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ABSTRACT

This work re p re se n ts  a re v is io n a l  study  o f many o f th e  sp ec ie s  

o f the fam ily  Calymenidae lliln e  Edwa.rds, I 84.O (T r i lo b ita )  from th e  

O rdovician, S ilu r ia n  and low er Devonian o f  NW Europe, Taxa from B r i ta in ,  

Norway, Sweden and Czechoslovakia have rece iv ed  p a r t i c u la r  a t t e n t io n ,  and, 

where a p p ro p ria te  comparisons have been made w ith  nop-Euronean sp ec ie s , 

I4ost o f th e  c h ap te rs  a re  arranged on a taxonomic b a s is ;  one d ea ls  w ith  

the calymenid fauna from a s in g le  reg io n  (liidd le  O rdovician calym enids 

from Norway), and an o th er i s  concerned w ith some ev o lu tio n a ry  tre n d s  in  

Ordovician and S ilu ria n  sp ec ie s  (C haoter F ) ,  One new subfam ily 

(F lex ica lym en inae), th re e  new genera (Quadricalymene , T op in o ca lw en e . 

Palacalyr.ione) . and th i r t e e n  new sp ec ie s  a re  e re c te d .



CONTENTS

Pape

Acknowledgements i

A bbrev ia tions of r e p o s i to r ie s  of specimens iv

Terminology v i

Techniques v i

Measurements v i i i

H is to ry  of Research x i

Chap te r  A The calym enid genus Pharostoma from th e

O rdovician of B r i ta in ,  Scandinavia and Bohemia.

P. vokovicense S na jd r, 1956. 9

P. pulehrurn pulchrum (D eyrich , 1846)^ 12

P. pulchrum subsp. nov. A. 21

P. a f f .  P. denticu laturn  (E ichw ald, l8 6 o ), 23

P. n ieszkow sk ii Schmidt, 1894. 26

P, c f .  P. n ieszkow sk ii Schm idt, 1894. 29

P. s im ile Thorslund, 1940. 30

P„ foveolatum  (T d rn q u is t, 1884). 35

P. cf„ P. f oveolatum (T d rn q u is t, I 884) ,  38

P. narinosum sp. nov. 38

Pharostom a sp . i n d e t . 1 . 39

Pharostom a sp. in d e t .2 .  40

Po oelandicum A ngelin , 1854. 41

P. o rn ith o reo s  sp . nov. 45

Pharostoma sp . A. 49

Pharostoma sp . D. 49

P. obtusum (McCoy, I846 ) .  50

P. leptaenarum  (T o rn o u is t. 1884). 54

T hu linco la  T ripp , 1962 57



Chapter B Calymenid T r i lo b i te s  from th e  Middle 

O rdovician of th e  Oslo Region, Norway.

Pharostoma Hawle & Corda, IB4 7 .

P. c f 3 P. n ieszkow skii (Schm idt, 1894). 61

P. c f .  P. foveolatum  (T d rn q u is t, 1834). 64

P. narinosum sp, nov. 67

Pharostoma sp. A. 7 I

Pharostoma sp . B. 75

Flexicalym ene S h ir le y , 1936. 77

F. o f . F. c a ra c ta c i  ( S a l te r ,  I865 ) .  79

F. .1 em tlandica  Thorslund, 1940 80

F. sc a b u s tu la  sp . nov. 88

F. c f .  F. scab u s tu la  sp . nov. 93

Flexicalym ene sp . in d e t .  1. 94

Flexicalym ene sp. i n d e t .2 . 95

F le x ic alymene sp . in d e t .  3 . 96

F lex i c a l ymene (Keacalymene) S h ir le y , 1936 97

F le x ic a lymene (Keacalymene) sp . nov. 98

G ravicalymene S h ir le y , 1936. 100

C. cap ito v a ta  sp . nov. 100

G, a f f .  G, c a p ito v a ta  sp . nov. 108

Gravicalymene ? sp . in d e t .  109

Quadricalymene l i r e l l a  gen. et  sp . nov. I l l

Chapter C Metacalymene Kegel 1927. A Monotypic Calymenid

from th e  Kopanina Form ation (S ilu r ia n )  of Bohemia,

M. b a y le i (Barrande I8 4 6 ) .  ^24



Chapter D The genus Diacalymene K egel, 1927 from th e  

Upper O rdovician and S ilu r ia n  of B r i ta in ,  

S candinav ia, and Czechoslovakia, 

p . marr^inata S h ir le y , 1936 

Diacalymene sp. in d e t. 

p . drummuckensis (Reed, I 906) 

p . a f f .  p . drummuckensis (Reed, 1906) 

p . c o n s im ilis  (Cooper, 1930) 

p . a sp e ru la  (Vanek 1965)

Diacalymene sp . A 

Diacalymene sp . D 

p . diadem ata (Deyrich 1346)

.p . a l lp o r t ia n a  (S h irle y , 1936) 

p . e r a s sa S h ir le y . 1936 

p . c f .  p . c ra ssa  S h ir ley , 1936 

p . ^ ibberosa  sp . noy.

Page

135

137

138

144

146

150

153

154 

156 

162

166

171

172

Chapter E The Genus Calymene from th e  S ilu r ia n  and lower 

Devonian of B r i ta in ,  Sweden and C zechoslovakia,

C, s ubdiadem ata subdiademata McCoy, 1351. 182

C. subdiadem ata Me Coy r e p l ic a ta  S h ir le y , 1936 188

C. f ro n to sa  Lindstrdm , 1335. 189

C, ca r lo p s  Lamont, 1949. 197

Calymene sp . nov.? 199

C. exim ia sp . nov. 201

Ç. hadyardensis  Lamont, 1949. 204

C. la e y is  Lindstrdm , 1335. 207

C. a f f .  C. la e v is  Lindstrdm , 1335. 213

C. a q u a tica  sp . nov. 214

C. s p e c ta b i l i s  A ngelin , 1854. 217

C. tu b e rc u lo sa  Dalman , 1827. 222

C. b rev iceps ilaymond 1916 230



Pa;<e
p .  in te rn e e ta  Hawle & Corda, 1847. 233

C. p la n ic u rv a ta  S h ir le y , 1936. 240

C, o f , C. niraaspera Schrank, 1970. 243

Calymene sp . 1. 244

C. a f f .  C. miniaspera Schrank, 1970, 245

Ç. asp era  S h ir le y , 1936. 247

Ç. f a lc a ta  sp. noy. 252

C. blum enbachii D rongn iart, 1822. 256

C. n e o tu b e rcu la ta  Schrank, 1970 264

C. c f .  C. n e o tu b e rcu la ta  Schranlc, 1970 267

Ç. te n e ra  B arrande. 1852. 267

Ç. te n ta c u la ta  (Schlotheim , 1820) campana subsp.noy. 272 

Calymene sp . 2, 278

C. law soni S h ir le y , 1962. 279

C. a f f .  C. law soni S h ir le y , 1962. 2o8

Ç. neo in term edia  K. & E. id c h te r ,  1954. 288

C. p u e l la r i s  Reed, 1920. 300

Ç, p a t u s t r i a . sp. nov. 308

Chapter F P ro b isc id ean  Trends in  Calymenid T r i lo b i te s  from 

th e  O rdovician and S ilu r ia n  o f Europe, th e  

U nites S ta te s  and SE A sia . ^  ^

Tapinocalvmene gen. nov. 323

T. v o lso rifo rm a sp . nov. 329

T, c f .  T. vo lso rifo rm a  sp. nov. 334

T. v u lpecu la  sp. nov. 335

T. nodulosa (S h ir le y , 1933). 339

Palacalymcne gen nov. 347

P. b rev is  350

P. lin r 'u a ta  350

P. flex u o sa  351

P. ? pompeck.ii 351



ACKNOWLEDGEMENTS.

My s in ce re  thanks are  due e s p e c ia l ly  to  P ro fe sso r P.O. S y lv e s te r-  

Dradley fo r  a llow ing me to  undertake t h i s  study in  h is  departm ent, f o r  

th e  i n t e r e s t  he has shown in  th e  p ro je c t ,  and fo r  th e  su p e rv is io n  he

has g iven me during th e  l a s t  th re e  y e a rs . I  am a lso  g r a te f u l  to

Dr. J .H . McD. W hitaker fo r  h is  su p erv is io n  in  th e  i n i t i a l  s tag es  of 

th i s  Ph.D, and h is  h e lp  throughout w ith  problems reg a rd in g  S ilu r ia n  

s t r a t ig ra p h y . P ro fe sso r H.B. W hitting ton  (U n iv e rs ity  of Cambridge) 

has generously  g iven of h is  tim e to  d iscu ss  v a rio u s  a sp e c ts  of th e  work.

I  am in d ep ted  to  th e  fo llow ing  persons who have k in d ly  allow ed me 

to  lo an  m a te r ia l  in  t h e i r  c a re : Dr. R . a . F ortey  and Mr. S .F . M orris ,

B r i t is h  Museum (N atu ra l H is to ry ); Dr. I .  o trachan , U n iv e rs ity  of 

Birmingham; Dr. II.C. N isb e t, Grant I n s t i t u t e  of Geology, U n iv e rs ity  of 

Edinburgh; Dr. A.W.A. Kushton, I n s t i t u t e  of G eological S ciences,

London; Dr. U.K. Ingham and Dr. W.D.I. R olfe , H unterian  Museum, 

U n iv e rs ity  of Glasgow; Dr. I .  Chlupac and Mr. G a lle , U stredn i Ustav 

Geologicky, Prague; Dr. J .  Bergstrdm, P a laeo n to lo g isk a  I n s t i tu t io n e n ,

U n iv e rs ity  of Lund; Mr. W.J. N orton, Ludlow Museum; Dr. L. Marek,

Ceskoslovenska Akademie ved Geologicky U stav, Prague; Dr. H. J ae g e r, 

P a lao n to lo g isch es  Museum, Humboldt U n iv e r s i ta t ,  B e r lin , DDR; Mr. M. 

Jo n es , L e ic e s te r  C ity  Museum; Dr. M.G. B asse tt and Dr. K.M. Owens, 

N ational Museum of W ales, C a rd iff ; Dr. D.L. B ruton, P a laeo n to lo g isk  

Museum, Oslo; Dr. V. Jaanusson, N a tu rh is to r isk a  R iksm useet, Stockholm; 

Dr. C.D. W aterston, Royal S c o ttis h  Museum, Edinburgh; Dr. R. Skdglund, 

Sveriges Geologiska Undersëkning, Stockholm; Dr. R.B. R ickards and 

Dr. C.L. Forbes, Sedgwick Museum, Cambridge; Dr. W. S truve , N atur- 

Museum und F o rsc h u n g s -In s titu t Senckenberg, F ran k fu rt am Main; Mr.

B .E.P. P la y le , W ollaton H all N atu ra l H is to ry  Museum, Nottingham;



1 1

P ro fe sso r II.A. Reyment and P ro fe sso r P. Thorslund, P a leo n to lo g isk a  

I n s t i tu t io n e n ,  Uppsala; Dr. J .E .  M erida, Sm ithsonian I n s t i t u t i o n ,  

W ashington.

Specimens were a lso  made a v a ila b le  to  me through th e  k indness of 

Dr. J ,  S h ir le y ; Mr. David J .  S iv e te r ,  U n iv e rs ity  o f L e ic e s te r ;  Dr. P.

D. Lane, U n iv e rs ity  of Keele; Dr. J .D a lin g w a te r, U n iv e rs ity  of 

M anchester; Dr. J .  M ille r  and Mr. J .  T ip p er, U n iv e rs ity  of Edinburgh;

Dr. J .F .  C u tle r , Idaho S ta te  U n iv e rs ity ; Mr. D. M ikulic; Mr. R. Marsh, 

Norwood T echnical C ollege, London; Dr. J .H . McD. W hitaker, U n iv e rs ity  

of L e ic e s te r .

During th e  course of th i s  s tu d y , th re e  months were spen t in  

Norway, Sweden and C zechoslovakia. For about seven weeks of t h i s  tim e 

I  examined m a te r ia l  a t  th e  P a laeo n to lo g isk  Museum, Oslo, and I  g re a tly  

a p p re c ia te  th e  h e lp  and h o s p i ta l i ty  g iven me, and th e  f a c i l i t i e s  put 

a t  my d is p o sa l, by P ro fe sso r G. Henningsmoen and Dr. D.L, B ruton.

I  wish a lso  to  thank Dr. Bruton and Mr. F, B ockelie fo r  t h e i r  guidance 

in  th e  f i e l d ,  and th e  l a t t e r  f o r  h is  a s s is ta n c e  when I  was in  Stockholm, 

My s ta y  in  Czechoslovakia was made p a r t ic u la r ly  en joyab le  and rew arding 

through th e  e f f o r t s  of Dr. L. Marek, to  whom I  am deeply  g r a te f u l  fo r  

h is  companionship w hile  in  Prague, and fo r  showing me f i e l d  l o c a l i t i e s .  

I  a lso  extend my g ra t i tu d e  to  Dr. R. Horny who allow ed me to  make c a s ts  

of Barrande*s specim ens, and to  examine th e  calym enid c o l le c t io n s  of 

th e  N ational Museum.

Throughout th e  p e rio d  of study  th e  au th o r has been s e lf - f in a n c e d , 

though some monetary a id  has been provided by th e  Jane Handley Found

a tio n  T ru s t, Wednesbury, S ta f fo rd s h ire , and some was re ce iv ed  from 

th e  Research Board of L e ic e s te r  U n iv e rs ity  towards th e  c o s t of th e  

fo re ig n  ex cu rsio n . I  g r a te f u l ly  acknowledge th e  r e c e ip t  of both th e se  

g ra n ts .



i l l

I  am a p p re c ia tiv e  of th e  a s s is ta n c e  given me by a l l  th e  te c h n ic a l  

s t a f f  of th e  L e ic e s te r  Geology departm ent and th e  personnel of th e  

c e n tr a l  photographic u n i t .  Mr. R. Branson and Mrs. J .  Westerman have 

given advice .and h e lp  in  th e  p re p a ra tio n  of some of th e  draw ings,

Mr. G. McTurk gave me an in tro d u c tio n  to  macrophotography and has 

tak en  s te reo sc an  photographs, and Mrs. A. E oustead has k in d ly  t r a n s 

la te d  French and German t e x t s .  I  am a lso  most g r a te fu l  to  Miss S.

Ward fo r  ty p in g  p a r t  o f th e  te x t  and fo r  h e lp  in  th e  p re p a ra tio n  of th e  

bound volume.

F in a lly  I  wish to  s in c e re ly  thank my w ife fo r  th e  in c a lc u la b le  

a s s is ta n c e  and support she has g iven  me, and to  my p a ren ts  f o r  th e  

s a c r i f ic e s  th ey  have made in  fu r th e r in g  my ed u ca tio n .



I V

abbreviations.

The fo llow ing  i s  a l i s t  of a b b re v ia tio n s  used to  denote th e  repos

i to r y  o f th e  specimens re fe r re d  to  in  th e  t e x t .  The m a te r ia l s tu d ie d  

i s  d erived  from fo u r main sou rces: N ational and p ro v in c ia l museums,

N ational G eolog ica l Surveys, U n iv e r s i t ie s ,  and p r iv a te  c o l le c t io n s ,

DM B r i t is h  Museum (N atu ra l H is to ry ) .

BU U n iv e rs ity  of Birmingham.

ÜJS Derek J .  S iv e te r ,

GIG G rant I n s t i t u t e  of Geology, Edinburgh.

GSG G eological Survey of Canada,

G84 I n s t i t u t e  of G eological S ciences.

HM H unterian  Museum, Glasgow.

I  Ch Dr. I .  Chlupac, U stred n i U stav G eologicky, Prague,

IG Museum of th e  G eolog ical I n s t i t u t e ,  Warsaw,

IPLU P a leo n to lo g isk a  I n s t i tu t io n e n ,  U n iv e rs ity  o f Lund.

I PU P a leo n to lo g isk a  In s t i tu t io n e n ,  U ppsala.

J  Ti Mr. J .  T ipper, U n iv e rs ity  of Edinburgh.

LE Leintw ardine C o lle c tio n s  of Dr. J .H . McD. W hitaker,

U n iv e rs ity  of L e ic e s te r .

114 Ludlow Museum.

L Mk Dr. L. Marek, Ceskoslovenska Akademie ved Geologicky

U stav, Prague.

M Mr. R. Marsh, Norwood T echn ical C ollege, London.

MB P alao n to lo g isch es  Museum, Humboldt U n iv e r s i ta t ,  B e r lin , DDR.

MCA Museum of Comparative Zoology, U n iv e rs ity  of H arvard.

MJ Mr. M. Jo n es , L e ic e s te r  C ity  Museum.

NMI N ational Museum of I r e la n d , D ublin.



V

NMP Narodni Museum, Prague,

NMW N ational Museum of Wales, C a rd if f .

P La Dr. P. Lane, U n iv e rs ity  of K eele.

PMO P a leo n to log isk  Museum, O slo.

EI4 N a tu rh is to r isk a  Riksm useet, Stockholm.

RO Dr. R.M, Owens, N ational Museum of Wales, C a rd if f .

Royal S c o ttish  Museum, Edinburgh.

SOU Sveriges Geologiska Undersdkning, Stockholm,

SM Sedgwick Museum, Cambridge.

34F Natur-Museum und F o rsc h u n g s - In s titu t Senckenberg, F ran k fu rt

am Main.

WM W ollaton H all N a tu ra l H is to ry  Museum, Nottingham.

USNM Sm ithsonian I n s t i tu t io n ,  W ashington,

UUG U stredn i Ustav Geologicky, Prague.



V I

TERMINOLOGY.

The term inology i s  th e  same as th a t  employed in  th e  ’T re a tis e  of 

In v e r te b ra te  Palaeontology* (Moore, 1959, pp. 0117-0126), but w ith  th e  

fo llow ing  ex cep tio n s . The g la b e l la  has been tak en  to  in c lu d e  th e  

o c c ip i ta l  r in g , and f ix e d  and f r e e  cheek have been used in s te a d  of 

f ix ig e n a  and l ib r ig c n a .  a few term s no t p resen t in  th e  t r e a t i s e  

have been adopted:

Eye so c le  -  coined by Shaw & Ormiston ( 1964, p.

1002) fo r  the  p la tfo rm  on th e  upper p a r t  o f th e  f r e e  cheek which l i e s  

below th e  v is u a l  su rface  of th e  eye.

Border and doublure s e c to rs  -  in tro d u ced  by Campbell 

(1967, p. 2 5 ) fo r  th e  o u te r and in n e r  p a r ts  re s p e c tiv e ly  of th e  

calym enid r o s t r a l  p la te .

C incture  -  used by Campbell (1967, p. 26) to  d esc rib e  

the  p e r ip h e ra l im pression  on th e  p le u ra l  reg ion  of th e  pygidium which 

r e f l e c t s  th e  p o s itio n  tak en  by th e  l a t e r a l  border of th e  cephalon 

during  en ro llm en t.

In te rm ed ia te  lobe  -  employed by S h irley  (1931> 1933, 

1936) to  d esc rib e  th e  sm all lobe o f te n  found in  calym enids on th e  s ide  

of th e  median g la b e l la r  lo b e , a t  th e  a d ax ia l end of l a t e r a l  g la b e l la r  

furrow  Ip . (= supplem entary lobe of W hitting ton  1971, pp. 46O, 4 62 ) .

TECHNIQUES.

SPECIMEN PiiEPARATION. The m a jo rity  of specimens have been 

p repared  w ith  th e  use of a Burgess Vibro Tool, to g e th e r  w ith  need les 

and b rushes. An a i r - a b ra s iv e  machine was a lso  employed and found to  

be p a r t ic u la r ly  h e lp fu l in  c lean in g  th e  hypostomes of specimens which 

were in a c c e s s ib le  under o th e r m echanical p re p a ra tio n  m ethods. Sodium
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b icarb o n ate  was th e  powder used f o r  removing th e  m atrix  on or near th e  

hypostome, th e  bulk o f th e  sedim ent having been p rev io u s ly  s tr ip p e d  o ff  

w ith  th e  Vibro Tool.

CASTING. ’ S ilco se t*  s i l ic o n e  rubber has been used throughout 

fo r  ta k in g  c a s ts  of e x te rn a l mould specim ens. The s i l ic o n e  rubber 

was darkened by adding carbon black to  th e  g e l before  tip p in g  i t  in  

th e  e x te rn a l  mould to  s o l id i f y .

In  in s ta n c e s  where i t  has no t been p o ss ib le  to  loan  museum m a te r ia l 

(eg . Barrande C o lle c tio n , N ational Museum, P rague), r e p l ic a s  were made 

of th e  re q u ire d  specimens fo r  subsequent exam ination in  L e ic e s te r .

The p rocess  invo lved  was to  take  a s i l ic o n e  rubber negative  of th e  

specimen, and then  to  make a p o s it iv e  c a s t  u sing  a d e n ta l p a s te .

PHOTOGRAPHY.

a) PhotoFraohin^. n i l  macrophotography has been undertaken by the  

p re sen t au th o r a t  L e ic e s te r ,  using  L e itz  a r is to p h o t equipment.

i )  Camera. Leica MD 35 mm.

i i )  Lenses. 12 cm Suramar fo r  most work. 6 .5  cm M ilar f o r  sm all 

specimens and d e ta i le d  sh o ts  of o rnam entation .

i i i )  F ilm . Addox KB14 was used i n i t i a l l y ,  but th e  m a jo rity  of 

specimens have been tak en  on Kodak Panatomic -  X.

iv )  L ig h tin g , A f lu o re s c e n t r in g  l ig h t  was used fo r  g en era l 

l ig h t in g ;  th i s  was supplem ented by a s in g le  source of l ig h t  from th e  

to p  l e f t  hand (NW) s id e  o f th e  specimen.

v) S te reo -pho tography . Very few modern workers on t r i l o b i t e s  

i l l u s t r a t e  t h e i r  m a te r ia l  by th e  use of s te r e o - p a ir  photographs, and 

as f a r  as I  am aware only E v i t t  and W hitting ton  (1953), Ross (1967) 

and C h a tte rto n  (1971) have f ig u re d  calym enids in  t h i s  fa sh io n . The 

advantages of a th re e  dim ensional re p re s e n ta tio n  o f th e  f o s s i l  a re  

obvious, and E v i t t  (1949) and o th e rs  have long advocated th e  w idespread
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a p p lic a tio n  of th i s  tech n iq u e . The s te r e o - p a ir  approach in  palaeon to logy  

i s  used e x ten s iv e ly  in  th e  L e ic e s te r  departm ent, and I  have ap p lie d  i t  

th roughout t h i s  work, though due to  th e  v a rio u s  r e s t r i c t i o n s  imposed 

by jo u rn a l s iz e  and th e  number of p la te s  made a v a i la b le , i t  has not 

been p o ss ib le  to  f in a l ly  f ig u re  a l l  specimens in  t h i s  way.

In  o rder to  o b ta in  a s te r e o - p a ir  each specimen was t i l t e d  on a 

ro ta t io n a l  stage  through an angle o f about f iv e  deg rees. Where p o ssib le  

and fo r  optimum view ing, most s te r e o - p a ir s  have been mounted on th e  

p la te s  a t  a d is ta n ce  of 55 mm a p a r t .

v i)  C oating. P r io r  to  a l ig h t  co a tin g  of ammonium c h lo rid e  

su b lim ate , many of th e  specimens were f i r s t  covered w ith  a th in  film  of 

d i lu te  opaque.

b) Developing. P a te rso n s  A cutol was used a t  a l l  tim e s .

c ) P r in t in g . Grades 2 and 3 of Kodak photographic paper have been 

used e x ten s iv e ly ; very r a r e ly  grades 1 and 4 . The e n la rg e r  employed 

was a L e itz  focomat I c .

MEilSUli£I4ENTS.

METHOD OF MEiiSUREMENT. An o cu la r m icrom eter in  a b in o cu la r 

m icroscope has been used fo r  ta k in g  most measurem ents. C a lip e rs  were 

used fo r  la rg e  m easurements.

ORIENTATION OF SPECIMENS. C ran id ia  were o r ie n te d  w ith  th e  p ost

e r io r  margin of th e  o c c ip i ta l  r in g  v e r t i c a l ;  pyg id ia  w ith  th e  plane of 

th e  v e n tr a l  margin of th e  border r o l l  h o r iz o n ta l .



IX

MEASUREMENTS TAKEN. Many of th e  measurements taken  and th e  

symbols used to  denote th e se  measurements a re  th e  same as th o se  employed 

by Hughes (1969).

1) Cephalon.

A S a g i t ta l  le n g th  of cephalon.

B S a g i t ta l  le n g th  of g la b e l la .

B-j S a g i t ta l  le n g th  of g la b e l la  minus o c c ip i ta l  r in g .

B  ̂ S a g i t ta l  le n g th  of f r o n ta l  g la b e l la r  lo b e .

B3 E x s a g it ta l  le n g th  of p a lp eb ra l lo b e .

B^ E x s a g it ta l  len g th  o f Ip  l a t e r a l  g la b e l la r  lo b e .

C P o sto cu la r le n g th  measured between th e  p o s te r io r  margin o f

th e  p a lp eb ra l lobe and th e  p o s te r io r  m argin o f th e  g la b e l la ,  

as p ro je c te d  onto th e  s a g i t t a l  l i n e .

Ĉ  Length of f ix e d  cheek between a l in e  p ro je c te d  tra n s v e rse ly

from th e  o c c ip i ta l  furrow  and th e  ju n c tio n  of th e  a n te r io r  

branch of th e  f a c i a l  su tu re  and th e  l a t e r a l  border furrow*

D S a g i t ta l  le n g th  o f p re g la b e lla r  a re a .

D>| S a g i t ta l  le n g th  of p re g la b e lla r  furrow  ( G ravicalym ene,

Diacalymene and Tapinocalvmene) o r p re g la b e lla r  f i e l d

(Pharostom a) .

I  T ransverse w idth of cranidium .

J  T ransverse w idth of cranidium  between ju n c tio n  o f a n te r io r

branch of f a c i a l  su tu re  and a n te r io r  m argin.

T ransverse  w idth of cranidium  between p o s te r io r  m argins of 

p a lp eb ra l lo b e s ,

J 2 T ransverse w idth of cranidium  between a n te r io r  m argins of

p a lp eb ra l lo b e s .

K T ransverse w idth of g la b e l la  a t  o c c ip i ta l  r in g .

K-̂  T ransverse  w idth of g la b e l la  a t  Ip  lo b e s .



K2 T ransverse w idth of g la b e l la  a t  2p lo b e s .

K3 T ransverse w idth of g la b e l la  a t  3p lo b e s .

T ransverse w idth of g la b e l la  a t  4p lo b e s .

K5 T ransverse w idth of f r o n ta l  g la b e l la r  lo b e .

2 ) Pvrridium

W T ransverse w idth of pygidium.

X T ransverse w idth of a x is  a t  a n te r io r  m argin.

X-j T ransverse w idth of a x is  a t  p o s te r io r  ( l a s t )  r in g  furrow ,

Y S a g i t ta l  le n g th  of a x is .

