ig n m e n ts  a r e  n o t  r e a l i s t i c  b e c a u se  th e  m orphology 

o f  A. d e c u s s a t a  ( ty p e  s p e c i e s  o f  A c t i n o p t e r i a ) i s  v a s t l y  

d i f f e r e n t  from  t h e  ty p e s  o f  P t y c h o p t e r i a  (P .  e u g e n i a ) H a l l ,  

Upper D evon ian , New York) and L e i o p t e r i a  (L . d e k a y i  H a l l ,

1 8 8 3 ) .  P. e u g e n ia  i s  an  e x tre m e ly  p r o s o c l i n e  form  w ith  th e
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a n t e r i o r  a u r i c l e  o r  e a r  r e l a t i v e l y  l a r g e  and h a v in g  i t s  

d o r s a l  t i p  p o in te d  and a n g u la r  r a t h e r  th a n  b l u n t  and round ed  

a s  i n  A. d e c u s s a t a .  The p o s t e r i o r  a u r i c l e  o r  wing o f  P. 

e u g e n ia  i s a l s o  r e l a t i v e l y  l a r g e  and s e p a r a t e d  i n t o  two 

d i s t i n c t  r e g io n s  by postu m bon a l fu r ro w s  (A. d e c u s s a t a  h a s  

o n ly  o n e ) . W hile  t h e  p o s t e r i o r  m arg in  o f  t h e  wing o f  P_. 

e u g e n ia  i s l i n e a r l y  c o n t in u o u s  w i th  t h e  p o s t e r o - l a t e r a l  body 

o f  t h e  s h e l l ,  t h e  wing m arg in  o f  A. d e c u s s a t a  i s  d e e p ly  

r e c u r v e d  p ro d u c in g  a  s t r o n g  p o s t e r i o r  r e - e n t r a n t  i n  t h e  wing 

r e g i o n .  The wing o f  A. d e c u s s a t a  i s  sm a ll  r e l a t i v e  to  th e  

s h e l l  b o d y . L. d e k a y i  h a s  a much more e r e c t  s h e l l  w i th  t h e  

b eak  b e in g  n e a r l y  o r t h o c l i n a l .  The e a r  and wing have d i s t i n c t  

c o m a rg in a l  p ro so p o n 5 w h i le  t h e  s h e l l  body i s  smooth o r  

shows o n ly  f a i n t  c o m a rg in a l  grow th v a r i c e s .  A. d e c u s s a t a  

h a s  d i s t i n c t  c o m a rg in a l  and r a d i a l  ornam ent which i s  

c o n t in u o u s  from  th e  s h e l l  body o n to  t h e  a u r i c l e s .  The umbo 

and b eak  r e g io n  i s  h i g h ,  i n f l a t e d  and narrow  i n  L. d e k a y i , 

b u t  b ro a d  low and ro un ded  in  A. d e c u s s a t a .

The o t h e r  two g e n e r a  o f  W il l iam s  (1908) do n o t  e a s i l y  

f i t  i n  A c t i n o p t e r i a  a s  c o n c e iv e d  h e r e i n .  No judgm ent h a s  

been  made r e g a r d i n g  t h e  o t h e r  e i g h t  g e n e ra  l i s t e d  by Newell 

and LaRocque (19 69, p .  3 0 2 ) .

D i s t r i b u t i o n

A c t i n o p t e r i a  i s  fo u n d  in  Upper O rd o v ic ia n ? ,  Lower

S i l u r i a n  th ro u g h  Upper D evonian  s t r a t a  m a in ly  i n  Europe

and N orth  A m erica . C la rk e  (189 9 , 1913) r e p o r t e d  th e
*o c c u r r e n c e  o f  s p e c i e s  o f  t h i s  genus i n  th e  P a ra n a  Devonian
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i n  B r a z i l .  Newell and LaRocque (19 69) r e p o r t  t h e  genus a s  

r a n g in g  i n t o  th e 1 E a r ly  Perm ian  o f  New South  W ales. However, 

t h e  g r e a t e s t  number o f  i n d i v i d u a l s  and s p e c i e s  come from 

S i l u r i a n  and e s p e c i a l l y  D evonian s t r a t a  o f  t h e  e a s t e r n  U n i te d  

S t a t e s  and a d j a c e n t  Canada.

A c t i n o p t e r i a  b r i s a  ( H a l l )

P I .  7, f i g .  1 0 -12 ; P I .  8 , f i g .  3 - 7 ,  9 , 12 , 13

1861 [ ? ]  P t e r i n e a  s t r i a e c o s t a  McChesney, p .  8 8 , P I .  9 ,  f i g .

4 ( P l a t e s  p u b l i s h e d  1865)

1865 P t e r i n e a  b r i s a  H a l l ,  p .  384, P I .  1 4 , f i g .  1 [a  p r e p r i n t  

o f  t h e  1868 p a p e r ]

1868 P t e r i n e a  b r i s a  H a l l ,  H a l l  p .  384, P I .  1 4 ,  f i g .  1

1879 non P t e r i n e a  b r i s a  H a l l ,  H a l l ,  p. 173 P I .  27 , f i g .

7-9

1882 non P t e r i n e a  b r i s a  H a l l ,  H a l l ,  p. 316, P I .  27, f i g .

24-25 and P I .  28, f i g .  7 -9 .

1885 P t e r i n e a  b r i s a  H a l l ,  F o e r s t e ,  p . 91, P I .  13 , f i g .  1 4 a ,b

1889 P t e r i n e a  b r i s a  H a l l ,  M i l l e r ,  p .  505 [ l i s t e d  a s  a

synonym o f  P. s t r i a e c o s t a ]

1889 non P t e r i n e a  b r i s a  H a l l ,  L e s le y ,  p .  808

1895 P t e r i n e a  b r i s a  H a l l ,  F o e r s t e ,  p . 557, P I .  25 , f i g .

1 4 a ,b  and P I .  27 , f i g .  30 

1909 P t e r i n e a  b r i s a  H a l l ,  F o e r s t e ,  p. 65, P I .  4 ,  f i g .  61

1915 P t e r i n e a  b r i s a  H a l l ,  B a s s l e r ,  p . 1059 ( p a r t i m )

Type specim en

H a l l  f i g u r e d  a s i n g l e  specim en a lo n g  w i th  h i s  o r i g i n a l  

d e s c r i p t i o n  o f  t h e  s p e c i e s  ( H a l l ,  1865, p . 337, P I .  14 , f i g .  1)
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from  th e  N ia g a ran  L im estone  (M iddle  S i l u r i a n )  a t  B r i d g e p o r t ,  

I l l i n o i s  ( a c c o r d in g  t o  museum l a b e l ) .  T h is  specim en i s  one 

o f  two i n  H a l l ' s  o r i g i n a l  s u i t e  (AMNH 1 9 5 0 /2 ) .  N e i th e r  H a l l  

(1865) nor any su b s e q u e n t  a u th o r  d e s ig n a t e d  a  p a r t i c u l a r  

specim en  as  th e  t y p e .  The specim en o r i g i n a l l y  f i g u r e d  by 

H a l l  (1865 , P I .  1 4 , f i g .  1) i s  h e r e i n  d e s ig n a t e d  t h e  l e c t o t y p e .  

I t  i s  a  p a r t i a l l y  e x f o l i a t e d  l e f t  v a lv e  and th e  s m a l l e r  o f  

t h e  two in  t h e  ty p e  s u i t e .  The l e c t o t y p e  and l e c t o p a r a t y p e  

a r e  f i g u r e d  h e r e i n  ( P I .  7, f i g s .  12 and  11, r e s p e c t i v e l y ) .  

D ia g n o s is

A c t i n o p t e r i a  w i th  a  l a r g e ,  b r o a d ,  a n t e r i o r l y  b l u n t  e a r  

t h a t  co m p rise s  up t o  a q u a r t e r  o f  t h e  s h e l l ' s  d o r s a l  l e n g t h  

i n  a d u l t s .  The d o r s a l  l e n g t h  i s  a b o u t  1 .3  t o  1 .5  t im e s  th e  

h e i g h t ,  b u t  v i r t u a l l y  e q u a l  t o  th e  o b l iq u e  (um bonal) h e i g h t .  

S u r fa c e  s c u l p t u r e  c o n s i s t s  o f  r a d i a l  r i b s  and c o m a rg in a l  

v a r i c e s  o f  n e a r l y  e q u a l  s t r e n g t h  and s p a c in g  on t h e  body 

g iv in g  a c a n c e l l a t e  p ro so p o n  o v e r  t h e  body o f  t h e  s h e l l ;  

c o m a rg in a l  s c u l p t u r e  i s  more p ro m in e n t  on t h e  e a r  and w ing . 

D e s c r ip t io n

A l l  o f  t h e  m o rp h o lo g ic  t r a i t s  d e s c r i b e d  h e r e i n  a r e  

b a se d  on f e a t u r e s  o f  t h e  l e f t  v a lv e .  Of a p p ro x im a te ly  f i f t y  

specim ens exam ined, a l l  were l e f t  v a lv e s  and no e v id e n c e  

rem a in ed  o f  t h e  r i g h t  v a lv e .  P ro b a b ly  t h i s  i s  b e c a u se  t h e  

r i g h t  v a lv e  was t h i n ,  d e l i c a t e ,  and h e n ce  n o t  p r e s e r v e d .

I n d i v i d u a l s  o f  t h i s  s p e c i e s  a r e  sm a ll  t o  medium s i z e  

f o r  t h e  genus ( d o r s a l  l e n g th  from  5 t o  15mm). The s h e l l  i s  

i n e q u i l a t e r a l ,  s t r o n g l y  p r o s o c l i n e  and p resum ab ly  in e q u iv a lv e d
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(b a se d  on o t h e r  members o f  t h e  g e n u s ) .  T here  i s  a  s t r o n g

umbone w i th  b l u n t ,  rou n d ed  b e ak  t h a t  e x te n d s  b a r e l y  above

th e  d o r s a l  h in g e  l i n e .  The r e l a t i v e  s i z e  o f  t h e  e a r

i n c r e a s e s  d u r in g  g ro w th ,  from  a b o u t  15% o f  t h e  h in g e  l e n g t h

i n  j u v e n i l e s  t o  25% i n  a d u l t s .  The wing i s  p ro m in e n t ,  b e in g

d i f f e r e n t i a t e d  from  t h e  body a lo n g  a b o u t  60% o f  t h e  h in g e

l e n g t h .  I t  e x te n d s  p o s t e r i o r l y  a b o u t  t h e  same d i s t a n c e  as

th e  p o s t e r i o r m o s t  p a r t  o f  t h e  s h e l l  body . The wing form s

n e a r l y  an  i s o s e l e s  t r i a n g l e ,  w i th  i t s  p o s t e r i o r  edge s l i g h t l y  
A

r e c u r v e d  p ro d u c in g  a r e - e n t r a n t  i n  t h e  s h e l l  m a rg in .  The 

main umbonal body o f  t h e  s h e l l  i s  b r o a d ly  p e a r - s h a p e d  and 

m o d e ra te ly  i n f l a t e d ,  w i th  g e n t l y  c u rv e d  v e n t r a l  and l a t e r a l  

m a r g in s .

I n t e r n a l  f e a t u r e s  o f  A. b r i s a  a r e  known from  a  s i n g l e  

sp ec im en , t h e  h o l o ty p e .  No c a r d i n a l  t e e t h  a r e  o b s e r v a b le ,  

b u t  t h e  im p r e s s io n  o f  a  s i n g l e  lo n g  l a t e r a l  t o o t h  o c c u r s  on 

th e  d o r s a l  m arg in  o f  t h e  wing ( P I .  7 , f i g .  1 2 ) .  Should  th e  

a n t e r i o r  t e e t h  p ro v e  t o  be a b s e n t ,  no d o u b t  t h e  g e n e r i c  

a s s ig n m e n t  would need  r e c o n s i d e r a t i o n .  Even so ,  t h e  s i n g l e  

p o s t e r i o r  t o o t h  r a i s e s  d o u b t s .  However, l a c k  o f  d e n t a l  

e v id e n c e  i n  m ost o t h e r  s p e c i e s  o f  t h i s  form  g roup  l e a v e s  

no o p t i o n  o t h e r  t h a n  th e  p r e s e n t  a s s ig n m e n t  b a se d  e s s e n t i a l l y  

on e x t e r n a l  f e a t u r e s .  C e r t a i n l y  r e - e v a l u a t i o n  o f  t h i s  form  

group  i s  n e c e s s a r y  t o  e s t a b l i s h  a r e l i a b l e  b a s i s  f o r  taxonom y. 

M u sc u la tu re  i s  r e p r e s e n t e d  on t h e  mold ( P I .  7 , f i g .  12) by 

a n t e r i o r  and p o s t e r i o r  a d d u c to r ,  p e d a l - b y s s a l  r e t r a c t o r  and
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p a l l i a l  l i n e  s c a r s .  The r a t h e r  l a r g e  s u b c i r c u l a r  p o s t e r i o r  

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

v a lv e  a c r o s s  t h e  a r e a  where t h e  body and th e  wing m ee t.  A 

vague , p o s t e r o - v e n t r a l l y  - o r i e n t e d  and s l i g h t l y  s i n u a t e ,  

p a l l i a l  l i n e  e x te n d s  from  t h e  p o s t e r i o r  a d d u c to r  to  a  much 

s m a l l e r  a n t e r i o r  a d d u c to r .  B orde red  a n t e r i o r l y  by a sm a ll  

cu rved  septum  ( n o t  known i n  A. d e c u s s a t a ) t h e  a n t e r i o r  a d d u c to r  

s c a r  a p p e a rs  f u s e d  t o  an  e q u a l - s i z e d  p e d a l - b y s s a l  r e t r a c t o r  

s c a r .  A s m a l l  l o b a t e  p r o j e c t i o n  on t h e  d o r s a l  edge o f  th e  

p o s t e r i o r  a d d u c to r  p resu m ab ly  r e p r e s e n t s  t h e  p o s t e r i o r  

p e d a l - b y s s a l  r e t r a c t o r  m usc le  s c a r .

The c a n c e l l a t e  p ro so p o n  c o n s i s t s  o f  e l e v a t e d  r a d i a l  

r i b s  and c o m a rg in a l  e l e v a t e d  v a r i c e s  o f  n e a r l y  eq u a l  

m agn itude  and s p a c i n g .  The r a d i a l  r i b s  em anate  from  th e  beak  

and i n c r e a s e  i n  number by i n t e r c a l a t i o n  o f  new r i b s  a t  

v a r io u s  i n t e r v a l s  from  t h e  beak  to  t h e  com m issu re . The 

v a r i c e s  a r e  c o m a rg in a l  and o f  t h e  same m agn itude  a s  t h e  r i b s  

on t h e  body , b u t  s l i g h t l y  s t r o n g e r  on t h e  e a r  and  w ing . 

D is c u s s io n

James H a l l  (1 8 6 5 , p .  337) o r i g i n a l l y  p ro p o se d  th e  

s p e c i e s  P t e r i n e a  b r i s a  f o r  a  p a r t i a l l y  e x f o l i a t e d  specim en 

from  th e  N ia g a ra n  Group o f  B r id g e p o r t ,  I l l i n o i s .  He l a t e r  

d e s c r i b e d  s e v e r a l  sp ec im en s  from  t h e  ’’N ia g a ra n  Group, a t  

W aldron In d ia n a "  a s  t h e  same s p e c i e s  ( H a l l ,  18 79, p .  17 3 and 

1882, p .  31 6). The W aldron specim ens (H a l l  1879 and 1882) 

a r e ,  how ever, d i s t i n c t l y  d i f f e r e n t  i n  t h a t  t h e  e a r  i s
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p r o p o r t i o n a t e l y  much s m a l l e r  CPI. 7, f i g .  6 ) and th e  s u r f a c e  

s c u l p t u r e  i s  composed o f  r a d i a l  l i n e s  t h a t  a r e  more c l o s e l y  

sp a ce d  and s l i g h t l y  w eaker th a n  t h e  c o m a rg in a l  o n e s . 

A d d i t i o n a l l y ,  t h e  c o m a rg in a l  v a r i c e s  o f t e n  show c o n s i d e r a b l e  

r e l i e f  and a t  t h e  i n t e r s e c t i o n  w i th  each  o f  t h e  r a d i i  t h e  

v a r i c e s  a r e  l a t e r a l l y  f o ld e d  and p o s t e r i o r l y  ex te n d ed  i n t o  

s p i n e - l i k e  p r o tu b e r a n c e s  ( P I .  7, f i g .  1 0 ) .  T h is  s p in o s e  

p ro so p o n  i s  n o t  found  on th e  B r id g e p o r t  ty p e s  o f  t h i s  

s p e c i e s  and does  n o t  a p p e a r  t o  e v e r  have  been  p r e s e n t  i n  

l i f e ,  n o r  i s  i t  p r e s e n t  on th e  B r a s s f i e l d  m a t e r i a l .  B r a s s f i e l d  

spec im en s  a r e  v e ry  c lo s e  t o  th e  B r id g e p o r t ,  I l l i n o i s  l e c t o t y p e  

i n  h a v in g  a b ro a d  b l u n t  e a r  and s u r f a c e  s c u l p t u r e  o f  

r a d i a l  and c o m a rg in a l  l i n e s  o f  v i r t u a l l y  e q u a l  m agn itude  

and s p a c in g .  These W aldron ( I n d ia n a )  spec im ens may s t i l l  

b e lo n g  t o  A c t i n o p t e r i a , b u t  s h o u ld  be c o n s id e r e d  a s e p a r a t e  

s p e c i e s  from  A. b r i s a .

F o e r s t e  (1 9 0 9 , p .  65) d e s c r i b e s  a specim en  a s  P t e r i n e a  

b r i s a  from  t h e  "W aldron b e d s ,  a t  Newsom, T e n n e s s e e ."  He 

n o te s  i n  t h a t  d e s c r i p t i o n  t h a t  B r id g e p o r t  and W aldron spec im ens 

o f  H a l l  a r e  n o t  c o n s p e c i f i c .  F o e r s t e ' s  T en n essee  specim en 

i s  much l i k e  t h e  l e c t o t y p e  o f  P . b r i s a  and can  e a s i l y  be  

a s s i g n e d  to  t h a t  s p e c i e s .  H a l l  (1865) su g g e s te d  t h a t  Ambonychia 

( P t e r i n e a ) s t r i a e c o s t a  McChesney ( a l s o  from  t h e  N ia g a ra n  a t  

B r i d g e p o r t ,  I l l i n o i s )  m ig h t be  synonymous w i th  h i s  A. 

b r i s a . M cChesney 's ty p e  m a t e r i a l  was n o t  l o c a t e d  and h i s  

i l l u s t r a t i o n  i s  o f  such  a  p o o r ly  p r e s e r v e d  spec im ens (1865 ,

P I .  9 , f i g .  H) t h a t  a l th o u g h  i t  may be c o n s p e c i f i c  w i th  A.

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



208

b r i s a  i t  c a n n o t  be a s s ig n e d  t h e r e  w i th  c e r t a i n t y .

A c t i n o p t e r i a  b r i s a  ( H a l l )  i s  p ro b a b ly  m ost c l o s e l y  

r e l a t e d  t o  A v ic u la  e m a c e ra ta  Conrad (1842 , p . 241, a l s o  an 

A c t i n o p t e r i a ) which o c c u r s  i n  C l in to n  (Lower S i l u r i a n )  

ro c k s  o f  Oneida and Wayne C o u n t ie s ,  New York, and N iag a ran  

(M iddle  S i l u r i a n )  r o c k s  a t  R o c h e s te r  and L o c k p o r t ,  New 

York. A v ic u la  e m a c e ra ta  h a s  an  e a r  o n ly  s l i g h t l y  s h o r t e r  

th a n  A. b r i s a  and h a s  a b i t  s t r o n g e r  r a d i a l  p ro so p o n .

S e v e ra l  specim ens o f  A. e m a c e ra ta  f i g u r e d  by H a l l  (1852) 

a r e  i l l u s t r a t e d  h e r e i n  f o r  com parison  w ith  A. b r i s a  ( P I .

7, f i g .  9 and P I .  8 , f i g .  2.

D i s t r i b u t i o n

T h is  s p e c i e s  o c c u r s  i n  t h e  N ia g a ran  (M iddle  S i l u r i a n )  

l im e s to n e s  a t  B r id g e p o r t ,  I n d ia n a  and s i m i l a r  age  (Waldron 

Form ation ) ro c k s  a t  Newsom, T en n e sse e .

B r a s s f i e l d  o c c u r r e n c e s  a r e  r e s t r i c t e d  to  th e  g e n e r a l  

r e g io n  a round  D ay ton , Ohio. F o e r s t e  (188 5 , 1895) r e p o r t e d  

f i n d i n g  spec im ens in  th e  S o l d i e r s ’ Home Q uarry  and H uffm an’ s 

Q uarry  i n  D ayton , Brown’ s Q uarry  i n  New C a r l i s l e ,  Ohio 

(20 m i le s  n o r t h e a s t  o f  Dayton) and Todd Fork  C reek , 2 m i le s  

n o r t h  o f  W ilm ing ton , Ohio (30 m i le s  s o u t h e a s t  o f  D a y to n ) .  

A d d i t io n a l  spec im ens c o l l e c t e d  f o r  t h i s  s tu d y  were found  a t  

Todd Fork  and th e  S ou thw est  P o r t l a n d  Cement Company Q uarry  

a t  F a i r b o r n e ,  Ohio (10 m i le s  e a s t  o f  D ay ton ).  S e v e ra l  

l a y e r s  o f  s t r a t a  i n  t h e  u p p e r  10-15 f e e t  o f  t h e  s e c t i o n  

a lo n g  th e  n o r t h e a s t  w a l l  o f  t h i s  q u a r r y  y i e ld e d  more th a n  

30 whole and b ro k en  i n d i v i d u a l s .
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Ontogeny

Fragm ents  and v i r t u a l l y  c o m p le te  v a lv e s  o f  <+3 i n d i v i d u a l s  

from  th e  B r a s s f i e l d  F o rm ation  were exam ined i n  t h i s  s tu d y .

A l l  o f  t h e s e  a r e  l e f t  v a l v e s ,  t h e  s m a l l e s t  b e in g  3.9mm i n  

d o r s a l  l e n g t h  and th e  l a r g e s t  i s  21.0mm a lo n g  th e  h in g e .  

T w en ty -n in e  v a lv e s  a r e  from  th e  c o a r s e l y  c r y s t a l l i n e  t a n  

l im e s to n e  i n  t h e  top  10 f e e t  o f  t h e  S ou th w est  P o r t l a n d  Cement 

Company Q uarry  a t  F a i r b o r n e ,  Ohio. A l l  o f  t h e s e  v a lv e s  w ere  

o b ta in e d  from  a s i n g l e  bed 12 in c h e s  t h i c k .  T hree  f ra g m e n ts  

o f  v a lv e s  were c o l l e c t e d  from  o t h e r  h o r i z o n s  a t  t h i s  q u a r r y .

The u p p e r  f e r r u g i n o u s  zone a t  Todd Fork  C reek , n e a r  W ilm ing ton , 

Ohio, y i e l d e d  f o u r  v a l v e s .  F o e r s t e  (1885) found  a  s i n g l e  

f r a g m e n ta l  v a lv e  a t  th e  S o ld i e r s '  Home Quarry a t  D ay ton , Ohio. 

Seven v i r t u a l l y  c o m p le te  v a lv e s  a r e  i n  th e  Ohio S t a t e

U n i v e r s i t y  c o l l e c t i o n  from B row n 's  Q uarry  n e a r  New C a r l i s l e ,  

Ohio (OSU 7 9 03 ).

The a n t e r i o r  l e n g th  o f  th e  h in g e  v a r i e s  from  a b o u t  15 

p e r c e n t  o f  t h e  d o r s a l  l e n g th  i n  t h e  s m a l l e s t  specim ens (a b o u t  

4mm i n  l e n g t h )  to  a b o u t  25 p e r c e n t  i n  l a r g e  i n d i v i d u a l s  

(a b o u t  20mm i n  l e n g t h ) .  Length  t o  h e i g h t  r a t i o s  a r e  be tw een  

1 .2  and 1 .5 ,  b u t  m ost o f  t h e  v a lv e s  have a  l e n g t h / h e i g h t  

r a t i o  o f  1 .3  ( T e x t - f i g .  1 9 ) .  The number o f  m a jo r  c o m a rg in a l

T e x t - f i g .  19 - - A n t e r i o r  t o  p o s t e r i o r  l e n g t h  and o b l iq u e  h e i g h t  

t o  h e i g h t  o f  A c t i n o p t e r i a  b r i s a  ( H a l l )  ( a l l  s a m p le s ) .

v a r i c e s  i n  one m i l l e m e te r  was m easured  on t h e  v a lv e  s u r f a c e  a t  

an  a p p ro x im a te  d i s t a n c e  o f  3mm v e n t r a l  t o  t h e  b e a k .  On 

l a r g e r  v a lv e s  some d i f f i c u l t y  was e n c o u n te re d  in  p r e c i s e l y
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m ea su r in g  a  3mm d i s t a n c e  from  t h e  b e a k ,  b e c a u se  t h e  beak  

may have  b een  b ro k en  o r  c o r r o d e d .  The number o f  c o m a rg in a l  

v a r i c e s  w i t h i n  t h i s  1mm d i s t a n c e  v a r i e d  from 4 t o  7, w i th  

few er  (4 t o  5) l i n e s  i n  l a r g e r  i n d i v i d u a l s  ( h e i g h t  e x c e e d in g  

10mm).

T h ere  i s  a  p r im a ry  s e r i e s  o f  r a d i a l  r i b s  w hich  e x te n d  

from t h e  b e ak  t o  th e  v e n t r a l  m arg in .  New r i b s  a r e  i n t e r c a l a t e d  

a t  s e v e r a l  s t a g e s  w i th  t h e  s e c o n d a ry  r i b s  a r i s i n g  a b o u t  1.5mm 

from  t h e  b e a k .  A n o ther g roup  o f  r i b s  ( t e r t i a r y )  a r e  

i n t e r c a l a t e d  a t  a b o u t  4mm from  t h e  b e a k .  Along t h e  p o s t e r i o r  

f l a n k  o f  t h e  s h e l l  body , t h e  p r im a ry  r i b s  become more w id e ly  

spaced  t h a n  on t h e  a n t e r i o r  p a r t  and i n t e r c a l a t i o n  o c c u r s  a t  

a more f r e q u e n t  i n t e r v a l  a s  t h e  s h e l l  e n l a r g e s .  T h is  may in  

p a r t  be  p ro d u ced  by a d i f f e r e n t i a l  g row th  o f  p o s t e r i o r  

s h e l l  body p r o v id in g  more s h e l l  s u r f a c e  f o r  r i b  f o r m a t io n .

The se c o n d a ry  and t e r t i a r y  r i b s  soon become 

i n d i s t i n g u i s h a b l e  form t h e  p r im a ry  ones  a s  th e y  grow in  

s i z e  from  t h e i r  o r i g i n a l l y  sm a l l  d i a m e te r .  T here  a r e  f o u r t e e n  

p r im a ry  r i b s  on one o f  t h e  w e l l  p r e s e r v e d  s h e l l s  c o l l e c t e d  

from  t h e  P o r t l a n d  Cement Q uarry  (UCGM 426 5 5 ).  T here  a r e  

10 se c o n d a ry  i n t e r c a l a t e d  r i b s  and 8 t e r t i a r y  r i b s .

S u b c la s s  PALAEOHETERODONTA Newell 

O rder M0DI0M0RPH0IDA N ewell 

S u p e r fa m ily  MODIOMORPHACEA M i l l e r  

Fam ily  MODIOMORPHIDAE M i l l e r

D e s c r ip t i o n

The g e n e ra  a s s ig n e d  to  t h i s  f a m i ly  a r e  commonly l a r g e
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(30mm o r  more i n  l e n g t h ) ,  m o d io l i fo rm ,  o v a te  o r  rhom boid i n  

o u t l i n e  w i th  t h e  beak  n e a r  one end o f  t h e  s h e l l ,  b u t  n e v e r  

t e r m i n a l .  T hese  s h e l l s  a r e  p o s t e r i o r l y  e lo n g a te  and o f t e n  

expanded ; t h e  p o s t e r i o r  r e g i o n  b e in g  much b r o a d e r  and h i g h e r  

th a n  t h e  a n t e r i o r  (w hich  i s  som etim es re d u c e d  and l o b a t e ) .

Most fo rm s a r e  smooth o r  p ro so p o n  c o n s i s t i n g  o f  f i n e  

v a r i c e s .  At l e a s t  one genus t r a d i t i o n a l l y  a s s ig n e d  h e r e  

( Pholadom orpha F o e r s t e  (1914). from  t h e  C i n c i n n a t i a n  [Upper 

O rd o v ic ia n ] )  h a s  d i v a r i c a t e  r a d i a l  p ro so p o n .  The a d d u c to r s  

a r e  u s u a l l y  a n is o m y a r ia n  w i th  t h e  a n t e r i o r  one s m a l l e r  and 

im p re s s e d ,  som etim es b o rd e re d  by a  r i d g e  o f  c a l l o u s  d e p o s i t s .  

The d e n t i t i o n  i s  p o o r ly  p r e s e r v e d  i n  m ost fo rm s ,  b u t  

p o s t e r i o r  l a t e r a l  t e e t h  a r e  se en  m ost o f t e n .  A few spec im ens 

have  c a r d i n a l  t e e t h  ( a l l  l a c k  a n t e r i o r  l a t e r a l s ) ,  w h i le  some 

a r e  th o u g h t  t o  be  e d e n tu lo u s .  Poor p r e s e r v a t i o n  i s  

r e s p o n s i b l e  f o r  t h e  l a c k  o f  d i a g n o s t i c  d e n t a l  in f o r m a t io n  in  

many s p e c i e s ;  an d ,  i n  f a c t ,  m ost m o rp h o lo g ic  f e a t u r e s  o f  

s p e c i e s  t r a d i t i o n a l l y  a s s ig n e d  h e re  a r e  n o t  commonly p r e s e r v e d  

w i th  t h e  q u a l i t y  n e c e s s a r y  f o r  c o m p e ten t  s y s t e m a t i c s .  As a 

r e s u l t ,  t h i s  f a m i ly  and e s p e c i a l l y  t h e  genus M o d io lo p s is  

( H a l l ,  1847) h a s  become a r e c e p t a c l e  f o r  p oo r  m a t e r i a l ,  

p ro b a b ly  o f  s e v e r a l  d i f f e r e n t  f a m i l i a l  t a x a ,  w i th  a 

m o d io l i fo rm  sh a p e  and u s u a l l y  w i th  c o m a rg in a l  p ro so p o n . 

U n f o r t u n a t e ly ,  i t  seems t h a t  t r a d i t i o n a l  a s s ig n m e n ts  and 

p h i lo s o p h y  w i l l  have  t o  be m a in ta in e d  u n t i l  new ta x o b a s e s  

and b e t t e r  p r e s e r v e d  m a t e r i a l  a r e  a v a i l a b l e  f o r  taxonom ic  

r e v i s i o n .
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Genus M o d io lo p s is  H a l l ,  1847 

1847 M o d io lo p s is  H a l l ,  p .  157

1851 M o d io lo p s is  H a l l ,  M'Coy, p .  265

1860 M o d io lo p s is  H a l l ,  H a l l ,  p .  148

1889 M o d io lo p s is  H a l l ,  M i l l e r ,  p . 489

1894 M o d io lo p s is  H a l l ,  U l r i c h ,  p .  502

19 09 M o d io lo p s is  H a l l ,  Grabau and Shim er, p. 511

1915 M o d io lo p s is  H a l l ,  B a s s l e r ,  p . 812

19 20 M o d io lo p s is  H a l l ,  S te w a r t ,  p . 34

1924 M o d io lo p s is  H a l l ,  U l r i c h ,  p. 187

19 24 Modiodesma U l r i c h ,  p . 18 3

19 56 M o d io lo p s is  H a l l ,  W ilson , p. 65

1969 M o d io lo p s is  H a l l ,  LaRocque and N ew ell ,  p . 39 7

1971 M o d io lo p s is  H a l l ,  P o j e t a ,  p .  20

Type s p e c ie s

C y p r i c a r d i t e s  ( P t e r i n e a )  m o d io l a r i s  Conrad (183 8 , p .  118) 

from  th e  " P u l a s k i  b ed s"  (Upper O r d o v ic ia n ) ,  n e a r  Rome, New 

York, i s  t h e  ty p e  s p e c ie s  o f  M o d io lo p s is  by o r i g i n a l  

d e s i g n a t i o n  o f  H a l l  (1847 , p. 1 5 7 ) .  The h o lo ty p e  o f  t h e  

ty p e  s p e c i e s  i s  f i g u r e d  by H a l l  (1847 , P I .  81, f i g .  l a ) ,  

U l r i c h  (1924 , P I .  32, f i g .  1) and P o j e t a  (1971 , P I .  15 , 

f i g .  1 - 3 ) .  I t  i s  i n  t h e  c o l l e c t i o n s  o f  t h e  New York S t a t e  

Museum(NYSM 2758).

D ia g n o s is

M o d io l ifo rm , e d e n t u lo u s (? )  M odiomorphidae w i th  a low 

ro u nded  b e ak  ( w i t h in  t h e  a n t e r i o r  o n e - f i f t h  o f  t h e  s h e l l )  

and  a  lo n g  p o s t e r i o r  r e g io n  t h a t  i s  h i g h e r  th a n  t h e  a n t e r i o r
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r e g i o n  o f  t h e  s h e l l .  The p ro sopo n  c o n s i s t s  o f  u n i fo rm , 

f i n e  c o m a rg in a l  v a r i c e s .

D e s c r ip t i o n

These a r e  medium t o  l a r g e  s h e l l s  (30-70mm in  l e n g th )  

f o r  t h e  fa m i ly  w i th  an  ovo id  s h e l l  t h a t  i s  e q u iv a lv e d  b u t  

i n e q u i l a t e r a l ,  w i th  t h e  b e ak s  a t  th e  a n t e r i o r  o n e - f i f t h  o f  

t h e  s h e l l .  The o u t l i n e  i s  g e n e r a l l y  m o d io l i fo rm  w ith  t h e  

v a lv e  h e ig h t  b e in g  g r e a t e r  a t  t h e  p o s t e r i o r  end  th a n  a t  t h e  

b e a k .  The m arg in s  a r e  g e n t l y  rounded  w ith  a  n e a r l y  s t r a i g h t  

o r  s l i g h t l y  a rc h e d  d o r s a l  m arg in .  The v a lv e s  a r e  somewhat 

co m pressed .

The a n t e r i o r  a d d u c to r  i s  sm a l l  and d e e p ly  im p re ssed  

w h i le  t h e  p o s t e r i o r  one i s  l a r g e r  and w eakly  e n g rav ed  on th e  

s h e l l .  T here  a r e  s e v e r a l  s e t s  o f  a c c e s s o r y  ( p e d a l - b y s s a l ) 

m usc le  s c a r s ,  p a r t i c u l a r l y  i n  t h e  p o s t e r i o - d o r s a l  r e g io n  

n e a r  t h e  b e a k s .  The p a l l i a l  l i n e  i s  e n t i r e  and i n t e g r i p a l l i a t e . 

The l ig a m e n t  i s  r a r e l y  p r e s e r v e d  b u t  i s  e lo n g a te  and 

o p i s t h o d e t i c  from  a v a i l a b l e  e v id e n c e  ( P o j e t a ,  P I .  1 5 , f i g .  5 ) .

The e x t e r n a l  s u r f a c e  o f  t h e  v a lv e s  i s  m arked by 

numerous u n i fo rm ly  s p a c e d ,  c o m a rg in a l  v a r i c e s .