Y1 S a g i t ta l  len g th  of te rm in a l a x ia l  p iece ,

Z S a g i t ta l  le n g th  of pygidium.

3 ) Hypostome.

a S a g i t ta l  len g th  of hypostome.

b E x s a g it ta l  le n g th  between a l in e  p ro je c te d  tra n s v e rse ly

from th e  a n te r io r  m argin a t  th e  median l in e  and th e  p o s te r io r  

margin o f th e  p o s te r io r  sp in e , 

bi E x s a g it ta l  le n g th  between a l in e  p ro je c te d  tra n s v e rs e ly  from

th e  a n te r io r  margin a t  th e  median l in e  and th e  p o s te r io r

wing.

bg S a g i t ta l  le n g th  between a n te r io r  margin and median furrow ,

b3 S a g i t ta l  le n g th  between a n te r io r  m argin and most in f l a te d

p a r t of th e  a n te r io r  lo b e , 

d T ransverse  w idth a t  a n te r io r  wings,

e T ransverse  w idth a t  p o s te r io r  w ings,

e-j T ransverse  w idth a t  p o s te r io r  sp in es .

e2 T ransverse w idth between a d a x ia l , d o rsa l margins o f p o s te r io r

sp in es .
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M E A S U R E M E N T S  TAKEN ON CEPHALON OF  

D i a c a ly m e n e  a n d  G r a v i c a lym e n e

T E X T - f i g .  2



ME ASUREMENTS TAKEN ON CEPHALON OF P h a r o s t o m a

TEXT-  fig. 3

F le x ic a l y m e n e  

TEXT - fig. 4



MEASUREMENTS TAKEN ON CALYMENID HYPOSTOME  

TE XT - f i g .  5

MEASUREMENTS TAKEN ON CALYMENID ROSTRAL PLATE

T E X T -  fig. 6
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4) R o s tra l p la te .

g T ransverse  w idth a t  r o s t r a l  su tu re .

S-j T ransverse  w idth a t  in n e r a rc  of border s e c to r .

h S a g i t ta l  le n g th .

5) A n te rio r border of cranidium .

p S a g i t ta l  len g th  of o u te r fa c e  of a n te r io r  border o f

c ra n id iu n .

SCATTER DIAGRAMS. In the  s c a t te r  diagram s (Chapter E) th e  symbols 

used to  denote th e  specimens o f the  v a rio u s  sp ec ies  have sometimes been 

enclosed  w ith , o r re p re sen ted  by, a c i r c l e .  VJhere t h i s  i s  th e  case 

th e  measurements fo r  one o r both  o f the  v a r iâ te s  has been e s tim ated .

A l i s t  o f measurements i s  given in  V ol. 2 , Appendix 1 .

H IST O R Y  O F RESEi'vRGH.

The fam ily  Calymenidae a re  an im portan t and u b iq u ito u s  group o f 

low er P a laeozo ic  t r i l o b i t e s .  They range from the Tremadoc in to  the  

Devonian and have world-wide occurrence. They a re  i l l - r e p r e s e n te d  in  

Tremadoc rocks bu t o fte n  c o n s t i tu te  a s ig n if ic a n t  p a r t  o f many 

O rdovician and S ilu ria n  fauna*s.

The type genus, Calvmene. was e s ta b lis h e d  by B rongniart (1822), 

and the  fam ily  was founded by Milne Edwards (184.O), In th e  l a s t  

cen tu ry  th e  fo llow ing  au th o rs  added much to  our knowledge o f  th e  group, 

and some o f  them attem pted  to  r a t io n a l iz e  th e  c la s s i f i c a t io n  th e re o f :  

B eyrich (18^6), Berrande (184.6 , 1852, 1872), & l t e r  (1S65 ) , Schmidt 

(1894, 1907), Pompeckj (1898) .

In  th e  e a r ly  p a r t  o f th e  p re se n t cen tu ry  somewhat le s s  a t te n t io n  

was given to  th e  group. Our understand ing  o f  the m ajor groupings 

w ith in  th e  Calymenidae owes much to  th e  s tu d ie s  o f Q iir le y  (l9 3 1 , 1933, 

1936) .  More re c e n tly  the  p apers  o f W h itting ton  ( in  Moore 1959, 1 9 7 l) ,
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Dean (1962, 1963 , 196$, 1971), W hittard  ( l96o ) ,  Ross (1967), Sbhrank

(1970) ,  and Campbell (1971) have made co nsiderab le  c o n tr ib u tio n s  to  

our taxonomic a p p re c ia tio n  o f the  fam ily . There a re  many o th e r  works, 

^  too numerous to  l i s t  h ero , in  which calymonids f ig u re  a s  p a r t  o f a 

fau n a l tre a tm e n t.

This th e s is  has attem pted  to  survey a t  f i r s t  hand as  much B r i t i s h  

and European m a te r ia l a s  p o s s ib le .

I t  has proved im p rac tic a l to  f i n a l l y  t r e a t  here a l l  o f  the m a te r ia l 

th e  au th o r has examined. I t  i s  in tended  to  p u b lish  a l l  o f  the  f in d in g s  

o f th i s  s tudy  in  due course.
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THE CALYMENID GENUS PHARQSTOMA FROM 

THE ORDOVICIAN OF BRITAIN, SCANDINAVIA 

AND BOHEMIi'i,

INTRODUCTION, In  h is  monograph of th e  Ordovician t r i l o b i t e s  of 

West S hropsh ire , W hittard  reviewed a l l  known members of Pharostoma 

though only  d e a lt  w ith  specimens from th e  Hope S ia le s  (L lanv irn ) a t  

f i r s t  hand. The p re sen t work has in c lu d ed  a study of Scandinavian, 

C zechoslovakian, and B r i t is h  form s.

Although Pharostoma i s  g eo g rap h ica lly  w idespread, specimens of the  

genus a re  n o t found in  abundance and one i s  o ften  h indered  by a lack  of 

m a te r ia l .  No sp ec ie s  has p rev io u s ly  been based on B r i t i s h  m a te r ia l  

though W hittard  (1960, p . 132), W hitting ton  (196$, p . $$) and Dean 

(1971, p . 4 2 ) have d esc rib ed  Shelve I n l i e r ,  B ala, and Chair of K ild a ire  

Limestone m a te r ia l  re s p e c tiv e ly , and Ingham (1966, p . 4S7) has made 

re fe re n ce  to  a n o rth e rn  England re p re s e n ta t iv e . Some sp ec ie s  have been 

e re c te d  on th e  b a s is  of a s in g le  cranidium  or poorly  p reserved  c o lle c t io n s  

and th e  need i s  s t i l l  f e l t  fo r  a re v is io n  of th e  more g eo g rap h ica lly  

remote ta x a , many of which a re  no t re a d i ly  a c c e ss ib le  fo r  exam ination 

(P. parapulchrum Kobayashi, 1951 from th e  lower O rdovician of China;

P. den ticu laturn  (Eichwald, I860 ) from th e  lower O rdovician of th e  

U .S .S .R .) .  Other sp ec ie s  from th e  B a ltic  and th e  N European P la in  

(P . pedilobum Roemer, I 86 I )  have been founded on specimens from e r r a t i c  

b o u ld e rs , and th i s  has c re a te d  s p e c ia l  problems reg ard in g  t h e i r  o r ig in a l  

g eo g rap h ica l and s t r a t ig r a p h ic a l  provenance.

D espite  th e se  shortcom ings, i t  has been p o ss ib le  to  d e l imi t  se v e ra l 

sp ec ie s  groups from th e  O rdovician o f NW Europe,

THE SUPRAGENERIC POSITION OF PHAROSTOMA AND ITS RELATIONSHIP TO 

OTHER EARLY ORDOVICIAN CALYMENIDS.

The d e ta i le d  trea tm en t of t h i s  problem l i e s  o u ts id e  th e  scope of 

th e  p re sen t s tudy , though i t  i s  in ten d ed  to  d ea l f u l l y  w ith  t h i s  su b jec t
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a t  a l a t e r  d a te .  However a few comments a re  a p p ro p ria te  h e re .

P re lim in ary  s tu d ie s  accord w ith  th e  p ro p o s itio n  (Dean 196$, p. 8 ) th a t  

th e  fam ily  Pharostom atidae Hupe, 1953 i s  a ju n io r  synonym of D ath y ch e il- 

in ae  P r ib y l, 1953. C ontrary to  th e  opin ion  of Dean (1965, 1966, p .297),

I  b e liev e  th a t  both D athvcheilus and Pharostoma a re  t r u e  calym enids ( s . s . ) ,  

and th a t  any suprageneric  grouping in c lu d in g  th e se  ta x a  should n o t be 

excluded from th e  Calymenidae. Other e a r ly  genera which show p rim itiv e  

fe a tu re s  c h a r a c te r i s t ic  of Pharostoma and B athvcheilus in c lu d e  P harosto -  

min a  Sdzuy, 1955 and Protocalvmene Ross, 1967. The m orphological 

s im i la r i t i e s  e x h ib ite d  by a l l  th e se  genera  (which a re  g e n e r ic a l ly  d i s t 

in gu ished  below) may provide a b a s is  fo r  t h e i r  in c lu s io n  w ith in  a s in g le  

subfam ily . A part from the  lo n g -ran g in g  Pharostoma (A renig to  A s h g i l l) ,  

th e  rem aining genera a re  confined  to  a r e l a t iv e ly  sh o rt p a r t of th e  

s t r a t ig r a p h ic a l  column (Tremadoc -  L la n v irn ) .

Family CALYMENIDAE M ilne Edwards, 1840 

Subfamily B athyche ilinae  P r ib y l, 1953 

Genus PHAROSTOMA Hawle & Corda, 1847 

(= Prio n o c h e ilu s  R ouault, 1847; nomen ob litu rn)

TYPE SPECIES. Calvmene pu lchra  B eyrich , I 846 , p i .  2 , f i g s .  6a , b; 

from th e  O rdovician Letna Form ation (low er Caradoc), V esela n ear Beroun, 

C zechoslovakia. By monotypy.

OTHER SPECIES. P. c o s ta i  Thadeu, 1947; P. den ticu la tum  (Eichw ald, 

i 8 60 ); P. foveolatum  (T d rn q u is t, I884 ); P. leptaenarum  (T o rn q u is t, I 884 );

P. l i l u e n s is  Reed, 1915; P. matutinum (Dean, 1966); P. narinosum sp , n o v .; 

Po nieszk o w sk ii Schmidt, 1894; P. obtusum (McCoy, 18 46 ); P. oelandicum 

A ngelin , 18$4; P. o rn ith o reo s  sp . n o v .; P. pulchrum (B eyrich , I 846 );

P. parapulchrum  Kobayashi, 1951; P. pedilobum (Roemer, 1861); P. rarum 

Cooper & K indle, 1936; P. s im ile  T horslund , 1940; P. v e rn e u i l i  (R ouault, 

1847); P. vokovicense S najd r, 1956; P. ? mendoza R usconi, 1953.
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DIAGNOSIS. G lab e lla  i s  su b rec tan g u la r to  p a rab o lic  in  o u tl in e . 

Three p a irs  of l a t e r a l  g la b e l la r  fu rrow s, 1p o fte n  a b a x ia lly  shallow , 3p 

very  sh o rt ( t r . )  and f a i n t .  L a te ra l g la b e l la r  lobe 3p very  weakly 

in f l a te d .  Side of c e n tr a l  g la b e l la r  lobe  u su a lly  g e n tly  to  m oderately 

convex a t  in n e r  end of 1p furrow . A xial furrow  f la t-b o tto m e d , c re sc e n t

shaped and d i s t i n c t ly  w idest beside lobe 1p. P re g la b e lla r  f i e l d  v a r ie s  

from about o n e-ten th  to  more than  h a l f  as long as g la b e l la .  Eye ridge  

may be p re se n t. Free cheek bears r e l a t iv e ly  long  genal sp ine (which i s  

p a r t ly  com posite w ith  f ix e d  cheek), and row of c lo s e - s e t  l a t e r a l  m arginal 

sp ines from ju n c tio n  of border and doublure which a re  con tinued  onto 

r o s t r a l  p la te .  Hypostome has f r in g in g  su b s id ia ry  sp in es  on a b a x ia l 

margin of main p o s te r io r  sp in e . Thorax w ith  th i r t e e n  segments.

Pygidium has maximum of th i r t e e n  a x ia l  r in g s ,  eleven  p le u ra l  fu rrow s.

DISCUSSION.

Nomenclature ; Pharostoma or P rio n o ch e ilu s  ?

The h is to ry  of t h i s  taxon i s  an unhappy one. Opinion i s  d iv ided  

over th e  use of Pharostoma or P rio n o ch e ilu s  as th e  v a l id  gen eric  name; 

i f  one accep ts  Pharostoma th en  th e  a u th o rsh ip  of th e  type  sp e c ie s , 

Pharostoma pulchrum. i s  in  d isp u te .

In  1964 Dean dem onstrated  th a t  P rio n o ch e ilu s  R ouault, 1847 a n ted a te s  

Pharostoma Hawle & Corda by some th re e  months. He advocated r e ta in in g  

th e  se n io r  synonym in  p re fe ren ce  to  th e  more w idely used ju n io r  name 

la rg e ly  because th e  type  sp e c ie s , P r io n o ch e ilu s  v e rn e u i l i  R ouault, 1847 

had been re d e sc rib e d  and r e i l l u s t r a t e d  by B ezier (1907). W hitting ton  

( 1965, p. 56) r e je c te d  Dean’s p roposa l because P rio n o ch e ilu s  had "not 

been used by workers on calym enids"; he th u s  made use of A r t ic le  23(b) 

of th e  I n te rn a t io n a l  Code of Z oo log ica l Nomenclature, 1961, and consid

ered  P rio n o ch e ilu s  a nomen ob litum . Dean (1971, p . 42) l a t e r  rea ffirm ed  

h is  v iew s, supporting  h is  case  on th e  b a s is  th a t  "with th e  excep tion  of 

S h irley  (1936), no comprehensive re v is io n  of th e  calym enid t r i l o b i t e s  has



been undertaken , and a l l  works d ea lin g  w ith Pharostoma have inc luded  i t  

only as p a rt of la r g e r ,  more v a r ie d  faunas (fo r  example Snajdr 1956; 

W hitta rd  1960). Furtherm ore, S h ir le y  d e a lt  only w ith  B r i t i s h  calymenids 

and ap p a ren tly  excluded Pharostoma because he considered  i t  only doubt

f u l l y  a c a ly m e n id   Consequently i t  i s  f e l t  th a t  th e  normal

c o n d itio n s  fo r  a nomen oblitum  a re  not s a t i s f i e d  ".

N ev erth eless  P rio n o ch e ilu s  has remained unmentioned as a sen io r 

synonym in  prim ary zo o lo g ica l l i t e r a t u r e  fo r  more than  f i f t y  years 

preced ing  i t s  d iscovery  as such and, as th e  law s tan d s , must be considered  

a ’fo rg o tte n  name’ . Although A r t ic le  23(b) i s  so worded a s  to  co n cen tra te  

on th e  suppression  of unused o ld e r names, i t s  fundam ental aim i s  th e  

p ro te c tio n  of th e  unchallenged  ju n io r  synonym and to  p reserve  s t a b i l i t y  

of nom enclature. There can be no doubt of Pharostoma being u n iv e rs a lly  

used in  zo o lo g ica l p u b lic a tio n s  from 1914-1964. I t  was employed by a t  

l e a s t  tw enty p a la e o n to lo g is ts  in  as many papers during t h i s  tim e and 

a lthough  th e  genus was no t in d iv id u a lly  re v is e d , th e se  f a c t s  s tand  

s tro n g ly  a g a in s t any p ro p o s itio n  which a s s e r t s  n e g lec t of th e  taxon . 

Pharostoma i s  th e re fo re  en trenched  in  th e  l i t e r a t u r e  and i t  i s  th re a ten e d  

by th e  laws of p r io r i ty ;  A r t ic le  23(b) comes a u to m a tica lly  in to  e f f e c t  

and can only be l a id  a s id e  by express d ire c t io n  of th e  Commission -  

to  which Dean must apply before h is  view can be adopted.

A d iscu ss io n  of th e  a u th o rsh ip  of th e  type sp ec ie s  w i l l  be found 

under Pharostoma pulchrum pulchrum.

D iffe ren ces  of Pharostoma from o th e r genera .

Pharostoma i s  most c lo se ly  r e la te d  to  Pharostom ina Sdzuy, 1955.

The g re a t s im i la r i ty  of P. f lp ik i. th e  type sp ec ies  of Pharostom ina, to  

Pharostoma matutinum (Dean, 1966) from th e  a re n ig  of th e  Montagne Noire 

sup p o rts  t h i s  proposed re la t io n s h ip  (c f .  Dean 1966, p. 304, p i .  10, 

f i g s .  1-7 w ith  Sdzuy 1955, p i .  6, f i g s .  62 -88 ), as does t h e i r  geographies^ 

and s t r a t ig r a p h ic a l  proxim ity , Pharostom ina d i f f e r s  in  th a t  i t  la c k s
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cep h a lic  l a t e r a l  m arginal sp in es , has s h o r te r  genal sp in e s , a l e s s  

conspicuous c re sc e n tic  a re a  of th e  a x ia l  furrow  o u ts id e  th e  b asa l 

g la b e l la r  lobe and complete absence of any in f l a t io n  (= "oval a rea"  of 

W hitting ton  in  Moore 1959) on th e  s id e  of th e  c e n tr a l  g la b e l la r  a rea  a t  

th e  a d ax ia l end of l a t e r a l  furrow 1p,

D iffe ren ces  of B athvcheilus Holub, 1908 from Pharostoma in c lu d e  a 

much le s s  p a rab o lic  (su b trap o zo id a l to  b e ll-sh ap ed ) g la b e l la r  o u t l in e , 

absence of "o v a l-a rea s" , no p o s te r io r  c o n s tr ic t io n  to  th e  c re sc e n tic  a rea  

beside l a t e r a l  lobe Ip , a much la r g e r  l ib r ig e n a l  sp in e , and ap p a ren tly  a 

lack  of any cep h a lic  m arginal sp in es  ( a f te r  Dean, 1965, p. 8 ) ,  Other 

d is t in c t io n s  appear to  be th e  much deeper c ra n id ia l  a x ia l  furrow , a 

more sw ollen , convex g la b e l la  and f ix e d  cheek, and a l e s s  d is c r e te  

p re g la b e lla r  f i e l d ,

Protocalvmene Ross, 1967 i s  s im ila r  to  D athvcheilus in  d if f e r in g  

from Pharostoma in  th e  shape and convexity  of i t s  g la b e l la ,  i t s  deeper 

a x ia l  furrow , more in f l a te d  f ix e d  cheek and th e  absence of c ep h a lic  

m arginal sp in e s . In  a d d itio n , Protocalvmene does no t seem to  have 

genal sp ines on th e  f ix e d  cheek, has a l e s s  w e ll developed 2p lobe  and 

2p furrow , and complete la ck  of 3p lobe and 3p furrow .

Comparison of B r i t i s h ,  Bohemian and Scandinavian fa u n a s .

This comparison has brought to  l ig h t  th re e  sp ec ie s  groups which 

a re  more or l e s s  confined  by broad geograph ica l and s t r a t ig r a p h ic a l  

param eters . In  d isc r im in a tin g  th e se  groups th e  fo llow ing  c h a ra c te rs  

have proved u s e fu l:  G la b e lla r  o u t l in e ,  e s p e c ia l ly  th a t  of th e  f r o n ta l

lo b e ; depth and n a tu re  of p re g la b e lla r  furrow ; le n g th  and form of pre

g la b e l la r  f i e ld ;  type of a n te r io r  border; p resence or absence of sub- 

c i r c u la r  and oval sw ellin g s  on th e  p o s te r io r  a b ax ia l margin of th e  

p re g la b e lla r  f i e l d  and in n e r p a r t of th e  f ix e d  cheek re s p e c tiv e ly .

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

e v e r y  s p e c i e s  i n c l u d e d ,  b u t  a s  a  g e n e r a l  g u i d e  t h e y  h o l d  g o o d .  I t  i s  

c o n s i d e r e d ,  h o w e v e r ,  t h a t  t h e  d i s t i n c t i o n  b e t w e e n  t h e  g r o u p s  i s  n o t
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s u f f ic ie n t  to  m erit th e  e re c tio n  of subgenera.

Group 1.

Inc ludes P. vokovicense S n a jd r, 1956; P. pulchrum pulchrum (B eyrich , 

1846); P. pulchrum subsp, nov. A

In  th i s  group th e  cranidium  may a t t a in  a r e la t iv e ly  la rg e  s iz e ;  th e  

p re g la b e lla r  f i e l d  i s  q u ite  sh o rt (about one seventh or one e ig h th  as 

long as th e  g la b e l la ) ;  th e  g la b e l la  i s  in  th e  shape of a b roadly  based 

p a rab o la , th e  o u tlin e  of th e  f r o n ta l  g la b e l la r  lobe v a r ie s  from being 

b lu n tly  rounded (P. vokovicense) to  being more s tro n g ly  arched though 

in  a l l  cases i t  i s  evenly  convex; th e  p re g la b e lla r  furrow  i s  of about 

co n stan t depth; th e re  a re  no marked, in d iv id u a l sw ellin g s  on th e  pre

g la b e l la r  f i e l d  o r a d a x ia lly  from th e  p a lp eb ra l lobe on th e  f ix e d  cheek; 

th e  a n te r io r  border i s  r o l l - l i k e  in  c ro s s -s e c tio n , and v a r ia b ly  in f l a te d .

The group occurs in  s t r a t a  of L lan v irn , L lande ilo  and Caradoc age 

and i s  p resen t in  Bohemia and B r i ta in .  I t  i s  a lso  found elsew here in  

th e  Tethyan re g io n , such as th e  L lanv irn  of P o rtu g al and th e  upper 

Caradoc of Morocco.

Group 2 .

In c lu d es  P. denticu latum  (Eichw ald, I 860 ); Pharostoma a f f .  P. 

den ticu la tum  (of t h i s  r e p o r t) ;  P. n ieszkow sk ii Schmidt, 1894; P. s im ile  

T horslund, 1940; P. foveolatum  (T ërn q u ist, I884 ); P. narinosum sp . nov.

C ran id ia  of th e  s t r a t ig r a p h ic a l ly  l a t e r  sp ec ies  in  t h i s  group a re  

known to  a t t a in  la rg e  s iz e s .  P. foveolatum  re p re se n ts  th e  la r g e s t  

recorded  member of th e  genus, specimen I  PU Ar469 having a c r a n id ia l  

len g th  of alm ost fo u r c en tim e tre s . The p re g la b e lla r  f i e l d  v a r ie s  from 

about one s ix th  to  more than  h a lf  a s  long as th e  g la b e l la ;  th e  f r o n ta l  

lobe i s  g e n e ra lly  arched forw ards m ed ia lly  but i s  sometimes s l ig h t ly  

f la t te n e d  ( t r . )  a t  i t s  apex and i s  o ften  f la t te n e d  or in d en ted  e i th e r  

s id e  th e  median l in e  where p re g la b e lla r  furrow  i s  somewhat deeper; th e  

p re g la b e lla r  f i e l d  a t  th e  a n te r o la te r a l  m argin of th e  g la b e l la  ten d s  to  

be in f l a t e d  -  in  some sp ec ie s  a s e p a ra te , independan tly  convex sw elling



- 7 -

i s  p re sen t; a fu r th e r  in f l a t io n  nay be p re sen t on th e  f ix e d  cheek, 

s i tu a te d  ju s t  behind and a l i t t l e  inw ards from th e  p a lp eb ra l lobe; th e  

d o rsa l su rface  of th e  a n te r io r  border i s  g e n tly  convex ( s a g .) ,  p ro je c ts  

m oderately  to  s te e p ly , forw ards and upwards from th e  border furrow .

This assemblage of sp ec ie s  ranges from about th e  lower L lanv irn  to  

th e  base of th e  A sh g ill and occurs in  Norway, Sweden, E sto n ia  and th e  

East B a l t ic ,

Group 3.

In c ludes P. oelandicum A ngelin , 1854; P. pedilobum (Roemer, 1861);

P. obtusum (McCoy, I846 ); P. o rn ith o reo s  sp . n o v .; P. leptaenarum  

(T ërn q u is t, I 884 ); Pharostoma sp . A (of t h i s  r e p o r t ) ;  Pharostoma sp , D 

(o f t h i s  r e p o r t ) .

This group has th e  fo llow ing  c h a ra c te rs :  The c ra n id ia  a re  g e n e ra lly  

sm all, r a re ly  reach ing  th e  s iz e  of th e  l a r g e s t  c ra n id ia  in  Groups 1 and 

2; th e  p re g la b e lla r  f i e l d  i s  not lo n g , v a r ie s  from about one te n th  to  

one f i f t h  as long  as th e  g la b e l la ;  th e  g la b e l la  appears su b rec tan g u la r 

due to  th e  a x ia l  furrow s being only weakly convergent a n te r io r ly  and the  

b lu n tly  rounded o u tl in e  of th e  f r o n ta l  g la b e l la r  lo b e ; th e  p re g la b e lla r  

furrow  i s  of uniform depth; th e re  a re  no d is c r e te  sw ellings on th e  pre

g la b e l la r  f i e l d  or f ix e d  cheek; th e  a n te r io r  border i s  h o r iz o n ta lly  

in c l in e d ,  o r p ro je c ts  m oderately  forw ards and upwards.

Group 3 occurs m ainly in  A sh g ill s t r a t a ,  though i t  i s  a lso  found 

in  th e  topmost Caradoc. I t  i s  p re sen t in  Scandinavia and B r i ta in ,  and 

extends to  Quebec (P. rarum Cooper & K ind le , 1936; see Dean 1971, p . 44)-

The f i r s t  two groups (Bohemian and B alto scand ian ) a re  o f approxim ately  

th e  same age y e t g eo g rap h ica lly  s e p a ra te ;  They appear to  re p re se n t two 

independant l in e s  o f ev o lu tio n , each of which evolved a t  a d i f f e r e n t  r a t e .  

The Bohemian sp ec ie s  do not undergo much m orphological change from th e  

L lanv irn  to  th e  end of th e  Caradoc except fo r  an in c re a se  in  th e  convexity  

of th e  a n te r io r  bo rder. On th e  o th e r  hand th e  Scandinavian and B a ltic



group show a d i s t in c t  tre n d  towards th e  lo s s  of a m ed ia lly  po in ted  

a n te r io r  margin and a marked e lo n g a tio n  of th e  p re g la b e lla r  a rea  (from 

P. den ticu latum  through P. n ieszkow skii to  P. foveolatum ) .

Pharostoma oelandicum i s  somewhat a ty p ic a l  of group 3 i a  th e  o u tlin e  

of i t s  f r o n ta l  lobe and in  term s of morphology and s tra t ig ra p h y  re p re se n ts  

a l in k  w ith  group 2 (see d iscu ss io n  of th e  sp ec ie s  below ). The A sh g ill 

sp ec ie s  in  group 3 appear to  have descended from middle O rdovician 

Scandinavian s to ck , r a th e r  than  from Bohemian a n c e s to rs .