D is c u s s io n

When H a l l  (1 8 4 7 , p .  157) p ro p o sed  M o d io lo p s i s , he  

commented t h a t  " t h i s  g e n u s ,  a s  d e f i n e d ,  i n c l u d e s  a  v e ry  

n a t u r a l  g roup  o f  s h e l l s  found in  o l d e r  S i l u r i a n  s t r a t a  

[ O rd o v ic ia n ,  a t  l e a s t  in  p a r t ] ,  some o f  w hich  have  been  

r e f e r r e d  t o  C y p r i c a r d i a , M odio la , P t e r i n e a  and o t h e r  g e n e r a . "
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T his  s t a t e m e n t  a p p a r e n t l y  gave some a u th o r s  w ide  leew ay  i n  

a s s i g n i n g  s p e c i e s  t o  t h e  g e n u s .  H a l l ’ s (184-7) c r i t e r i a  o f  

m o d io l i fo rm ,  p o s t e r i o r l y  e l o n g a t e ,  e d e n tu lo u s  s h e l l s ,  w i th  

c o m a rg in a l  p ro so p o n  was r a t h e r  g e n e r a l ,  a l lo w in g  f o r  t h e  

a s s ig n m e n t  o f  a v a s t  v a r i e t y  o f  p ro b a b ly  h e te ro g e n e o u s  s p e c i e s  

t o ,  what h a s  r e a l l y  become, a  form  g e n u s .  Because o f  l a c k  

o f  d e n t a l  p r e s e r v a t i o n  i n  many specim ens o f  t h i s  g ro u p ,  

many s p e c i e s  th o u g h t  t o  be e d e n tu lo u s  w ere  o r i g i n a l l y  

a s s ig n e d  h e r e .  P o j e t a  (19 71, p .  7) l i s t e d  16 3 O rd o v ic ia n  

s p e c i e s  a s  p r e s e n t l y  a s s ig n e d  t o  t h e  genus ( a l s o  se e  B a s s l e r ,  

1915, p .  812-821 f o r  l i s t i n g  o f  s p e c i e s  a s s ig n e d  to  

M o d io lo p s i s ) . C onrad ’ s ty p e  o f  C y p r i c a r d i t e s  m o d io l a r i s  

has  f o r t u n a t e l y  been  p r e s e r v e d  and a p p e a rs  t o  be  t r u l y  

e d e n tu lo u s  ( P o j e t a ,  1971 , P I .  15 , f i g .  1 - 3 ) .

H a l l  (1 8 4 7 , p. 154) o r i g i n a l l y  d e s ig n a t e d  C y p r i c a r d i t e s  

( P t e r i n e a )  m o d io l a r i s  Conrad a s  t h e  ty p e  s p e c i e s  o f  M o d io lo p s i s . 

U l r i c h  (19 24, p .  1 8 3 ) ,  h ow ever, t r i e d  t o  make C y p r i c a r d i t e s  

o v a ta  Conrad t h e  ty p e  s p e c i e s  o f  M o d io lo p s is  and c r e a t e d  

Modiodesma f o r  M. m o d i o l a r i s . H is l o g i c  was t h a t  t h e  

m orphology o f  M. m o d io l a r i s  d i d  n o t  r e p r e s e n t  t h e  v a s t  

m a j o r i t y  o f  s p e c i e s  a s s ig n e d  t o  M o d io lo p s i s , t h e r e f o r e  a 

more r e p r e s e n t a t i v e  ty p e  s p e c i e s  was n e c e s s a r y .  T h is  w a s ,  

o f  c o u r s e ,  i n v a l i d  and h i s  genus Modiodesma i s  a  j u n i o r  

o b j e c t i v e  synonym o f  M o d io lo p s i s .

E x c e l l e n t  d i s c u s s i o n s  o f  t h e  genus may be  found  in  

U l r i c h  (18 94 , p. 502) and P o j e t a  (1 9 7 1 , p . 2 0 ) .
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I t  i s  e v id e n t  by P o j e t a ’ s d i s c u s s i o n  t h a t  t h e  s y s te m a t i c s  

o f  M o d io lo p s is  a r e  f a r  from  b e in g  r e s o l v e d  and t h e  a s s ig n m e n t  

o f  B r a s s f i e l d  form s t o  t h i s  genus m ust be  t e n t a t i v e  u n t i l  

t h e r e  i s  a  g e n e r i c  r e v i s i o n  o f  t h e  form s p r e s e n t l y  a s s ig n e d  

t o  M o d io lo p s i s .

D i s t r i b u t i o n

S p e c ie s  o f  M o d io lo p s is  have been  d e s c r i b e d  p r i m a r i l y  

from  M idd le  O rd o v ic ia n  th ro u g h  Upper S i l u r i a n  r o c k s  o f  N orth  

A m erica and E u ro p e , a l th o u g h  LaRocque and Newell (19 69, 

p . 39 7) l i s t e d  t h e  ra n g e  o f  M o d io lo p s is  a s  o n ly  M iddle  t o  

L a te  O rd o v ic ia n .  The d i s t r i b u t i o n ,  t o o ,  a s  s t a t e d  above , 

w i l l  be  a f f e c t e d  by a r e v i s i o n  in  t h e  taxonomy o f  t h e  g e n u s .

M o d io lo p s i s [ ? ]  rhom boidea  H a l l  

P I .  9 ,  f i g .  1 ,  2 , 5 

1860 M o d io lo p s i s [ ? ]  rhom boidea  H a l l ,  p . 148 , f i g .  6 

1895 M o d io lo p s is  rho m bo idea  H a l l ,  F o e r s t e ,  p .  560, P I .

37, f i g .  5a

19 24 M o d io lo p s is  rhom boidea  H a l l ,  M eLearn, p .  12 6 , P I .  19 , 

f i g .  4 

Type specim en

H a l l  d e s c r i b e d  and i l l u s t r a t e d  a s i n g l e  specim en  

( H a l l ,  1860, p .  148 , f i g .  6) o f  t h i s  s p e c i e s .  T h is  specim en  

i s  t h e  s m a l l e r  one o f  two on a  s l a b  in  t h e  A m erican Museum o f  

N a tu ra l  H i s to r y  c o l l e c t i o n s  (AMNH 1 6 4 4 ) .  The specim en  f i g u r e d  

by H a l l  (186 0 , f i g .  6) and i l l u s t r a t e d  h e r e i n  ( P I .  9 , f i g .  1) 

i s  now d e s i g n a t e d  t h e  l e c t o t y p e .  The s l a b  c o n ta in i n g  t h e
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l e c t o t y p e  i s  from  Upper S i l u r i a n  beds  a t  A r i s a i g ,  Nova 

S c o t i a .

D ia g n o s is

Rhomboid M o d io lo p s is  w i th  a  sm a l l  p o in te d  b eak  and 

l o b a t e  a n t e r i o r  r e g i o n .  The p o s t e r i o r  m arg in  s lo p e s  

s t e e p l y  from  t h e  d o r s a l  t o  p o s t e r i o r  v e n t r a l  m a rg in .  

D e s c r ip t i o n

T h is  s p e c i e s  i s  s m a l l  (20-25mm i n  l e n g t h )  f o r  th e  g en u s .  

The s h e l l  i s  com pressed  w i th  a  rh o m b o ida l  o u t l i n e .  The 

s m a l l ,  p o in te d  b e a k  i s  n e a r  th e  rounded  a n t e r i o r  end . The 

p o s t e r i o r  end i s  o n ly  s l i g h t l y  h i g h e r  th a n  t h e  a n t e r i o r  

end . The d o r s a l  m arg in  i s  s l i g h t l y  convex  upward and 

c o n s i d e r a b ly  s h o r t e r  t h a n  t h e  v e n t r a l  m arg in .  The p o s t e r i o r  

m arg in  s lo p e s  s t e e p l y  p o s t e r i o r l y  tow ard  th e  v e n t e r .  A 

b r o a d ,  i l l - d e f i n e d  umbonal r i d g e  e x te n d s  p o s t e r i o r l y  from  

t h e  b e a k ,  d i f f u s i n g  n e a r  t h e  p o s t e r i o r  m arg in .

The m a t e r i a l  a t  hand  i s  n o t  w e l l  enough p r e s e r v e d  to  

make c e r t a i n  o f  a b se n c e  o f  t e e t h ;  how ever ,  t h e  l e c t o t y p e  

a p p e a rs  t o  l a c k  p o s t e r i o r  l a t e r a l s  ( P I .  9 ,  f i g .  1 ) .  S c a rs  

o f  t h e  a d d u c to r s  a r e  p ro m in e n t  i n  t h e  l e c t o t y p e , w i t h  t h e  

o v a l  p o s t e r i o r  s c a r  b e in g  s l i g h t l y  l a r g e r .  The l e c t o t y p e  

p r e s e r v e s  a  s t r o n g  i n t e g r i p a l l i a t e  p a l l i a l  l i n e  c o n n e c t in g  

t h e  m o d e ra te ly  im p re sse d  a d d u c to r s  ( P I .  9 ,  f i g .  1 ) .  A low 

r i d g e  a lo n g  p a r t  o f  t h e  d o r s a l  m arg in  o f  a n a t u r a l  c a s t  

( t h e  l e c t o t y p e ) ,  p o s t e r i o r  to  t h e  beak  p ro b a b ly  r e f l e c t s  

t h e  s c a r  o f  t h e  p e d a l - b y s s a l  r e t r a c t o r  m usc les  (P I .  9 ,  

f  i g . 1) .
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H a l l  (1860 , p . 148) comments t h a t  t h e  e x t e r i o r  s h e l l  

s u r f a c e  i s  " e v e n ly  s t r i a t e d  c o n c e n t r i c a l l y . "  However, o f  

t h e  specim ens o f  t h i s  s p e c i e s  ( i n c l u d i n g  t h e  l e c t o t y p e )  

exam ined f o r  t h i s  s tu d y ,  none showed any f e a t u r e s  o f  th e  

s h e l l s ’ e x t e r i o r s .  The l ig a m e n t  p o s i t i o n  i s  a l s o  unknown, 

b u t  may have  o c c u p ie d  an  o p i s t h o d e t i c  p o s i t i o n  (a s  i n  M. 

m o d i o l a r i s ) .

D is c u s s io n

T h is  s p e c i e s  i s  n o t  p a r t i c u l a r l y  c l o s e  to  t h e  ty p e  

s p e c i e s  o f  M o d io lo p s is  i n  g e n e r a l  o u t l i n e . M. rhom boidea  

h as  a rh o m b o id a l  o u t l i n e  and h a s  th e  beak  f a r t h e r  fo rw a rd  

th a n  M. m o d i o l a r i s . I t  seem s, how ever, t h a t  M. rhom boidea  

i s  a  M o d io lo p s is  u n d e r  c u r r e n t  g e n e r i c  c o n c e p t s , b u t  m igh t 

be  s p l i t  o f f  i f  t h e  genus w ere  r e v i s e d .

F o e r s t e  (189 5 , p .  56 , P I .  37, f i g .  8a) d e s c r ib e d  and 

f i g u r e d  a  s i n g l e  p o o r ly  p r e s e r v e d  specim en  a p p a r e n t l y  

a s s i g n a b l e  t o  t h i s  s p e c i e s  from  t h e  B r a s s f i e l d .  T h is  

specim en (USNM 84805) i s  t h e  o n ly  one known from t h i s  

h o r i z o n  ( P I .  9 ,  f i g .  2 , 5 ) .

McLearn (19 24, p .  12 6) c i t e d  M. rhom boidea  a s  o c c u r r in g  

in  t h e  S to n eh ouse  F o rm a tio n  (Upper S i l u r i a n )  a t  A r i s a i g ,

Nova S c o t i a ,  b u t  d id  n o t  add any new in f o r m a t io n  a s  he 

q u o ted  from  H a l l ’ s o r i g i n a l  d e s c r i p t i o n .

M o d io lo p s is  n a i s  B i l l i n g s  from  th e  M iddle  O rd o v ic ia n  

s t r a t a  a t  P a q u e t t e  R a p id s ,  Quebec, i s  p e rh a p s  t h e  m ost c l o s e l y  

r e l a t e d  s p e c i e s  o f  t h e  g e n u s .  M. n a i s  i s ,  how ever, a  d i s t i n c t
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s p e c i e s ,  as  t h e r e  i s  o n ly  a  p o o r ly  d e v e lo p e d  umbonal r i d g e  

in  M. rhom boidea  w h i le  a  s t r o n g  one i s  p r e s e n t  i n  M. n a i s .

The b eaks  and umbones a r e  much b r o a d e r  and more e r e c t ,  

a l th o u g h  s t i l l  p r o s o c l i n e ,  i n  M. n a i s . O ther d i f f e r e n c e s  

c o u ld  b e  l i s t e d  (W ilso n ,  19 56) b u t  t h e  d i s p a r i t y  i n  m o rp h o lo g ie s  

i s  p r o b a b ly  enhanced by th e  s t a t e  o f  p r e s e r v a t i o n  o f  M. 

rh o m b o id ea . Specimens o f  M. rhom boidea  a r e  a l l  c a s t s  o f  th e  

i n t e r i o r ,  w h i le  M. n a i s  i s  r e p r e s e n t e d  by a r t i c u l a t e d  

sp e c im en s .  The h o lo ty p e  o f  M. n a i s  i s  i l l u s t r a t e d  by W ilson 

(1956 , P I .  9, f i g .  12 , 1 3 ) .

F ig u re d  Specimens

AMNH 1644; USNM 8480 5

[? 3M o d io lo p s is  subrhom boidea  Simpson 

P I .  9 , f i g .  3

1889 M o d io lo p s is  subrhom boidea  Sim pson, i n  L e s le y ,  p. 411, 

f i g .  Va

1890 M o d io lo p s is  subrhom boidea  Simpson p .  450, f i g .  17 

1895 [ ? ] M o d io lo p s is  subrhom boidea  Simpson, F o e r s t e ,  p. 560,

P I .  37, f i g .  7 a ,b  

Type specim en

The l e c t o t y p e ,  a  l e f t  v a lv e ,  i s  d e s ig n a t e d  h e r e i n  a s  

t h a t  spec im en  f i g u r e d  by Simpson ( i n  L e s l i e ,  1889, p .  4 1 1 ) ,  

whereabouts unknown, from  "McKee’ s o r e  bank  ( C l in t o n ,  M iddle 

S i l u r i a n )  n o r t h e a s t  o f  McKee's h o u s e ,  F e rgu son  V a l le y ,  

seven  m i le s  n o r th w e s t  o f  Lewistown, M i f f in  County , P e n n s y lv a n ia . "  

D e s c r ip t i o n

S h e l l s  o f  t h i s  s p e c i e s  a r e  sm a ll  f o r  t h e  genus (20 to
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25mm i n  l e n g t h ) ,  o b lo n g ,  su b rh o m b o id a l  i n  s h a p e .  The d o r s a l  

m arg in  i s  s t r a i g h t  b e h in d  t h e  b e ak s  and s h o r t e r  th a n  th e  

c u rv e d  v e n t r a l  m a rg in .  The a n t e r i o r  m arg in  i s  rounded  w i th  

u n ifo rm  c o n v e x i ty  from  t h e  b e a k  to  t h e  v e n t e r ,  w h i le  t h e  

p o s t e r i o r  i s  o n ly  s l i g h t l y  c u rv e d  and s l o p e s  a n t e r i o r l y  

tow ard  t h e  dorsum ( P I .  9 ,  f i g .  3 ) .  The p o s t e r i o r  h e i g h t  i s  

a l s o  somewhat g r e a t e r  t h a n  t h e  a n t e r i o r  h e i g h t .  The b e ak  

and umbo a r e  b ro a d  and b l u n t ,  d i s t i n c t l y  p r o s o c l i n e ,  

s i t u a t e d  a t  th e  a n t e r i o r  o n e - f o u r t h  o f  t h e  s h e l l  l e n g t h .

Only a  vague  h i n t  o f  an umbonal r i d g e  i s  p r e s e n t .

D e n t i t i o n  i s  n o t  p r e s e r v e d  on any sp ec im en s  s e e n  in  

t h i s  s tu d y  ( a l th o u g h  g e n e r a l  q u a l i t y  o f  m a t e r i a l  i s  p o o r ) .

The m u s c u la tu r e ,  n e a r l y  a s  p o o r ly  known, i s  r e p r e s e n t e d  

o n ly  a s  s u b t l e  sh a d in g  i n  t h e  r e g i o n  o f  t h e  a n t e r i o r  

a d d u c to r  s c a r  i n  S im p so n 's  (in  L e s l i e  18 89, p. 411, f i g . Va) o r i g i n a l  

f i g u r e  o f  th e  l e c t o t y p e .

The s u r f a c e  o f  t h e  v a lv e s  i s  marked w i th  r e g u l a r l y  

spaced  c o m a rg in a l  v a r i c e s  o f  g ro w th .

D is c u s s io n

The w h e rea b o u ts  o f  S im p so n 's  spec im ens i s  p r e s e n t l y  

unknown. The m o rp h o lo g ic  d a t a  p r e s e n t e d  h e r e i n  i s  b a s e d  on 

h i s  d e s c r i p t i o n  and o r i g i n a l  f i g u r e  (Sim pson i n  L e s le y ,

1889 , p .  411 , f i g .  Va). T h ere  i s  some d o u b t  a s  t o  w h e th e r  

o r  n o t  F o e r s t e ' s  specim en  ( F o e r s t e ,  1889, P I .  37, f i g .  7a) 

i s  c o n s p e c i f i c  w i th  t h o s e  o f  Sim pson. W ith o u t s e e in g  

S im p so n 's  t y p e s ,  i t  i s  d i f f i c u l t  to  e v a l u a t e  th e  s p e c i e s .
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Com parison  w i th  S im p so n 's  f i g u r e  i n d i c a t e s  t h a t  t h e  B r a s s f i e l d  

spec im en  i s  s i m i l a r ,  b u t  t h e  B r a s s f i e l d  p r e s e r v a t i o n  i s  so 

p o o r  t h a t  i t  i s  q u e s t i o n a b l e  i f  F o e r s t e * s  sp ec im en  i s  even 

a  M o d io lo p s is .  T h is  B r a s s f i e l d  spec im en  was c o l l e c t e d  by 

F o e r s t e  from  th e  B r a s s f i e l d  a t  H uffm an’ s q u a r ry  n e a r  D ayton , 

Ohio, w hich  u n f o r t u n a t e l y  i s  i n a c c e s s i b l e  to d a y .

O th e r  s p e c i e s ,  s i m i l a r  i n  g e n e r a l  a p p e a ra n c e  t o  [?]M. 

sub rhom bo idea  and th e  B r a s s f i e l d  sp ec im en  ( f i g u r e d  h e r e i n ,

P I .  9 ,  f i g .  3) in c lu d e  M o d io lo p s is  rh om boidea  and M o d io lo p s i s ? 

d u b ia  W ilso n  (19 56). M. rhom b o idea  h a s  a  s h e l l  shape  somewhat 

s i m i l a r  t o  [?]M. subrhom boidea  b u t  i s  somewhat more a n g u la r  

a ro u n d  i t s  m arg in s  and i s  l o n g e r  i n  r e l a t i o n  t o  i t s  h e i g h t  

th a n  i s  [?]M. subrhomboida. The b eak  i s  b l u n t e r  and an umbonal 

r i d g e  i s  v i r t u a l l y  a b s e n t  i n  [?]M. subrhom boidea  b u t  p r e s e n t  

i n  M. rh o m b o id e a .