OCCURRENCE, Pharostoma f i r s t  appears in  th e  A renig of S France 

(P. matutinum (Dean, 1966)) and con tinues throughout th e  O rdovician , 

th e  l a s t  re p re se n ta tiv e  being P. obtusum (McCoy, 1846) from th e  A sh g ill 

(iiawtheyan) of I re la n d . The genus becomes w idely  d is t r ib u te d  during  

t h i s  tim e occu rring  in  Quebec, England, W ales, I r e la n d , Scandinavia, 

E s to n ia , F rance , Bohemia, th e  Ib e r ia n  p e n in su la r , Morocco, China, Burma, 

and perhaps A rgen tina .

I t  i s  f i r s t  p re sen t in  B r ita in  during th e  L lan v irn , though I am not 

aware of any specimen from e i th e r  th e  L landeilo  o r Caradoc S e r ie s . I t  

reappears  in  th e  P u s g il l ia n  ( B ird s h i l l  Limestone) o f South Wales and 

th e  C autleyan and Rawtheyan of n o rth e rn  England and N Wales re s p e c tiv e ly .

The Lower Chasmoos Shale ( 4 b ) p rov ides th e  f i r s t  specimens of 

Pharostoma in  Norway and i t  i s  here  confined  to  s t r a t a  of approxim ately  

Caradoc age, th e  l a s t  sp ec ie s  occu rrin g  in  th e  Upper Chasmoos Limestone

U h S ) .
U nexpectedly e a r ly  i s  i t s  occurrence in  th e  Raniceps Limestone 

(=L lanvirn) o f Sweden. The genus occurrs in te r m i t te n t ly  throughout th e  

m iddle O rdovician, o f t h i s  country  and i s  f i n a l l y  seen in  th e  A sh g ill 

Boda Limestone.

In  Bohemia i t  ranges from th e  Sarka to  Bohdalec Form ations (L lanv irn  

to  P u s g i l l ia n ) .
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Pharostoma vokovicense S n a jd r, 1956 

P la te  1, f i g s .  1-7.

? 1918 Calyinnene (Pharostoma) p u lch ra  B arr; Novak in  Novak & P ern er, 

pp. 12, 37, p i .  4 , f i g s .  17-19.

1956 Pharostoma pulchrum vokovicense nov. su b sp .; S n a jd r, p. 505, 

p i .  5, f i g .  1, p i .  6 , f i g .  1.

i 960 P. pulchrum vokovicense: W hittard , p. 137.

1965 Pharostoma pulchrum vokovicense S n a jd r, 1956; Vanek, p. 30, 

p i .  3 , f ig s .  1, 2 , p i .  4 , f i g .  6 .

1966 Pharostomavpulchrum vokovicense: Dean, p. 303.

1966 Pharostoma pulchrum vokovicense SN.; H avlicek & Vanek, p. 51, 

p i .  5, f ig .  11.

1966 P r. pu lcher vokovicensis (SNaJDR, 1956); Destombes, p. 41.

1967 P. pu lcher v o k o v icen s is ; Dean, p. 313.

HOLOTYPE. An alm ost complete cephalon and i t s  c o u n te rp a r t; NI'̂ P 

184/67; f ig u re d  Snajdr 1956, p i .  5, f i g .  1 ( in te rn a l  m ould), and here 

P I. 1 , f ig s .  1, 3 , 5-7 .

TYPE stratum AND TYPE LOCALITY. Sarka Form ation (L lan v irn ), 

b rick y ard  under th e  Cerveny vrch  h i l l ,  Vokovice, Prague.

DIAGNOSIS. P re g la b e lla r  a rea  and p re g la b e lla r  f i e l d  about th re e  

te n th s  and one e ig h th  as long as g la b e l la  r e s p e c tiv e ly . A n te rio r 

border furrow  shallow  and broad ( s a g .) .  A n te rio r border low, g en tly  

convex in  l a t e r a l  p r o f i l e ,  not sh arp ly  narrow ing (e x s .)  abaxi& lly . 

F ro n ta l g la b e l la r  lobe i s  b lu n tly  o u tlin e d .

DISCUSSION. P. vokovicense i s  th e  e a r l i e s t  member of th e  genus 

from Bohemia. Because i t  i s  s u f f ic ie n t ly  d i s t in c t  I  have regarded  i t  

as a s ep a ra te  sp ec ie s  and n o t ,  as o r ig in a l ly  considered  by S na jd r, a 

subspec ies  of P. pulchrum. N ev erth e less  vokovicense i s  obv iously  very
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c lo se ly  r e la te d  to  P. pulchrum and since  th e  l a t t e r  i s  f u l l y  d escribed  

below I  have n o t provided a form al d e sc r ip tio n  of th e  sp e c ie s . Snajdr 

( 1956, p . 530) used th e  fo llow ing  c h a ra c te rs  to  sep a ra te  h is  taxon:

A c o n s ta n tly  and eq u ally  high and wide (sag . & e x s .)  a n te r io r  border; 

sm all l a t e r a l  m arginal sp ines on th e  f r e e  cheek; and th e  a re a  between 

th e  g la b e l la  and a n te r io r  border (= p re g la b e lla r  f i e ld )  being composed 

of a low, g ran u la ted  rid g e  on th e  p o s te r io r  h a lf  and a f l a t ,  smooth a rea  

on th e  a n te r io r  h a l f .

Free cheeks of vokovicense showing w ell p reserved  m arg inal sp ines 

have n o t been a t  my d isp o sa l and Snajdr does not f ig u re  any. Vanek 

( 1965, p i .  3, f i g .  2 ) i l l u s t r a t e d  a f re e  cheek w ith  d i s t i n c t ly  sh o rt 

sp ines though i t  should be noted th a t  on h is  photograph th e  rock m atrix  

surrounding th e se  d e l ic a te  sp ines has been blacked o u t. As f a r  as I  

am aware Snajdr gave equal w eight to  each o f h is  d isc r im in a tin g  c h a rac t

e r s  though W hittard  (1960, p . 136) and Dean (1966, p . 303; 1967, p . 313) 

both emphasized th e  form of th e  p re g la b e lla r  f i e l d .  There does not 

seem to  me, however, anyth ing  p a r t ic u la r ly  unusual in  th i s  c h a ra c te r .

The weak rid g e  running t r a n s v e rs e ly  in  f ro n t  of th e  g la b e l la  i s  simply 

a s len d e r a d ax ia l co n tin u a tio n  of th e  in n e r p a r t of th e  f ix e d  cheek; 

t h i s  r id g e  alone re p re se n ts  th e  p re g la b e lla r  f i e l d ,  a lb e i t  narrow , 

sandwiched between th e  p re g la b e lla r  and a n te r io r  border fu rrow s. The 

smooth a rea  in  f ro n t  of t h i s  r id g e  i s  ju s t  a ra th e r  broad, shallow  

p re g la b e lla r  furrow  which becomes s u b s ta n t ia l ly  more narrow towards th e  

f a c i a l  su tu re . This arrangem ent i s  most ty p ic a l  of vokovicense but i t  

may a lso  be p re sen t in  l a t e r  Bohemian sp ec ie s  and i s  even c lo se ly  

p a ra l le le d  in  P. oelandicum A ngelin , 1854 from th e  Macrourus Limestone 

e r r a t i c s  of Bland.

D is t in c t iv e  of P. vokovicense i s  th e  form of i t s  a n te r io r  border.

In  P. pulchrum pulchrum and P. pulchrum subsp. nov. (of t h i s  re p o r t)  

t h i s  f e a tu re  i s  q u ite  s tro n g ly  sw ollen m ed ia lly  and much more convex 

and wide ( s a g .) here  than  a b a x ia l ly ;  by comparison th a t  of P. vokovicense
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l s  not so d is ten d ed  or high and i s  more uniform ly wide from th e  median 

l in e  to  th e  f a c ia l  su tu re . The r a th e r  b lun t o u tlin e  to  th e  f r o n ta l  

g la b e l la r  lobe in  vokovicense a lso  appears to  c o n tr ib u te  towards th e  

sep a ra tio n  of th i s  sp ec ies  from P. pulchrum. üs w ith  o th e r  Pharostoma 

ta x a , co n sid erab le  in t r a s p e c i f i c  v a r ia t io n  e x is t s  in  th e  degree of 

im pression  of l a t e r a l  g la b e l la r  furrow  3p*

The f ig u re d  m a te r ia l of S n a jd r(1956) and Vanek (1965) does not 

e lu c id a te  th e  r e la t io n s h ip  of th e  p o s te r io r  s e c tio n  of th e  f a c i a l  su tu re  

to  th e  genal an g le , though I  assume Vanek’s d ep ic tio n  (1965, p. 31, 

t e x t - f i g .  7) of P. vokovicense. which shows i t  having a p ro p a rian  type 

of f a c ia l  su tu re , to  be erroneous.

OCCURRENCE. Known only from th e  Sarka Form ation (= L lanvirn) in  

Bohemia. A part from th e  type lo c a l i t y  Snajdr a lso  reco rd s  th e  sp ec ie s  

from Osek near Rokycany. R eference by H avlicek & Vanek (1966, p. 26) 

to  P. vokovicense occu rrin g  in  th e  L lanv irn  of th e  Shelve I n l i e r  appears 

to  have been dependent upon th e  known age of th e  B r i t is h  S tr a ta  as 

W hittards specimens a re  c le a r ly  d i f f e r e n t .  The same two au th o rs  (1966, 

p. 25) a lso  claim  th a t  vokovicense occurs in  th e  G r i f f e ls c h ie fe r  of 

T h u rin g ia , basing  t h e i r  id e n t i f i c a t io n  on a re fe re n ce  by R. & E. R ich te r 

(1927) to  Calvmene (Pharostom a) pu lch ra  B a r r ..  The R ich te rs  do no t 

f ig u re  any Pharostoma specimens in  t h e i r  paper and F reyberg ’s (1922, 

p. 245 ) e a r l i e r  reco rd in g  from th e  G r i f f e ls c h ie f e r  o f Calvmene pu lch ra  

was put by them in  th e  synonym of Colpocorvphe in o p in a ta  Novak in  

P e rn e r, 1918.
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Pharostoma pulchrum pulchrum (B eyrich , I 846)
P la te  1 , f i g s .  8-11; P la te ,  2 . f i g s .  1-6; P la te ,  3 . f i g s .  1-8;

P la te ,  4 . f i g s .  3 , 4 , 7 , 8 .

1846 Calvmene p u lc h ra : B eyrich, p i ,  2 , f i g s .  6a-d .

1846 Calvmene Pulchra  B a r r .; Barrande (p a r s ) . p. 27.

1847 Ph. pulchrum: Hawle & Corda, p . 88, p i .  5, ? f i g .  49, non f i g .  

49a.

1852 Calvm. pu lchra  B a rr .; Barrande (p a rs ) . p . 575, p i .  19, f i g s .

4 , 5, 7 -9 , ? f i g .  1, non f i g s .  2, 3 , 6 .

1852 P lacop a r ia  Z ip p ei. Boeck; Barrande (p a rs ) . p . IO6 , p i .  29, f ig s , 

37, 38.

1872 Calvm. pu lch ra  B a r r . ; B arrande, p. 36 , p i .  I6 , f i g .  27.

1872 P laco p aria  g rand is  C orda.; Barrande (p a r s ) . p . 104, p l .  8 , 

f i g .  49.

non 1906 Calvmene pu lchra  BEYR.; C lin , p. 58, p l .  2 , f i g .  15.

? 1908 Calvmene pu lchra  B a rr .; Delgado, p . IO6 .

non 1919 Calymmene pu lchra  BEYR.; F unkqu ist, p. 3 6 , p l .  1, f i g s .  5, 6 . 

non 1922 Calvmene pu lchra  B a rr .; F reyberg , p. 245, p l .  4 , f i g .  6.

? 1931 Calvmmene pu lchra  B a rr .;  Sun, p. 27, p l .  3 , f i g s .  8a, b.

? 1951 Pharostoma parapu lchra  n . s p .;  Kobayashi, p . 4 6 , p l .  3 , f i g .  9.

1956 Pharostoma pulchrum pulchrum (BaRRtiNDE, I8 46 ); Snajdr (p a rs ) .

pp. 504-5.

i 960 Pharostoma pulchrum (B eyrich); W hittard  p . 134, p l .  8 , f i g s .  

2- 8 .

? 1961 Pharostoma pulchrum (B eyrich); C u r tis , p. 2 .

1965 Pharostoma pulchrum mendax subsp. n . ; Vanek, p. 30, p l .  2 ,

f i g .  10, p l .  3 , f i g s .  6 , 7 , p l .  4 , f i g s .  2 -5 .

1966 P rio n o ch e ilu s  pu lcher (B eyrich); Dean (p a r s ) . p . 303.

non 1966 P rio n o ch e ilu s  pu lcher pu lcher (B eyrich); Destombes, p . 39, 

p l .  4 , f i g s .  1-6.

1966 Pharostoma pulchrum vokovicense: H avlicek & Vanek, p. 26.
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1966 Pharostoma pulchrum mendax VANEK; H avlicek & Vanek, pp. 53,

54, p l .  10, f i g .  6.

1967 P rio n o ch e ilu s  pulcher mendax (Vanek); Dean,p. 313.

LECTOTYPE, Here se le c te d ; e x te rn a l mould of an incom plete cranidium ; 

MB 303D.K.; P l. 2 , f i g s .  1, 2 , 6 .

Four syntypes of Beyrich were k in d ly  sen t to  me by Dr. H. Jaeger 

from th e  c o lle c t io n s  of th e  P a l^o n to lo g isch es  Museum, Humboldt 

U n iv e rs it^ t ,  B e r lin . P ro fe sso r P.O. S y lv este r-B rad ley  was inform ed 

(in  l i t t . . 13 . 6 . 1972) by Dr. H. Jaeg e r th a t  t h i s  m a te r ia l was used by 

Beyrich as a b a s is  fo r  h is  o r ig in a l  f ig u re s  ( I846 , p l .  2 , f i g s .  6a -d ) .  

Specimens MB 501B.K. ( in te rn a l  mould cranidium ) and MB 303B.K. (le c to ty p e ) 

were combined, perhaps a lso  w ith  o th e r c ra n id ia , and i l l u s t r a t e d  on 

p l .  2 , f ig s .  6a , b; an in te r n a l  mould of a f r e e  cheek, MB 502B.K./k190, 

was f ig u re d  on p l .  2 , f i g .  6c and an in te r n a l  mould pygidium, MB 264B .K ./ 

k191, on p l .  2 , f i g .  6d. The ab b re v ia tio n  B.K. r e f e r s  to  "B eyrich’s 

K atalog"; some of h is  specimens were reca ta lo g u ed  a t  a l a t e r  date  and 

p re fix ed  w ith th e  l e t t e r  ’k ’ .

TYPE STRITUM AND TYPE LOCALITY. Letna Form ation (low er Caradoc), 

V esela, near Beroun, C zechoslovakia.

DIAGNOSIS. P re g la b e lla r  a re a  and p re g la b e lla r  f i e l d  about one 

th i r d  and one e ig h th  as long as g la b e l la  r e s p e c tiv e ly . At median l in e  

a n te r io r  border i s  co n sid erab ly  sw ollen , in  c ro s s -s e c tio n  r o l l - l i k e ,  

r a th e r  broad, but narrows d i s t i n c t ly  a b a x ia l ly . Marked eye rid g e  i s  

ra is e d  sharp ly  above p o s te r io r  p a r t of f ix e d  cheek. A n te rio r p a r t of 

f ix e d  cheek i s  somewhat d is ten d ed .

DESCRIPTION. G lab e lla  i s  ju s t  w ider th an  long ( s a g .) ,  g e n e ra lly  

p a rab o lic  in  o u t l in e ,  not p ro je c tin g  a n te r io r ly  beyond f ix e d  cheeks.
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Behind c e n tr a l  g la b e l la r  a rea  o c c ip i ta l  r in g  i s  t ra n s v e rse ly  d ire c te d  

and eq u a lly  wide (sag, & e x s .) ,  behind b a sa l g la b e l la r  lobe i t  narrows 

to  a x ia l  furrow , in  l a t e r a l  p r o f i le  i t  i s  f l a t .  O c c ip ita l furrow  i s  

very sh o rt (sag . & e x s .)  and sh arp ly  in c is e d , somewhat broader on 

in te r n a l  moulds. L a te ra l g la b e l la r  lobe 1p i s  subquadrate , both a b ax ia l 

a n te r io r  and p o s te r io r  co rners  a re  conspicuously  an g u la r , i t s  ab ax ia l 

margin i s  f l a t  o r a t  most weakly convex outw ards. L a te ra l furrow  1p i s  

m oderately deep a t  a x ia l  furrow , tre n d s  inwards and g e n tly  backwards to  

deepen and b ifu rc a te  a t  in n e r , a n te r io r  co rner of lobe Ip . P o s te r io r  

branch con tinues in  a broad a rc  backwards, tu rn in g  more sh arp ly  inwards 

a d a x ia lly ; a shallow  depression  connects t h i s  branch to  o c c ip i ta l  furrow . 

A n te rio r branch of furrow  Ip i s  sh o r te r  th an  p o s te r io r ,  c le a r ly  tra v e rs e s  

th e  neck of lobe 2p to  meet furrow  2p. W ithin th e  fo rk  of 1p furrow , 

sid e  of c e n tr a l  g la b e l la r  a rea  i s  ra th e r  in f l a t e d .  Lobe 2p i s  about 

h a lf  as la rg e  as 1p. L a te ra l furrow  2p i s  m oderately deep, tre n d s  

backwards more sh arp ly  than  o u te r p a r t  of furrow  1p. Very s h o r t ,  

i n d i s t in c t  (e s p e c ia lly  on le c to ty p e  c a s t)  furrow  3p i s  s i te d  low down 

on s ide  of g la b e l la  and d e lim its  a sm all, t r i a n g u la r  shaped l a t e r a l  lobe 

3p which i s  co n flu en t d o rs a lly  w ith  c e n tr a l  g la b e l la r  a re a . In  o u t l in e , 

f r o n ta l  lobe i s  evenly arched forw ards to  a g re a te r  or l e s s e r  e x te n t .

In  l a t e r a l  p ro f i le  g la b e l la  f a l l s  g e n tly  from o c c ip i ta l  furrow  to  furrow  

2p, p ro g re ss iv e ly  more s te e p ly  th e r e a f te r  to  p re g la b e lla r  furrow .

Beside o c c ip i ta l  r in g  a x ia l  furrow  i s  shallow  and narrow, runs 

forw ard and outwards to  l a t e r a l  lobe 1p where i t  markedly expands ( t r . ) 

in to  th e  ty p ic a l  c re sc en t shape w ith  a s teep  but no t deep o u te r w a ll; a t  

lobe  2p i t  i s  narrow and a b a x ia lly  convex. A n te rio r p i t  i s  o pposite  

f r o n ta l  lobe and s i tu a te d  on o u te r s ide  of a x ia l  furrow . Some in te r n a l  

moulds d isp la y  two very  sm all, d o rs a lly  p ro je c tin g  s tu b - l ik e  fe a tu re s  on 

th e  m argins of th e  a x ia l  furrow , one i s  w ith in  th e  a n te r io r  p i t ,  th e
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o th e r , which i s  somewhat la r g e r ,  on th e  a d ax ia l s id e  of a x ia l  furrow  

where i t  meets l a t e r a l  furrow  3p. P re g la b e lla r  furrow  i s  not deep, 

s l ig h t ly  undercu ts f r o n ta l  g la b e l la r  lo b e . Length (s a g .)  o f p reg lab 

e l l a r  f i e l d  v a r ie s  from about one seventh  to  one te n th  th a t  of g la b e l la ;  

in  l a t e r a l  p ro f i le  i t  i s  f l a t  o r g e n tly  convex. A n te rio r slope of 

shallow  border furrow  r i s e s  q u ite  sh arp ly  to  a n te r io r  bo rder. The 

l a t t e r  i s  r a th e r  puffy  and sausage-shaped , in  c ro s s -s e c tio n  r o l l - l i k e ,  

w idest a t  median l i n e ,  unm istakeably  narrow ing (e x s .)  a b a x ia l ly .

P o s te r io r  border c o n s ta n tly  narrow to  fu lcrum , in c re a se s  in  w idth 

from here to  su tu re  l i n e .  On c a s t  of le c to ty p e  th e  p o s te r io r  border 

furrow  i s  narrow er ( e x s . ) than  p o s te r io r  bo rder, on in te r n a l  moulds th e  

border furrow  appears about equal to  o r ju s t  w ider th an  bo rder.

A baxially  p o s te r io r  border and furrow  connect w ith  l a t e r a l  border and 

weakly developed furrow  which th en  run forw ards to  f a c i a l  su tu re .

Inner p a r t of f ix e d  cheek behind eye i s  r a th e r  f l a t ,  o u te r p a r t s lopes 

much more s tro n g ly  downwards and backwards towards genal an g le .

Prominent eye rid g e  runs from f r o n t  of p a lp eb ra l lobe to  a n te r io r  p a r t 

of l a t e r a l  g la b e l la r  lobe 2p, i s  th en  s u b p a ra lle l  to  a x ia l  furrow

curv ing  somewhat forw ards to  f in i s h  opp o site  lobe and furrow  3p. This

rid g e  i s  d i s t in c t ly  r a is e d  above th e  le v e l  of th e  f ix e d  cheek on i t s

p o s te r io r  s id e , much le s s  so on i t s  a n te r io r  s ide  where i t  merges in to

th e  sw ollen , convex (exs, & t r . )  p reo cu la r p a r t of cheek. The l a t t e r  

f a l l s  s te e p ly  to  a n te r io r  border and a x ia l  fu rrow , more g ra d u a lly  a t  i t s  

in n e r , a n te r io r  p a r t to  p re g la b e lla r  f i e l d .  A n te rio r branch of f a c ia l  

su tu re  runs forw ards in  a m ild ly  a b a x ia lly  convex curve to  a n te r io r  

m argin. P o s te r io r  branch i s  d ire c te d  outwards and backwards from eye, 

more s tro n g ly  so c ro ss in g  l a t e r a l  border furrow , f i n a l l y  runs e x s a g i t t -  

a l ly  to  p o s te r io r  m argin.

P a l p e b r a l  l o b e  i s  c e n t r e d  o p p o s i t e  m id d le  o r  a n t e r i o r  p a r t  o f  l a t e r a l
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lobe 2p, i s  no t as long as th a t  lo b e , appears q u ite  s te e p ly  up tu rned .

Eye socle  f a l l s  s te e p ly  to  main p a r t o f f re e  cheek which in  i t s  in n e r 

reg io n  i s  l e s s  s te e p ly  in c lin e d  th an  i t s  o u te r  reg io n  which i s  v e r t i c a l .  

L a te ra l  border furrow  of in te r n a l  mould i s  narrow , m oderately  deep, runs 

in to  a n te r io r  border furrow . L a te ra l border of mould i s  r o l le d  over 

to  meet doublure . From th e  m a te r ia l a t  hand, d o rsa l su rface  of genal 

spine i s  unknown but appears to  be formed as a c o n tin u a tio n  of o u te r  

p a r t of l a t e r a l  border of f r e e  cheek. Doublure of f r e e  cheek i s  

sh arp ly  re f le x e d  upwards, narrows ( t r . ) a l i t t l e  from a n te r io r  to  

p o s te r io r  se c tio n s  of f a c i a l  su tu re , th en  swings inwards to  form v e n t r a l ,  

en c lo sin g  cover to  genal sp in e . On f r e e  cheek from ju n c tu re  o f l a t e r a l  

border and doublure about tw enty e ig h t s to u t sp ines p ro je c t downwards 

and somewhat backwards, th e  most p o s te r io r  ones a re  s h o r te s t ,  q u ick ly  

in c re a s in g  in  le n g th  a n te r io r ly  but decreasin g  again  near a n te r io r  f a c i a l  

su tu re  and co n tin u in g  onto r o s t r a l  p la te  where th ey  a re  l e s s  s tro n g ly  

developed. I t  i s  d i f f i c u l t  to  determ ine th e  a b ax ia l l im i t s  o f th e  

r o s t r a l  p la te  from in te r n a l  moulds as connective  su tu res  no t p re se rv ed , 

but i t  would appear to  have about te n  sp in e s .

Thorax has th i r t e e n  segments. Axis ta p e r s  p o s te r io r ly .  Each 

a x ia l  r in g  bends forw ards m ed ia lly  and stan d s w e ll above p le u ra l  re g io n . 

Each p leu ra  i s  h o r iz o n ta l  to  weakly defined  fulnrum  th en  bends a b ru p tly  

downwards a t  r ig h t  an g le s . P o s te r io r  p le u ra l  band much w ider (e x s .)  

th an  a n te r io r  and i s  i t s e l f  w idest a t  a x ia l  furrow , narrow ing a b a x ia l ly .

A xial furrow s o f pygidium a re  w e ll marked and converge p o s te r io r ly  

u n t i l  fo u r th  r in g  furrow  a f t e r  which they  a re  s u b p a ra l le l ,  f in a l ly  

running inwards a g a in , very  q u ick ly  shallow ing and b a re ly  m eeting behind 

te rm in a l a x ia l  p iece . F i r s t  fo u r a x ia l  r in g s  a re  d e f le c te d  p o s te r io r ly  

n ear a x ia l  furrow , more sh arp ly  so on th e  fo u r th  than  the  f i r s t .

A xial r in g s  become le s s  convex (s a g .)  p o s te r io r ly  and r in g  furrow s no t
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80 s tro n g ly  im pressed. F i r s t  fo u r r in g  furrow s a re  shallow est a l i t t l e  

inwards from a x ia l  furrow , f i f t h  and s ix th  do not reach a x ia l  furrow . 

Term inal a x ia l  p iece  has rounded o u t l in e ,  f a l l s  very  s te e p ly  p o s te r io r ly  

to  in d i s t in c t  a x ia l  furrow . Six deeply  in c is e d  p le u ra l furrow s tra v e rs e  

th e  p le u ra l  reg io n  which in  i t s  o u te r p a r t  s lopes alm ost v e r t i c a l ly  to  

l a t e r a l  m argin. D istance between d i s t a l  end of each p le u ra l  furrow  and 

l a t e r a l  margin g rad u a lly  decreases from p o s te r io r  to  a n te r io r  p a r t of 

pygidium. I n te rp le u ra l  furrows very  weak, b e st seen , i f  a t  a l l ,  on 

in n e r p a r t o f p le u ra l  reg io n . Where observed, p o s te r io r  p le u ra l  band 

w ider (e x s .)  than  a n te r io r .

Excluding fu rrow s, whole su rface  of cranidium  and pygidium covered 

w ith  r a th e r  sm all c lo se ly  spaced tu b e rc le s  o r g ra n u le s , many of which 

a re  p e r fo ra te . This type o f ornam entation appears common to  a l l  

Bohemian sp ec ies  of Pharostoma.