M o d io lo p s i s ? d u b ia  W ilson  (1 956 , p. 68, P I .  9 ,  f i g .

15) i s  a l s o  n e a r  [?]M. sub rhom boidea  i n  g e n e r a l  o u t l i n e .  M. 

d u b ia  from  t h e  L eray  Beds (M idd le  O rd o v ic ia n )  G l a u c e s t e r  

to w n s h ip ,  O n ta r io ,  i s  s h o r t e r  th a n  [?3M. su b rh o m b o id ea , has  

a more p o i n t e d  b eak  and a s t r o n g l y  d e v e lo p e d  umbonal r i d g e .  

T hese  c o m p a r iso n s  a r e ,  o f  c o u r s e ,  q u i t e  s u p e r f i c i a l ,  and 

w i t h o u t  b e t t e r  p r e s e r v e d  spec im ens  ( e s p e c i a l l y  i n t e r i o r s ) ,  

[?]M. subrhom boidea  o c c u p ie s  v e ry  u n c e r t a i n  taxon om ic  s t a t u s .  

D i s t r i b u t i o n

The ty p e  specim ens o f  f?lM. subrhom boidea  a r e  from  C l in to n  

S h a le  (Lower M iddle  S i l u r i a n ) ,  sev en  m i l e s  n o r th w e s t  o f
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Lew istow n, M i f f in  C ounty , P e n n s y lv a n ia .  F o e r s t e ’ s specim en  

from  t h e  B r a s s f i e l d  was c o l l e c t e d  in  t h e  u p p e r  s h a l e  l e n s e s  

(u p p e r  B r a s s f i e l d )  a t  H u ffm an 's  Q uarry  n e a r  D ay ton , Ohio. 

F ig u re d  Specimen 

USNM 84806

S u b c la s s  HETERODONTA Newmayr 

O rder VENEROIDA Adams and Adams 

S u p e r fa m ily  CRASSATELLACEA F e ru s s a c  

Fam ily  CARDINIIDAE Z i t t e l

D e s c r ip t i o n

The C a r d in i i d a e  p o s s e s s  c a r d i n a l  t e e t h  (b e n e a th  th e  

beak )  and l a t e r a l  t e e t h  (away from  th e  beak) (H e te ro d o n ta )  

w i th  n e v e r  more t h a n  two c a r d i n a l  t e e t h  i n  each  v a l v e ,  and 

o f t e n  o n ly  one w i th  t h e  o t h e r  fu s e d  t o  t h e  l a t e r a l  t o o t h .

T h ere  i s  u s u a l l y  one a n t e r i o r  l a m e l l a r  t o o th  and two p o s t e r i o r  

l a m e l l a r  (b e h in d  and b e n e a th  t h e  l ig a m e n t  g ro o v e )  t e e t h  in  

each  v a l v e .  T hese  t e e t h  a r e  o f t e n  d e s i g n a t e d  by numbers 

and low er c a se  l e t t e r s  ( f o r  c a r d i n a l s )  o r  u p p e r  c a se  l e t t e r s  

and Roman n u m era ls  ( f o r  l a t e r a l s ) .  T h is  num bering  sy s tem  

i s  supp osed  t o  i n d i c a t e  h o m olo g ies  th r o u g h o u t  t h e  o r d e r  

(B e rn a rd ,  1897 and Chavan, 1 9 6 9 ) .  The ty p e  o f  d e n t i t i o n  i n  

members o f  t h i s  f a m i ly ,  where t h e r e  a r e  two c a r d i n a l  t e e t h  

i n  each  v a lv e  and 3 l a t e r a l s  (o n e  a n t e r i o r  and two p o s t e r i o r )  

i s  c a l l e d  l u c i n o i d  d e n t i t i o n .  The t e e t h  o f  t h e  r i g h t  v a lv e  

a r e  numbered 3b ( l a r g e r  c e n t r a l  t o o t h ) , 5 ( s m a l l e r ,  more 

p o s t e r i o r l y  l o c a t e d ) ,  A I I I  ( a n t e r i o r  l a t e r a l ) ,  PI and P H I
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( p o s t e r i o r  l a t e r a l s ) .  The l e f t  v a lv e  h a s  two n e a r l y  eq u a l  

s i z e d  c a r d i n a l  t e e t h  numbered 2 and 4b ( t h e  2 t o o th  may be 

f u s e d  t o  t h e  a n t e r i o r  l a t e r a l )  and l a t e r a l  t e e t h  d e s ig n a te d  

A l l ,  P I I  and PIV (PIV n o t  a lw ay s  p r e s e n t ) .

The s o l e  p r e s e n c e  o f  3b and 5 c a r d i n a l  t e e t h  i n  t h e  r i g h t  

v a lv e  i s  c h a r a c t e r i s t i c  o f  th e  C a r d i n i i d a e ,  b u t  t h e s e  t e e t h  

in  c o m b in a t io n  w i th  o t h e r  c a r d i n a l s  may o c c u r  in  many o t h e r  

h e te r o d o n t s  ( i . e . ,  C r a s s a t e l l a c e a ) .

T h is  d e n t i t i o n  p a t t e r n  i s  n o t  t h e  o n ly  c h a r a c t e r i s t i c  

o f  g e n e ra  i n  t h i s  s u p e r f a m i ly .  A l l  form s have  d i s t i n c t  

c o m a rg in a l  p ro so p o n  o f  ru g a e  o r  i m b r i c a t e  l a m e l l a e .  There 

i s  a l s o  f i n e r  t e x t u r e d  r a d i a l  p ro so p o n  on many o f  t h e  form s 

in c lu d e d  h e r e .

Genus C y p r i c a r d in i a  H a l l ,  1859 

1859b C y p r i c a r d in i a  H a l l ,  p . 226 ( p a r t im )

1870 C y p r i c a r d in i a H a l l , H a l l  and W h i t f i e l d ,  p . 81

1885 C y p r i c a r d in i a H a l l , H a l l ,  p. x l v i

1889 C y p r i c a r d in i a H a l l , M i l l e r ,  p. 4-75

1889 C y p r i c a r d in i a H a l l , N e t t l e r o t h ,  p. 204

1892 Cypr i c a r  d in  i a H a l l , W hidborne, p . 5

1895 C y p r i c a r d in i a H a l l , B eushausen , p . 17 6

1897 C y p r i c a r d in i a H a l l , B eu shausen , p. 287

1899 C y p r i c a r d in i a H a l l , G rabau , p. 2 68

1959 C y p r i c a r d in i a H a l l , H a f f e r ,  p . 182

1962 C y p r i c a r d in i a H a l l , M c A le s te r ,  p . 70

1966 C y p r i c a r d in i a H a l l , B ab in , p .  290
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19 67 C y p r i c a r d in i a  H a l l ,  Chavan, p .  4 5

19 69 C y p r i c a r d in i a  H a l l ,  Cox and Chavan, p . 5 79

Type s p e c i e s

The ty p e  s p e c i e s  i s  C y p r i c a r d in i a l a m e l lo s a  H a l l  (18 59) 

( non S a n g u in o la r i a  [ C y p r i c a r d i n i a ] l a m e l l o s a  G o ld fu s s ,  1840, 

Lower D evonian Germany) = C. h a l l i  B eushausen  (1897) by 

su b s e q u e n t  d e s i g n a t io n  o f  H a l l  (1885 , p .  x l v i ) . The ty p e  

s p e c ie s  i s  from  th e  "Lower H e ld e rb e rg  Group" (Lower D evonian) 

o f  A lbany C ounty , New York. The specim en  i l l u s t r a t e d  by 

H a l l  (1 8 5 9 , P I .  4 9 a ,  f i g .  l a - c ) ,  h e r e  shown on P I .  7, 

f i g .  11-14 i s  s e l e c t e d  a s  t h e  l e c t o t y p e  o f  t h e  ty p e  s p e c i e s .

I t  i s  t h e  s m a l l e r  o f  two specim ens numbered 2 528 i n  t h e  H a l l  

C o l l e c t i o n  a t  t h e  A m erican Museum o f  N a tu r a l  H i s t o r y .  I t  

i s  a l s o  t h e  specim en f i g u r e d  by H a l l  (1 8 5 9 ) .  The o t h e r  

specim en i n  t h i s  s e t  i s  v e ry  u n l ik e  H a l l ' s  f i g u r e  and 

p ro b a b ly  b e lo n g s  t o  a n o th e r  s p e c i e s .

D ia g n o s is

P o s t e r i o r l y  e lo n g a te  c a r d i n i i d s  w i th  s t r o n g ,  e q u i d i s t a n t ,  

c o m a rg in a l  g row th  l a m e l l a e  t h a t  i n  t h e  ty p e  s p e c i e s  a r e  

e l e v a t e d  from th e  s h e l l  s u r f a c e  and c u rv e  away from  t h e  s h e l l  

u n t i l  th e y  s t a n d  p e r p e n d i c u l a r  t o  t h e  v a lv e  s u r f a c e .  Some 

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

a n t e r i o r l y  ( P I .  9 ,  f i g .  1 1 -1 3 ) .  A s h a l lo w  v e n tro -m e d ia n  

b y s s a l  s u lc u s  i s  r e f l e c t e d  i n  t h e  c o u rs e  o f  t h e  l a m e l l a e  

and by a s l i g h t  i n d e n t a t i o n  i n  t h e  v e n t r a l  s h e l l  m arg in .  

D e s c r ip t i o n

T hese a r e  sm a l l  t o  medium (5 t o  25 mm in  l e n g th )  s i z e d
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s h e l l s  w i th  t h e  r i g h t  v a lv e  more convex th a n  t h e  l e f t  and 

p o s s e s s in g  a  m o d io l i fo rm ,  t r a p e z o i d a l ,  s u b r e c t a n g u l a r  o r  

rh o m b o id a l  o u t l i n e  w i th  s h a l lo w ,  w e l l - d e f i n e d  b y s s a l  s u lc u s  

i n d e n t in g  th e  l a t e r o -  and v e n tro -m e d ia n  m a r g in s . S h e l l s  

a s s ig n e d  h e r e  a r e  d i s t i n c t l y  e lo n g a te  p o s t e r i o r l y ,  t h e  beak  

b e in g  w i t h i n  t h e  a n t e r i o r  o n e - f o u r t h  o f  eac h  v a lv e ,s o m e t im e s  

t e r m in a l  i n  p o s i t i o n .  The b eak s  g e n t ly  c u rv e  inw ard  a s  w e l l  

as a n t e r i o r l y  ( p r o s o g y r o u s ) .  A p ro m in e n t  b r o a d ly  rounded  

umbonal r i d g e  e x te n d s  from  th e  beak  to  t h e  p o s t e r o - v e n t r a l  

m arg in .  The p o s t e r i o r  end o f  t h e  s h e l l  h a s  a  g r e a t e r  h e i g h t  

th a n  t h e  a n t e r i o r  end , g iv in g  t h e  a p p e a ra n c e  o f  a s l i g h t  

p o s t e r i o r  wing d ev e lo p m en t.

The d e n t i t i o n  i s  l u c i n o i d  h e t e r o d o n t  w i th  two c a r d i n a l s  

i n  each  v a l v e ,  w i th  m o d e ra te ly  w e l l  d e v e lo p e d  a n t e r i o r  and 

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

l a r g e r  m e d ia l ly  l o c a t e d  t o o t h  and a sm a lle r ,  p o s t e r i o r  

c a r d i n a l  t o o t h  i n  t h e  r i g h t  v a lv e  and two n e a r l y  e q u a l  s i z e d  

c a r d i n a l  t e e t h  l a t e r a l  t o  t h e  s o c k e t  o f  t h e  l a r g e  r i g h t  

v a lv e  t o o t h ,  i n  t h e  l e f t  v a lv e .  There i s  one a n t e r i o r  

l a m e l l a r  l a t e r a l  t o o t h  i n  each  v a lv e  and two p o s t e r i o r  

l a m e l l a r  l a t e r a l  t e e t h  i n  t h e  r i g h t  v a lv e  b u t  o n ly  one i n  

t h e  l e f t  v a l v e .  The in f o r m a t io n  abo u t d e n t i t i o n  i s  b a se d  

m ain ly  on f i g u r e s  o f  B eushausen  (189 5, P I .  1 6 , f i g .  6 a ,b  and 

1 3 a ,b )  f o r  S a n g u i n o la r i a  [ C y p r i c a r d i n i a ] l a m e l l o s a  G o ld fu ss  

and C. c r e n i s t r i a  S a n d b e rg e r ,  r e s p e c t i v e l y .

The a d d u c to r  m u sc le s  a r e  m o d e ra te ly  im p re s s e d ,  p ro d u c in g
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s c a r s  t h a t  a r e  s u b e q u a l ,  t h e  p o s t e r i o r  b e in g  s l i g h t l y  l a r g e r .  

When p r e s e r v e d ,  t h e  p a l l i a l  l i n e  i s  e n t i r e  and i n t e g r i p a l l i a t e .

The e x t e r i o r  s u r f a c e  i s  m arked by a  number o f  p ro m in e n t ,  

e q u i d i s t a n t ,  c o m a rg in a l  l a m e l l a e  o r  r u g a e .  Between t h e s e  

m a jo r  l a m e l l a e  i s  a  v a r i a b l e  p a t t e r n  o f  p ro so p o n :  s e v e r a l

s p e c i e s  p o s s e s s  s m a l l e r  s c a l e  c o m a r g in a l ,  u n d u lo se  v a r i c e s  

w h i le  o t h e r s  have r a d i a l  c o s t e l l a e  be tw een  t h e  m a jo r  l a m e l l a e ;  

a c a n c e l l a t e  o r  qu incun x  p a t t e r n  h a s  been  o b se rv e d  i n  some 

s p e c i e s  and a d i s t i n c t i v e  z ig - z a g  p a t t e r n  o f  l i n e s  o c c u r s  

be tw een  t h e  c o m a rg in a l  l a m e l l a e  i n  t h e  ty p e  s p e c i e s ,  C. 

h a l l i  B eushausen  (C. l a m e l lo s a  H a l l ,  P I .  9 , f i g .  1 4 ) .

The l ig a m e n t  i s  o p i s t h o d e t i c , o ccu p y in g  a  l o n g ,  narrow  

s l i t  w hich i s  o f t e n  d e e p ly  e x c a v a te d .

D iscus s io n

H a l l  (18 59, p .  26 6) p ro p o se d  t h e  genus C y p r i c a r d in i a  

f o r  "a  few s p e c i e s  o f  s h e l l s  . . . which have  t h e  g e n e r a l  

form  o f  C y p r i c a r d i a . 11 One o f  t h e  s p e c i e s  o r i g i n a l l y  a s s ig n e d  

t o  t h i s  genus by H a l l ,  C. l a m e l l o s a  H a l l  was l a t e r  d e s i g n a t e d  

a s  t h e  ty p e  s p e c i e s  ( H a l l ,  1 8 8 5 ) .  Goldf.u's.s had  p r e v i o u s ly  

p u b l i s h e d  S a n g u in o la r i a  l a m e l l o s a  (1 8 4 0 , p .  279 , P I .  159 , 

f i g .  1 2 ) ,  t h a t  seemed t o  B eushausen  a s s i g n a b l e  t o  C y p r i c a r d in i a  

0.895, p .  1 8 4 ) .  H a l l ' s  and G o l d f u s s 1 s p e c i e s  names th u s  

became homonyms. B eushausen  (1 8 9 7 , p .  287) p ro p o se d  

C y p r i c a r d i n i a  h a l l i  f o r  H a l l ' s  th u s  p r e o c c u p ie d  name. T h is  

i s  t h e  p r o p e r  name f o r  t h e  ty p e  s p e c i e s  o f  C y p r i c a r d i n i a , 

on t h i s  a s su m p t io n  o f  t h i s  s u b j e c t i v e  c o n g e n e r ic  a s s ig n m e n t ,  

t h a t  i s  s u b j e c t  t o  r e a p p r a i s a l .
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The m orphology o f  t h e  i n t e r i o r  and e s p e c i a l l y  t h e  

d e n t i t i o n  as h e r e  p r e s e n t e d  i n  t h e  d e s c r i p t i o n  o f  t h i s  genus 

i s  g a in e d  l a r g e l y  from  in f o r m a t io n  p r e s e n te d  by B eushausen  

189 5) and H a f f e r  (19 5 9 ) ,  p e r t a i n i n g  t o  E uropean  sp e c im en s ,  

p a r t i c u l a r l y  C. c r e n i s t r i a  S a n d b e rg e r  and S a n g u in o la r ia  

[ C y p r i c a r d i n i a ]  l a m e l lo s a  G o ld fu ss  (Lower D evon ian , Germany).

T h ere  h as  been  no o p p o r t u n i t y  t o  r e a p p r a i s e  B eushausen*s 

c o n c l u s i o n s ,  which w i l l  depend m a in ly  on s e c u r in g  b e t t e r  

A m erican m a t e r i a l s  th a n  a r e  now a v a i l a b l e ,  and on f u l l e r  

know ledge o f  t h e  t y p e s .

U n t i l  c a r d i n a l  f e a t u r e s  o f  t h e  A m erican ty p e  s p e c i e s  

a r e  known, and t h e i r  c o r r e l a t i o n  w i th  d e n t a l  f e a t u r e s  

a s s ig n e d  t o  t h e  genus from  European  D evonian  m a t e r i a l  

d e m o n s t r a te d ,  C y p r i c a r d in i a  re m a in s  somewhat in  l i m b o . .

S in c e  i n t e r n a l  f e a t u r e s  a r e  n o t  commonly v i s i b l e  on 

spec im ens o f  C y p r i c a r d i n i a , s h e l l  sh a p e  (su c h  a s  l e n g t h /  

h e i g h t  r a t i o )  and o u t l i n e ,  a lo n g  w i th  s u r f a c e  s c u l p t u r e  

have  been  u se d  f o r  r e c o g n iz in g  t h e  g e n u s .  P o s t e r i o r l y  

e lo n g a t e  s h e l l s  w i th  p ro m in e n t  m a jo r  grow th  l a m e l l a e  and a 

w e l l  d e f in e d  v e n tro -m e d ia n  b y s s a l  s u l c u s  h ave  b een  c o n s id e r e d  

d i a g n o s t i c  o f  t h e  gen u s .

B e a r in g  i n  mind t h e  homeomorphic and a d a p t iv e  n a t u r e  o f  

t h e s e  t r a i t s  i n  b i v a l v e s ,  such i d e n t i f i c a t i o n s  rem a in  

p r o b l e m a t i c ,  e s p e c i a l l y  f o r  A m erican fo rm s ,  u n t i l  b e t t e r  

in f o r m a t io n  on s h e l l  i n t e r i o r  i s  a v a i l a b l e .