DISCUSSION. The au th o rsh ip  o f Pharostoma pulchrum pulchrum i s  in  

d isp u te . W hittard  (i960 , p. 136) c re d ite d  th e  taxon to  Beyrich and n o t, 

as had form erly  been w idely accep ted , Barrande because o f B ey rich 's  p r io r  

p u b lic a tio n . Vanek (1965, p. 30) d isag reed  w ith  W h itta rd ’ s conclusion  

on th e  grounds th a t  i t  was in  c o n tra d ic t io n  to  A r t ic le  50 of th e  I  C Z N, 

and re ta in e d  Barrande as th e  a u th o r. I t  i s  c le a r  from Beyrich ( I 846 , 

p . 2 ) th a t  th e  name Calvmene pu lchra  was suggested  to  him by Barrande 

(W hittard  I960, p. 136) who had d is tin g u ish e d  th e  sp ec ie s  sometime before  

in  h is  own c o l le c t io n s .  However, a lthough  Barrande in v en ted  th e  name, 

i t  was c e r ta in ly  Beyrich who wrote th e  d e sc r ip tio n  and th u s  met th e  

co n d itio n s  o f a v a i l a b i l i t y .  I t  i s  th e re fo re  Beyrich to  whom th e  taxon 

must be a t t r ib u te d .

Dean (1967, p. 313) d id  not comment on Vanek’ s p roposa ls  and 

fo llow ed W h itta rd ’ s usage though in  e r ro r  c i t e s  Emmrich, not B eyrich, as 

th e  a u th o r . Destombes (1966, p. 39) a p p lie d  B eyrich ’ s au th o rsh ip  as d id  

O lin (1906 , p . 58 ) Funkquist (1919, p .36) and C u rtis  (1961, p .)  befo re  him-
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B eyrich’s type specimens were b e liev ed  l o s t  (Dean 1967, p . 313) y e t 

th ey  a re  a l l  e x tan t and a re  re f ig u re d  here  fo r  th e  f i r s t  tim e . The 

le c to ty p e  p rev io u sly  chosen from B arrande’s f ig u re d  m a te r ia l (1852, p l .  

19, f i g .  2; IMP I t  324, CD 1167) by Snajdr (1956, p. 505) i s  in v a lid  

(A rtic le  74 (a) ( i ) )  and I  have consequently  s e le c te d  a cranidium  from 

th e  syntypes o f B eyrich, Moreover th e  specimen desig n a ted  by Snajdr 

comes from th e  Zahorany Form ation a t  Zahorany, y e t a l l  B eyrich’ s 

specimens a re  from th e  Letna Form ation a t  V esela , and they  re p re se n t 

sep a ra te  sub sp ec ies .

A ll form er in te r p r e ta t io n s  of Pharostoma pulchrum pulchrum w i l l  have 

to  be re ap p ra ised  a s  they  were made w ithou t knowledge of th e  morphology 

of th e  t ru e  type specim ens. I t  i s  probable th a t  sev e ra l of th e  

p rev io u sly  recorded  extra-Bohemian specim ens, and fo r  c e r ta in  th o se  from 

Scandinavia, have been m istaken ly  id e n t i f i e d .  The m a te r ia l of pulchrum 

pulchrum p re se n tly  a t  hand from C zechoslovakia does not provide as much 

in fo rm ation  as i s  d e s ired  reg ard ing  th e  t o t a l  morphology and s t r a t ig ra p h 

i c a l  and geog raph ica l param eters of th e  subspecies w ith in  th a t  coun try , 

and in  o rd er to  impose more p re c ise  co n fin es  on t h i s  taxon i t  i s  in tended  

to  examine fu r th e r  c o l le c t io n s .  The red isco v ery  of th e  type specimens 

has provided th e  necessary  p re re q u is i te  fo r  t h i s .

Pharostoma ranges from th e  Sarka to  Bohdalec Form ations (base o f 

Ll-anvirn to  to p  of P u sg ill ia n )  in  Bohemia and h i th e r to  th re e  ta x a  have 

been e re c te d  from h e re : P. pulchrum, P. pulchrum vokovicense S n a jd r, 1956 

and P. pulchrum mendax Vanek, 1965. The occurrence of P. vokovicense 

has been d e a lt  w ith  above. The ho lo type  of P. pulchrum mendax comes 

from th e  Letna Form ation a t  Ded in  th e  v ic in i ty  of Beroun, though th e  

range of th e  subspec ies  extends from t h i s  ty p ic a l  horizon  down to  th e  

D obrotiva Form ation (Vanek 1965, p . 3 2 ). As conceived on S n a jd r’s 

’le c to ty p e ’ , ’P. pulchrum pulchrum (B arran d e)’ i s  p re sen t in  th e  younger 

V in ice, zahorany and Bohdalec Form ations (H avlicek & Vanek 1966, pp. 

54-56). The th re e  tax a  appear to  be s t r a t ig r a p h ic a l ly  d is c r e te .

The q u es tio n  a r is e s  as to  w hich, i f  any, of th e se  i s  synonymous w ith
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P. pulchrum pulchrum (B eyrich, IO4 6 ) . P. vokovicense i s  undoubtedly 

d i f f e r e n t .  Vanek (1965) d is tin g u ish e d  P. pulchrum mendax from th e  

specimens he re fe r re d  to  ’P. pulchrum pulchrum (B arrande)’ on no le s s  

th an  te n  c h a ra c te rs . These in c lu d e  a more su b tr ia n g u la r  g la b e l la r  

o u t l in e , more h ig h ly  arched f r o n ta l  g la b e l la r  lo b e , sh o r te r  2p l a t e r a l  

fu rrow s, narrow er ( t r . )  a x ia l  furrow  around lobe Ip , a deep and broad 

o c c ip i ta l  fu rrow , more d i s t in c t  and s h o r te r  p a lp eb ra l r id g e , la rg e r  f ix e d  

cheeks, s tro n g e r and sh o r te r  genal sp in es  which a re  more p o s te r io r ly  

d iv e rg e n t, a more convex ( t r . )  cephalon w ith  s to u te r  cep h a lic  m arginal 

sp in e s , l e s s  d i s t in c t  in te r p le u r a l  fu rro w s, and b e t te r  arched  r ib s  on th e  

p le u ra l  reg ion  of th e  pygidium. The m a te r ia l  a t  my d isp o sa l does not 

allow  me to  a sse ss  th e  value of a l l  th e se  fe a tu re s  though I  have seen 

s u f f ic ie n t  to  be convinced th a t  P. pulchrum pulchrum (B eyrich) a lso  shows 

some of th e se  d if fe re n c e s  from th e  s t r a t ig r a p h ic a l ly  l a t e r  taxon 

(= ’P. pulchrum pulchrum B arrande’ as used by Vanek and o th e r s ) ,  and 

th a t  i t  i s  synonymous w ith  P. pulchrum mendax Vanek. In  p a r t ic u la r  th e  

d i s t in c t  n a tu re  of th e  eye rid g e  and a n te r io r  p a rt of th e  f ix e d  cheek 

(see d e sc r ip tio n  above) a re  th e  same in  both pulchrum pulchrum and 

pulchrum mendax. What i s  more th e  type specimens o f both a re  o f th e  

same age, Vanek l i s t e d  V esela (th e  type  lo c a l i t y  fo r  P. pulchrum 

(B eyrich )) as one of th e  s i t e s  y ie ld in g  pulchrum mendax, and indeed he 

p laced  B eyrich ’s specimens in  th e  synonymy of h is  su b sp ec ies .

I t  i s  conceded th a t  in  th e  le c to ty p e  c a s t of pulchrum pulchrum 

(B eyrich) th e  f r o n ta l  g la b e l la r  lobe and g la b e l la  a re  both more broadly  

p a rab o lic  in  o u tlin e  compared w ith  th e  holo type of P. pulchrum mendax 

but as th ey  a re  connected by specimens o f in te rm e d ia te  morphology I  

have p re fe rre d  to  reg a rd  th i s  v a r ia t io n  as in t r a s p e c i f i c .  Moreover 

t h i s  d is s im i la r i ty  may p a r t ly  be accounted fo r  by th e  d i f f e r in g  s ta te s  

of p re se rv a tio n  of th e  two c ra n id ia , th e  holo type of P. pulchrum mendax
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being an in te r n a l  mould. Even so, in  t h i s  f e a tu re  th e  le c to ty p e  c a s t 

o f pulchrum pulchrum m an ife s tly  approaches th e  Pharostoma subspecies 

occu rrin g  in  th e  Zahorany Form ation.

The Pharostoma specimens ass igned  by W hittard  (i960 , p. 134) to  

P. pulchrum pulchrum (Beyrich) from th e  Lower L lanv irn  Hope Shales were 

l a t e r  re fe r re d  by H avlicek & Vanek (l9 6 6 , p. 26) to  P. vokovicense but 

on th e  form of th e  a n te r io r  border th ey  a re  w ithou t doubt d i s t i n c t  from 

S n a jd r’s sp e c ie s . The Shropshire m a te r ia l a lso  e x h ib its  sm all d i f f e r 

ences from ty p ic a l  Bohemian examples of pulchrum pulchrum and Dean (1967, 

p. 313 ) has noted th a t  th e  s in g le  pygidium f ig u re d  by W hittard  (i960 , 

p l .  IS , f i g .  o) shows a s h o r te r  subcon ica l s e c tio n  to  th e  a n te r io r  p a r t  

o f th e  a x is .  The Hope Shales c ra n id ia  a re  sm a lle r , seem to  have th e  

p a lp eb ra l lobe a l i t t l e  more a n te r io r ly  p laced , and may have a few le s s  

m arginal sp ines on th e  r o s t r a l  p la te ,  but in  g en era l they  match w ell 

th e  Bohemian specimens .and th e  d if fe re n c e s  a re  in s u f f ic ie n t  to  w arrant 

f u r th e r  s e p a ra tio n . C ontrary to  th e  in fe re n c e  of W hittard  (i960 , p . 138) 

h is  m a te r ia l  does possess an eye r id g e .

Pharostoma parapulchrum Kobayashi, 1951 from th e  L lanv irn  o f south

west China was founded on one incom plete cranidium  which was i n i t i a l l y  

a t t r ib u te d  to  Calvmene pu lchra  by Sun (1931, p. 27, p l .  3 , f i g s .  8a , b ) . 

U n fo rtu n a te ly  th e  a n te r io r  border o f th e  ho lo type  i s  m issing  but th e  r e s t  

of th e  cranidium  i s  s im ila r  to  pulchrum pulchrum from which i t  was 

d is tin g u ish e d  by having a d i s t in c t  eye r id g e . This s t r u c tu r e ,  however, 

i s  p re sen t in  both ta x a . K obayashi’s f ig u re  (1951, p l .  3 , f i g .  9) of 

P. parapulchrum  appears to  show a w ider a x ia l  furrow  beside l a t e r a l  

furrow  Ip than  i s  ty p ic a l  of pulchrum pulchrum, though in  common w ith  

th e  Bohemian subspec ies  i t  seems to  have a sw ollen a n te r io r  p a r t  to  i t s  

f ix e d  cheek. K obayashi’ s spec ies  would b e n e f it  from re d e s c r ip tio n  and 

r e i l l u s t r a t i o n ,  and more firm  conclusions w ith  re sp e c t to  i t s  taxonomic
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stand ing  a re  dependent on t h i s .  For th e  moment i t  i s  t e n ta t iv e ly  p laced  

in  th e  synonymy of pulchrum pulchrum.

Pharostoma pulchrum was recorded  by Delgado (1908, p . 106) from th e  

U ra lichas r ib e r o i  S la te s  of th e  Valongo a re a , P o rtu g a l. These rocks are  

of approxim ately  upper L lanv irn  or L lande ilo  age (C u rtis  1961, p. 3) and 

in  th e  c o lle c t io n s  o f th e  B r i t is h  Museum a re  specimens from t h i s  horizon  

and a rea  o b ta ined  by Mr. J .  T. W attison . They a re  q u ite  s tro n g ly  

d is to r te d  but n e v e r th e le s s  show s tro n g  a f f i n i t i e s  w ith  th e  Bohemian stock  

and e sp e c ia lly  P. pulchrum. Delgado(1908, p . 57) a lso  l i s t s  th e  sp ec ies  

from th e  middle and upper Ordovician of th e  Bussacco A rea, P o rtu g a l.

OCCURRENCE, With c e r ta in ty  from th e  D obrotiva, Liben and Letna 

Form ations (L lande ilo  to  low er Caradoc) o f Bohemia and Hope Shales 

(L lanv irn) o f th e  Shelve I n l i e r .

Pharostoma pulchrum subsp. nov. A 

P la te  4 , f i g s .  1, 2 , 6 , 9.

1846 Calvmene Pulchra B a rr .; Barrande (p a rs ) , p. 27

1852 Calvm. p u lc h ra . B a rr .;  Barrande (p a r s ) , p. 575, p l .  19, f i g s .

2 , 3 , 6 ? f i g .  1.

1956 Pharostoma pulchrum pulchrum (BARRANDE I846 ); Snajdr (p a r s ),

pp. 504- 5 .

1965 Pharostoma pulchrum pulchrum (B arrande, 1846 ); Vanek, p l .  3 , 

f i g s .  3 -5 , p l .  4 , f i g .  1.

1966 P rio n o ch e ilu s  pu lcher (B eyrich ); Dean ( p a r s ) , p. 303.

1966 Pharostoma pulchrum pulchrum (R lR il. ); H avlicek & Vanek, pp. 55,

56 , p l .  11 , f i g .  13 .

1966 P rio n o ch e ilu s  pu lcher pu lcher (B eyrich ); Destombes, p. 39, 

p l .  4 , f i g s .  1-6.
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MATERIAL STUDIED, One w e l l  p r e s e r v e d  b u t  i n c o m p l e t e  i n t e r n a l  

m o u ld  c r a n i d iu m ,  D J S /1 3 9 ;  c o l l  D r . L . M a r e k . Two i l l  p r e s e r v e d ,  i n t e r n a l  

m o u ld s  o f  i n c o m p l e t e  i n d i v i d u a l s ,  M P  I t 3 2 4 /C D  1167 an d  NMP I t 3 2 5 /C D  1166.

OCCUiJlENCE. Zahorany Form ation (middle Caradoc) a t  Lodenice 

(DJS/139) and Zahorany ( M P  It324/CD 1167 and M P  It325/CD 1166). Also 

recorded  from th e  V inice and Bohdalec Form ations (middle -  upper Caradoc) 

o f Bohemia (H avlicek & Vanek 1966, pp. 54-56) and upper Caradoc of 

Morocco (Destombes 1966).

DISCUSSION. This su b sp ec ies , o f which I  have only one se rv ice a b le  

specimen (DJS/139) a t  hand, has been p rev io u s ly  r e fe r re d  to  by Vanek 

( 1965) and H avlicek & Vanek (1966) as ’P. pulchrum pulchrum (B arrande, 

1846)».

The above cranidium  (DJS/139) d i f f e r s  from P , pulchrum pulchrum 

(B eyrich) by having a much le s s  sw ollen f ix e d  cheek in  f ro n t  of th e  eye, 

a b a re ly  p e rc e p tib le  eye rid g e  which i s  no t prom inently  r a is e d  above 

th e  le v e l  of th e  p o s te r io r  p a r t of th e  f ix e d  cheek, and p a lp eb ra l lobes 

which a re  more d is ta n t  ( t r . ) from th e  a x ia l  furrow . An e v a lu a tio n  of 

th e  o th e r d if fe re n c e s  of th i s  subspec ies  from P . pulchrum pulchrum. 

(B eyrich) (= P . pulchrum mendax. Vanek 1965) which were g iven by Vanek 

(1966, p. 3 1 ) , i s  not p o ss ib le  w ithou t access to  more specim ens. A 

f u l l  d e sc r ip tio n  and naming of th e  taxon w i l l  be d e fe rre d  u n t i l  th en .

The o th e r two specimens a v a ila b le  to  me were o r ig in a l ly  f ig u re d  by 

Barrande (1852, p l .  19, f i g s .  2 (NMP It324/CD 1167), 3 (NMP It325/CD 

1166) ) ,  and one o f them ( M P  I t 3 2 4 /C D  1167) was chosen as th e  ’lec to ty p e»  

o f ’ P . pulchrum pulchrum’ (B arrande) by Snajdr (1956). They a re  too  

i l l - p r e s e r v e d  to  conv incing ly  d isp la y  th e  d i f f e r e n t ia t in g  c ra n id ia l  

c h a ra c te rs  o u tlin e d  above, and p rev ious i l l u s t r a t i o n s  of what i s  

probably t h i s  subspec ies  a re  found e q u a lly  w anting.
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Pharostoma a f f ,  P. den ticu la tum  (Eichwald, i860)

P la te  5, f i g s ,  1 -4 .

MiiTERlAL, One incom plete cranidium ; RM iir10692; c o l l .  G. Holm,

1880.

OCCURRENCE. Raniceps Limestone, Utby, D alarna, Sweden. Thorslund 

(in  Thorslund & Jaanusson I960, p. 5) c o r r e la te s  t h i s  ho rizon  w ith  th e  

low er L lanv irn  of B r i ta in .

DESCRIPTION. G lab e lla  i s  as long as w ide, p a ra b o lic  in  o u tl in e . 

O c c ip ita l rin g  narrows a b a x ia lly . O c c ip ita l furrow  i s  m oderately  wide 

and deep between lobes Ip , more narrow and deep behind them. L a te ra l 

g la b e l la r  lobe Ip  i s  s l ig h t ly  le s s  th an  one t h i r d  as wide a s ,  and one th i r d  

as long a s ,  th e  g la b e l la ;  i t  i s  subovate in  o u t l in e ,  th e  long  ax is  

running e x s a g i t ta l ly ,  and sep ara ted  from c e n t r a l  a rea  of g la b e l la  by 

shallow  d ep ress io n . Furrow Ip  i s  sh allo w est a t  a x ia l  furrow , swings 

inwards and backwards becoming deeper and w ider around in s id e  of lobe 

Ip ; a sh o r t a n te r io r  branch tre n d s  forw ards and inwards on a d ax ia l s id e  

of lobe 2p where i t  shallow s and connects w ith  furrow  2p. At ad ax ia l 

p a r t of l a t e r a l  furrow  Ip , g la b e l la  i s  very  m ild ly  convex. Lobe 2p i s  

su b c irc u la r  in  o u t l in e , d i s t i n c t ly  sep a ra ted  from frontom edian lobe of 

g la b e l la .  L a te ra l furrow  2p tre n d s  inwards and a t  i t s  in n e r  p a r t 

s l i g h t ly  backwards. Lobe 3p sc a rc e ly  v i s ib le  ( e s p e c ia l ly  on r ig h t  s id e )  

due to  co arsen ess  of g la b e l la r  tu b e rc le s ,  i t s  ex trem ely  sm all s iz e  and 

i t s  s i tu a t io n  low down on g la b e l la r  s id e . Furrow 3p i s  exceed ing ly  

f a i n t ,  t ra n s v e r s e ly  d ire c te d . F ro n ta l g la b e l la r  lobe has w e ll rounded 

o u t l in e .  In  l a t e r a l  p ro f i le  g la b e l la  i s  g e n tly  convex from o c c ip i ta l  

furrow  to  furrow 2p, then  f a l l s  p ro g re ss iv e ly  more s te e p ly  to  p re g la b e lla r  

furrow .
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P r e g l a b e l l a r  f u r r o w  s h a l l o w e s t  a t  a n t e r o l a t e r a l  m a r g in s  o f  f r o n t a l  

l o b e ,  f r a c t i o n a l l y  u n d e r c u t s  t h i s  l o b e  m e d i a l l y .  P r e g l a b e l l a r  f i e l d  

i s  a b o u t  o n e  s i x t h  a s  l o n g  a s  g l a b e l l a  a n d  g e n t l y  c o n v e x  a l o n g  m e d ia n  

l i n e ,  m ore  c o n v e x  a n d  l o n g e r  e x s a g i t t a l l y .  A n t e r i o r  b o r d e r  fu r r o w  o f  

a b o u t  sam e w id t h  ( s a g . )  a s  o c c i p i t a l  f u r r o w .  a n t e r i o r  b o r d e r  p r o j e c t s  

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

f o r w a r d  i n t o  a  s h o r t ,  b l u n t ,  b r o a d - b a s e d  s p i n e .  A n t e r i o r  m a r g in  r u n s  

in w a r d s  a n d  f o r w a r d s  fr o m  f a c i a l  s u t u r e .

The r e s t  of th e  cranidium  i s  m issin g .

Tubercles ornamenting th e  g la b e l la  and a n te r io r  border a re  very 

co a rse . A few of th ese  la rg e  tu b e rc le s  a re  p resen t on th e  in n e r 

ex trem ity  of f ix e d  cheek where i t  runs in to  th e  p re g la b e lla r  f i e ld .

Fine p u s tu le s  a re  s c a t te re d  over much of th e  cranidium  between th e  much 

la rg e r  tu b e rc le s .

DISCUSSION. Pharostoma den ticu latum  has no t been re v ise d  since

and i t  i s  th e re fo re  necessa ry  to  review  th e  h is to ry  o f th i s  sp ec ie s . 

I t  was o r ig in a l ly  desc rib ed  by Eichwald (i8 6 0 , p . 1A21) from th e  

O rth o c e ra tite  Limestone o f "Poulkowa", USSR, re fe r re d  by him to  Calvmene. 

and th e  e n ro lle d  in d iv id u a l which he f ig u re d  ( I 86O, p i .  54# f i g .  13) 

must be considered  th e  type specimen. Schmidt (1894# p. 30, p i .  2 , 

f i g s ,  2O-2O0 ) l a t e r  assigned  den ticu latum  to  Pharostom a, and basing h is  

id e n t i f i c a t io n  on specimens in  th e  c o lle c t io n s  o f Volborth and Eichwald, 

recorded  i t s  occurrence a t  "Pawlowsk und Pulkowa". Schmidt (1894# p .32) 

seems u n c e r ta in  as to  th e  age of th e  s t r a t a  a t  th e se  l o c a l i t i e s  but 

p re fe rre d  a le v e l  w ith in  Stage (uppermost p a r t of th e  Oeland S e rie s) 

o r (lowermost p a r t of che Viru S e r ie s ) .  These Stages correspond 

approxim ately  to  th e  whole of th e  L lan v irn  and lower L lan d e ilo  S eries  of 

B r i ta in  (W illiams in  W illiam s, S trachan , B asse t, Dean, Ingham e t  1972)
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The type specimen of P. den ticu latum  was no t re f ig u re d  by Schmidt, and 

h is  d e sc r ip tio n  of th e  spec ies  was based m ainly on a w ell p reserved  

in d iv id u a l in  th e  V olborth C o llec tio n  of h is  academy; I  presume th e  l a t t e r  

specimen i s  th e  one he i l l u s t r a t e s  ( p i .  2 , f i g s .  20-20c) from Stage Ĉ  

a t  Pawlowsk.

In  1907 (p . 57) Schmidt re a ffirm ed  th e  occurrence of den ticu latum  

in  d ep o sits  of to  C-j age from th e  banks of the  r iv e r  "Popowka" near 

"Pawlowsk”, and th e  banks of th e  r iv e r  "Pulkowa” near "Pulkowo”.

An upwardly in c lin e d  a n te r io r  border w ith  a somewhat angu lar a n te r io r  

margin which ju t s  forw ards m ed ia lly , th e  la ck  of an in te rm ed ia te  lobe 

(= sw elling  on th e  s id e  of th e  g la b e l la  a t  th e  in n e r end of l a t e r a l  

furrow Ip ) ,  th e  expansion of th e  a x ia l  furrow  beside lobe Ip extending 

onto the  f ix e d  cheek, and ra th e r  coarse  tu b e rc le s  ornamenting th e  

cranidium  are  th e  c h a ra c te rs  g iven by Schmidt (1894, pp. 13, 30-32) which 

combine to  d is t in g u is h  P. d en ticu la tu m . Although incom plete th e re  i s  

l i t t l e  doubt th a t  th e  cranidium  d esc rib ed  above from th e  Raniceps Lime

stone belongs to  Pharostom a; i t  i s  c lo se ly  r e la te d  to  Eichwald*s taxon 

and a lso  P. n ieszkow skii Schmidt, 1894 (see d iscu ss io n  of th a t  sp ec ie s  

below) but appears more a l l i e d  to  P. den ticu latum  because of i t s  r a th e r  

coarse  c ra n id ia l  tu b e rc le s .

The ho lo type of P. den ticu la tum  f ig u re d  by Eichwald does not have 

any suggestion  of a po in ted  a n te r io r  margin and c e r ta in ly  no d e f in i te  

sp ine as in  th e  Swedish specimen but Schmidt, who ap p a ren tly  had b e t te r  

m a te r ia l  than  Eichwald, b e liev ed  th e  form er s ta t e  to  be c h a r a c te r i s t ic  

of th e  sp e c ie s . Thus, as f a r  as can be determ ined from th e  d e sc r ip tio n s  

and i l l u s t r a t i o n s  o f Schmidt and Eichwald, P. den ticu latum  does not have 

a d i s t in c t  spine p ro je c tin g  from th e  border though some a n g u la r i ty  of 

th e  a n te r io r  margin would appear ty p ic a l .  The Raniceps Limestone 

specimen i s  probably a sep a ra te  sp ec ies  but a t  p re sen t I  am d e fe rr in g  th e
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estab lishm en t of a new taxon pending a modern re v is io n  of P. d e n tic u la tu m, 

Pharostoma a f f .  P. den ticu latum  re p re se n ts  th e  e a r l i e s t  member of 

th e  genus, i f  not th e  fam ily , from Scandinavia and in c re a se s  th e  h i th e r to  

known geograph ica l range of Pharostoma in  lower O rdovician ro ck s . Other 

spec ies  of L lanv irn  age inc lude  P. oarapulchrum Kobayashi, 1951 from China, 

P. vokovicense S n a jd r, 1956 from Bohemia, and P. pulehrurn from B r i ta in ,

Only P. matutinum (Dean, 1966) from SW France i s  recorded  from th e  A renig, 

I t  i s  ev iden t th a t  th e  genus was w idespread by e a r ly  Ordovician tim es.

Pharo stoma n ieszkow skii Schmidt, 1894- 

P la te  5, f i g s .  5 -7 , 9; P la te  6 , f i g s .  1-3 , 5, 6 .

1894 Calvnmene N ieszkow skii n .s p . ;  Schmidt, p . 29, p i .  2, f ig s .

17, 18.

1907 Calvmmene N ieszkow skii m .; Schmidt, p. 57.

1919 Calvmmene pu lchra  BEYR.; Funkqu ist, p. 36, p i. 1, f ig s ,  5-6 .

1937 Pharostoma n ieszkow sk ii F r . Schmidt; ôp ik , p. 22, p i .  15, f i g .

4 , p i .  16, t e x t - f i g s .  1-3.

i 960 Pharostoma n ie szk o w sk ii; Whitta rd ,  p. 137.

SYNTYPES. Schraidt (1894) i l l u s t r a t e d  th re e  specim ens, two of which 

were on th e  same p iece  of rock and f ig u re d  to g e th e r . His o r ig in a l  of 

p i .  2 , f i g .  17 i s  a sm all, incom plete cranidium  from th e  Museum a t  T a llin n  

( % us. R ev a l" ), E s to n ia ; p i .  2 , f i g .  18 shows th e  in te r n a l  (v e n tra l)  

view of two c ra n id ia  from th e  N ieszkow skii C o llec tio n  of th e  T artu  

(D orpat) N a tu ra l is ts  S oc ie ty  ("D orpater N a tu rfo rsc h e n g e se lls c h a f t”) .

TYPE STRATUM AND TYPE LOCALITY. The cranidium  of Schm idt's p i .  2 , 

f i g .  17 i s  from th e  V iruan (Middle O rdovician) Kukruse S tage, Kukruse, 

E sto n ia  and th e  two c ra n id ia  of p i .  2 , f i g .  18 from th e  Kukruse Stage a t
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S a lla , near E rra s , E s to n ia , The Kukruse Stage i s  regarded  by W illiams 

(in  W illiams ^  o2. 1972, p. 8) as co in c id en t w ith  th e  range of Nema-  

c rao tu s  n r a c i l i s  -  th a t  i s  from ju s t  below th e  m iddle L landeilo  to  almost 

th e  to p  of th e  Costonian Stage, Caradoc S e r ie s ,

m a t e r ia l  AND OCCURRENCE, a )  Two in c o m p l e t e  c r a n i d i a  fr o m  E s t o n i a ;

RM Ar3436l from Vanamoisa and RM Ar34406 from Kukruse. The l a t t e r  

specimen was c o lle c te d  by Dr. G. Holm in  1883; In  h is  acknowledgements 

Schmidt (1894, p. 6) makes re fe re n ce  to  an excursion  w ith  Holm and i t  

seems probable i t  was ob ta ined  a t  t h i s  tim e,

b) iin incom plete cranidium  and pygidium 

from Tommarp, SE Scania, Sweden; IPLU LO 2955t, IPLU LO 2956t.

DIAGNOSIS. As fo r  P . s im ile  Thorslund, 1940 except th e  pygidium 

has only f iv e  a x ia l  r in g s  and s ix  p le u ra l  fu rrow s.

DESCRIPTION. The c ra n id ia  a t  hand a re  not fo rm ally  d escribed  as 

th ey  a re  s im ila r  in  most re sp e c ts  to  th o se  o f P. s im i l i s which i s  t r e a te d  

f u l ly  below,

DISCUSSION. In  1937 Opik re f ig u re d  and b r ie f ly  d esc rib ed  Estonian  

m a te r ia l  of P . n ie szk o w sk ii, though Schmidt * s syn types, i f  e x ta n t , s t i l l  

aw ait re -ex am in a tio n . Two specimens from Scania (see  m a te r ia l  above) 

a re  b est re fe r re d  to  t h i s  sp e c ie s , and were o r ig in a l ly  d esc rib ed  and 

i l l u s t r a t e d  by Funkquist (1919, p. 36, p i .  1, f i g s .  5 , 6) as Calvmmene 

n u lch ra . Two c ra n id ia  a v a ila b le  to  me from E sto n ia  match c lo se ly  th e  

d e sc r ip tio n s  and f ig u re s  of Schmidt and Opik and can w ith  c e r ta in ty  be 

a t t r ib u te d  to  P . n ieszk o w sk ii.

Schmidt e re c te d  th i s  sp ec ies  on th e  b a s is  of a few c ra n id ia  and 

in  c h a ra c te r iz in g  th e  taxon he (1894, p. 6) s t r e s s e d  th e  upturned a n te r io r  

b o rd er, median ju t t in g  forw ard of th e  a n te r io r  m argin, 'in te rm e d ia te  lo b o '



-2 6 -

on th e  g la b e l la ,  well-m arked eye rid g e  and v a r ia b ly  s iz e d  su rface  tu b e r

c le s .  Most d is t in c t iv e  i s  th e  m ed ia lly  po in ted  a n te r io r  m argin, a 

fe a tu re  w e ll shown by th e  th re e  c ra n id ia  ass igned  h e re in  to  n ie szk o w sk ii.

Thorslund (1940, p. I4 6 ) b e liev ed  th e  cranidium  of P. s im ile  to  be 

id e n t ic a l  w ith  th a t  of P. n ieszkow skii except th a t  th e  form er i s  known 

to  a t t a in  a la rg e r  s iz e . From th e  m a te r ia l  I  have seen , th e  shape of 

the  g la b e l la  and i t s  lo b e s , amount of in f l a t io n  on th e  s id e  of th e  

g la b e l la  a t  th e  in n e r  end of furrow  Ip , form of th e  a x ia l  furrow , d i s t in c t  

eye r id g e , n a tu re  of th e  p re g la b e lla r  f i e l d ,  a n te r io r  border and a n te r io r  

m argin, and th e  s ty le  of ornam entation a re  extrem ely a l ik e  in  both sp e c ie s . 

The d iffe re n c e  between them r e s t s  la rg e ly  on Ô pik 's (1937, p. 22) d e sc rip 

t io n  of a pygidium he assigned  to  P. n ieszkow sk ii from th e  Kukruse Stage 

a t  K o h tla -Jd rv e , which has only f iv e  a x ia l  r in g s  and s ix  p le u ra l  fu rrow s.

P. s im ile  has from e ig h t to  te n  a x ia l  r in g s  and seven to  e ig h t p le u ra l 

fu rrow s. This d is t in c t io n  re q u ire s  s u b s ta n tia t in g  by th e  study of 

topotype pyg id ia  of n ie szk o w sk ii, as Kohtla-Jdfrve i s  not one o f Schm idt's 

o r ig in a l  l o c a l i t i e s ,  though Opik (1937, p i .  16, f i g .  2) has f ig u re d  a 

w e ll p reserved  cranidium  of th e  sp ec ie s  from th e re .  The s in g le  pygidium 

from Scania(IPLU LO 2955t) i s  sm all and incom plete but has f iv e  or s ix  

p le u ra l  furrow s and th e  same number of a x ia l  r in g s .  For t h i s  reason  I 

am re fe r r in g  th e  Scanian m a te r ia l to  P. n ieszkow sk ii ra th e r  th an  P. 

s im ile .

P. den ticu latum  (Eichwald, I 8 60 ) c le a r ly  resem bles P. n ieszkow skii 

in  th e  form of i t s  a n te r io r  m argin but i s  d is t in g u is h e d , according  to  

Schmidt (1894, pp. 12, 13, 31, 3 2 ) ,  m ainly by th e  absence of a d i s t in c t  

in te rm e d ia te  lo b e , form of th e  d o rsa l furrow , and la rg e r  c r a n id ia l  

tu b e rc le s ,  W hittard  ( 196O, p. 137) claim s th a t  in  P. denticu latum  

th e  p o s te r io r  margin of th e  p a lp eb ra l lobe l i e s  opposite  th e  middle of 

th e  b asa l g la b e l la r  lobe and th a t  th e  g la b e l la  has only two l a t e r a l  

lo b es  -  presumably ta k in g  as evidence th e  i l l u s t r a t i o n s  of Schmidt 

(18% , p i .  2, f i g .  20) and Eichwald (i8 6 0 , p i .  %,  f i g .  13 ). The
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p a lp eb ra l lobe of denticu latum  does appear more p o s te r io r ly  p laced  than  

in  P, n ie szk o w sk ii, though th e  apparen t absence of l a t e r a l  lobe 3p may 

be on account of i t s  sm all s iz e  and coarsen ess  of g la b e l la r  tu b e rc le s .

(see d e sc r ip tio n  of P. a f f .  P. d en ticu la tu m ) .

OCCURilENCE. H ith e rto  th i s  sp ec ie s  has only been recorded  from the  

Kukruse Stage of th e  Viruan S e rie s  in  E s to n ia . Schm idt's l o c a l i t i e s  

were given above, Opik (1937) f ig u re s  m a te r ia l  from K ohtla-Jèlrve, 

Vanamoisa, and Ubja, and Roomusoks (1970, p . 180) a lso  reco rd s  P. n ie s 

zkowskii from th ese  l o c a l i t i e s .

The Scanian specimens a re  from th e  s o -c a lle d  "ilmovx'' Limestone which 

l i e s  between th e  zones of Nemagraotus g r a c i l i s  and D icranograptus c lin g a n i 

(R egnell and Hede I960, p. 16, ta b le  2 , ) .

This sp ec ies  i s  p o ss ib ly  re p re se n te d  in  th e  lower Chasmops Shale 

of th e  Oslo Region (see below). M a te ria l d esc rib ed  h e re in  as Pharostoma 

sp . in d e t ,  1 from V üstergo tland  shows some t r a i t s  c h a r a c te r i s t ic  of 

P. n ieszkow skii and i s  of a s im ila r  age to  th e  Scanian specim ens, though 

s l ig h t ly  younger than  th o se  from E s to n ia .

Pharostoma c f .  P. n ieszkow sk ii Schmidt, 1894 

P la te  4 , f i g .  5; P la te  5, f i g .  8,

DISCUSSION, Specimens th a t  a re  compared w ith  P. n ie szk o w sk ii, 

ffom th e  Lower Chasmops Shale of th e  Oslo Region, a re  d iscu ssed  in  th e  

study of Middle O rdovician calym enids from Norway, Some of th e se  

specimens a re  re f ig u re d  here to  f a c i l i t a t e  d i r e c t  comparison w ith  th e  

E ston ian  m a te r ia l .
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Pharostoma s im ile  Thorslund, 1940 

P la te  6 , f i g s .  4 , 7-12; P la te  7, f i g s .  1-10; P la te  3 , f i g s ,  1, 2 , 4 .

1940 Pharostoma s im il is  n , s p , ; Thorslund, p, 144» p l .  11» f i g s .

1-14.

i 960 P, s im il is  Thorslund, 1940; W hitta rd , p . 137.

HOLOTYPE, A w e ll p reserved  cranidium ; IPH Ar 2469; P I. 6 ,  f i g s .

4 , 9.

TYPE STRilTUM AND TYPE LOCALITY. G la c ia l e r r a t i c s  of th e  Lower 

Chasmops Lim estone, I s la n d  of Ringsdn, SE of Tvdren, Sodermanland, Sweden. 

See Thorslund 1940, p. IIO.

ADDITIONAL MATERIAL, The o r ig in a l  specimens of Thorslund, to g e th e r  

w ith se v e ra l o th e r c ra n id ia , p y g id ia , and hypostomes, a l l  of which a re  

housed in  th e  I n s t i t u t e  of P alaeonto logy , U ppsala, One cranidium  

(RM Ar9150) from th e  Riksmuseum.

DIAGNOSIS, P re g la b e lla r  a rea  about one th i r d  to  two f i f t h s  as 

long as th e  g la b e l la ;  p re g la b e lla r  f i e l d  about one f i f t h  as long as  th e  

g la b e l la .  A n te rio r border m oderately in c lin e d  forw ards and upwards. 

A n te rio r margin somewhat po in ted  m ed ia lly , Pygidium w ith  e ig h t to  te n  

a x ia l  r in g s ,  seven to  e ig h t p le u ra l  fu rrow s. The la rg e r  tu b e rc le s  on 

th e  g la b e l la  and a n te r io r  border a re  m ostly absen t from th e  p re g la b e lla r  

f i e ld ,

DESCRIPTION. Holotype cranidium  ju s t  g re a te r  than  tw ice as wide as 

long . G lab e lla  i s  from 0,83 ( in  th e  sm a lle s t recorded  specimen, I PU 

Ar2467) to  1.08 tim es ( in  th e  l a r g e s t  specimen, I PU Ar2468) as wide ( t r , ) 

as lo n g . O c c ip ita l r in g  alm ost f l a t  in  p r o f i l e ,  w idest m ed ia lly , of 

co n stan t w idth (sag , & e x s .)  behind c e n tr a l  g la b e l la r  lo b e , narrows and
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swings backwards behind lobe Ip , O c c ip ita l furrow  tra n s v e rs e ly  d ire c te d  

and very  narrow and sharp ly  in c is e d  between lobes 1p, deepens and tu rn s

backwards a b a x ia lly . Lobe 1p ju s t  l e s s  than  one th i r d  as  wide as g la b e l la ,

jo in ed  a t  a n te r io r  a b a x ia l m argin to  lobe 2p, Furrow 1p i s  weak a t  a x ia l  

furrow , runs inwards and backwards, deepens and widens as i t  does so , then  

tu rn s  sh arp ly  more baclcwards and shallow s, f i n a l ly  curv ing  inwards s l ig h t 

ly ,  F a in t dep ression  connects t h i s  p o s te r io r  branch of furrow  Ip to  

o c c ip i ta l  furrow , S io r t a n te r io r  branch o f furrow  1p ex tends forw ards 

over in n e r s id e  of lobe 2p, Between a n te r io r  and p o s te r io r  branches th e  

s id e  of c e n tr a l  g la b e l la r  a rea  i s  g e n tly  to  m oderately sw ollen . Lobe 2p 

i s  about h a l f  as long as 1p, w e ll below th e  d o rsa l su rface  o f and d i s t i n c t 

ly  sep a ra ted  from c e n tr a l  g la b e l la r  lo b e . L a te ra l furrow  2p i s  w ider 

(e x s ,)  and deeper than  furrow  Ip a t  a x ia l  fu rrow , and tre n d s  inwards and

more backwards th an  a b ax ia l p a r t of furrow  Ip , Very sm all, t r ia n g u la r

shaped lobe 3p i s  confined  to  th e  s id e  o f g la b e l la ,  i s  c o n flu en t d o rs a lly  

w ith  median g la b e l la r  lobe and bounded a n te r io r ly  by sh o rt ( t r . ) f a in t  

furrow  3p. In  o u tl in e  f r o n ta l  lobe i s  arched  forw ards but tends to  be 

weakly inden ted  a t ,  and more so e i th e r  s id e , th e  median l i n e .  In  l a t e r a l  

p ro f i le  d o rsa l su rface  of g la b e l la  s tan d s  w e ll above l a t e r a l  lo b es  and 

i s  h o r iz o n ta l  from o c c ip i ta l  furrow  to  furrow  2p, th e r e a f te r  f a l l in g  

g e n tly  to  p re g la b e lla r  furrow .

P re g la b e lla r  furrow  i s  shallow est a t  a n te r o la te r a l  m argins of fronta.T 

lo b e , somewhat deeper a t  in d e n ta tio n s  of f r o n ta l  lo b e , P re g la b e lla r  a rc ' 

about one th i r d  to  two f i f t h s  as long  as cranid ium . P re g la b e lla r  f i e l d  

g e n tly  convex ( s a g ,) ,  more so in  la rg e  specim ens, and has a broad 

in f l a t io n  sep a ra tin g  a n te r io r  p i t  in  a x ia l  furrow  and deepening of p re

g la b e l la r  furrow  a b a x ia lly  from median l i n e .  Length of p re g la b e lla r  

f i e l d  i s  about one f i f t h  th a t  of g la b e l la .  A n te rio r border furrow  i s  

r a th e r  broad (sag . & e x s .)  and shallow . A n te rio r border i s  m oderately
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in c lin e d  forw ards and upwards, ju s t  g re a te r  th an  two f i f t h s  as  long  as 

p re g la b e lla r  a re a , and narrows a b a x ia l ly  from a po in t op p o site  (e x s .)  

a x ia l  furrow . A n te rio r margin ten d s  to  be a n g u la r , p ro je c tin g  somewhat 

forw ards m ed ia lly . A xial furrow i s  expanded ( t r , ) in to  a c re sc e n t shape 

beside lobe Ip , becomes shallow er, more narrow , and a b a x ia lly  convex 

around lobe 2p, i s  w ider again  and tre n d s  forw ards a t  s id e  of 3p and 

f r o n ta l  lo b e s .

On f ix e d  cheek near a x ia l  furrow  th e  p o s te r io r  border i s  q u ite  convex 

and narrow , becomes s l ig h t ly  w ider and l e s s  convex near f a c i a l  su tu re  

where i t  jo in s  l a t e r a l  bo rder, A dax ially  th e  p o s te r io r  border furrow  i s  

deep and narrow; n ear f a c ia l  su tu re  i t  connects w ith  shallow , weakly 

de fin ed  l a t e r a l  border furrow . P a lp eb ra l lobe i s  p reserved  on on ly  one 

specimen (IPU Ar24.67) and i s  very  s te e p ly  u p tu rned . Eye rid g e  runs 

fo rw ards, inwards and downwards in to  a x ia l  furrow  a t ,  o r in  f ro n t  o f , 

furrow  3p and behind a n te r io r  p i t .  From opp o site  l a t e r a l  lobe  Ip  to

fulcrum  f ix e d  cheek i s  g e n tly  convex ( t r , ) ,  but s lo p es  s tro n g ly  downward^

from fulcrum  to  genal an g le . In  f ro n t  o f p a lp e b ra l lobe th e  f ix e d  cheek 

i s  convex and slopes s te e p ly  tow ards a n te r io r  border furrow ; i t  a lso

extends forw ards and inwards passing  in to  p re g la b e lla r  f i e l d .  On fix e d

cheek between a x ia l  furrow  and p o s te r io r  p a r t  o f p a lp eb ra l lo b e , th e re  i s  

a d i s t i n c t  sw e llin g . P o s te r io r  branch of f a c i a l  su tu re  bends outwards 

and p ro g re s s iv e ly  more backwards to  p o s te r io r  m argin.

Thorslund adequate ly  desc rib ed  th e  f r e e  cheek, hypostome, th o rax  

pygidium but th e  fo llow ing  a d d itio n a l comments ap p ly . M arginal sp ines 

on f r e e  cheek o r ig in a te  from ju n c tio n  of l a t e r a l  border and i t s  doublure . 

The l a t t e r  becomes m arkedly broader a t  genal an g le . A w ell developed 

eye so c le  i s  p re se n t. R o stra l p la te  unknown. There do no t appear to  

be any in f l a t e d  maculae on hypostome though, in  th e  p o s itio n  which th e se  

norm ally occur, th e  median furrow s l ig h t ly  b ifu r c a te s .
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VJhole cranidium  except deepest p a r ts  of furrow s i s  covered w ith  a 

ground mass of f in e  p u s tu le s , superim posed on which a re  tu b e rc le s  of 

varying s iz e .  Some specimens appear to  have a l in e  of medium-sized 

tu b e rc le s  on p o s te r io r  p a r t  of p re g la b e lla r  f i e l d  fo llow ing  a d ax ia l 

ex tension  of f ix e d  cheek. As a whole th e  p re g la b e lla r  f i e l d  la ck s  th e  

la rg e r  tu b e rc le s  found on th e  g la b e l la  and a n te r io r  bo rder. On th e  

a n te r io r  p a r t  of f ix e d  cheek, running d iag o n a lly  outwards from n ear 

a n te r io r  p i t ,  a re  sev e ra l f a i n t ,  d isco n tinuous r id g e s . These r id g e s  a re  

a lso  weakly in d ic a te d  on f re e  cheek, tre n d in g  a b a x ia lly  from p o s te r io r

p a r t of eye so c le . On one pygidium (IPU Ar2476) th e re  i s  a p o ss ib le

p a ired  arrangem ent of tu b e rc le s  on each a x ia l  r in g . Hypostome i s  covered 

w ith  very  f in e  p u s tu le s .

DISCUSSION. The cranidium  of P. s im ile  i s  d esc rib ed  f o r  th e  f i r s t  

tim e and d if fe re n c e s  have been noted  between th e  sm alles t (IPU Ar24-67) and

la r g e s t  (IPU Ar2468) specimens which probably  re p re se n t a t ru e  change in

morphology during  growth. The sm a lle s t specimen d i f f e r s  from th e  la r g e s t  

in  th e  fo llow ing  re s p e c ts .  Between l a t e r a l  lo bes 1p th e  o c c ip i ta l  furrow  

i s  le s s  s tro n g ly  defined ; th e  g la b e l la  i s  r e l a t iv e ly  narrow er a c ro ss  th e  

basa l lobes (compared to  th e  w idth of th e  f r o n ta l  lobe or th e  g la b e l la r  

le n g th ) ;  l a t e r a l  lobe Ip i s  le s s  subquadrangular and i t s  o u te r  m argin i s  

more s t r a ig h t ,  not a b a x ia lly  convex; th e  f r o n ta l  lobe i s  no t so s tro n g ly  

arched forw ards; th e  p re g la b e lla r  f i e l d  i s  much le s s  convex ( s a g .)  and 

th e  m id-poin t of th e  eye i s  opposite  lobe 3p» no t th e  m iddle o f lobe 2p«

The sm a lle s t pygidium (IPU Ar2476) of s im ile  shows weak, but d e f in i te  

in te r p le u r a l  fu rrow s. A specimen tw ice  as la rg e  (IPU Ar2478) h a s , a t  

most only th e  vaguest suggestion  of th e se  fu rrow s, A s ir .i i la r  tre n d  

during  ontogeny towards a decrease  in  th e  im pression  of th e  in te r p le u r a l  

furrow s has been observed in  Flexicalvm ene .1 em tlandica T horslund, 194-0 

from th e  Upper Chasmops Limestone of Norway.
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An is o la te d  specimen of s im ile  from Jdm tland (RM Ar9150) d isp la y s  

a more narrow (sag . & e x s .)  a n te r io r  border than  specimens from th e  type 

lo c a l i ty ,  but in  a l l  o th e r c h a ra c te rs  i t  i s  th e  same and f a l l s  w ith in  

th e  range of v a r ia t io n  here  allow ed to  t h i s  sp e c ie s .

The f a i n t ,  d iscon tinuous r id g e s  on th e  a n te r io r  p a r t of th e  f ix e d  

cheek and th e  f r e e  cheek may be regarded  as cep h a lic  caeca. O p ik (l9 6 l, 

p. 410 ) has desc rib ed  f a r  b e t te r  examples o f caeca in  Cambrian r e d l ic h i id s  

and o le n e l l id s  and b e liev ed  them to  re p re se n t th e  e x te rn a l ex p ress io n  of 

th e  in te r n a l  a lim en tary  ^system. He a lso  no ted  th a t  in  O rdovician and 

younger t r i l o b i t e s  th i s  "alim entary  prosopon" i s  r a r e ly  observed, and 

th a t  in  specimens which have re ta in e d  th e  c u t ic le  a " th in  smooth t e s t  

p reserved  in  lim estone  y ie ld ( s )  th e  best r e s u l t s " .  The su rface  tu b e rc le s  

in  P. s im ile  somewhat obscure th e  r id g e s , th e  c u t ic le  appears t h in ,  and 

th e  specimens a re  w e ll p reserved  in  lim esto n e . Comparable r id g e s  have 

been recorded  in  a s im ila r ly  p reserved  new sp ec ies  of Pharostoma from th e  

Upper Chasmops Limestone o f th e  Oslo Region, Norway.

A comparison of P. s im ile  w ith  P. n ieszkow sk ii i s  made in  th e  

d iscu ss io n  of th a t  sp e c ie s . P. foveolatum  (T d rn q u is t, 1804) from th e  

K ullsberg  Limestone of D alarna, Sweden and th e  new Norwegian sp ec ies  both 

d i f f e r  in  having a much lo nger p re g la b e lla r  f i e l d  and p re g la b e lla r  a re a , 

to g e th e r  w ith  a le s s  an g u lar a n te r io r  m argin. In  a d d itio n , foveolatum  

has e leven  to  th i r t e e n  a x ia l  r in g s  and eleven  to  tw elve p le u ra l  furrow s 

on i t s  pygidium; th e  Norwegian sp ec ie s  has a f l a t  or m ild ly  concave 

upwards p re g la b e lla r  f i e l d  in  l a t e r a l  p r o f i l e ,  and th e re  i s  no d is t in c t io n  

in  s iz e  between th e  tu b e rc le s  on i t s  p re g la b e lla r  f i e l d  and th o se  on i t s  

g la b e l la  and a n te r io r  border.

P. s im ile  and P. pulchrum (B eyrich , I 846 ) a re  th e  only tax a  examined 

which have provided f re e  cheeks w ith  w e ll p reserv ed  l a t e r a l  m arg inal sp ines, 

Although th e  two sp ec ie s  a re  e a s i ly  sep a ra ted  on many o th e r c h a ra c te rs  i t
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i s  notew orthy th a t  th e  d is p o s it io n  o f th e se  sp ines i s  d i f f e r e n t  in  both 

and th a t  they  provide a useab le  d isc r im in a tin g  fe a tu re .  In  P. s im ile  

sh o rt p o rtio n s  of th e  l a t e r a l  m argin o f th e  f r e e  cheek a re  c le a r ly  

p e rc e p tib le  sep a ra tin g  th e  sp in es . In  P. pulchrum th e  sp in es  have th e i r  

proxim al ends touch ing  each o th e r and they  a re  more numerous,

OCCURRENCE. A ll specimens except one come from th e  type  stratum  

and lo c a l i t y ,  A s in g le  cranidium  (ilM Ar9150) was ob ta ined  from a loose  

block of Ordovician age, a t  Y tte rh a lle n , Jdm tland.

Pharostoma foveolatum  (T d rn q u is t, 1384)

P la te  8, f i g s .  5-11 ; P la te  9? f i g s .  1-3, 5-7; P la te  10, f i g .  2 ,

1884 Calvmene fo v e o la ta  n . s p .;  T d rn q u ist, p. 43, p l .  1, f i g .  45 

(ho lo type) .

1894 Calvmene (Pharostom a) fo v e o la ta : Schmidt, p . 25.

1925 Pharostoma fo v e o la ta  T ë rn q u is t; Warburg, p . 160, p l .  4 , f i g s .  

11- 20 .

1940 Pharostoma fo v e o la ta  (T d rn q u is t); Thorslund, p. 146.

i 960 P. fo v e o la ta  (T o rn q u is t); W hitta rd , p. 137.

HOLOTYPE. A w e ll p reserved  in te r n a l  mould of an incom plete c ran id 

ium; SGU unnumbered; P l .  8 ,  f i g s .  5 -8 .

TYPE oTRjiTUl'4 AI’̂D TYPE LOCALITY. K ullsberg  (Lower L eotaena) Limestone, 

F u rudal, D alarna, Sweden. The K u llsberg  Limestone i s  recorded  by 

Jaanusson (1963, p . 20, f i g .  3) as s tra d d lin g  th e  boundary between th e  

zones of D icranograp tus c lin g a n i and D ip lograu tus m u ltid en s .

ADDITIONAL MATERIAL, Several incom plete c ra n id ia  and pyg id ia  in  th e  

I n s t i t u t e  o f Palaeon to logy , U ppsala, me pygidium in  th e  SGU and one 

cranidium  in  th e  Riksm useet.
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diagnosis, P re g la b e lla r  a rea  i s  from ju s t  le s s  than  a h a lf  to  

alm ost th re e  f i f t h s  as long as g la b e l la ,  P re g la b e lla r  f i e l d  i s  from 

about one th i r d  to  alm ost a h a lf  as long as g la b e l la  and convex upwards 

in  l a t e r a l  p r o f i l e .  A n te rio r border i s  s te e p ly  in c l in e d , l e s s  than  one 

q u a rte r  as long as p re g la b e lla r  a re a . Pygidium has e leven  to  th i r te e n  

a x ia l  r in g s , e leven  to  tw elve p le u ra l  fu rrow s, (S lig h tly  emended from 

Warburg 192$, p. 155).