S p e c ie s  h av e  l i k e w i s e  b een  s e p a r a t e d  on t h e  b a s i s  o f
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s u r f a c e  s c u l p t u r e ,  s h e l l  o u t l i n e  and r e l a t i v e  p r o p o r t i o n s  

o f  v a r i o u s  s h e l l  r e g i o n s  (su c h  a s  a n t e r i o r  l e n g t h / p o s t e r i o r  

l e n g t h ,  ] e n g th /h e ig h t ,  and a n t e r i o r  h e i g h t / p o s t e r i o r  h e ig h t  

r a t i o  d i f f e r e n c e s ) .  R a d ia l  p ro so p o n  c r o s s i n g  th e  m a jo r  

l a m e l l a e  o r  s m a l l e r  s c a l e  c o m a rg in a l  s c u l p t u r e  i s  d i s t i n c t i v e  

i n  many i n d i v i d u a l s  p la c e d  i n  C y p r i c a r d i n i a . The p a t t e r n s  o f  

t h i s  ty p e  o f  s c u l p t u r e  have  b een  employed as  s p e c i f i c  

t a x o b a s e s .  Q u ite  p ro b a b ly  t h e s e  e x t e r n a l  t r a i t s  w i l l  be  

p ro v en  v a l i d  s p e c i f i c  t a x o b a s e s  h e r e ,  as  e ls e w h e re  i n  B i v a l v i a ,  

b u t  t h i s  i s  no way r e s o l v e s  t h e  problem  o f  t h e i r  p r o p e r  

g e n e r i c  a s s ig n m e n t  t o  H a l l ' s  C y r p i c a r d i n i a , o r  t h e  r e l e v a n c e  

o f  B e u sh a u se n 's  (189 5) German D evonian i n t e r n a l  f e a t u r e s  t o  

H a l l ' s A m e ric an -b a se d  g e n u s .

I t  m ust be  b o rn e  i n  mind t h a t  -the  i d e n t i f i c a t i o n  o f  

C y p r i c a r d in i a  i n  t h e  B r a s s f i e l d ,  Lower S i l u r i a n  o f  Ohio i s  

b a sed  w h o lly  on e x t e r n a l  s i m i l a r i t i e s  t o  t h e  S i l u r i a n  form s 

o f  o t h e r  P a le o z o ic  s p e c i e s  c o n v e n t io n a l ly  a s s ig n e d  t o  t h i s  

g e n u s .

D i s t r i b u t i o n

S p e c ie s  a s s ig n e d  t o  C y p r i c a r d in i a  a r e  m ost commonly 

found  i n  Lower S i l u r i a n  th ro u g h  D evonian s t r a t a  i n  E urope , 

B r i t i s h  I s l e s  and N orth  A m erica ( p a r t i c u l a r l y  e a s t e r n  U n ited  

S t a t e s ) .  P o j e t a  (1 9 7 1 , p. 25) and Chavan (1966) c i t e d  t h e  

presum ed o c c u r r e n c e  o f  t h e  genus i n  O rd o v ic ia n  s t r a t a ;  s p e c i e s  

a p p a r e n t l y  a s s ig n e d  t o  th e  genus have  a l s o  been  fo u n d  in  

C a rb o n if e ro u s  and Perm ian  b eds  ( s e e  Cox and Chavan, 1969, p .
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578 and Meek, 1871 , among o t h e r s ) .  The g r e a t e s t  number o f  

s p e c ie s  th u s  f a r  p u b l i s h e d  o ccu r  i n  D evonian ro c k s  i n  

n o r t h e a s t e r n  U n i te d  S t a t e s  and t h e  R h e in lan d  o f  Germany.

" Cypr i c  a rd  i n i a " u n d u l o s t r i a t a  ( H a l l )

P I .  10, f i g .  1-9 

1852 M o d io lo p s is  u n d u l o s t r i a t a  H a l l ,  p .  254, P I .  59 f i g .

6a ,b

1895 C y p r i c a r d in i a  u n d u l o s t r i a t a  ( H a l l ) ,  F o e r s t e ,  p. 561,

P I .  37, f i g .  9 a ,b  

1909 [ ? ] C y r to d o n ta  u n d u l o s t r i a t a  ( H a l l ) ,  Grabau and Shim er, 

p . 410 (no  f i g u r e )

Type specim en

James H a l l  (1852) d e s c r ib e d  a  s i n g l e  specim en  o f  t h i s  

s p e c i e s  from  t h e  " R o c h e s te r  S h a le  (Lower S i l u r i a n )  a t  L o c k p o r t ,  

New Y ork ."  B ecause  H a l l  had o n ly  one specim en (AMNH 1795) 

i t  i s  t h e  h o lo ty p e  by m onotypy. T hat specim en i s  r e i l l u s t r a t e d  

h e r e i n  (P I .  7, f i g .  7 ) .

D ia g n o s is

S u b r e c t a n g u la r  s h e l l s  w i th  u n d u l a t i n g  d i s c o n t in u o u s  

c o m a rg in a l  g row th  v a r i c e s  be tw een  th e  m a jo r  c o m a rg in a l  

l a m e l l a e .  Each m a jo r  v a r i x  i n  t h i s  s p e c i e s  m arks t h e  edge o f  

a d i s t i n c t  h i a t u s  i n  s h e l l  grow th ( P I .  1 0 ,  f i g .  8 ) .  The 

umbonal r i d g e  i s  d i s t i n c t  b u t  b ro ad  and ro u n d ed .

D e s c r ip t i o n

S h e l l s  o f  t h i s  s p e c i e s  a r e  sm a ll  t o  medium s i z e  f o r  th e  

"genus"  ( h o l o ty p e ,  P i .  10 , f i g .  1 ,  2 ,  i s  11.4mm in  l e n g t h ;
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l a r g e s t  B r a s s f i e l d  specim en  c o l l e c t e d  ( P I .  10 , f i g .  6) i s  

8.9mm i n  l e n g t h ) ,  in e q u iv a lv e d  w i th  r i g h t  v a lv e  more convex 

th a n  l e f t  and q u i t e  i n e q u i l a t e r a l  w i th  t h e  b eak  i n  t h e  a n t e r i o r  

o n e - f o u r t h  o f  t h e  v a lv e  and o f t e n  n e a r ly  t e r m in a l  ( P I .  1 0 , 

f i g .  8 ) .

The r i g h t  v a lv e  i s  i n f l a t e d  p a r t i c u l a r l y  b e n e a th  t h e  

p ro so g y ro u s  beak  and umbone ( P I .  10 , f i g .  3 ) .  R e l a t i v e  

h e ig h t s  o f  t h e  e lo n g a te  p o s t e r i o r  and " s h o r te n e d  a n t e r i o r  

r e g io n s  a r e  a p p ro x im a te ly  e q u a l  ( P I .  1 0 ,  f i g .  1 ,  8 ) .  No 

specim ens o f  th s  s p e c i e s  have  y e t  been  found  t h a t  e x h i b i t  

any  o f  t h e  s h e l l ’ s i n t e r n a l  f e a t u r e s .

E x te r n a l  f e a t u r e s  a r e  w e l l  p r e s e r v e d  on t h e  h o lo ty p e  

and t h e  specim ens c o l l e c t e d  from  t h e  B r a s s f i e l d  F o rm a tio n .

S h e l l s  o f  t h i s  s p e c i e s  hav e  a s u b r e c t a n g u la r  o u t l i n e ,  w ith  

th e  l e n g t h  n e a r l y  tw ic e  t h e  h e i g h t .  Both v a lv e s  a r e  i n f l a t e d  

w ith  t h e  r i g h t  v a lv e  b e in g  more co n vex . The two l e f t  v a lv e s  

c o l l e c t e d  f o r  t h i s  s tu d y  a r e  b o th  i n t e r n a l  m o ld s , and show 

on ly  th e  m a jo r  l a m e l l a e  a s  p ro so pon  ( P I .  10 , f i g .  4 ) .

There  i s  a  p ro m in e n t  s u l c u s  which o b l i q u e l y  t r a v e r s e s  th e  

l a t e r a l  s u r f a c e  o f  t h e  v a lv e s  from  t h e  b e a k ,  p o s t e r i o r l y  t o  

th e  v e n tro -m e d ia n m a rg in .  The v e n t r a l  m arg in  o f  th e  s h e l l  i s  

s l i g h t l y  in d e n te d  ( P I .  1 0 , f i g .  8 ) .

The e x t e r n a l  s u r f a c e  o f  v a lv e s  o f  C y p r i c a r d i n i a  u n d u l o s t r i a t a  

i s  marked by numerous p ro m in e n t ,  c o m a rg in a l  g row th  l a m e l l a e  

w ith  a r e l a t i v e l y  u n i fo rm  s p a c in g  ( P I .  10 , f i g .  1 ,  4-, 6 , 8 ) .  

Between t h e s e  m a jo r  l a m e l l a e  a r e  s m a l l e r ,  u n d u l a t i n g  and

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



231

d i s c o n t i n u o u s  g row th  v a r i c e s  ( P I .  10 , f i g .  2 , 3 ) .  T here  a r e  

n in e  t o  t h i r t e e n  o f  t h e s e  s m a l l e r  v a r i c e s  be tw een  each  o f  

t h e  m a jo r  g row th  l a m e l l a e .

D is c u s s io n

A lthough  a s s ig n m e n t  o f  t h i s  s p e c i e s  t o  C y p r i c a r d in i a  

sh o u ld  be  c o n s id e r e d  t e n t a t i v e  b e c a u se  o f  t h e  l a c k  o f  i n t e r n a l  

f e a t u r e s ,  t h e  a g g r e g a te  o f  e x t e r n a l  f e a t u r e s  e x h i b i t e d  by 

t h e s e  sp ec im en s  a r e  c o n s i s t e n t  w i th  th o s e  t r a d i t i o n a l l y  u se d  

to  d e f i n e  t h e  genus ( i . e . ,  d i s t i n c t  c o m a rg in a l  l a m e l l a e ,  

s m a l l e r  v a r i c e s  b e tw een  t h e  l a m e l l a e ,  and s h e l l  s h a p e ) .

B ecause t h e  d e n t i t i o n  o f  t h e  ty p e  s p e c i e s  o f  C y p r i c a r d in i a  

i s  unknown, a s s ig n m e n t  o f  s p e c i e s  t o  t h i s  genus i s  

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

H a l l  (1 8 5 2 , p . 284) p ro p o se d  t h i s  s p e c i e s  a s  a 

M o d io lo p s i s , b u t  i t  was r e f e r r e d  t o  C y p r i c a r d i n i a  F o e r s t e  

(1895 , p .  5 1 6 ) .

P re v io u s  t o  t h i s  s t u d y ,  t h e  s p e c i e s  was known from  

H a l l ' s  h o lo ty p e  ( a  r i g h t  v a lv e ,  11.4mm lo n g  and 7.1mm h ig h )  

and two p l e s i o t y p e s  c o l l e c t e d  by F o e r s t e  (1 8 9 5 , 01. 37, f i g .  

9 a , b ) . Of F o e r s t e ' s  specim ens o n ly  t h e  r i g h t  v a lv e  (USNM 

84808) i s  r e a d i l y  a s s i g n a b l e  t o  t h i s  s p e c i e s  ( v a lv e  i s  

6.2mm lo n g  and 3.8mm h i g h ) .  The o t h e r  specim en  i s  a  l e f t  

v a lv e  w hich  does  n o t  show c h a r a c t e r i s t i c  p ro s o p o n .  A lthough  

s u r f a c e  s c u l p t u r e  may be a f f e c t e d  by t h e  s t a t e  o f  p r e s e r v a t i o n  

i n  any f o s s i l ,  t h i s  e x p l a n a t i o n  f o r  m o rp h o lo g ic  d i f f e r e n c e s  

be tw een  F o e r s t e ' s  two spec im ens  seems u n r e a l i s t i c  b e ca u se
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b o th  o c c u r  i n  s i m i l a r  l i t h o l o g i e s  and have  th e  same g ro s s  

p r e s e r v a t i o n  o f  o t h e r  f o s s i l s .  I t  seems more l i k e l y  t h a t  t h e  

s m o o th - s u r f a c e d  l e f t  v a lv e  o f  F o e r s t e  (1 8 9 5 , P I .  37 , f i g .

9b , USNM 87170) i s  a n o th e r  s p e c i e s  o f  p e le c y p o d — o r  p e rh a p s  

n o t  a  p e le c y p o d  a t  a l l .

The B r a s s f i e l d  s t r a t a  now y i e l d s  an  a d d i t i o n  s i x  . 

spec im ens  r e f e r r a b l e  t o  t h i s  s p e c i e s  (4 r i g h t  and 2 l e f t  

v a l v e s ) .  A n o th e r  B r a s s f i e l d  spec im en  from  t h e  Vaupel 

C o l l e c t i o n  a t  C i n c i n n a t i  (UCGM 42664) i s  p r o v i s i o n a l l y  

a s s ig n e d  to  t h i s  s p e c i e s .  With t h e s e  sp e c im e n s ,  g r e a t e r  

d e t a i l  o f  t h e  s h e l l  shape  and p ro so p o n  h a s  been  d e te rm in e d .

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

r e f l e c t i o n  o f  o n t o g e n e t i c  g row th  o f  an i n d i v i d u a l .  The 

s u lc u s  o c c u p ie s  r e l a t i v e l y  t h e  same p o s i t i o n  a t  any growth 

s t a g e — v e n t r a l l y  a t  t h e  s h e l l ' s  m id - l e n g th .  However, a s  t h e  

v a lv e  d i f f e r e n t i a l l y  i n c r e a s e s  i n  l e n g t h ,  t h e  m id - l e n g th  

p o i n t  moves p o s t e r i o r l y  r e l a t i v e  t o  any p r i o r  grow th s t a g e .  

Changes i n  s h e l l  o u t l i n e  and d i s t r i b u t i o n  o f  g row th  v a r i c e s  

d u r in g  o n to g en y  seem r a t h e r  m in o r ,  w i th  t h e  p o s t e r i o r  

e lo n g a t i o n  b e in g  t h e  o n ly  a p p a r e n t  c h an g e . The number o f  

s e c o n d a ry  g row th  v a r i c e s  i s  v a r i a b l e ,  from  9 to  1 3 , b u t  

no  c o n s i s t e n t  i n c r e a s e  d u r in g  o n togeny  i s  n o te d .

" C y p r i c a r d i n i a " u n d u l o s t r i a t a  ( H a l l )  may be r e l a t e d  t o  

C. a r a t a  H a l l  from  t h e  W aldron F o rm a tio n  i n  s o u th e r n  I n d ia n a  

and I l l i n o i s  ( H a l l ,  1868, 1 8 7 9 , '  18 82 );  A lthough  th e

g e n e r a l  s h e l l  sh ap e  and t h e  d i s t r i b u t i o n  o f  m a jo r  l a m e l l a e  

a r e  s i m i l a r  i n  t h e s e  two s p e c i e s ,  C. a r a t a  l a c k s  t h e  f i n e ,
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u n d u lo se  grow th  v a r i c e s  and a  somewhat more i n f l a t e d  s h e l l  

( H a l l ,  1882, p . 3 17). C. a r a t a  i s  found  o n ly  i n  M iddle 

S i l u r i a n  (N ia g a ra n )  s t r a t a ,  w h i le  11C." u n d u l o s t r i a t a  i s  

a p p a r e n t l y  r e s t r i c t e d  to  Lower S i l u r i a n  r o c k s .

C y p r i c a r d in i a  l a r o c q u e i  M cA les te r  (19 62, p . 70) from 

th e  Upper D evonian (Chemung), i s  re m a rk a b ly  s i m i l a r  t o  

"C ." u n d u l o s t r i a t a  i n  i t s  f i n e r  p ro so p o n .  M c A le s te r 's  s p e c i e s  

i s  more e q u i l a t e r a l  and l e s s  i n f l a t e d  th a n  "C ." u n d u l o s t r i a t a . 

T here  i s ,  how ever, a s t r i k i n g  s i m i l a r i t y  o f  t h e  s u r f a c e  

s c u l p t u r e  i n  t h e s e  two s p e c i e s .  C. l a r o c q u e i  h a s  t h e  same 

s m a l l - s c a l e ,  u n d u lo se  c o m a rg in a l  g row th  v a r i c e s  t h a t  a r e  

c h a r a c t e r i s t i c  o f  "C ."  u n d u l o s t r i a t a . The p ro sopo n  o f  t h i s  

Devonian form p r o b a b ly  r e p r e s e n t s  a  homeomorphic o c c u r re n c e  

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

" C ." u n d u l o s t r i a t a .

D i s t r i b u t i o n

The ty p e  specim en was c o l l e c t e d  from t h e  " R o c h e s te r  

S ha le  ( C l in t o n  G ro up ) ,  n e a r  L o c k p o r t ,  New Y ork ."  The 

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

g e n e r a l  a r e a  o f  D ayton , Ohio. Of t h e  two specim ens 

d e s c r ib e d  by F o e r s t e  (1 8 9 5 ) ,  a  q u e s t io n a b le  r e p r e s e n t a t i v e  

o f  t h i s  s p e c i e s  comes from  th e  " S o l d i e r ' s  Home Q u a r ry ,"  

on th e  g ro u n d s  o f  t h e  V e te ra n s  A d m in i s t r a t io n  H o s p i t a l  

w i th in  th e  Dayton c i t y  l i m i t s .  The o t h e r  specim en was 

c o l l e c t e d  from  B row n 's Q u arry , 2 .5  m i le s  w e s t  o f  New 

C a r l i s l e ,  Ohio ( a b o u t  20 m i le s  n o r t h e a s t  o f  Dayton) i n
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a p p ro x im a te ly  t h e  u p p e r  t e n  f e e t  o f  t h e  B r a s s f i e l d  l im e s to n e .