DESCRIPTION. W arburg's d e sc r ip tio n  of t h i s  sp ec ies  (1925, p. l6o)  

i s  most d e ta i le d  and l i t t l e  need be added h e re . The two im pressions in  

th e  p re g la b e lla r  furrow , one e i th e r  s id e  th e  median l i n e ,  which broadly  

in d en t th e  o u tlin e  of th e  f r o n ta l  g la b e l la r  lobe were noted by h e r . 

iPLthough no t so obvious, t h i s  lobe i s  a lso  a l i t t l e  f la t te n e d  ( t r . )  a t  i t s  

apex and th e  p re g la b e lla r  furrow  s l ig h t ly  s te e p e r a t  t h i s  p o in t (see 

h o lo ty p e ).

One very  w ell p reserved  pygidium (IPU Ar465) from S k a lb erg e t, has a 

conspicuous node in  th e  a x ia l  furrow  behind th e  te rm in a l a x ia l  p ie ce . 

However, in  a l l  o th e r re sp e c ts  i t  i s  in  accordance w ith  p rev io u s ly  

desc rib ed  pygid ia  of P. foveolatum  and a cranidium  (IPU Ar466) which i s  

r e fe r re d  to  t h i s  sp ec ies  has been found a t  th e  same lo c a l i t y .

DISCUSSION. This most unusual sp ec ie s  i s  c h a ra c te r iz e d  by a very  

long ( s a g .) ,  convex p re g la b e lla r  f i e l d  and th e  g re a t number o f a x ia l  r in g s  

and p le u ra l  furrow s on i t s  pygidium.

The sm a lle s t known specimen (th e  ho lo type) has a p re g la b e lla r  f i e l d  

alm ost one th i r d  as long as th e  g la b e l la  though in  a much la r g e r  specimen 

(IPU Ar469) i t  i s  ju s t  le s s  than  a h a l f  as lo n g , which suggests  th e re  i s  

a r e la t iv e  in c re a se  of t h i s  fe a tu re  during  ontogeny (Warburg 1925, p . 162).

The S ilu r ia n  sp ec ies  Spathacalvmene n asu ta  (U lr ich , 1079) and ' Spatha- 

calvmone' l in g u a ta  Tomczykowa, 1970 both have a long p re g la b e l la r  a re a  and
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correspond ing ly  long r o s t r a l  p la te ,  N eseuretus u a rv ifro n s  (McCoy, 1851) 

from the  Arenig S eries  of Wales a lso  has a long p re g la b e lla r  a rea  but in  

t h i s  case i t  i s  combined w ith  a s a g i t t a l l y  extended a n te r io r  border to  

i t s  hypostome (W hittington  1966, p. 502); i t s  r o s t r a l  p la te  i s  of normal 

le n g th . E longation  of e i th e r  th e  r o s t r a l  p la te  o r a n te r io r  border of 

th e  hypostome, in  sp ec ie s  w ith  a long p re g la b e lla r  a re a , may be ex p la ined  

by a need to  m ain ta in  th e  a n te r io r  wing p rocess of th e  hypostome in  c o n tac t 

w ith  th e  v e n tr a l ly  d ire c te d  boss formed by th e  a n te r io r  (hypostom al) p i t  

o f th e  cranidium . N either th e  r o s t r a l  p la te  nor hypostome of P. foveolatum  

i s  known though one might expect s im ila r  changes to  occur.

The more im pressed p a r ts  of th e  p re g la b e lla r  furrow  -  a t  th e  median 

l in e  and p a r t ic u la r ly  e i th e r  s ide  t h i s  l in e  -  may re p re se n t a re a s  of 

muscle a ttachm en t, but th ey  a re  not th e  same as th ose  Opik (1937, p. 23, 

f i g .  2c) recorded  in  f ro n t  of th e  g la b e l la  in  P. n ie szk o w sk ii.

Pharostoma foveolatum  i s  comparable to  only one o th e r sp ec ie s  o f th e  

genus in  th e  unusual le n g th  of i t s  p re g la b e lla r  f i e l d  and p re g la b e lla r  a re a  

-  P. narinosum sp . nov. (see  below). The new spec ies  i s  d is tin g u ish e d  

by a r e la t iv e ly  lo n g e r, l e s s  upturned a n te r io r  border and a f l a t  o r g e n tly  

concave upwards p re g la b e lla r  f i e l d .  Also some specimens of foveolatum  

show o b tu se ly  p o in ted  tu b e rc le s  on th e  a n te r io r  margin of th e  cranidium  

(IPU Ar469) which a re  unlmown in  P. narinosum . A comparison of P. foveo

latum  w ith  P. s im ile  w il l  be found under th e  l a t t e r  s p e c ie s . I t  i s  

l ik e ly  s im ile  gave r i s e  to  foveolatum .

The pygidium of P. foveolatum  e x h ib its  f a r  more a x ia l  r in g s  and 

p le u ra l  furrow s than  i s  known in  any o th e r calym enid and i t s  gross 

morphology i s  no t u n lik e  th a t  of Chasmops. Warburg (1925, p l .  11, f i g s .

23, 2 4 ) f ig u re s  a pygidium of Chasmops macrourus S jdg ren i from th e  

K ullsberg  Limestone a t  K u llsberg , but i t  has even more a x ia l  r in g s  and 

p le u ra l  furrow s (s ix te e n  to  e ig h teen  of b o th ), i s  s a g i t t a l l y  lo n g e r, and
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d isp la y s  in te r p le u r a l  fu rrow s,

OCCURRENCE, A ll specimens to  d a te  come from th e  K ullsberg  Limestone 

of D alarna, Sweden, Skalberget may be added to  th e  l o c a l i t i e s  of 

K u llsberg , F u rudal, iim tjarn and S inksjon given by Warburg, Only th e  

ho lo type i s  known from F urudal; th e  m a jo rity  o f specimens a re  from 

K u llsb erg ,

Pharostoma c f .  P. foveolatum  (T d rn q u is t, 1884)

P la te  9 , f i g .  4 .

DISCUSSION. Two sm all, incom plete specimens from th e  Mj/ s a  Lime

stone o f th e  Oslo Region a re  c lo se  to  _P, foveolatum  but cannot be ass ig n ed  

w ith  c e r ta in ty  to  t h i s  sp e c ie s . A f u l l  d iscu ss io n  i s  given in  th e  study 

of Middle O rdovician calym enids from Norway, Specimens a re  re f ig u re d  

here  f o r  comparison w ith th e  K ullsberg  Limestone m a te r ia l .

Pharostoma narinosum sp. nov.

P la te  10, f i g s ,  1 ,6 .

DISCUSSION, A f u l l  d e sc r ip tio n  and d iscu ss io n  of t h i s  new sp ec ie s  

from th e  Upper Chasmops Limestone o f th e  Oslo Region w i l l  be found in  th e  

account of Middle O rdovician calym enids from Norway.
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Pharostoma sp. in d e t .  1.

Not f ig u re d .

1948 Pharostoma s p . ; Thorslund, p. 3&3, p l .  21, f i g s .  4 -6 .

i 960 Pharostoma s p .;  W hittard , p. 138.

1964 Pharostoma s p ,;  Jaanusson, p . 12, ta b le  3 , p . 68.

MATERIAL. I s  poorly  p reserved  and fragm entary  and c o n s is ts  o f a 

cranidium , pygidium and two f re e  cheeks; IPU, unnumbered in  T horslund’ s 

1948 paper.

OCCURRENCE. From a depth of 6 4 .2 4  -  64.29m in  th e  Middle O rdovician 

rocks o f th e  K u lla to rp  Boring, K innekulle V jüstergotland, Sweden. This 

le v e l  i s  w ith in  th e  V iruan Skagen Lim estone, between th e  zones of Nema- 

c rao tu s  n r a c i l i s  and D icranograptus c lin g a n i (Jaanusson 1964, p. 8 , 

ta b le  1 ) .

DISCUSSION, The p resen t w r i te r  has no t examined t h i s  m a te r ia l and i t  

seems (from th e  p la te s )  too  i l l  p reserved  to  id e n t i f y  w ith  confidence a t  

th e  s p e c if ic  le v e l  though I  share th e  view of Thorslund (1948, p . 363) 

th a t  i t  i s  r e la te d  to  P, n ieszkow sk ii Schmidt, 1894. Thorslund d esc rib ed  

th e  cranidium  as "broadly  rounded in  f r o n t " but th e  o u tlin e  of th e  a n te r io r  

m argin appears to  be somewhat an gu lar a t  th e  median l in e  (Thorslund 1948, 

p l ,  21, f i g s .  4n, 4 b ). This fe a tu re  i s  c h a r a c te r i s t ic  o f both P. n ie s 

zkow skii and P. s im i le . as i s  th e  m oderately  upturned a n te r io r  bo rder.

The le n g th  o f th e  p re g la b e lla r  f i e l d  seems about th e  same as in  th e se  

sp ec ie s  o r perhaps somewhat s h o r te r .  In  having only f iv e  a x ia l  r in g s  and 

f iv e  p le u ra l  furrow s th e  pygidium i s  more ak in  to  P. n ieszkow sk ii than  to  

P, s im ile .
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Pharostoma sp . in d e t ,  2 .

P la te  8 , f i g .  3 .

? 1960 Pharostoma sp , in d e t , ;  Jaanusson , p, 230.

MATERIAL, One incom plete cranidium  w ith  th e  remains o f n ine th o ra c ic  

segments; RM Ar2360o.

OCCURRENCE. Dalby Limestone (= Zone of Nemagraotus g r a c i l i s ; 

Jaanusson 1973, p . 20, f i g ,  3 ) ,  Ddda Hamn, 6 land .

DESCRIPTION, L a te ra l lobe Ip  i s  l a r g e ,  subquadrate , jo in e d  to  

o u te r , p o s te r io r  co rner of lobe 2p, L a te ra l furrow  Ip i s  d ire c te d  

inwards and backwards, b ifu rc a te s  in to  long  p o s te r io r  and sh o rt a n te r io r  

branches; p o s te r io r  branch alm ost com pletely  d iv o rces  lobe Ip  from c e n tr a l  

a rea  o f g la b e l la ;  a n te r io r  branch i s  sh a rp ly  in c is e d  and alm ost meets 

l a t e r a l  furrow  2p to  leav e  only a narrow neck connecting lobe  2p to  

frontom edian g la b e l la r  lo b e . Lobe 3p extrem ely sm all; furrow  3p very 

weak. O utline  of f r o n ta l  g la b e l la r  lobe (reasonab ly  p reserv ed  only on 

th e  r ig h t  s id e )  from most a n te r io r  p a r t  of a x ia l  furrow  to  median l in e  

i s  r a th e r  s t r a ig h t ,  tre n d in g  inwards and forw ards to  median l i n e ,

DISCUSSION, The fragm entary  n a tu re  of t h i s  specimen m i l i t a te s  

a g a in s t p re c ise  d e te rm in a tio n . The whole o f th e  p re g la b e lla r  a re a , 

im portan t fo r  s p e c if ic  d is c r im in a tio n , has been destroyed  but th e  

o b liq u e ly  f la t te n e d  o u tlin e  to  th e  a n te r o la te r a l  margin of th e  f r o n ta l  

lobe s tro n g ly  suggests i t  belongs w ith  th e  P. s im ile  -  P. foveolatum  

group o f sp e c ie s .
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Pharostoma oelandicum A ngelin , 1354- 

P la te  10, f i g s .  3 , 4 , 5, 7 .

1354 Pharostoma ? Oelandicum n . s p .;  A ngelin , p . 6 2 .p l ,3 3 ,f i g s . 1 5 ,15a, 

? 1861 Calvmene Pediloba n . s p .;  Roemer, p . 74, p l .  8, f i g ,  6 ,

? 1894 Calvmmene oed iloba F, Rbin; Schjoidt, p , 26, p l .  2 , f i g s .  12-16.

1894 Pharostoma oelandicum A ng.; Schm idt, p . 28,

? 1894 C al. (Pharostom a) oelandicum Ang,?; Schm idt, p. 29, p l .  2,

f i g .  19.

1925 Ph. oelandicum ANG.; Warburg, p. 160.

? 1928 Calvmmene (Pharostom a) oe lan d ica  ANG. s p .;  Kummerow, p. 9.

1940 Pharostoma oelandicum ANG.; T horslund, p. 146.

i 960 P, oelandicum (A ngelin); W hitta rd , p. 138.

HOLOTYPE. An incom plete cranidium ; RM Ar2285; P l. 10, f i g s . 3 ,4 ,5 ,7 .

TYPE STRATUM AND TYPE LOCALITY. A ngelin o r ig in a l ly  recorded  th e  

spec ies  from h is  la y e r  C on Bland. The youngest outcrop  on t h i s  is la n d  

i s  of th e  Dalby Limestone which approxim ates to  th e  lower two th i r d s  of 

th e  Nemagraotus g r a c i l i s  Zone (Jaanusson 1973, p . 20, f i g .  3 ) ,  o r about 

middle and upper L lan d e ilo  in  age. Schmidt (1894, p. 28) s tro n g ly  

doubted th e  horizon  given by A ngelin as he co n sidered  P. oelandicum 

probably synonymous w ith  specimens he re f e r r e d  to  Pharostoma oedilobum 

(Roemer, I 86 I)  which occur in  much younger s t r a t a .  Stages E and F^

(= m iddle Caradoc to  middle A s h g i l l) ,  from th e  E ston ian  O rdovician,

Schmidt tu rn ed  to  Lindstrfim fo r  adv ice  and both were convinced th a t  th e  

holotype o f A n g e lin 's  sp ec ie s  came from g la c ia l  e r r a t i c s  of th e  Macrourus 

Limestone, which i s  of D icranograptus c lin g a n i Zone age -  approxim ately  

middle and upper Caradoc. (Thorslund in  Thorslund & Jaanusson I 96O, p, 5 ) . 

These boulders were tra n sp o r te d  to  Bland by a w este rly  moving ic e  flow  

(Jaanusson I960, p , 209).
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ADDITIONAL MATERIAL. None.

DIAGNOSIS. M oderately arched  o u tlin e  to  f r o n ta l  g la b e l la r  lo b e , 

P re g la b e lla r  a re a  and g en tly  convex ( s a g .)  p re g la b e lla r  f i e l d  a re , 

re s p e c tiv e ly , ju s t  le s s  th-an one q u a r te r  and about one te n th  as long as 

g la b e l la .  A n te rio r border furrow  ra th e r  broad and very  shallow . In  

o u tlin e  a n te r io r  margin i s  b roadly  convex fo rw ards. M id-point of 

p a lp eb ra l lobe i s  opposite  ( t r , ) c en tre  of lobe 2p,

DESCRIPTION. G lab e lla  ju s t  lo n g er ( s a g .)  than  w ide. O c c ip ita l 

r in g  h a lf  as wide (e x s .)  a t  a x ia l  furrow  th an  a t  median l i n e .  O c c ip ita l 

furrow  very  narrow (sag . & e x s .) ,  sh a rp ly  in c is e d  and tra n s v e rse ly  

d ire c te d  ac ro ss  c e n tr a l  g la b e l la r  a re a , curves backwards a b a x ia lly .

Lobe 1p i s  about one th i r d  as wide and two f i f t h s  as long as g la b e l la ,  

and jo in e d  to  p o s te r io r  a b ax ia l co rn e r of lobe 2p. Outer margin of lobe 

Ip i s  alm ost s t r a ig h t ,  a n te r io r  and p o s te r io r  a b ax ia l co rn ers  a re  ra th e r  

a n g u la r . L a te ra l furrow  Ip  i s  shallow  a t  a x ia l  furrow , tre n d s  inwards 

and backwards, becomes w ider ( e x s . ) ,  deeper and d iv id e s  in to  two branches 

below sw ellin g  of median g la b e l la r  lo b e ; p o s te r io r  branch tu rn s  more 

backwards, a n te r io r  branch runs forw ards to  jo in  w ith  furrow  2p, Lobe 

2p i s  about h a l f  as long as 1p. L a te ra l furrow  2p tre n d s  inwards and 

backwards. Lobe 3p i s  very  sm all, only ju s t  v i s ib le  in  d o rsa l view, 

w idest (e x s ,)  a d a x ia lly  due to  convergence of l a t e r a l  furrow s 2p and 3p 

tow ards a x ia l  furrow . Furrow 3p runs t r a n s v e r s e ly .

P re g la b e lla r  furrow  about same w idth (s a g .)  as o c c ip i ta l  furrow , 

much narrow er th an  a n te r io r  border furrow , sh a llo w est a t  ju n c tio n  w ith  

a x ia l  fu rrow . P re g la b e lla r  f i e l d  i s  about one te n th  as long as g la b e l la ,  

g e n tly  convex, f a l l s  down to  broad ( s a g .) ,  very  shallow  a n te r io r  border 

fu rrow . A n te rio r border p ro je c ts  forw ards h o r iz o n ta l ly ;  a n te r io r  m argin 

i s  b road ly  arched in  o u t l in e ,  much more so than  f r o n ta l  lo b e .
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A xial furrow  i s  m ostly destro y ed , though i t s  expansion around (the  

l e f t )  lobe 1p can be seen; a t  l a t e r a l  lobe  3p i t  re ce iv e s  th e  end of a 

weak eye r id g e . A n te rio r p i t  s i tu a te d  below s ide  of f r o n ta l  lo b e .

P a lp eb ra l lobe i s  about equal in  le n g th  to  lobe 2p and i s  c en tred  opposite  

( t r . ) th a t  lo b e . A n te rio r p a r t of f ix e d  cheek s lo p es  s te e p ly  forw ards 

(e x s .)  to  a n te r io r  border furrow , and a b a x ia lly  runs in to  narrow pre

g la b e l la r  f i e l d .  A n te rio r branch of f a c i a l  su tu re  runs alm ost d i r e c t ly  

fo rw ards.

Whole cranidium  except furrow s covered w ith  tu b e rc le s  of v a rio u s  

s iz e s ,  but none a re  very  co arse .

DISCUSSION. This sp ec ie s  i s  re v ise d  fo r  th e  f i r s t  tim e . Angelin 

o ffe red  only one l in e  of d e sc r ip tio n  and h is  i l l u s t r a t i o n s  were r a th e r  

sm all. The resem blance of P, oelandicum to  tax a  found a t  and above th e  

Zone of D. c lin g a n i supports  th e  arguement of Schmidt (see type stratum  

and lo c a l i ty )  th a t  i t  occurs above th e  la y e r  0 of iln g e lin .

In  th e  form of i t s  p re g la b e lla r  f i e l d  and h o r iz o n ta l a t t i t u d e  of i t s  

a n te r io r  bo rder, oelandicum i s  c lo se ly  a l l i e d  to  th e  A sh g ill sp ec ie s  

P. leotaenarum  (T ü rn q u is t, 1884), but leptaenarum  has more a n te r io r ly  p laced 

eyes ( a l in e  connecting  th e i r  m id -po in ts  running through th e  o u te r end of 

l a t e r a l  furrow  2 p ), and a more b lu n tly  rounded o u tlin e  to  th e  f r o n ta l  

g la b e l la r  lo b e . A fu r th e r  d if fe re n c e  may be th e  len g th  of th e  a n te r io r  

border compared to  th a t  of th e  p re g la b e lla r  f i e l d .  I t  i s  d i f f i c u l t  to  

determ ine in  A ngelin ’s holotype where th e  d iv is io n  between th e se  two 

fe a tu re s  l i e s ,  as th e  a n te r io r  border furrow  i s  ra th e r  broad ( s a g .) ,  

though th e  a n te r io r  border seems lo n g er th an  th e  p re g la b e lla r  f i e ld .  

Specimens of P. leptaenarum  f ig u re d  h e re in  (P l. , f i g s .  and

by Dean (1971, p l .  18, f i g ,  11) show th e  p re g la b e lla r  f i e l d  to  be lo n g er 

th an  th e  a n te r io r  bo rder. Also th e  p re g la b e lla r  f i e l d  i s  about one s ix th  

as long  as th e  g la b e l la  in  leptaenarum  but only  one te n th  as  long  in  

oelandicum .
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P. obtusum (McCoy, I 846 ) d i f f e r s  from oelandicum in  th e  same charac

t e r s  as leo taenarum , in  a d d itio n  to  which i t  has sp ines on th e  a n te r io r  

bo rder.

P. rarum Cooper & K indle, 1936 from th e  A sh g ill of Quebec and a 

sp ec ie s  r e fe r re d  to  as Pharostoma sp . ’A’ from th e  Upper Chasmops Lime

stone of th e  Oslo Region, a re  s im ila r  to  P. oelandicum in  having a very  

sh o rt p re g la b e lla r  f i e l d .  Both a re  d is tin g u ish e d  by a more s tee p ly  

in c l in e d  a n te r io r  bo rder, more a n te r io r ly  p o s itio n ed  p a lp eb ra l lo b e , 

s l ig h t ly  c o a rse r  g la b e l la r  tu b e rc le s ,  and a l e s s  s tro n g ly  arched  o u tlin e  

to  th e  f r o n ta l  lo b e ,

Schmidt (1894, p . 28) seemed convinced th a t  P. oedilobum (Roemer, 

1861) was a ju n io r  synonym of P. oelandicum . having s tu d ie d  p la s t e r  c a s ts  

of both type specim ens, y e t he con tinued  to  d esc rib e  h is  m a te r ia l under 

oedilobum and q u estio n ab ly  p laced  oelandicum in  i t s  synonymy. U nfortun

a te ly  he d id  no t re f ig u re  th e  holo type of P. oedilobum . which had been 

in ad eq u a te ly  d esc rib ed  and i l l u s t r a t e d  by Roemer ( I 86I ,  p. 74, p l .  8 , 

f i g .  6 ) .  This h o lo ty p e , which was c o lle c te d  from th e  g la c ia l  e r r a t i c s  of 

S i l e s ia  and a t  th e  tim e of Schmidt’s account a p p a ren tly  housed in  th e  

Wroclaw (B reslau ) G eolog ical Museum, Poland, i s  s t i l l  in  need of re 

exam ination. The specimens re fe r re d  by Schmidt (l8 9 4 , p l .  2 , f i g s .

12-16) to  "Cal. (Pharostom a) p e d ilo b a " from Stage E of th e  E ston ian  

O rdovician match c lo se ly  th e  holo type o f P. oelandicum in  g la b e l la r  and 

p re g la b e lla r  morphology and p o s it io n  of th e  eye; he d id  n o t i l l u s t r a t e  

any m a te r ia l from Stage E-|. The specimen Schmidt (l8 9 4 , p l .  2 , f i g .  19) 

f ig u re d  as "C al. (Pharostom a) oelandicum ling, ?" was c o l le c te d  from N 

German e r r a t i c s  a t  Eberswalde by Rem e l e , who o r ig in a l ly  recorded  i t  

(1885, p . 21) as P. oelandicum from th e  M acrourus Lim estone. Kummerow 

( 1928, p . 9 ) l i s t s  P. oelandicum from Macrourus Limestone e r r a t i c s  of th e  

N German P la in , but f a i l e d  to  d e p ic t h is  exam ples. A ll of t h i s  m a te r ia l  

i s  te n ta t iv e ly  a ss ig n ed  to  oelandicum .
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In  some re sp e c ts  P. oelandicum i s  in te rm ed ia te  in  morphology between 

m iddle and upper Ordovician Scandinavian sp e c ie s . The o u tlin e  o f i t s  

f r o n ta l  lobe i s  more rem in iscen t of P. n ieszkow skii than  P. o rn ith o reo s  

sp . n o v ., but th e  rev e rse  i s  t ru e  when co n sid e rin g  th e  o v e ra l l  form of 

i t s  p re g la b e lla r  a re a .

OCCURRENCE. A t  p resen t known only from th e  type stra tum  and 

l o c a l i t y .  As f a r  as I  am aware th e  in  s i t u  Macrourus Limestone has no t 

produced any o th e r specim ens. M a te ria l r e fe r re d  to  in  th e  d iscu ss io n  

from e r r a t i c s  of the  N German P la in  and Stages E and F-] o f th e  E ston ian  

O rdovician may belong w ith  th i s  sp e c ie s .

Pharostoma o rn ith o reo s  sp . nov.

P la te  11, f i g s .  1 -7 .

DERIVATION OF THE NAME. D im inutive of th e  Greek, o rneon, b ird , and 

o re o s . h i l l ,  p e r ta in in g  to  th e  type stra tum  and type l o c a l i t y .

HOLOTYPE. Incom plete cranidium ; DM ItS 931 | c o l l .  8 .F . M orris ,

1965; P l. 11 , f i g s . 1 ,  2 , 6 , 7.

TYPE STR/iTUM MD TYPE LOCALITY. B ird s h i l l  Lim estone, P u s g ill ia n  

S tage, A sh g ill S e r ie s , quarry  200 yards NW of B ird s h i l l  Farm, one and a 

h a l f  m iles  WNW of L lan d e ilo , C arm arthensh ire , S W ales.

ADDITIONAL MATERIAL. Two incom plete c ra n id ia ,  DM ItS 930 , JM I t  

8934; one incom plete e x te rn a l mould cranid ium , DM It8 9 3 3 .

DIAGNOSIS, P re g la b e lla r  a re a  and p re g la b e lla r  f i e l d  about one t h i r d  

and one seventh  as long as th e  g la b e l la ,  re p e c tiv e ly . P re g la b e lla r  f i e l d  

m oderately  convex ( s a g .) ,  f r a c t io n a l ly  s h o r te r  ( s a g .)  th an  th e  broad, 

g e n tly  upturned a n te r io r  bo rder. A n te rio r  margin very  weakly c u sp id a te . 

F ro n ta l g la b e l la r  lobe b lu n tly  rounded. P a lp eb ra l lobe s i t e d  opp o site
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( t r . )  m iddle or a n te r io r  p a r t of l a t e r a l  g la b e l la r  lobe 2p,

DESCRIPTION, G lab e lla  i s  lo n g er th an  w ide. L a te ra l g la b e l la r  

lobe 1p i s  le s s  th an  one th i r d  as wide as g la b e l la ,  e longated  e x s a g i t t a l ly ,  

su b rec tan g u la r in  o u tlin e  but more s u b tr ia n g u la r  in  sm aller specim ens. 

L a te ra l furrow  1p i s  weakest a t  a x ia l  furrow , deepest around a n te r io r  

a d ax ia l m argin of Ip  lobe where i t  i s  o b tu se ly  ang led , con tinues p o s te r

io r ly  as very shallow  dep ression  ac ro ss  neck of lobe 1p to  o c c ip i ta l  

furrow . L a te ra l lobe 2p i s  about h a l f  as long as lobe 1p and as long 

as i t  i s  w ide. L a te ra l furrow  2p i s  d ire c te d  inwards and backwards to  

end opposite  (e x s .)  a n te r io r  co rner of lobe 1p. L a te ra l lobe 3p i s  

r a th e r  sm all, t r ia n g u la r  in  o u t l in e ,  w idest a d a x ia lly , p re sen t only on 

g la b e l la r  s id e , demarcated a n te r io r ly  by weak l a t e r a l  furrow  3p. B lun tly  

o u tlin e d  f r o n ta l  g la b e l la r  lobe i s  su b rec tan g u la r shaped and about th r e e -  

f i f t h s  as wide as g la b e l la .  Frontomedian g la b e l la r  lobe narrows g rad u a lly  

towards o c c ip i ta l  furrow , in  p r o f i l e  s tands w ell above l a t e r a l  g la b e l la r  

lobes and f a l l s  evenly from lobe 2p to  p re g la b e lla r  furrow .

A xial furrow  i s  narrow next to  o c c ip i ta l  r in g , w idest and c re sc e n t

shaped beside lobe 1p, a b ru p tly  narrows again  before reach ing  furrow  1p, 

i s  a b a x ia lly  convex around lobe 2p, a t  s id e  of lobe 3p and f r o n ta l  lobe 

i t  runs more or le s s  s t r a ig h t  forw ards and merges in to  p re g la b e lla r  

furrow . On o u te r s id e  of a x ia l  furrow  and half-w ay along th e  s id e  of th e  

f r o n ta l  lobe i s  a shallow  a n te r io r  p i t .  Between th i s  p i t  and furrow  2p 

th e  end of a weakly developed ey e-rid g e  runs in to  a x ia l  furrow .

P re g la b e lla r  a rea  i s  -about one th i r d  as long as g la b e l la .  Pre

g la b e l la r  furrow  i s  uniform ly shallow  around f r o n ta l  g la b e l la r  lo b e . 

P re g la b e lla r  f i e l d  i s  about one seventh  as long  as g la b e l la ,  not q u ite  as 

long  as a n te r io r  bo rder, and m oderately convex ( s a g .) .  In  f ro n t of 

g la b e l la ,  a n te r io r  border furrow  i s  very  shallow , becomes b e t te r  marked 

towards f a c ia l  su tu re . D orsal su rface  of a n te r io r  border i s  m ild ly  

convex, g e n tly  up turned , and r a th e r  broad (sag . & e x s . ) .  O utline o f
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a n te r io r  margin i s  no t smoothly convex forw ards but weakly cu sp id a te .

One cusp i s  s i te d  on th e  median l i n e ,  one o pposite  (e x s .)  each a x ia l  

furrow , and on th e  holo type a f a in te r  one i s  in d ic a te d  opposite  th e  l e f t  

p a lp eb ra l lo b e . Each cusp i s  very  o b tu se ly  po in ted , no t p ro je c tin g  f a r  

beyond g en era l o u tlin e  of a n te r io r  m argin.

A baxial p o s te r io r  p a r t of cheek i s  m issing . P o s te r io r  border near 

a x ia l  furrow  i s  t ig h t ly  convex. P o s te r io r  border furrow  very  narrow 

( e x s .) .  P a lp eb ra l lobe s te e p ly  up tu rned , on holo type i t s  m id-poin t i s  

s i tu a te d  opposite  c en tre  of lobe 2p, on an o th e r , s l ig h t ly  sm aller specimen 

(R4 ItS 930) i t  i s  opposite  a n te r io r  p a r t  of t h i s  lo b e . A n te rio r p a r t 

of f ix e d  cheek s lopes s te e p e s t in  d ire c t io n  of f a c ia l  su tu re  which i s  d ire c 

te d  forw ards and s l ig h t ly  outw ards. F ixed cheek p rog resses a d a x ia lly  

in  f ro n t  of g la b e l la  and grades in to  p re g la b e lla r  f i e l d .

R o s tra l p la te ,  hypostome, th o rax  and pygidium unknown.

DISCUSSION. P. o rn ith o reo s  accords w e ll w ith  o th e r upper Ordovician 

sp ec ies  in  g la b e l la r  shape and th e  o u tlin e  of i t s  f r o n ta l  g la b e l la r  lo b e . 

S p ec ific  d isc r im in a tio n  w ith in  t h i s  group i s  la rg e ly  dependent on 

d if fe re n c e s  in  th e  p re g la b e lla r  a rea  such as th e  form, in c l in a t io n  and 

len g th  of th e  a n te r io r  bo rder, and th e  n a tu re  of th e  p re g la b e lla r  f i e l d .  

P r io r  to  t h i s  study th re e  sp ec ies  of Pharostoma have been e s ta b lis h e d  

from s t r a t a  of A sh g ill age -  P. obtusum. P. leotaenarum  and P. rarum .

The Welsh cranidium  does not f a l l  r e a d ily  in to  any of th e se  ta x a  and, 

occu rrin g  a t  th e  base of th e  A sh g ill , i s  p o ss ib ly  e a r l i e r  in  age th an  any 

of them. J u s t  fo u r c ra n id ia  of o rn ith o reo s  a re  a v a i la b le ,  one o f which 

(DM ItB 930) does no t possess a w e ll p reserved  a n te r io r  m argin, but th e  

o th e r specimens d isp la y  th e  same d i s t i n c t  type of p re g la b e lla r  a re a  which 

provides th e  b a s is  fo r  i t s  re c o g n itio n  as a sep a ra te  sp e c ie s .

As d i s t i n c t  from th e  new tax o n , P. leptaenarum  and P. obtusum have 

a h o r iz o n ta l ly  p ro tru d in g  a n te r io r  border which i s  narrow er than  th e  

p re g la b e lla r  f i e l d .  For example in  th e  ho lo type of P. lep taenarum . th e
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a n te r io r  border i s  only one th i r d  th e  w idth of th e  p re g la b e lla r  f i e l d .

Other specimens of leptaenarum  do n o t show q u ite  such a narrow b o rd er, but 

i t  i s  never as wide in  t h i s  sp ec ies  as in  o rn ith o re o s . One of th e  B irds

h i l l  Limestone specimens (IM It8930) appears to  have i t s  p re g la b e lla r  

f i e l d  w ider than  th e  a n te r io r  border but th e  reasons fo r  t h i s  a re  tw ofo ld . 

Because t h i s  cranidium  i s  embedded in  a c o a rse ly  c r y s ta l l in e  lim estone  i t  

proved d i f f i c u l t  to  c lean  w ithout f r a c tu r in g ,  and so th e  a n te r io r  margin 

has been p a r t ly  destroyed  during p re p a ra tio n . Secondly, most of th e  

p re g la b e lla r  a rea  i s  in te r n a l  mould and where t h i s  i s  th e  case th e  

p re g la b e lla r  f i e l d  becomes r e l a t iv e ly  lo n g er a t  th e  expense of th e  

a n te r io r  border (see a lso  the  d iscu ss io n  of P. lep taenarum ) .

The a n te r io r  margin a lso  d is tin g u is h e s  th e se  th re e  sp ec ie s ; th a t  of 

P. obtusum i s  in fe r r e d  to  have fo rw ard ly  d ire c te d  sp in es  and th a t  of 

P. leptaenarum  lack s  any p ro je c t io n s , both of which d i f f e r  from th e  

weakly cu sp id a te  o u tlin e  in  F, o rn ith o re o s . The sh o rt sp in es  of P. 

obtusum a re  sym m etrically  a rray ed  on th e  a n te r io r  border and a re  in  th e  

same p o s it io n s  as th e  more ob tu se ly -b ased  cusps in  th e  new s p e c ie s .

I t  i s  probable th a t  t h i s  arrangem ent i s  an in h e r i te d  c h a r a c te r i s t i c .

The p a lp eb ra l lobe on the  ho lo type of P. o rn ith o re o s . l i e s  opposite  

th e  c e n tre  of g la b e l la r  lobe 2p whereas in  P. leptaenarum  and P. obtusum 

i t  opposes th e  l a t e r a l  furrow  2p. Of th e  o th e r th re e  Welsh specimens 

one (IM It8934) has both p a lp eb ra l lobes d estro y ed , and th e  o th e r two 

c ra n id ia  (DM It8 9 3 0 , EM It8933) have only one p reserv ed , and in  each case 

i t s  m id-poin t i s  in  l in e  w ith  th e  a n te r io r  p a r t of lobe 2p. P. o rn ith o re o s 

seems to  have more p o s te r io r ly  s i t e d  eyes though i t  would be u se fu l to  

have e x tra  c ra n id ia  from th e  B ird s h i l l  Limestone to  s u b s ta n tia te  t h i s  

b e l ie f .

As no ted  in  th e  d iscu ss io n  of P. lep taenarum . P. rarum would g re a t ly  

b e n e f it  from re v is io n , but i t  appears to  have a much sh o r te r  p re g la b e lla r
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a rea  (about one f i f t h  as long as th e  g la b e l la  compared to  one th i r d  in  

o rn ith o reo s  and la ck s  th e  c h a r a c te r i s t ic  a n te r io r  m argin of th e  Welsh 

sp e c ie s .

P. oelandicum has a sh o rte r  p re g la b e lla r  a rea  and p re g la b e lla r  f i e l d ,  

smoothly o u tlin e d  a n te r io r  c r a n id ia l  m argin, more s tro n g ly  arched  ( in  

d o rsa l view) f r o n ta l  lo b e , and narrow er ( t r . )  c e n tr a l  g la b e l la r  a rea  

between l a t e r a l  g la b e l la r  lobes Ip .

A s in g le  i l l - p r e s e r v e d  cranidium  (DM unnumbered) of Pharostoma 

from th e  s l ig h t ly  younger (C autleyan) Sholeshook Limestone near 

H averfordw est may belong to  o rn ith o re o s . The le n g th  of th e  a n te r io r  

border to  p re g la b e lla r  f i e l d  i s  about th e  same and th e  median and a b ax ia l 

(o p p o site  a x ia l  furrow ) cusps a re  p re s e n t. The f r o n ta l  g la b e l la r  lobe 

i s  le s s  b lun t though the  oblique d is to r t io n  su ffe re d  by th e  la rg e ly  

e x fo lia te d  specimen probably g ives r i s e  to  th i s  e f f e c t .

Fharostoma sp . A.

P la te  11, f i g .  10.

DISCUSSION. Two sm all c ra n id ia  from th e  Upper Chasmoos Limestone 

of th e  Oslo d i s t r i c t  a re  q u ite  w e ll p reserved  but u n fo rtu n a te ly  incom plete, 

The sp ec ie s  i s  a l l i e d  to  l a t e r  A sh g ill forms and a f u l l  d iscu ss io n  i s  

given in  th e  study  of Middle O rdovician Norwegian calym enids.

Fharostoma sp . B.

P la te  11, f i g .  9.

DISCUSSION, Incom plete and d is to r te d  c ra n id ia  from th e  Upper 

Chasnous Shale of th e  Oslo d i s t r i c t  a re  c lo se  to  Fharostoma sp . A, but 

c le a r ly  show a f r in g e  of forw ardly  d ire c te d  sp in es  on th e  a n te r io r
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border, The sp ec ies  i s  fu r th e r  compared w ith  Fharostoma sp . A and o th e r 

tax a  in  th e  ch ap te r on Norwegian Middle O rdovician calym enids.

Fharostoma obtusum (McCoy, 1846)

P la te  12, f i g s ,  1, 2 , 4 -6 , 11, 13.

1846 O tarion  obtusum; McCoy, p . 54, p l .  4 , f i g .  6.

1925 Fharostoma Leptaenarum T iJrnquistj Warburg (p a r s ) . p , 155, p l .  4 , 

f i g s ,  2 , 5 -9 , ? f ig s ,  3 , 4 .

1925 ob tusa McCoy; Warburg, p . 423.

i 960 Fharostoma obtusum (M’Coy); W h itta rd , p . 137.

1965 Fharostoma obtusum (M*Coy, I846 ); W h ittin g to n , p . 55, p l .  I6 , 

f i g s ,  1 -3 , 6 ,

1965 Fharostoma c f .  obtusum (M’Coy, 1846); W h ittin g to n , p. 56, p l .  16, 

f i g s .  4 , 5, 7 , 8,

1971 F rio n o ch e ilu s  obtusus (McCoy); Dean, p. 42, p l .  18, f i g s .  2 ,

4 r - 6 ,  8 , 10, 1 2 - 1 5 ,  p l.  19, f i g s .  5 -8 , 10, 1 2 ,

HOLOTYFE, Incom plete cranidium ; NMI unnumbered; S ir  R ichard G r i f f i th  

C o llec tio n ; not f ig u re d  h e re in , f ig u re d  McCoy I 846 , p l .  4 , f i g .  6 , 

W hitting ton  1965, p l .  16, f ig s ,  1 -3 , 6 and Dean 1971, p l .  18, f i g s .  10,

12 , 13.

TYPE STRATUM AND TYPE LOCALITY. Chair o f K ildare  Lim estone, Chair of

K ildare  (exact lo c a l i t y  unknown), south-w est of D ublin, E ire , The K ildare

Limestone i s  of l a t e  A sh g ill , m iddle Rawtheyan to  lowermost H irn a n tia n , 

age (W illiam s in  W illiams e t  a l .  1972, p , 57),

ADDITIONAL MATERIAL, At l e a s t  seven c ra n id ia  from K allho ln  

(Riksmuseet c o l le c t io n s ) ,  in  a d d itio n  to  th e  m a te r ia l  m entioned and f ig u re d  

by Warburg (1925), W hitting ton  (1965), and Dean (1971) from Sweden, N Wales 

and E ire  re s p e c tiv e ly .
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DIAGNOSIS. F ro n ta l lobe b lu n tly  rounded. P re g la b e lla r  a re a  about 

one q u a r te r  to  th re e  te n th s  as long as g la b e l la .  P re g la b e lla r  f i e l d  

g e n tly  convex ( s a g .) ,  about one f i f t h  to  one seventh as long  as g la b e l la .  

A n te rio r border p ro je c ts  forw ards h o r iz o n ta l ly .  A n te rio r margin of 

cranidium  has a f r in g e  of s h o r t ,  fo rw ard ly  d ire c te d  sp in es . M id-point 

of p a lp eb ra l lobe i s  o pposite  o u te r end of l a t e r a l  g la b e l la r  furrow  2p,

DESCRIPTION. The d e sc r ip tio n  of W hitting ton  (1965) i s  comprehensive 

and l i t t l e  need be added h e re . The p o s itio n s  on th e  a n te r io r  border 

where th e  forw ardly  p ro je c tin g  sp ines occur a re  as fo llo w s: One on th e

median l i n e ,  one opposite  (e x s .)  each l a t e r a l  margin of th e  f r o n ta l  lobe 

and a l e s s  obvious one o pposite  each p a lp eb ra l lobe n ear where th e  su tu re  

l in e  meets th e  a n te r io r  m argin.

DISCUSSION. P. obtusum has re c e n tly  been re v ise d  by W hitting ton  

( 1965) and Dean (1971) but a d i f f e r e n t  in te r p r e ta t io n  to  th e  l a t t e r  au th o r, 

reg ard in g  i t s  morphology and i t s  r e la t io n s h ip  to  Fharostoma leptaenarum  

(T ü rn q u is t, I 884 ) , i s  p re sen ted  h e re . As w ith  o th e r Fharostoma ta x a , 

u n c e r ta in t ie s  have a r is e n  due to  a la ck  of w e ll p reserved  topotype 

m a te r ia l .  In  o rder to  e lu c id a te  th e se  problems i t  i s  necessa ry  to  r e c a l l  

th e  h is to ry  of both sp e c ie s .

Warburg (1925, p . 423) considered  P. leptaenarum  to  be a ju n io r  

synonym of P. obtusum. W hitting ton  (1965, p . 56) s a id  W arburg's e a r l i e r  

d e s c r ip t io n  (1925, p . 155) of P. leptaenarum  was a p p lic a b le  to  McCoy's 

h o lo ty p e , th e  only topo type specimen he had a v a i la b le ,  except fo r  th e  

f r in g e  o f sp ines on th e  a n te r io r  border of th e  Swedish sp ec ie s ; but he 

noted  W arburg's remark th a t  th e  sp in es  a re  not r e a d ily  seen u n less  th e  

a n te r io r  c ra n id ia l  m argin i s  w e ll p re se rv ed , and in  McCoy's ho lo type i t  

i s  n o t. W hitting ton  con tinued  to  sep a ra te  P. leptaenarum  from P. obtusum 

pending b e t te r  m a te r ia l from th e  C hair o f K ild a re .
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In  c o lle c t in g  fo r  h is  monograph on th e  Chair of K ild a re  t r i l o b i t e  

fauna Dean found only a few incom plete c ra n id ia  and p yg id ia  o f P. obtusum 

d e sp ite  a co n sid e rab le  e f f o r t  to  o b ta in  more. He p laced  P. leptaenarum  

in  th e  synonymy of P. obtusum. b e liev in g  th a t  n e i th e r  sp ec ie s  had a 

" frin g e  of forw ardly  d ire c te d  sp in e s" . Dean adopted t h i s  course of 

a c tio n  because W arburg's i l l u s t r a t i o n s  and d e sc r ip tio n  of th e  sp in es  in  

leptaenarum  were based on m a te r ia l from K allho ln  in  th e  S i l ja n  d i s t r i c t ,  

whereas T d rn q u is t 's  holotype came from Doda. In  evidence he f ig u re d  

(1971, p l .  IB, f i g .  11) w e ll p reserved  c ra n id ia  from Doda which w ithout 

doubt la ck  th e se  sp in es .

As f a r  as I  am aware no-one has a ttem pted  to  f in d  T d rn q u is t 's  

ho lo type o f P. leptaenarum  though i t  has now been t ra c e d  in  th e  P a laeon t

o lo g ic a l I n s t i t u t e ,  U n iv e rs ity  of Lund (IPLU L0593t), I t s  p re sen t 

co n d itio n  i s  id e n t ic a l  in  a l l  re sp e c ts  to  T 6 rn q u is t 's  f ig u re  (l884 , pl* 1, 

f i g ,  44) except th a t  th e  o c c ip i ta l  r in g  i s  now m issing , but th i s  could 

e a s i ly  have been broken o ff  subsequent to  T ü rn q u is t 's  work. The d e l ic a te  

a n te r io r  border i s  not as w ell p reserved  as one would have l ik e d ,  and has 

been somewhat abraded during  a p rev ious p re p a ra tio n  though i t  does not 

seem to  have any p ro tru d in g  sp in e s .

My exam ination o f m a te r ia l from K allho ln  has confirm ed W arburg's 

d e sc r ip tio n  of c ra n id ia  from t h i s  l o c a l i t y ,  as a f r in g e  of sp ines can 

be c le a r ly  observed on each specimen, and t h i s  fe a tu re  would th e re fo re  

appear to  p rovide th e  b a s is  fo r  th e  e re c tio n  o f a new sp e c ie s . However 

I  am a t  v a rian ce  w ith  D ean's in te r p r e ta t io n  of th e  a n te r io r  border of 

h is  I r i s h  c ra n id ia , and b e liev e  th e  K allho ln  m a te r ia l to  be n o n sp ec ific  

w ith  P. obtusum.

In  th e  event of a d is t in g u is h in g  c h a ra c te r  being poorly  d isp lay ed  

by th e  ho lo type of a sp e c ie s , one i s  fo rced  to  r e ly  more h eav ily  on th e  

evidence from topotype m a te r ia l .  In  th e  case of P. obtusum i t  i s  no t
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p o ss ib le  to  t e l l  from the  holotype th e  n a tu re  of th e  a n te r io r  bo rder, 

but th e  I r i s h  specimen i l l u s t r a t e d  by Dean (1971) on p l ,  18, f i g .  15 

showed s u f f ic ie n t  i r r e g u la r i t y  in  th e  o u tlin e  of i t s  a n te r io r  m argin to  

make one suspect th e  presence of sh o rt sp in e s , and thus encourage i t s  re 

exam ination, This specimen (IM I t l8 3 2 )  i s  re f ig u re d  h ere  (P l. , 

f i g .  ) , and a f t e r  comparison w ith  th e  c ra n id ia  from K allho ln  I  am of 

th e  opinion th a t  i t  has s im ila r  sp in es  in  th e  same p o s itio n s  on th e  

a n te r io r  border. There i s  one s i t e d  e x s a g i t ta l ly  o p p osite  th e  f ro n t 

of th e  p a lp eb ra l lobe (on r ig h t  s id e  o n ly ) , and an o ther opposite  th e  

l a t e r a l  m argin of th e  f r o n ta l  lo b e ; th e  m edial sp ine i s  broken o ff  but 

th e re  i s  a sca r here which d o u b tless  t e s t i f i e s  to  i t s  form er ex is ten ce  

a t  t h i s  p o in t.

The in te r n a l  mould specimens W hitting ton  (1965, p. 57) r e fe r re d  to  

qs Fharostoma c f .  obtusum from th e  Rhiwlas Limestone (Rawtheyan) of 

N Wales were d escribed  as having th e  "bases o f la rg e  tu b e rc le s  (o r 

sh o rt sp in es) s c a t te re d  along" th e  " a n te r io r  bo rder" . Examples o f th i s  

sp ec ie s  ( in  th e  c o lle c t io n s  of th e  N at. Mus. o f Wales) have been examined, 

and I  f e e l  sure i t  i s  th e  same as P. obtusum. A ccordingly I  s h a l l  use 

th e  name obtusum to  in c lu d e  th ose  specimens which show th e  c h a ra c te rs  

o u tlin e d  in  th e  d e sc r ip tio n s  of Warburg and W hitting ton  to g e th e r  w ith  

th e  sp ines on th e  a n te r io r  bo rder. As none of th e  c ra n id ia  from Doda 

are  known to  e x h ib it  a n te r io r  sp in e s , I  s h a l l  r e ta in  th e  name leptaenarum  

fo r  th ese  specim ens, adm itting  th a t  they  a re  o therw ise id e n t ic a l  to  

P. obtusum. The a n te r io r  f r in g e  of sp ines may sim ply re p re se n t a 

d iffe re n c e  of sex.

Only th e  sp ec ie s  re fe r re d  to  as Fharostoma sp. D. from th e  Upper 

Chasmops Limestone of th e  Oslo reg io n  e x h ib its  a comparable development 

of sp in e s . D is to r tio n  o f the  Norwegian cranidium  p rev en ts  a c lo se r  

comparison though th e  tu b e rc le s  ornamenting th e  g la b e l la  and f ix e d  cheek 

seem c o a rse r  th an  th o se  o f P. obtusum.
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OGCUREIENCE, P. obtusum i s  con fined  to  th e  A sh g ill , A part from 

the type lo c a l i t y ,  as here  in te rp re te d  i t  i s  found in  th e  Rawtheyan of 

the  Bala d i s t r i c t ,  N W ales, and in  th e  Doda Limestone a t  K allho ln  and 

Osmundsberg (Warburg 1925, p l .  4 , f i g .  5) in  D alarna, Sweden,

Fharostoma leptaenarum  (T o rn q u is t, 1884) 

P la te  12, f i g s ,  7 , 8 , 10, 12,

1884 Calvmene Leptaenarum n .s p , ;  T ü rn q u is t, p . 41, p l .  1, f i g .  44.

? 1906 Calvmene pu lchra  DEYR.; O lin , p , 58, p l .  2 , f i g .  15.

1925 Fharostoma Leptaenarum T d rn q u ist; Warburg (p a r s ) . p . 155, p l .  4 ,

f i g .  1, ? f ig s .  3 , 4 .

? 1936 Fharostoma rarum n .s p . ;  Cooper & K ind le , p . 369, p l .  53, f i g .  5.

i 960 Fharostoma leptaenarum  (T d rn q u is t) ; W h itta rd , p . 137.

? 1968 F rio n o ch e ilu s  r a r u s ; Lesperance, pp. 148 , 151.

1971 F rio n o ch e ilu s  obtusus (McCoy); Dean p. 42, p l .  18, f i g .  11 on ly .

HOLOTYPE, Incom plete cranidium ; IPLU L0593t; P I .12  , f i g s .  7 , 8 , 12.

TYPE STRiiTUM AND TYPE LOCALITY. Doda (Upper Leptaena) Lim estone, 

Doda, S il ja n  d i s t r i c t  of D alarna, Sweden. The Doda Limestone i s  of 

A sh g ill age.

ADDITIONAL MATERIEL. Five c ra n id ia ,  IPLU 193Bt IPLU unnumbered,

M It1829 (3 specim ens),

DIAGNOSIS,. As fo r  P. obtusum except th a t  i t  does not have a f r in g e  

of forw ardly  d ire c te d  sp ines on th e  a n te r io r  bo rder.
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DESCRIPTION. The read er i s  r e f e r r e d  to  W arburg's (1925, p . 155)

d e ta i le d  d e sc r ip tio n ,

DISCUSSION. The holo type of P. leptaenarum  i s  re f ig u re d  fo r  th e  

f i r s t  tim e since  1884. Dean (1971) i l l u s t r a t e d  topotype c ra n id ia  which 

c lo se ly  match th e  type specimen. C h a ra c te r is t ic  of t h i s  sp ec ies  i s  

th e  b lu n tly  rounded f r o n ta l  lo b e , g e n tle  f a l l  of th e  m oderately convex 

p re g la b e lla r  f i e l d  to  th e  s h o r te r ,  h o r iz o n ta l ly  p ro je c tin g  a n te r io r  

bo rd er, non-spinose a n te r io r  margin and th e  fo rw ardly  p o s itio n e d  eyes.

P. leptaenarum  and P. obtusum a re  th e  l a s t  re p re se n ta tiv e s  of the  

genus and a re  in sep a ra b le  but fo r  th e  form of the  a n te r io r  border (see 

d ia g n o s is ) . P. rarum Cooper & K ind le , 1936 from th e  A sh g ill o f Quebec 

may be synonymous w ith  lep taenarum , d if fe re n c e s  in  th e  N American ho lo type , 

such as a sh o r te r  p re g la b e lla r  f i e l d  and la rg e r  c ra n id ia l  tu b e rc le s ,  being 

accounted fo r  by i t s  ju v e n ile  co n d itio n  (Dean 1971, p. 4 4 ). The Quebec 

sp ec ie s  must be re v ise d  before a d e c is io n  can be made. The cranidium  

of Fharostoma c f .  rarum recorded  by Ingham (1966, p. 486) from the  

C autleyan of n o rth e rn  England has no t y e t been d esc rib ed ,

O lin  (1906 , p. 58 , p l .  2 , f i g .  15) r e fe r re d  a cranidium  from h is  

T rin u c leu s  Beds (= Je rre s ta d  Stage o f Jaanusson 1963, p . 134, or approx

im a te ly  m iddle A sh g ill)  a t  T osterup , Scania to  "Calvmene pu lchra  B eyrich". 