A l l  new spec im ens c o l l e c t e d  f o r  t h i s  s tu d y  a r e  from  th e  t a n  

c o lo r e d ,  c o a r s e l y  c r y s t a l l i n e  f o s s i l i f  e ro u s  l im e s to n e  l a y e r s  

i n  t h e  u p p e r  f i v e  f e e t  o f  th e  f o r m a t io n ,  a lo n g  t h e  e a s t  w a l l  

o f  t h e  main p i t  o f  t h e  S ou thw est  P o r t l a n d  Cement Company in  

F a i r b o r n ,  Ohio (10 m i le s  e a s t  o f  D a y to n ) .  The s i n g l e  specim en 

i n  t h e  Vaupel c o l l e c t i o n  was c o l l e c t e d  from  t h e  C e n t e r v i l l e  

S ha le  ( lo w e s t  B r a s s f i e l d )  a t  t h e  C e n t e r v i l l e  Q u a rry , C e n t e r v i l l e ,  

O h io , .a b o u t  15 m i le s  s o u th  o f  D ay ton , O h io ) .

F ig u re d  Specimens

C. h a l l i  AMNH 2528; " C ." u n d u l o s t r i a t a  AMNH 1795;

UCGM 4 2 6 6 2 - 4 2 6 6 5 j USNM 8 4 8 0 8 .

S u b c la s s  ANOMALODESMATA D a l i  

O rder PHOLADOMYOIDA Newell 

S u p e r fa m ily  PHOLADOMYACEA Gray 

Fam ily  GRAMMYSIIDAE M i l l e r

D e s c r ip t i o n

The g e n e ra  a s s ig n e d  h e re  a r e  medium s i z e  (20 to  50mm) 

b i v a l v e s  u s u a l l y  ovo id  o r  s u b t r i a n g u l a r  i n  s h a p e ,  o f t e n  w i th  

th e  p o s t e r i o r  r e g i o n  e lo n g a te .  T hese  a r e  a n is o m y a r ia n  

form s w i th  a h in g e  p l a t e  th ic k e n e d  by c a l l o u s  d e p o s i t s  

som etim es h a v in g  an  i n t e r l o c k i n g  f o l d  o r  round ed  p r o t r u s i o n  

a lo n g  t h e  h in g e ,  b u t  n e v e r  d i s c r e t e  t e e t h .  C om arginal 

o rnam ent i s  common, b u t  some g e n e ra  a r e  c h a r a c t e r i z e d  by 

r a d i a l  o rn am en t.  Most form s have  a w e l l  d e f in e d  l u n u l e  and 

e s c u tc h e o n ,  b u t  a g a in  ho m ogene ity  i s  l a c k in g  when c o n s i d e r i n g  

g e n e ra  t r a d i t i o n a l l y  a s s ig n e d  h e r e  ( U l r i c h ,  1894 and Newell

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



and  LaRocque, 1969 , e s p e c i a l l y ) .  B ecause  o f  poor p r e s e r v a t i o n  

and l a c k  o f  d e f i n i t i v e  m o rp h o lo g ic  t r a i t s  ( e s p e c i a l l y  

i n t e r i o r )  i n  many o f  t h e s e  form s t h e  taxonomy o f  t h i s  fa m ily  

i s  v e ry  s u s p e c t .

Genus Cuneamya H a l l  and W h i t f i e l d  1875 

18*14 non Leptodomus M'Coy, p . 66

1847 non Grammysia de V e r n e u i l ,  p .  696

1851 Leptodomus M'Coy, M’Coy, p .  277 ( p a r t im )

1873 L ?]Cerom yopsis Meek, p . 146

1875 Cuneamya H a l l  and W h i t f i e l d ,  p .  90

188 3 Grammysia ( Sphenomya) H a l l ,  P I .  62, f i g .  1-9 ( f i g u r e

o n ly )

1885 Grammysia ( Sphenomya) H a l l ,  H a l l ,  p .  383, P I .  62, 

f i g .  1-9

1894 Cuneamya H a l l  and W h i t f i e l d ,  U l r i c h ,  p . 620 

19 20 Cuneamya H a l l  and W h i t f i e l d ,  S t e w a r t ,  p .  6

19 26 Cuneamya H a l l  and W h i t f i e l d ,  Ruedemann, p .  6

19 56 Cuneamya H a l l  and W h i t f i e l d ,  W ilso n , p .  16

19 69 Cuneamya H a l l  and W h i t f i e l d ,  N ew ell and LaRocque,

p .  820

1971 Cuneamya H a l l  and W h i t f i e l d ,  P o j e t a ,  p .  24 

Type s p e c i e s

Cuneamya m ia m ie n s i s , w hich i s  t h e  ty p e  s p e c i e s  by 

o r i g i n a l  d e s i g n a t i o n  o f  H a l l  and W h i t f i e l d  (187 5 , p .  9 0 ) ^ i s  

d e p o s i t e d  i n  t h e  c o l l e c t i o n  o f  Ohio S t a t e  U n i v e r s i t y  OSU 

2999. I t  i s  from  t h e  "Hudson R iv e r  Group" ( R ich m o n d ian )n ea r  

W a y n e s v i l le ,  O hio.
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D ia g n o s is

T h is  genus i s  a  p ro so g y ro u s  gram m ysiid  w i th  n e a r l y  

te r m in a l ,  s t r o n g l y  i n c u r v e d  umbones w i th  t h e  s h e l l  c r e n u l a t e d  

by r e g u l a r l y  spaced  c o m a rg in a l  f o l d s  ( P I .  1 0 ,  f i g .  1 0 ) .  A 

b ro a d ,  rou n d ed  p o s t e r i o r  umbonal r i d g e  e x te n d s  from  t h e  

b eak s  t o  t h e  p o s t e r o - v e n t r a l  m arg in  o f  t h e  v a l v e s .  An 

o b l i q u e ,  b ro a d ,  i n d i s t i n c t ,  m e d ia l  s u lc u s  i s  p r e s e n t  ( P I .

1 0 , f i g .  1 0 ) .

D e s c r ip t i o n

S p e c ie s  o f  Cuneamya a r e  o f  medium s i z e  f o r  t h e  f a m i ly  

( l e n g t h  15 t o  40mm), e q u iv a lv e d  and u s u a l l y  g r e a t l y . ’ 

i n e q u i l a t e r a l .  A d i s t i n c t  e s c u tc h e o n  i s  p r e s e n t  p o s t e r i o r l y ,  

and a n t e r i o r l y  a  s m a l l  l u n u le  o c c u r s .  S h e l l  o u t l i n e  o f  

v a r i o u s  Cuneamya s p e c i e s  i s  s u b t r i a n g u l a r  t o  su b rh o m b o id a l  

o r  s u b c i r c u l a r .  Each v a lv e  i s  i n f l a t e d ,  p a r t i c u l a r l y  i n  

t h e  umbonal r e g i o n .  T h ere  i s  a  w id e , ro u n d ed  umbonal r i d g e  

e x te n d in g  from  th e  b eaks  t o  t h e  p o s t e r o - v e n t r a l  m a rg in ,  

a c c e n t u a t i n g  t h e  p r o s o c l i n e  s lo p e  o f  t h e  s h e l l .  A b ro a d  

sh a l lo w  s u l c u s ,  r a t h e r  i n d i s t i n c t  i n  m ost s p e c i e s ,  i s  

p r e s e n t  m e d ia l ly  on each  v a l v e .  Some s p e c i e s  e x h i b i t  an 

in d e n te d  v e n t r a l  m arg in  a t  t h e  p o s i t i o n  o f  t h i s  s u l c u s .

T h is  ty p e  o f  i n d e n t a t i o n  h a s  o f t e n  been  i n t e r p r e t e d  as 

r e f l e c t i n g  a b y s s a t e  mode o f  l i f e  (K auffm an, 1969, p . 150 , 

S t a n l e y ,  1972 , p .  1 9 3 ) ,  and i f  a n a lo g y  w i th  s h e l l  form  i n  

some modern b i v a l v e s  i s  u s e f u l ,  t h i s  i n d e n t a t i o n  may w e l l  

have  s e rv e d  i n  t h i s  f u n c t i o n .  S e v e ra l  g e n e ra  o f  a r c o i d s  

( i n c l u d i n g  N o e t ia  Gray and A rea L inne hav e  a  s i m i l a r  s h e l l
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form  and a r e  known t o  have  b y s s a l  s t r a n d s  p r o j e c t i n g  from  

t h i s  v e n t r o - m e d ia l  r e g i o n  ( S t a n l e y ,  1 9 7 0 ) .  The h in g e  o f  

Cuneamya i s  r a r e l y  p r e s e r v e d ,  b u t  i s  s a i d  t o  be e d e n tu lo u s  

( H a l l  and W h i t f i e l d ,  1875 , p .  90 , N ew ell and LaRocque, 19 69, 

p . 819, and o t h e r s ) .  M u s c u la tu re  i s  e q u a l l y  p o o r ly  known 

b e c a u se  o f  p o o r  p r e s e r v a t i o n ;  a l th o u g h  H a l l  and W h i t f i e l d  

(1875 , p .  90) commented t h a t  " a d d u c to r  m u s c le s ,  a t  l e a s t  

two a r e  a n t e r i o r  and p o s t e r i o r .  P a l l i a l  l i n e  s im p le . "

T hese  " o b s e r v a t i o n s "  a p p e a r  t o  be  b a s e d  on l i t t l e  o r  no 

a c t u a l  d a t a  ( U l r i c h ,  1894, p. 6 2 1 ) .  O th e r  th a n  b e in g  

e x t e r n a l ,  l i t t l e  i s  known o f  t h e  l ig a m e n t .  The e x t e r n a l  

s h e l l  s u r f a c e  o f  eac h  v a lv e  i s  marked by num erous, e v e n ly  

sp aced  c o m a rg in a l  c r e n u l a t i o n s .

D is c u s s io n

H a l l  and W h i t f i e l d  (1 8 7 5 , p . 90) p ro p o se d  Cuneamya f o r  

a  " a  g roup  o f  S i l u r i a n  [O r d o v ic ia n ,  a t  l e a s t  i n  p a r t ]  

L a m e l l ib r a n c h i a te  s h e l l s ,  w hich have  been  v a r i o u s l y  r e f e r r e d  

to  Leptodomus M'Coy; Grammysia de V e r n e u i l ,  S ed gw ick ia  

M'Coy, e t c . ,  b u t  which do n o t  a p p e a r  t o  us t o  p o s s e s s  t h e  

t r u e  f e a t u r e s  o f  any  o f  t h e s e  g ro u p s  . . Cuneamya d i f f e r s

from  Grammysia i n  t h a t  t h e r e  a r e  two p ro m in e n t  w e l l  d e f in e d  

m e d ia l  s u l c i  on t h e  s h e l l  s u r f a c e  and a t o o t h - l i k e  r i d g e  

a lo n g  th e  h in g e  i n  Grammysia. Cuneamya h a s  o n ly  one 

i n d i s t i n c t  s u l c u s ,  however t h e  d e n t a l  co m p ariso n  o f  t h e  

t y p e  s p e c ie s  o f  Cuneamya i s  p r o b le m a t i c  w i th  p r e s e n t  sp e c im e n s .  

S edw ick ia  i s  a  gram m ysiid  d i s t i n c t  from  Cuneamya i n  h a v in g
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an  e r e c t  b e a k ,  no l a t e r a l  s u lc u s  and a s l i g h t  p o s t e r i o r  

wing o r  a l a t i o n .  Sphenomya H a l l  (1883 , P I .  62, f i g .  1 -9 )  i s  

a p p a r e n t l y  a good r e p r e s e n t a t i v e  o f  Cuneamya from  D evonian 

(H am ilton )  r o c k s  o f  New York.

A lthough  numerous new s p e c i e s  hav e  been  p ro p o se d ,  t h e  

i n i t i a l  c o n c e p t  o f  Cuneamya h a s  been  v i r t u a l l y  unchanged by 

su b s e q u e n t  a u th o r s  ( s e e  U l r i c h ,  189*+; W ilso n , 19 56 and Newell 

and LaRocque, 1 9 6 9 ) .

D i s t r i b u t i o n

S p e c ie s  a s s i g n a b l e  t o  t h i s  genus a r e  found  i n  M iddle  

O rd o v ic ia n  th ro u g h  M iddle  D evonian se d im e n ts  i n  N orth  A m erica. 

Members o f  t h i s  genus a r e  m ost ab u ndan t i n  t h e  e a s t e r n  U n ited  

S t a t e s .

Cuneamya c a s w e l l i  ( F o e r s t e )

P I .  10, f i g .  10 , 11 

1885 Grammysia c a s w e l l i  F o e r s t e ,  p . 92 , P I .  14 , f i g .  1 2 a ,b

1895 C y p r i c a r d i t e s  c a s w e l l i  ( F o e r s t e ) , F o e r s t e ,  p . 561,

P I .  37, f i g .  l a - c  

1915 Cuneamya c a s w e l l i  ( F o e r s t e ) ,  B a s s l e r  p .  313 

Type specim en

A s i n g l e  specim en  ( t h e  h o lo ty p e )  was d e s c r ib e d  and 

f i g u r e d  by F o e r s t e  (1885 , p .  92 , P I .  14, f i g .  1 2 a , b ) . I t  

was c o l l e c t e d  from t h e  B r a s s f i e l d  F o rm a tio n ,  S o l d i e r s '

Home Q u arry , D ay ton , Ohio.

D ia g n o s is

Subrhom boidal Cuneamya w ith  th e  beak  o n e - t h i r d  o f  th e
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l e n g t h  o f  t h e  h in g e  from  t h e  a n t e r i o r  end o f  t h e  s h e l l ,  b eak  

i s  l a r g e  and b l u n t ;  umbo . low and b road  w i th  an i n d i s t i n c t  

umbonal r i d g e ,  s h e l l  c r e n u l a t i o n s  a r e  w id e ly  sp aced  r e l a t i v e  

t o  o t h e r  s p e c i e s  and a r e  n e a r l y  p a r a l l e l  t o  t h e  p r o j e c t e d  

h in g e  a x i s  ( a lo n g  th e  m ed ia l  p a r t  o f  th e  v a l v e ) .

D e s c r ip t i o n

The h o lo ty p e  i s  medium s i z e d f o r  t h e  genus (34mm in  

l e n g t h ) .  A lthough  F o e r s t e  (1 8 9 5 , p. 561) r e p o r t s  f i n d i n g  

s e v e r a l  spec im ens o f  t h i s  s p e c i e s  su b se q u e n t  to  d e s c r i b i n g  th e  

t y p e ,  none o f  t h e s e  o t h e r  specim ens was. l o c a t e d  d u r in g  th e  

r e s e a r c h  f o r  t h i s  s tu d y .  A l l  in f o r m a t io n  p r e s e n t e d  a b o u t  

t h i s  s p e c i e s  i s  t h e r e f o r e  b a se d  e x c l u s i v e l y  upon t h e  h o l o ty p e .  

The s h e l l  o u t l i n e  i s  su b rh o m b o id a l  ( P I .  10 , f i g .  10) w i th  

t h e  umbo p r o j e c t i n g  above th e  h in g e  l i n e .  A w eak ly  d e v e lo p e d  

umbonal r i d g e  e x te n d s  from  th e  p ro m in e n t ,  s t r o n g l y  in c u rv e d  

b e ak  p o s t e r i o r l y  u n t i l  i t  m erges w i th  t h e  g e n e r a l  s h e l l  

c u r v a t u r e  b e f o r e  r e a c h in g  t h e  p o s t e r i o r  m arg in .  The beak  

i s  more c e n t r a l l y  p la c e d  th a n  i n  m ost o t h e r  s p e c i e s  o f  

Cuneamya, b e in g  s i t u a t e d  o n e - t h i r d  o f  t h e  s h e l l ’ s l e n g th  

from  t h e  a n t e r i o r  m arg in  ( P I .  1 0 , f i g .  1 0 ) .  The h in g e  i s  

s t r a i g h t  o r  s l i g h t l y  a r c h e d .  A d i s t i n c t  s u b c i r c u l a r  l u n u le  

and e lo n g a te  e s c u tc h e o n  occupy  th e  d o r s a l  m arg in  ( P I .  10 , 

f i g .  1 1 ) .  The h o lo ty p e  i s  a  S t e in k e r n ,  w i th  a sm a l l  b i t  o f  

s h e l l  m a t e r i a l  re m a in in g  on t h e  p o s t e r i o r  f l a n k  o f  th e  r i g h t  

v a lv e .  The r i g h t  v a lv e  s i d e  i s  w e l l  p r e s e r v e d ,  b u t  t h e  l e f t  

i s  b ro k e n ,  p a r t i c u l a r l y  i n  t h e  umbonal r e g i o n .  Each v a lv e  i s
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i n f l a t e d  g i v i n g  t h e  a r t i c u l a t e d  mold a  v e r y  g ib b o u s  a p p e a r a n c e .  

M u s c u la tu r e ,  d e n t i t i o n  and l ig a m e n t  a r e  n o t  p r e s e r v e d  on  t h e  

t y p e .  T here  .a re  p r o m in e n t ,  e q u a l l y  spaced  c o m a r g in a l  r u g a e  

m ark ing  t h e  s h e l l ’s e x t e r i o r .

D i s c u s s i o n

The s u b e q u i l a t e r a l  s h e l l  o u t l i n e  and a s u b c e n t r a l  

p o s i t i o n  o f  t h e  beak  p r o b a b ly  l e d  F o e r s t e  (1885 ,  p .  92) t o  

p l a c e  t h i s  s p e c i e s  i n  Grammysia. However t h e  l a c k  o f  two 

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

g e n e r i c  a s s ig n m e n t .  U n c e r t a i n  a b o u t  t h e  g e n e r i c  a s s ig n m e n t  

o f  t h e  s p e c i e s ,  he  l a t e r  (189 5, p.  561) t e n t a t i v e l y  p l a c e d  

i t  i n  C y p r i c a r d i t e s . Assignment  o f  C y p r i c a r d i t e s  c a n n o t  

be  made b e c a u s e  o f  t h e  s h e l l  s h a p e ,  p o s i t i o n  o f  beak  and 

t h e  d i s t i n c t  s h e l l  c r e n u l a t i o n s  o f  C. c a s w e l l i . B a s s l e r  

(1915 ,  p .  313) f e l t  t h a t  t h e  s p e c i e s  b e lo n g e d  i n  Cuneamya and 

t h a t  view i s  a c c e p t e d  h e r e .

T h is  s p e c i e s  d i f f e r s  from o t h e r  s p e c i e s  o f  Cuneamya 

e s p e c i a l l y  i n  t h e  p o s i t i o n  o f  t h e  beak  and  t h e  g e n e r a l  

sub rhom boida l  o u t l i n e .  O the r  p r e v i o u s l y  d e s c r i b e d  s p e c i e s  

have  a  n e a r l y  t e r m i n a l  b e a k  and a s u b t r i a n g u l a r  s h e l l  

o u t l i n e  ( U l r i c h ,  1894 and W ilson ,  1 950) .

D i s t r i b u t i o n

The h o l o t y p e  and o n ly  spec im en  o f  t h e  s p e c i e s  was found  

i n  t h e  u p pe r  p a r t  o f  t h e  B r a s s f i e l d  Fo rm a t io n  a t  t h e  S o l d i e r s ’ 

Home Q uarry  i n  D ay ton ,  Ohio.

F ig u re d  Specimen

USNM 84809
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S p e c ie s  p r e v i o u s l y  a s s i g n e d  t o  t h e  B r a s s f i e l d , b u t  o f

u n c e r t a i n  taxonom ic  s t a t u s  o r  n o t  r e e o g n i z e d  as  o c c u r r i n g

i n  t h e  T r i - s t a t e  B r a s s f i e l d

N ucu la  minima F o e r s t e ,  1885

T h is  s p e c i e s  was c o l l e c t e d  from t h e  Beavertown m a r l

(Upper B r a s s f i e l d )  a t  H uf fm an 's  Q u a r r y ,  Ohio.

No specim ens  a s s i g n a b l e  h e r e  were  c o l l e c t e d  d u r in g  t h i s

i n v e s t i g a t i o n  and F o e r s t e ' s  t y p e  m a t e r i a l  was n e v e r  l o c a t e d .

J u d g in g  from h i s  i l l u s t r a t i o n s  which change  from 188 5 ( P I .
«

14,  f i g .  8 a -c )  t o  1895 ( P I .  26,  f i g .  1 3 a - c ) ,  i t  may be  a 

n u c u l o i d  b u t  i s  u n r e c o g n i z a b l e  w i t h o u t  1th e o r i g i n a l  sp e c im e n s .

T e l l in o m y a  e l l i p t i c a  H a l l ,  1852 

F o e r s t e  (1893) r e f e r s  a spec im en  f rom  Todd F o r k ,  Ohio,  t o  

H a l l ’ s s p e c i e s .  No s i m i l a r  spec im en s  were  found i n  t h i s  

s tu d y  and t h e  t y p e  m a t e r i a l  was n e v e r  l o c a t e d .  I f  c o n s p e c i f i c  

w i t h  H a l l ' s  s p e c i e s  f rom t h e  C l i n t o n  F o rm a t io n  (M idd le  

S i l u r i a n ) ,  n e a r  Mohawk V i l l a g e ,  New York,  t h e  B r a s s f i e l d  

form i s  p r o b a b l y  a n u c u l o i d .  H a l l ’ s s p e c i e s  may b e lo n g  i n  

P a l a e o n e i l o , b u t  t h e  t y p e  i s  r a t h e r  p o o r l y  p r e s e r v e d  so 

a c c u r a t e  g e n e r i c  a s s ig n m e n t  i s  u n l i k e l y .  H a l l ’ s o n ly  

spec im en ,  t h e  h o l o t y p e  by monotypy,  i s  r e i l l u s t r a t e d  h e r e i n  

( P I .  6,  f i g .  1 2 ) .

T e l l in o m y a  c l i n t o n e n s i s  F o e r s t e ,  1895 

I n  one o f  h i s  com p re h en s iv e  r e p o r t s  on t h e  B r a s s f i e l d  

f a u n a ,  F o e r s t e  (1895 ,  p. 563) d e s c r i b e s  a p e le c y p o d  s p e c i e s  

f rom  t h e  C l i n t o n  L im es to ne ,  n e a r  M i f f l i n t o w n ,  P e n n s y l v a n i a .
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No spec im ens  o f  t h i s  s p e c i e s  were found  i n  t h e  B r a s s f i e l d  

d u r i n g  t h i s  s t u d y ,  and a l t h o u g h  F o e r s t e * s  t y p e  (USNM 88539) 

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

s i n c e  i t  a p p a r e n t l y  d o e s  n o t  o c c u r  i n  t h e  B r a s s f i e l d .
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APPENDIX 

Sample l o c a l i t i e s

1 .  Type B r a s s f i e l d  s e c t i o n — e x p o su re  on a n  abandoned c u t  

o f  th e  L o u i s v i l l e  and A t l a n t i c  R a i l r o a d  be tw een  B r a s s f i e l d  

and P a n o l a ,  Madison County ,  Kentucky

2. I r v i n e - - e x p o s u r e  i n  c r e e k  bed and h i l l s i d e  on  n o r t h  s i d e  

o f  s e c o n d a r y  ro a d  be tw een  P a n o la  and I r v i n e ,  a b o u t  6 m i l e s  

e a s t  o f  l o c a l i t y  1 ,  Madison County ,  Kentucky

3. T o l l e s b o r o - - e x p o s u r e  i n  r o a d c u t  on Kentucky R t .  10 ,

2 .5  m i l e s  e a s t  o f  i n t e r s e c t i o n  w i th  Kentucky R t .  57 i n  

T o l l e s b o r o ,  Lewis County ,  Kentucky

4 .  West Union— Road c u t  and c r e e k  on b o t h  s i d e s  o f  S t a t e  

Road 41 ,  2 .3  m i l e s  n o r t h  o f  West Union ,  Adams County,  Ohio. 

Samples f rom t h i s  l o c a l i t y  a r e  p r e f i x e d  w i th  t h e  l e t t e r s  WU.

5. West Union— Road c u t ,  0 .2  m i l e s  n o r t h  o f  l o c a l i t y  4 ,  Ohio. 

Samples f rom t h i s  l o c a l i t y  a r e  p r e f i x e d  w i t h  WU-101.

6 . J a c k s o n v i l l e - - e x p o s u r e  i n  r o a d c u t  on w e s t  s i d e  o f  Ohio 

R t .  41 ,  s o u t h  b l u f f  Ohio Brush C reek ,  1 .4  m i l e s  s o u th  o f  

J a c k s o n v i l l e ,  Adams County ,  Ohio.

7. Louden— n a t u r a l  e x p o su re  on  t h e  s o u th  s i d e  o f  Ohio R t .

73, 1 . 6  m i l e s  e a s t  o f  Louden, Adams County, Where t h e  

highway c r o s s e s  F l a t  Run, Ohio.

8 . Lumberton— abandoned q u a r r y  a b o u t  1000 f e e t  e a s t  o f  

McKay Road 0 .2  m i l e s  s o u t h  o f  where McKay Road c r o s s e s  

Anderson F o rk ,  n e a r  Lumberton C l i n t o n  County ,  Ohio.

9. Todd Fork— n a t u r a l  e x p o s u r e s  on t h e  n o r t h e a s t  bank o f
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Todd Fork ,  200 y a r d s  s o u th  o f  where  C e n te r  Road c r o s s e s  

t h e  c r e e k ,  a b o u t  3 ,2  m i l e s  n o r t h w e s t  o f  Wilmington,  C l i n t o n  Co . ,  

Ohio.  Sample numbers from t h i s  l o c a l i t y  a r e  p r e f i x e d  

by t h e  l e t t e r s  TF.

10.  C e n t r e v i l l e — Abandoned q u a r r y ,  0 .3  m i l e s  s o u th  o f  

C e n t e r v i l l e  c i t y  l i m i t s  S t a t e  Road 48 ,  Montgomery County ,

Ohio.  U n i v e r s i t y  o f  C i n c i n n a t i  c o l l e c t i o n .

11.  F a i r b o r n e — Southw es t  P o r t l a n d  Cement Company Quarry  

e a s t  o f  c i t y  l i m i t s  o f  A i r b o r n e ,  Montgomery County ,  Ohio. 

Samples from t h i s  l o c a l i t y  a r e  p r e f i x e d  w i th  FB.

12 .  Brown's  Q u a r ry— 2 m i l e s  e a s t  o f  New C a r l i s l e ,  Green 

C oun ty , O h io .

13 .  West M i l t o n - e x p o s u r e  i n  r o a d c u t  on Ohio R t .  71, 0.2 5 

m i l e s  e a s t  o f  West M i l to n ,  Miami County ,  Ohio.

14.  P iq u a —Aramco S t e e l  Company Q u a r ry ,  o f f  S t a t e  Road

1 .1  m i l e s  w es t  o f  P iq u a ,  Miami County ,  Ohio.

15 .  Sevenmile  Creek—n a t u r a l  e x p o su re  on Sevenmile  Creek 

a b o u t  2 m i l e s  s o u t h  o f  E a to n ,  P r e b l e  County,  Ohio,  where 

Ohio R t .  12 7 c r o s s e s  t h e  c r e e k .

16 .  E lk h o rn  F a l l s —n a t u r a l  e x p o su re  i n  a  s t r e a m  c u t  o f  

E lk h o rn  Creek  a t  E lk h o rn  F a l l s  on t h e  w e s t  s i d e  o f  I n d i a n a  

R t .  227, 2 m i l e s  s o u t h e a s t  o f  Richmond, Wayne County ,  I n d i a n a .

17.  L au re l  I n d i a n a — n a t u r a l  e x p o su re  i n  n o r t h e a s t  f o r k  

o f  S a in s  Creek a p p r o x i m a t e ly  2.3  m i l e s  w e s t  o f  L a u r e l ,

F r a n k l i n  County, I n d i a n a .

18. Wolf C r e e k - - s e c t i o n  a lo n g  a  t r i b u t a r y  t o  Wolf C reek ,  

J e n n i n g s  County, I n d i a n a .  L o c a l i t y  31 o f  Rexroad ( 1 9 6 7 ) .
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19. New P o i n t  Stone Company Q u a r r y - - w e s t e r n  p a r t  o f  New 

P o i n t  S tone Company Q u a r r y ,D e c a tu r  County ,  I n d i a n a .  L o c a l i t y  

26 o f  Rexroad ( 1 9 6 7 ) .

20. Osgood— n a t u r a l  e x p o s u r e s  a lo n g  a  s m a l l  e a s t - w e s t  

s t r e a m  a p p r o x im a te ly  2 .3  m i l e s  n o r t h - n o r t h e a s t  o f  Osgood, 

R ip le y  County,  I n d i a n a .

21. Cross  P l a i n s - - e a s t  f a c e  o f  q u a r r y  w a l l  o f  t h e  T r i  

County Stone  Company, 4 m i l e s  so u th  o f  C ross  P l a i n s ,  R ip le y  

County, I n d i a n a .

22. Powerhouse Road— e x p o su re  i n  ro a d  c u t  on I n d i a n a  

R t .  62, 1 .8  m i l e s  w e s t  o f  t h e  e n t r a n c e  t o  C l i f t y  F a l l s  

S t a t e  P a r k ,  n e a r  Madison,  J e f f e r s o n  County ,  I n d i a n a .

23.  Hanging Rock H i l l — n a t u r a l  e x p o su re  on n o r t h  s i d e  o f  

I n d i a n a  R t .  7,  1 m i l e  n o r t h  o f  Madison,  J e f f e r s o n  County, 

I n d i a n a .

24. Mt. P l e a s a n t — Road c u t  on e a s t  s i d e  o f  S t a t e  Road 3.4 

m i l e s  n o r t h  o f  Mt. P l e a s a n t ,  Oldham County ,  Kentucky.

25. C re s tw o o d - - ro ad  c u t  a lo n g  s o u th  s i d e  o f  S t a t e  Road 22,

2 .1  m i l e s  w es t  o f  Cres twood,  J e f f e r s o n  County ,  Kentucky.

26. S e a t o n v i l l e — Road c u t  above abandoned q u a r r y  on n o r t h  

s i d e  o f  S e a t o n v i l l e  Road on F l o y d ' s  Fork Creek  a b o u t  1 .0  

m i l e  w es t  o f  S e a t o n v i l l e ,  J e f f e r s o n  County ,  Kentucky .

27. Mt. W a sh in g to n - -e x p o s u re  i n  r o a d c u t  on U. S, 31E a b o u t  

1 .3  m i l e s  n o r t h  o f  Mt. W ash ing ton ,  B u l l i t t  County ,  on t h e  

so u th  bank o f  F lo y d s  Fo rk ,  Kentucky,

28. Ridge Road— n a t u r a l  e x p o su re  a lo n g  Kentucky R t .  480
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a b o u t  1 m i l e  w e s t  o f  S e c t i o n  20, j u s t  p a s t  i n t e r s e c t i o n  w i th  

Ridge r o a d  where  t h e  highway c r o s s e s  a  s m a l l  c r e e k ,  B u l l i t t  

C oun ty , K en tu ck y .

29. B ards town— e x p o s u re  i n  r o a d c u t  on n o r t h  s i d e  o f  Blue 

G rass  Parkway a t  t h e  U. s .  31E e x i t ,  0 .5  m i l e s  w e s t  o f  t h e  

Kentucky R t .  49 o v e r p a s s ,  2 m i l e s  s o u t h  o f  B a rd s tow n ,  N e lson  

County.
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•EXPLANATION OF PLATE 1

F ig u r e

1-17 D e c e p t r i x  s c o f i e l d i  ( U l r i c h )

Page

96

1. L e f t  v iew  o f  S t e i n k e r n .  S y n ty pe .  Specimen 

i s  from T r e n t o n i a n  s t r a t a ,  Cannon F a l l s ,

M in n eso ta .  USNM 46151 X6. 2.  D o r s a l  v iew o f

specim en i n  f i g u r e  1 .  Note a c c e s s o r y  m usc le

s c a r s  a t t a c h e d  t o  a n t e r i o r  a d d u c t o r .  X6.

3. [ ? ] L e f t  v iew o f  S t e i n k e r n .  Syn type  o f  

" C te n o d o n ta ,t p e rm in u ta  U l r i c h .  Specimen i s  from 

M ay s .v i l l i a n  s t r a t a ,  C i n c i n n a t i ,  Ohio. USNM 4 6145 

X3 5. 4. R ig h t  v iew of  S t e i n k e r n .  Note

s i m i l a r i t y  o f  shape  t o  "C ."  p e r m i n u t a . UCGM 

42622 X50. 5. L e f t  v iew  o f  S t e i n k e r n .  Note

h i g h  b e a k .  UCGM 4282 0 X25. 6. D o r s a l  v iew  o f

specimen i n  f i g u r e  5. Note l a r g e  a n t e r i o r  t e e t h .  

X25. 7. R ig h t  v iew o f  S t e i n k e r n .  UCGM 426 23

X2 5. 8. R ig h t  v iew o f  S t e i n k e r n .  UCGM 42624

X12. 9. D o r s a l  v iew o f  spec im en  i n  f i g u r e  8,

X12. 10. D o r s a l  v iew o f  specimen i n  f i g u r e  7,

X25. 11. R ig h t  v iew  o f  S t e i n k e r n .  Note

im p re s s e d  a n t e r i o r  a d d u c t o r  s c a r .  UCGM 42621 X3 8.

12 .  D o r s a l  v iew o f  specim en  i n  f i g u r e  11. Note 

s c a r s  o f  a d d u c t o r  and p e d a l  a c c e s s o r y  m u s c le s .

• U n le s s  o t h e r w i s e  s t a t e d ,  a l l  spec im ens  f i g u r e d  a r e  

from t h e  Lower S i l u r i a n  B r a s s f i e l d  F o rm a t ion  i n  Ohio.

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



267

X60. 13 ,  I n t e r n a l  mold o f  l e f t  v a l v e .  Note

c h e v r o n - s h a p e d  t e e t h .  UCGM 4 2619 X12. 14. 

E n la rg em en t  o f  r i g h t  s i d e  o f  S t e i n k e r n  i n  f i g u r e

11 .  Note a d d u c t o r  and p e d a l  a c c e s s o r y  m usc le  

s c a r s .  X50. 15.  D o r s a l  v iew  o f  S t e i n k e r n .

Note d e n t i t i o n  and p o s t e r i o r  p e d a l  r e t r a c t o r  

s c a r .  UCGM 42625 X25. 16.  I n t e r n a l  mold o f

l e f t  v a l v e .  UCGM 42626 X12. 17 .  E x t e r n a l  mold

o f  p ro so p o n  f o r  specimen i n  f i g u r e  1 6 ,  X25.
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F ig u re

1 - 2

3-4

5, 7-8

6 , 9-17

EXPLANATION OF PLATE 2

Page

P ra e n u c u la  a l b e r t i n a  ( U l r i c h )  108

1. I n t e r i o r  o f  r i g h t  v a lv e .  Note d e n t i t i o n .  

Specimen from Richm ondian s t r a t a ,  C i n c i n n a t i ,

Ohio. OSU 2975 X6. 2. I n t e r i o r  o f  r i g h t

v a l v e .  UCGM 42627 X25.

P a la e o c o n c h a  f a b e r i  M i l l e r  113

3. R ig h t  view  o f  S t e in k e r n .  S yn typ e . Specimen 

from  Richm ondian s t r a t a ,  V e r s a i l l e s ,  I n d i a n a .

( c o p ie d  from P o j e t a ,  1971) WM8870 X6. 4 .  D o rsa l

v iew  o f  specim en i n  f i g u r e  3, X6.

P a la e o c o n c h a  o b l iq u a  ( H a l l )  115

5. R ig h t  v iew  o f  S te in k e r n .  Specimen f i g u r e d  

by M cA les te r  (1968) a s  "P. f a b e r i ."  Specimen 

from Richmondian s t r a t a ,  O xford , Ohio. UCGM 

19 29 21 XI2. 7. R ig h t  v iew  o f  S te in k e r n .

Specimen from  same l o c a l i t y  a s  f i g u r e  5. UCGM 

19 29 2P X30. 8. D o rs a l  view  o f  S t e in k e r n .  N ote

t h e  a c c e s s o r y  m usc le  s c a r s  a lo n g  t h e  h in g e .

Specimen from same l o c a l i t y  a s  f i g u r e  5. UCGM 

19292Q X30.

P a la e o c o n c h a  o h io e n s i s  ( B a s s l e r )  119

6 . R ig h t  view o f  S te in k e r n .  L e c to h o lo ty p e .

USNM 88 538 #14 X20. 9 . D o rsa l  v iew  o f  specim en

i n  f i g u r e  6 , X20. 10. D o rsa l  v iew  o f  S t e in k e r n .
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Note b lo ck y  d e n t i t i o n ,  UCGM 42628 X5Q, 11,

R ig h t  v iew  o f  S te in k e r n .  UCGM 42629 X50.

12. D o rs a l  v iew  o f  specim en  in  f i g u r e  11 . Note 

a c c e s s o ry  m uscle  s c a r s  a lo n g  h in g e  X50. 13 .

R ig h t  v iew  o f  S t e in k e r n .  L e c to p a r a ty p e .  Specimen 

from same l o c a l i t y  a s  f i g u r e  6 . USNM 88538 #13, 

X20. 14. D o rsa l  v iew  o f  specim en in  f i g u r e  13,

X20. 15. I n t e r i o r  o f  r i g h t  v a lv e .  Note b lo ck y

d e n t i t i o n .  UCGM 42630 X50. 16. R ig h t  v iew  o f  

S t e in k e r n .  L e c to p a ra ty p e .  USNM 8 8538 #16. 

Specimen from same l o c a l i t y  a s  f i g u r e  6 , X20.

17. E x t e r i o r  o f  r i g h t  v a lv e .  UCGM 42631 X20.
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F ig u re  

1 -4 ,  7- 

10-18

EXPLANATION OF PLATE 3

Page

, N u c u l i t e s  n e g le c t u s  H a l l  132

1 L e f t  v iew  o f  p a r t i a l l y  e x f o l i a t e d  a r t i c u l a t e d  

spec im en . S y n ty p e . Specim en from  b a s a l  

M aquoketa (Upper O rd o v ic ia n )  F o rm a tio n  from  

Dubuque, Iow a. AMNH 1362 /1  XU. 5.  2 . L e f t  v iew

o f  S t e in k e r n .  S y n ty p e .  Note a t t e n u a t e d  p o s t e r i o r  

m arg in .  Specim en from  same l o c a l i t y  a s  f i g u r e  1 .

AMNH 1362/2  X4.5 .  3. A n t e r i o r  v iew  o f  a n o th e r

p a r t i a l l y  e x f o l i a t e d  a r t i c u l a t e d  spec im en .

S y n ty p e .  Specimen from  same l o c a l i t y  a s  f i g u r e  1. 

AMNH 13 61/1  X 4 .5 . 4 . L e f t  v iew  o f  S t e in k e r n  o f

s m a ll  spec im en . S y n ty p e . Specimen from  same 

l o c a l i t y  a s  f i g u r e  1 . AMNH 1362/2  X9. 7 . D o rs a l

view  o f  specim en i n  f i g u r e  4 ,  X9. 8. R ig h t  v iew

o f  S t e in k e r n .  Note s i m i l a r i t y  o f  N. f a b u l a  t y p e s .  

UCGM 42 632 X20. 10. N a tu r a l  i n t e r n a l  mold o f

r i g h t  v a lv e .  UCGM 42633 X15. 11. P o s t e r i o r

d e n t a l  s e r i e s  o f  specim en  i n  f i g u r e  1 0 , X20.

12. P o s t e r i o r  a d d u c to r  s c a r  o f  specim en i n  

f i g u r e  10, X20. 13. Beak .region, w i th  a n t e r i o r

p e d a l  m uscle  s c a r s  and  umbonal m usc le  s c a r s  o f  

spec im en  i n  f i g u r e  1 0 ,  X20. 14 . N a tu r a l  c a s t

o f  l e f t  v a lv e .  UCGM 42634 X15. 15. R ig h t

v a lv e  i n t e r i o r  v iew . UCGM 42635 XI5. 16.

R ig h t  v a lv e  i n t e r i o r  v iew . UCGM 46236 X15.

17. View o f  h in g e  w i th  l ig a m e n t  g ro o v e .  UCGM
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4-263 7 X40. 1 8 . R ig h t  v a lv e  i n t e r n a l  c a s t .

Former h o l o ty p e  o f  N. f e r r u g i n e a . OSU 3207 

X10.
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9-13

EXPLANATION OF PLATE 4

Page

, P a l a e o n e i l o  fee u n d a  ( H a l l )  145

1. L e f t  view o f  a r t i c u l a t e d  specim en . S y n ty pe . 

Specimen from b a s a l  Maquoketa F o rm a tio n  (U pper 

O rd o v ic ia n ) ,  S c a le s  Mound, I l l i n o i s .  AMNH 1360/5  

X 6.5 . 2. L e f t  view o f  a r t i c u l a t e d  spec im en .

S yn ty pe . Specimen from  same l o c a l i t y  a s  f i g u r e  1. 

AMNH 1360/5G X14. 4 . D o rs a l  view o f  specim en

i n  f i g u r e  1 ,  X 6.5 . 5. L e f t  view  o f  specim en i n

f i g u r e  2 , X7. 6. Hinge r e g io n  o f  a n o th e r  sy n ty p e .

Specimen from same l o c a l i t y  a s  f i g u r e  1 . AMNH 

1360/5E X9. 7. A n t e r i o r  v iew  o f  fo rm e r  sy n ty p e

o f  N ucula  l e v a t a  H a l l .  Note a n t e r i o r  p e d a l  m usc le  

s c a r s .  Specimen from th e  b a s a l  Maquoketa 

F orm ation  (Upper O rd o v ic ia n )  o f  Iow a. ANMH 

1362/3  X5. 9 . D o rs a l  v iew  o f  a r t i c u l a t e d  v a lv e s

showing l ig a m e n t  g ro o v e .  S yn typ e . Specimen from 

same l o c a l i t y  as f i g u r e  1 . AMNH 1360/5A X7. 10. 

R ig h t  v iew  o f  specim en i n  f i g u r e  7, X5. 11 . D o rsa l  

v iew  o f  specim en  in  f i g u r e  7. Note i n t e r l o c k i n g  

t e e t h .  X5. 12 . L e f t  view  o f  a r t i c u l a t e d  specim en

UCGM 42638 X7. 13 . R igh t v iew  o f  specim en i n

f i g u r e  12 . UCGM 42638 X7.

P a l a e o n e i l o  c o n s t r i c t a  (Conrad) 143

3. Com posite  mold o f  l e f t  v a lv e .  Specimen from
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M iddle D evonian o f  New York. OSU 129 6 /8  X3,

8 P a l a e o n e i l o  c a l v i n i  ( U l r i c h )

8 . N a tu ra l  c a s t  o f  i n t e r i o r  o f  r i g h t  v a lv e .  

Syntype o f  C ten o d o n ta  c a l v i n i  U l r i c h  from  th e  

b a s a l  M aquoketa , G r a f ,  Iowa. USNM 4-6124 X4.

149
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EXPLANATION OF PLATE 5

Page

P a l a e o n e i l o  fe c u n d a  ( H a l l )  145

1 . I n t e r i o r  o f  sm a l l  l e f t  v a lv e .  Note i n c l i n e d  

d e n t i t i o n .  UCGM 4 2639 X65. 2. I n t e r i o r  o f  

l e f t  v a lv e .  UCGM 42640 X65. 3 . E x t e r i o r  o f  

specim en  i n  f i g u r e  2. Note i n f l a t e d  umbo. UCGM 

42640 X65. 4. E x t e r i o r  o f  specim en  i n  f i g u r e

I ,  X65. 5. E n la rg em en t o f  p o s t e r i o r  a d d u c to r

s c a r .  UCGM 42641 X50. 6 . I n t e r i o r  v iew  o f

l e f t  v a lv e  showing p a l l i a l  l i n e .  UCGM 42 642 X40.

7. I n t e r i o r  o f  r i g h t  v a lv e .  Note d e n t i t i o n  and 

a n t e r i o r  a d d u c to r  s c a r .  UCGM 42643 X45. 8.

I n t e r i o r  v iew  o f  r i g h t  v a lv e .  UCGM 42 649 X2 5.

9 . I n t e r i o r  v iew  o f  l e f t  v a lv e .  UCGM 4 2645 X35.

10 . E x t e r i o r  o f  l e f t  v a lv e .  UCGM 42644 X35.

I I .  View o f  h in g e  showing l ig a m e n t  g ro o v e .  UCGM

42647 X40. 12. H inge o f  l e f t  v a lv e  showing 

p o s t e r i o r  d e n t i t i o n  and l ig a m e n t  g ro o v e .  UCGM

42648 X40. 13 . Com plete h in g e  o f  r i g h t  v a lv e .

UCGM 42646 X30.
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5, 8
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EXPLANATION OF PLATE 6

Page

P a la e o n e i lo  fe c u n d a  ( H a l l )  14 5

1 . L e f t  view  o f  a r t i c u l a t e d  specim en . F o e r s t e  

p l e s i o t y p e  o f  C ten o d o n ta  c f . s i m u l a t r i x  U l r i c h .

USNM 72031 X3.5. 6 . R ig h t  view  o f  a r t i c u l a t e d

spec im en . F o e r s t e  p l e s i o t y p e  o f  C ten o d o n ta  c f .  

s i m u l a t r i x  U l r i c h .  USNM 72031 X3.5.

P a l a e o n e i lo  h a l l i  n .  sp .  151

2. L e f t  v a lv e  o f  l e c t o p a r a t y p e ,  f o rm e r ly  P. 

fec u n d a  H a l l  1870. Specimen from  M iddle  Devonian 

s t r a t a  n e a r  Cum berland, M aryland. NYSM 2940 X2.

3. R ig h t  v a lv e  o f  l e c t o h o l o t y p e . Specimen from  

same l o c a l i t y  a s  f i g u r e  2. NYSM 2939 X3. 4.

R ig h t  v a lv e  o f  l e c t o p a r a t y p e .  Specimen from 

same l o c a l i t y  a s  f i g u r e  2. NYSM 2942 X2. 7.

Wax mold o f  r i g h t  v a lv e  i n t e r i o r .  Specimen 

from same l o c a l i t y  a s  f i g u r e  2 . NYSM 2941 X3.

"C ten do rr ta” lo n g a  ( U l r i c h )  161

5. R ig h t  v a lv e  i n t e r i o r  o f  s y n ty p e . Specimen 

from  T re n to n ia n  s t r a t a ,  Goodhue C ounty , M in n e so ta .  

USNM 46135 X12.5. 8. E n la rg em en t o f  h in g e  o f

specim en i n  f i g u r e  5, X20.

New Genus "A” f o e r s t e i  n .  sp .  159

9. Hinge o f  l e f t  v a lv e .  UCGM 42650 X30.
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12.

10. H inge o f  r i g h t  v a lv e  UCGM 42651 X30,

11. Hinge o f  l e f t  v a lv e  UCGM 42652 X40.

P a l a e o n e i l o ? e l l i p t i c a  ( H a l l )

12. N a tu r a l  c a s t  o f  r i g h t  v a l v e .  Specimen

from  C l in to n  G roup, Mohawk V i l l a g e ,  New

York. AMNH 1613 X2.

241
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F ig u re  Page

1-3  C y r to d o n ta  f e r r u g i n e a  (H a l l  and  W h i t f i e l d )  184

1. N a tu r a l  e x t e r n a l  mold o f  l e f t  v a lv e .

H o lo ty p e .  OSU 3208 X I .5 .  2 . P o s t e r o - d o r s a l  

p o r t i o n  showing p ro so p o n . UCGM 42653 X3. 3.

L im o n ite  mold o f  l e f t  v a lv e .  UCGM 42 654 X I . 5.

4 -5  M y t i l a r c a  f o e r s t e i  C la rk e  and  Ruedemann 193

4. A n t e r o - v e n t r a l  view  o f  l e f t  v a lv e .  H o lo ty p e .

USNM 88537 X2. 5. L e f t  v iew  o f  same spec im en ,

XI. 5.

6 , 10-12 A c t i n o p t e r i a  b r i s a  ( H a l l )  203

6 . N a tu r a l  c a s t  o f  i n t e r i o r  o f  l e f t  v a lv e .  H a l l  

p l e s i o t y p e .  Specimen from  W aldron F o rm a tio n  

(M idd le  S i l u r i a n ) ,  W aldron , I n d i a n a .  ANMH 1950 /1  

X2. 1 0 . H a l l  p l e s i o t y p e .  E x t e r i o r  o f  l e f t  v a lv e .

Specimen from  same l o c a l i t y  a s  f i g u r e  6 . ANMH 

19 50 /1  XI. 11. N a tu r a l  e x t e r n a l  mold o f  l e f t  

v a lv e .  L e c to p a r a ty p e .  Specim en from  M iddle  

S i l u r i a n  s t r a t a ,  B r i d g e p o r t ,  I l l i n o i s .  AMNH 1950/2  

X4.5. 12. P a r t i a l l y  e x f o l i a t e d  l e f t  v a lv e .

L e c to h o lo ty p e . Specimen from  same l o c a l i t y  as  

f i g u r e  11 . X3.5 .
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2

8 , 1 0 -1 1  

14

EXPLANATION OF PLATE 8

Page

A c t i n o p t e r i a  b r i s a  ( H a l l )  203

1 . Rubber mold o f  l e f t  v a lv e  i n t e r i o r .  UCGM 

6992 X3. 3. L e f t  v a lv e .  F o e r s t e  p l e s i o t y p e .  

Specimen from  W aldron F o rm a tio n  (M iddle  

S i l u r i a n ) ,  Newsome, T en n e sse e .  USNM 87001 X2.

4 . Rubber mold o f  l e f t  v a lv e  i n t e r i o r .  UCGM

42 6 55 X6. 5. E n la rgem en t o f  p ro sop on  o f  f i g u r e  4 ,

X9. 6. E n la rgem en t o f  p ro so p o n  o f  f i g u r e  3 , X4.

7. L e f t  v a lv e  e x t e r i o r .  OSU 79 03A X3. 9.

Com posite  mold o f  l e f t  v a lv e .  OSU 7903D X4.

12. P a r t i a l l y  e x f o l i a t e d  l e f t  v a lv e  UCGM 42 656 

X4. 13 . A no ther p a r t i a l l y  e x f o l i a t e d  l e f t

v a lv e  UCGM 42657 X10.

A c t i n o p t e r i a  e m a c e ra ta  Conrad 2 08

2. Composite mold o f  l e f t  v a lv e  o f  H a ll  

p l e s i o t y p e .  Specimen from  C l in to n  g ro u p ,

Wayne C ounty , New York. AMNH 1554 /1  X4.5.

P t e r i n e a  c o r r u g a t a  (Jam es) 200

8 . P a r t i a l l y  e x f o l i a t e d  l e f t  v a lv e .  Specimen 

from  Richmondian s t r a t a  n e a r  W a y n e s v i l le ,  Ohio.

USNM 46488 X7.5 .  10 . P a r t i a l l y  e x f o l i a t e d  l e f t

v a lv e .  Specimen from same l o c a l i t y  as f i g u r e  8. 

USNM 46490 X7.5 .  11. E n la rg em en t o f  p roso pon
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o f  specim en  i n  f i g u r e  8 , X18. 1M-, E n la rg em en t

o f  p ro sopo n  o f  specim en i n  f i g u r e  10 , X18.
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1 ,  2 ,  5

3

4 , 6 -1 0

11-14

EXPLANATION OF PLATE 9

Page

M o d io lo p s is  rhom boidea  H a l l  216

I .  N a tu r a l  i n t e r n a l  c a s t  o f  l e f t  v a lv e ,

H o lo ty p e .  Specimen from  Upper S i l u r i a n  s t r a t a ,  

Ay>isaig, Nova S c o t i a .  ANMH 1644 X3 . 2 . R ig h t

v iew  o f  a r t i c u l a t e d  sp ec im en . F o e r s t e  p l e s i o t y p e .

USNM 8480 5 X3. 5. D o rsa l  v iew  o f  spec im en  in

f i g u r e  2, X3.

[ ? ] M o d io lo p s is  sub rhom boidea  Simpson 219

3. R ig h t  v iew  o f  S t e in k e r n .  F o e r s t e  p l e s i o t y p e .

USNM 84806 X3.

Lyrodesma sp .  172

4. S in g le  t o o t h  from  d e n t a l  p l a t e .  UCGM 42 658 

X40. 6. E n la rg em en t o f  h in g e  o f  r i g h t  v a lv e

UCGM 42659 X100. 7. E n la rg em en t  o f  h in g e  o f

l e f t  v a lv e  UCGM 42 660 X10 0. 8. D e n ta l  p l a t e

o f  a d u l t  Lyrodesma UCGM 4266 6. X3 8. 9 .  I n t e r i o r  

o f  r i g h t  v a lv e  UCGM 42661 X65. 10. I n t e r i o r  o f  

l e f t  v a lv e .  Specimen same a s  f i g u r e  7 , X65.

C y p r i c a r d in i a  h a l l i  B eushausen  2 26

I I .  R ig h t  v iew  o f  a r t i c u l a t e d  specim en ,

L e c to h o lo ty p e .  Specimen from  Upper D evonian  

s t r a t a ,  Albany C o u n ty ? New York. AMNH 2528 X12.
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12 . D o rsa l  v iew  o f  specim en  i n  f i g u r e  11 ,

X12. 13 . L e f t  v iew  o f  specim en i n  f i g u r e  11 , 

X12. 14 . E n la rg em en t o f  p rosop on  o f  specim en 

i n  f i g u r e  1 1 , X20.

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



P l a t e  9

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



282

EXPLANATION OF PLATE 10

F ig u re Page

1-9 C y p r i c a r d in i a  u n d u l o s t r i a t a  ( H a l l ) 229

1 . R ig h t  v a lv e .  H o lo ty p e .  Specimen from 

Lower S i l u r i a n  R o c h e s te r  S h a le ,  L o c k p o r t ,

New York. AMNH 179 5 X6. 2. E n la rg m en t o f

specim en  i n  f i g u r e  1. Note u n d u lo se  v a r i c e s  

be tw een  m a jo r  grow th  l a m a l l a e  X15. 3. P o s t e r i o r

v iew  o f  r i g h t  v a l v e .  Note u n d u lo se  v a r i c e s  be tw een  

m ajo r  grow th  la m e l l a e  UCGM 42662 X9. 4 . L e f t

v a lv e .  UCGM 42663 X12 . 5. R ig h t  v a lv e .  F o e r s t e  

p l e s i o t y p e .  USNM 84808 X10 . 6 . R ig h t  v a lv e .

Same specim en  a s  f i g u r e  3, X9. 7. L e f t  v a lv e  o f

a r t i c u l a t e d  specim en  UCGM 42664 X10. 8. R ig h t

v a lv e  UCGM 42665 X9. 9 . D o rsa l  v iew  o f  specim en

i n  f i g u r e  7. Note l ig a m e n t  g ro o v e ,  X10.

10. S t e in k e r n  o f  r i g h t  v a lv e .  H o lo ty p e .  USNM 

84809 X2. 11. A n t e r i o r  v iew  o f  S t e in k e r n .

Same specim en a s  f i g u r e  10 . Note s t r o n g l y  

in c u rv e d  b e ak s  and l u n u l e ,  X2.

10-11 Cuneamya c a s w e l l i  ( F o e r s t e ) 238
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