I t  has l i t t l e  in  common w ith  th e  Bohemian taxon y e t p o in ts  o f resem blance 

to  A sh g ill sp ec ie s  a re  numerous. Dean (1971, p. 42) considered  i t  to  be 

th e  same sp ec ie s  as P. obtusum and P. lep taenarum . Although somewhat 

f la t t e n e d ,  th e  specimen i s  w e ll p reserved  and undoubtedly lack s  any 

f r o n ta l  sp in es  which, according  to  th e  in te r p r e ta t io n  employed h e re , 

p lace s  i t  c lo se r  to  th e  l a t t e r  sp e c ie s . The c re sc e n t ic  a rea  of th e  

a x ia l  furrow  beside l a t e r a l  lobe Ip i s  f a r  more d i la te d  compared to  th a t  

of th e  ho lo type  of lep taenarum . though t h i s  need n o t be s ig n if ic a n t  as 

specimens from Doda (Dean 1971, p l .  18, f i g .  11) a lso  d i f f e r  from th e  

holoty]:e in  t h i s  re s p e c t. In  most c h a ra c te rs  th e  in te r n a l  mould c ra n id iu ’"
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from th e  T rinucleus Deds f a l l s  re a d ily  in to  th e  concept of P. leptaenarum  

adopted h e re in  y e t a c a s t of th e  e x te rn a l mould re v e a ls  a r e la t iv e ly  

narrow er p re g la b e lla r  f i e l d  -  which i s  now alm ost equal in  le n g th  to  the  

a n te r io r  bo rder. This i s  a ty p ic a l  of lep taenarum . r e s u l t s  in  one 

q u estio n in g  i t s  assignm ent to  th a t  sp e c ie s , and i s  rem in iscen t of P. 

oelandicum . P. o rn ith o re o s . P. rarum and Fharostoma sp . A.

Of th e se  sp e c ie s , P. oelandicum can be e a s i ly  d isc r im in a ted  from th e  

Scanian cranidium  by th e  more s tro n g ly  arched  o u tlin e  to  i t s  f r o n ta l  

g la b e l la r  lobe and p o s itio n  of p a lp eb ra l lobe  which i s  s i te d  opposite  

l a t e r a l  g la b e l la r  lobe  2p.

P. o rn ith o reo s  has a lo n g er p re g la b e lla r  a rea  and cu sp id a te  o u tlin e  

to  i t s  a n te r io r  m argin. P. rarum and Fharostoma sp . A (which may be 

c o n sp e c if ic )  a re  both c lo se ly  r e la te d  to  O lin 's  specimen, but seemingly 

d is tin g u ish e d  by a more upturned a n te r io r  border and c o a rse r  c ra n id ia l  

tu b e rc le s .  In  th e  absence of a d d it io n a l  m a te r ia l  from Quebec, th e  Oslo 

Region and Scania, and w ithou t a re v is io n  of P. rarum . th e  range of 

v a r ia t io n  of specimens from each a rea  remains unknown. Thus whether 

th ey  re p re se n t th e  same or more than  one sp ec ies  i s  to  a c e r ta in  ex ten t 

s p e c u la tiv e . I t  i s  not p o ssib le  fo r  me to  r e f e r  th e  Scanian specimen 

to  e i th e r  P. rarum or P. leptaenarum  w ith  c e r ta in ty  and t h e i r  i s  scan t 

j u s t i f i c a t i o n  fo r  th e  e re c tio n  of a new s p a t i a l  (? or tem poral) subspecies. 

For th e  p re sen t I  have q u estio n ab ly  p laced  i t  w ith  P. lep taenarum . I t  

i s  worthy of no te  th a t  c ra n id ia  o f leptaenarum  f ig u re d  in  t h i s  study and 

by Dean (1971), show a shallow  but d i s t i n c t  dep ress io n  running p a r a l le l  

w ith  and con fin in g  th e  broad, low eye rid g e  on i t s  p o s te r io r  s id e .

The T rin u cleu s  Shale cranidium  c le a r ly  e x h ib its  th e  same f e a tu re .

OCCURRENCE. L im ited to  th e  Doda Limestone a t  Doda, P ossib ly  

occurs in  th e  Doda Limestone a t  A rfvet (Warburg 1925, p l .  4 , f i g .  3) 

and th e  T rin u cleu s  Beds a t  T osterup , S can ia ,
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Family GIAHIURIDiiE Hupe, 1953 

Genus THULIMGOU T rip p , 1962

TYPE SPECIES, T hulinco la  barbarus T rip p , 1962, p. 27, p l .  4 , 

f i g s ,  1a, b; from th e  O rdovician Barr Group, Valcourea c o n f ia is  F lags 

(L la n d e ilo ) , Kirkdominae, Girvan D i s t r i c t ,  A y rsh ire , By monotypy.

DISCUSSION. The m a te r ia l on which T hu linco la  was e s ta b lis h e d  

i s  very  sm all and c o n s is ts  of poorly  p reserved  in te r n a l  moulds. Tripp 

re fe r re d  h is  taxon to  th e  Calymenidae and d is tin g u ish e d  i t  from 

Fharostom a. th e  genus he considered  to  be i t s  n e a re s t r e l a t iv e .

The taxonomic p o s it io n  of T hu linco la  i s  d i f f i c u l t  to  determ ine due to  

th e  n a tu re  of th e  type specim ens, but i t  does not appear to  be a 

calym onid.

D iagnostic  o f post -  Arenig calym enids a re  th e  r e l a t iv e ly  w ell 

i s o la te d  (from each o th e r) and independen tly  convex (from th e  c e n tr a l  

g la b e l la r  a re a ) l a t e r a l  g la b e l la r  lo b e s , Fharostoma i s  unusual in  

th a t  i t  o ften  shows a d i s t a l  shallow ing of l a t e r a l  furrow  Ip , so th a t  

1p and 2p lobes meet near th e  a x ia l  furrow . This i s  a lso  th e  case 

in  T h u lin co la . except in  t h i s  genus th e  Ip furrow  i s  a b o x ia lly  weaker 

and in  consequence th e  con jugation  of lo b es  Ip and 2p i s  more s tro n g ly  

developed. A more s t r ik in g  d if fe re n c e  in  T hulinco la  i s  th e  2p furrow  

which i s  reduced to  a mere p i t  on th e  d o r s o la te r a l  g la b e l la r  su rfa c e , 

does no t reach  th e  a x ia l  furrow , and r e s u l t s  in  th e  fu s io n  of lobes 

2p and 3p; th i s  arrangem ent i s  unknown in  a l l  o th e r genera ass igned  to  

th e  Calymenidae, In  Fharostoma th e  2p furrow  i s  o f te n  s l ig h t ly  

shallow er a b a x ia lly  but n e v e r th e le s s  d i s t i n c t ly  sep a ra te s  th e  l a t e r a l  

g la b e l la r  lo b e s .

The ap p aren tly  o p is th o p a ria n  f a c i a l  su tu re  of T hu linco la  i s  

uncommon in  calym enids, but i s  no t unknown (Fharostoma. B ath v ch e ilu s) ,
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Unlike Fharostoma. T hu linco la  la c k s  a p re g la b e lla r  f i e l d ,  though n e a rly  

a l l  genera w ith in  th e  Calymenidae a ls o  have th e  p re g la b e lla r  f i e l d  

ab sen t.

The poorly  p reserved  topotype hypostome, f r e e  cheek, pyg id ia  and 

th o ra c ic  segments which Tripp (1962, p l .  4 , T igs. 5-9) re fe r re d  to  

T hulinco la  a re  of calym enid ty p e , but may no t belong w ith th e  holo type 

cranidium . The i s o la te d  f r e e  cheek (T ripp 1962, p l .  4, T ig . 5) shows 

both genal and l a t e r a l  m arginal sp in e s , and t h i s  com bination oT 

c h a ra c te rs  i s  Tound elsew here in  th e  Calymenidae only in  Fharostoma.

The su b rec tan g u la r g la b e l la r  o u tl in e  oT T hu linco la  i s  unknown in  

Fharostoma sp ec ie s  o f approxim ately  L lan v irn  to  middle Caradoc age 

(p . n ic szk o w sk ii. P. s im ile ) though l a t e r  A sh g ill ta x a  (P. obtusum) do 

show more s u b p a ra lle l  a x ia l  furrow s and b lu n tly  rounded f r o n ta l  lobe

In  1967 T ripp recorded  T h u linco la  barbarus from th e  Upper S tin eh e r 

Limestone of th e  G irvan d i s t r i c t ,  and he f ig u re d  ( p l .  6 , f i g s .  1, 2) 

two sm all in te r n a l  moulds, one of which was a f r e e  cheek, and th e  o th e r 

an incom plete in d iv id u a l .  The f r e e  cheek shows a few m arginal sp ines 

and, s ig n i f ic a n t ly ,  th e  rem ains of th e  v is u a l  su rface  of th e  eye which 

i s  composed of sm all le n se s . The v is u a l  su rface  o f th e  eye has not 

been p rev io u s ly  observed in  any member o f th e  fam ily  and i t  i s  u n lik e ly  

th a t  th i s  cheek belongs to  a calym enid. The incom plete in d iv id u a l 

i s  i l l - p r e s e r v e d ,  e s p e c ia l ly  in  th e  reg io n  of th e  g la b e l la ,  and i t  i s  

debatab le  as to  w hether i t  belongs to  th e  same taxon  as th a t  from th e  

C onfia is  F lag s; i t s  th o ra c ic  segments a re  c a ly m en id -lik e .

Thus an exam ination o f topo type  m a te r ia l  o f T hu linco la  l e f t  much 

doubt reg ard in g  th e  assignm ent o f t h i s  genus to  th e  Calymenidae, la rg e ly  

because o f i t s  g la b e l la r  lo b a tio n  and fu rro w s. The p re p a ra tio n  and 

re s tu d y  o f two c ra n id ia  which Reed (1906, p. 138, u n figu red ) r e fe r re d
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to  as Calvmene sp . in d , (a) and Calvmene sp. in d .(b )  from th e  s t r a t i -  

g ra p h ic a lly  l a t e r  B a lc la tc h ie  Conglomerate (lower Caradoc) o f th e  

G irvan d i s t r i c t  has helped  re so lv e  th e  problem. These specimens a re  

somewhat d is to r te d  but r e ta in  t h e i r  c u t ic le  and must be regarded  as 

congeneric , i f  n o t co n sp ec ific  w ith  T, b a rb a ru s . The more complete

cranidium  (BM Xn23399) shows c le a r ly  th e  a d a x ia lly  convex, s l i t - l i k e  

1p fu rrow , p i t - l i k e  2p furrow  and merged l a t e r a l  g la b e l la r  lo b es  (see 

P l. 13, f i g .  1 ) . These c h a ra c te rs  a re  s u f f ic ie n t  to  demand th e  

removal of T hu linco la  from th e  Calymenidae,

Dr, P.A. F o rtey  (B r i t ,  Mus, N at. H i s t . )  k in d ly  drew my a t te n t io n  

to  th e  s im i la r i ty  of th e  S c o ttish  c ra n id ia  w ith  members o f th e  

G laphuridae Hupe, 1953. A comparison of T hu linco la  w ith  sp ec ie s  of 

Glaohurus Raymond, 1905, G lauhurina U lr ic h , 1930 and G lap h u re lla  Dean, 

1971, which have been re c e n tly  f ig u re d  by Shaw (1968) and Dean (1971), 

suggests th a t  T r ip p 's  genus i s  not synonymous w ith  any of th e s e , 

though c e r ta in  fam ily  lik e n e sse s  a re  ev id en t and i t  i s  p o ss ib ly  a 

g lap h u rid .

Fused l a t e r a l  lobes and a g la b e l la  of moderate to  s tro n g  r e l i e f  

(as in  T h u lin co la ) appear c h a r a c te r i s t ic  o f a l l  th e  genera in  t h i s  

fam ily , w hile Glaohurus o u s tu la tu s  (W alcott) has a p i t - l i k e  a n te r io r  

l a t e r a l  g la b e l la r  furrow (sec  Shaw 1968, p l .  8 , f i g s .  1, 2, 6 ) ,  

G laohurina la c k s  a p re g la b e lla r  f i e l d  (Shaw, p l .  8, f i g s .  11, 13, 15) 

and in  G lao h u re lla  t h i s  fe a tu re  i s  very  narrow (Dean 1971, p l .  22, 

f i g s .  4 , 7 ) .
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CaLYÆENID THILOBITBS FROM THE MI DOLE ORDOVICIAN OF 

THE OSLO RSGiON, NORWAY.

INTRODUCTION. This paper forms p a r t  of a s e r ie s  i n i t i a t e d  

by P ro fe sso r L e if St^rm er (1953) to  in v e s t ig a te  the  s t ra t ig ra p h y , 

te c to n ic s  and pa laeo n to lo g y  of th e  Norwegian Middle O rdovician .

In  couimon w ith  th e  usage of p rev io u s  au th o rs  (Henningsmoen I960,

Owens 1970) ,  I  have taken  th e  l im i t s  of th e  Middle O rdovician in  

the  Oslo Region to  in c lude  s t r a t a  from th e  base of the  Upper 

Didymograptus Shale (ha a ^ ) (= base of Didymograptus b lf id u s  Zone) 

to  th e  top of th e  Upper Chasmops Limestone (Ub6 ^ ) . A d e ta i le d  

account of the  s tra t ig ra p h y  and g eo g raph ica l d i s t r i c t s  of th e  area 

i s  given by S t/rm er (1953).

H ith e rto  th e re  has been no fo rm al trea tm en t of any calymenid 

t r i l o b i t e  from th e  su ccessio n  in  q u estio n , and from the  whole of the  

Norwegian O rdovician and S i lu r ia n  only two sp ec ie s  have been 

d esc rib ed  (Stj2̂ rmer 19U5, W hitting ton  1971). During the  p re se n t 

study  members of th e  fam ily  have been found to  occur throughout the  

Middle O rdovician w ith  th e  p o s s ib le  ex cep tion  of th e  % per 

Didymograptus Shale (see  Table 1 and occurrence of G raviealymene 

c a p ito v a ta  sp . n o v .) . They are  most common and b e s t p reserv ed  in  

th e  Upper Chasmops Lim estone. S ix  of the  e leven  d i s t r i c t s  of th e  

Oslo Region, in  p a r t i c u la r  th a t  of O slo-A sker, have y ie ld e d  calym enids 

of Middle O rdovician age.

TERMINOLOGY, TECHNIQUES Al\lD MEASUREMENTS. These are th e  same 

as those o u tlin e d  in  th e  f i r s t  p a r t  of t h i s  th e s i s .
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SYSTElîaTIC  PALillONTOLOGY

Family CaLY.MEnTDAE Milne Edwards, III4.O 

Subfamily BATHYCHEILINAE P r ib y l, 1953 

Genus FHAROSTOMA Hawle & Corda, ^tk^ 

j~~= F rio n o ch e ilu s  R ouault, 16L7; nomen oblitu irT j

TÏFE SPECIES. Calymene p u lch ra  B eyrich, 1&U6, p l . 2, f i g s .  6a, 

b; from th e  Letna Form ation (= lower Caradoc), V esela, Bohemia.

By monotypy.

DISCUSSION. Dean ( I 96I4) p re sen ted  evidence to  show th a t  

F rio n o ch e ilu s  R ouault, 16U7 has p r io r i t y  over th e  u n iv e rs a lly  

employed Fharostoma Hawle & Corda, 16L7 and he advocated th e  use of 

th e  se n io r  synonym. W hitting ton  (1965) made use of A r tic le  23(b) 

of th e  In te rn a t io n a l  Code of Z oo log ica l Nomenclature and regarded 

F rio n o ch e ilu s  as a nomen cb litu m , though Dean (1971) l a t e r  stood by 

h is  o r ig in a l  view s. I  am in c lin e d  to  share th e  opin ion  of 

W /hittington as th e  defence o f the  unchallenged ju n io r  synonym i s  the  

prime o b je c t of A r tic le  23 (b) which i s  brought in to  e f f e c t  to  

p re se rv e  s t a b i l i t y  of nom enclature.

I  reg ard  B eyrich as th e  au thor o f t i e  type sp e c ie s , Calymene 

p u lch ra  ( a f t e r  W hittard  I 96O; a g a in s t Vanek 1965).

F h a r o s t o m a  o f . £ .  n i e s z k o w s k i i  (S c h iT iid t , I 69U)

P la te  1, f i g s .  1 -5 , 8, 9

ïMiiTERIAL. Seven incom plete c ra n id ia , two of which have th e  

c u t ic le  p a r t i a l l y  rem aining, FMO 91018, PMO 91021, PMO 9102U-26,

PMO 3iil6l (two specim ens); two in te r n a l  moulds of incom plete 

c ra n id ia  w ith  a tta ch ed  th o ra c ic  segm ents, FMO 91020, PMO 9102L;
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one e x te rn a l  mould of an. incom plete cranidium , PMO 91031; 

one in te r n a l  and one e x te rn a l mould of incom plete p y g id ia , PMC 

91027, PMO 91030.

OCCURRENCE. A ll the specimens excep t th re e  come from th e  Lower 

Chasmops Shale (Uba ) ,  NE side  of Semsvannet, Oslo-Asker d i s t r i c t .

PMO 91021 i s  from th e  Lower Chasmops Shale (4 b a), the  tu n n e l a t  

B i l l in g s ta d ,  Oslc-Asker d i s t r i c t .  PMO 3Ul6l i s  from the  

C yclocrinus b ed s. Upper Chasmops Shale (Uby ) , S of Rffykenvik, 

Hadeland d i s t r i c t .

DESCRIPTION. G lab e lla  about as long as w ide. Moderate 

in f l a t io n  cn th e  side of g la b e l la  between a d ax is l fo rk  of l a t e r a l  

furrow  Ip . P re g la b e lla r  f i e l d  very  g e n tly  convex ( s a g . ) .

A n te rio r b o rd e r appears s te e p ly  in c lin e d . A n te rio r m argin arched 

fo rw ards. Eye rid g e  runs in to  a x ia l  furrow  a t  about l a t e r a l  

furrow  3p. One sm all specimen (PMO 91020; P l .  1, f i g .  ii) has 

both  f r e e  cheek and r o s t r a l  p la te  p reserv ed  as e x te rn a l moulds.

F ree cheek has a long genal sp in e . At the  ju n c tio n  of l a t e r a l  

bo rder and i t s  doublui'e th e re  are p i t - l i k e  im pressions which 

re p re se n t th e  co u n te rp a rt of sp in es  on th e  in te r n a l  mould.

R o s tra l p la te  i l l - p r e s e rv e d  b u t c o n s is ts  of b o rder s e c to r  and what 

seems to  be p a r t  of a doublure s e c to r  - as i s  normal fo r  calym enids. 

The p i t s  con tinue  from the f r e e  cheek and are p re se n t a t  th e  ju n c tio n  

of th ese  two s e c to r s .

Pygidium has s ix  a x ia l  r in g s  and s ix  w e ll marked p le u r a l  fu rrow s. 

The most a n te r io r  p le u ra l  furrow  alm ost reaches l a t e r a l  m argin, 

su c c e ss iv e ly  more p o s te r io r  p le u ra l  furrow s become g ra d u a lly  s h o r te r .

DISCUSSION. T his sp ec ie s  re p re se n ts  the  e a r l i e s t  member of
t*

Fharostoma from Norway. Gpik (1937, p . 22, p l .  15, dg* U, p l .  16,
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t e x t - f i g s .  1-3) d esc rib ed  specimens of P. n ieszkow skii from the 

Middle O rdovician  Kukruse Stage ( )  of E s to n ia , though Schm idt' s 

syntypes from th e  same horizon  aw ait re -s tu d y . The Kukruse Stage 

i s  regarded  by W illiam s ( i^  W illiam s, S trachan , B a s s e tt ,  Dean e t  

a l . 1972 , p . 6) as co in c id en t w ith  th e  range of Nemagraptus 

g r a c i l i s  (m iddle L landeilo  to  upper C o sto n ian ). P. foveoletum  

(T o rn q u is t, I 88I1.) and P. narinosum sp . nov. are e a s i ly  sep a ra ted  

from P. n ieszkow sk ii by th e i r  longer p re g la b e l la r  f i e l d .  

C zechoslovakian sp ec ies  of Fharostoma a l l  have a convex, r o l l - l i k e  

a n te r io r  b o rd e r in  l a t e r a l  p r o f i l e ,  and A sh g ill sp ec ies  such as 

P. obtusum (McCoy, I 8U6 ) a ra th e r  more su b rec tan g u la r g la b e l la r  

o u tlin e  due to  a b lu n tly  rounded f r c n t a l  lobe and le s s  p o s te r io r ly  

d iv erg in g  a x ia l  fu rrow s. C h a ra c te r is t ic  of P. n ieszkow skii i s  

a m oderately  long p re g la b e l la r  a rea  and p re g la b e l la r  f i e l d  

( r e s p e c tiv e ly  about one th i r d  to  two f i f t h s ,  and about one f i f t h  

as long as th e  g la b e l la ) ,  a m oderately  in c lin e d  a n te r io r  b o rd er, 

and a m ed ia lly  p o in te d  a n te r io r  c r a n id ia l  m argin.

The Norwegian m a te r ia l i s  no t w e ll p reserv ed  b u t th e  most com plete, 

l e a s t  d i s to r te d  g la b e l la  (PMO 91025; F I .  1, f i g s .  1, 2) i s  id e n t ic a l  

to  th a t  of a P. n ieszkow skii specimen I  have examined (RM Ar3Uü06 ) 

from Kukruse, E s to n ia . S im ila r ly , though th e  p re g la b e l la r  a rea  

i s  complete on only one cranidium  from Norway (?M0 9102L; P l .  1, 

f i g .  3) i t  ag rees in  gen era l w ith  t h a t  of P . n ieszkow sk ii except 

th a t  th e  a n g u la r , p o in ted  n a tu re  o f the  a n te r io r  margin i s  no t so 

a p p aren t. T his may be accounted f o r  by th e  f a c t  th a t  i t  i s  a 

s l ig h t ly  squashed in te rn a l  mould; a s im ila r  d iscrep an cy  due to  

p re s e rv a tio n a l  d if fe re n c e s  has le en  observed in  E ston ian  m a te r ia l 

(Opik 1937 , p . 22 ).
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The Norwegian cranidium  may a lso  be compared w ith  th a t  of 

Fharostoma sL n ile  Thorslund, 1?L0 from the  Lower Chasni'-ps Limestone 

of Sodermanland, Sweden. The cranidium  of P. s im ile  i s  

in d is tin g u is h a b le  from P. n ieszkow skii except th a t  i t  may a t t a i n  a 

g re a te r  s iz e  (Thorslund 19U0). Opik (1937) described  a non-topotype 

pygidium of ? .  n ieszkow sk ii as having f iv e  a x ia l  r in g s , a te rm in a l 

a x ia l  p iece  and s ix  p le u r a l  r ib s .  T h o rslu n d 's  specimens have 

e ig h t to  te n  a x ia l  r in g s  and seven to e ig h t p le u ra l  r ib s ,  and 

th e se  c h a ra c te rs  formed th e  b a s is  f o r  h is  d iag n o sis  of P. s im i le .

The pygidium of th e  Norwegian m a te ria l i s  more a l l i e d  to  P. 

n ieszkow skii and I  have th e re fo re  chcsen to  compare i t  w ith  t h i s  

sp e c ie s .

The a n te r io r  margin i s  m issing on two Fharostoma c ra n id ia  from 

th e  Upper Chasmops Snale and they  are here coiTpared to  n ieszkow sk ii 

la rg e ly  because of th e  l ik e n e s s  in  g la b e l la r  morphology.

O utside E s to n ia  P. n ieszkow sk ii i s  p re se n t in  th e  Middle 

O rdovician lim estone w ith  Lonchodcmas r o s t r a tu s  (= "Aripyx"

Limestone) from Tommarp, SE Scan ia , an horizon  of approxim ately  

the  same age as th e  Lower Chasmops S hale . These specimens were 

o r ig in a l ly  re fe r re d  by F unkquist (1919, p . 36, p l .  1, f i g s .  5 , 6) 

to  Calymene p u lch ra  (= Fharostoma pulchrum B eyrich , 16L6).

Fharostoma c f .  P. fo v ed a tu m  (T ornquist, 166U)

P la te  1, f i g s .  6 , 7

MATERIAL. Two s m d l,  incom plete c ra n id ia , PMO 36555-56; 

c o l l .  J .  K iaer, 1922.

OCCURREi'jCE. The beds above th e  co ra l lim esto n e , Mj^sa

Limestone (Lb 6 + ), p e n in su la r  S o f B ergvika, H elg /ya, Nes-Hamar 

d i s t r i c t .
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DESCRIPTION. L a te ra l g la b e l la r  lobe Ip i s  lo n g e r (e x s .)  

th an  wide, su b rec tan g u la r in  o u t l in e , sep a ra ted  from c e n tr a l  

g la b e l la r  lobe by a shallow  furrow . L a te ra l furrow  Ip extrem ely  

shallow  a t  a x ia l  furrow , deepest around in n e r , a n te r io r  co rner of 

lobe Ip . Lobe 2p is o la te d  from c e n tr a l  g la b e l la r  lobe by d i s t i n c t  

fu rrow . M oderately deep furrow  2p runs inwards and backwards.

Very small lobe 3p confined a n ter io r ly  by tran sversely  d irected  

furrow 3p. Dorsal surface of g la b e lla  r is e s  w e ll above height 

of lobes 2p and 3p, le s s  so above lobe Ip . Frontal g la b e lla r  

lobe arched forwards.

P re g la b e lla r  furrow  d eepest e i th e r  s id e  median l in e  a t  two 

p o in ts  about h a lf  the  w idth of f r o n ta l  lobe a p a r t ;  sh a llo w est a t 

a n te r o la te r a l  m argins of g la b e l la  where p re g la b e l la r  f i e l d  i s  

somewhat sw ollen . P o s te r io r  p a r t  o f p r e g la b e l la r  f i e l d  i s  convex 

(sag . & e x s .) .  A n te rio r border furrow  shallow . A n te rio r border 

incom plete, b u t seems r e la t iv e ly  long . A xial furrow  expanded and 

c rescen t-sh ap ed  o u ts id e  lobe Ip ; sh a llo w est o u ts id e  lobe 2p.

A n te rio r p i t  s i tu a te d  on o u te r  s id e  of a x ia l  furrow  half-w ay  along 

f r o n ta l  lo b e . Eye rid g e  runs in to  a x ia l  furrow  between lobe 2p 

and a n te r io r  p i t .  T ubercles on g la b e l la  and a n te r io r  bo rd er much 

la rg e r  th an  on p re g la b e l la r  f i e ld .

DISCUSSION. The t o t a l  morphology of t h i s  sp ec ie s  a l l i e s  i t  

to  o th e r Middle O rdovician Scandinavian ta x a  such as P. fo v e d a tu m ,

P. narinosum  sp. nov. and P. s im ile . In  p a r t i c u la r  th e  uncommonly 

long p re g la b e l la r  a rea  of the  H elg/ya sp e c ie s , e s tim ated  to  be ju s t  

le s s  th an  h a lf  th e  len g th  of th e  g la b e l la  in  PMO 38556, i s  comparable 

only w ith  P. foveolatum  and P. narinosum .

P. narinosum i s  d is tin g u ish e d  from P. foveolatum  by th e  absence 

of a s tro n g ly  convex (s a g .)  p re g la b e l la r  f i e l d  and a w id er, more
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g en tly  in c lin e d  a n te r io r  b o rd e r. There i s  no doubt th a t  la rg e  

h o lasp id  specimens of th e  new sp ec ies  show th ese  marked d if f e r e n c e s . 

The M j/sa Limestone sp e c ie s , however, shows a s im i la r i ty  in  th e  

s tru c tu re  of i t s  p r e g la b e l la r  a rea  to  bo th  P. foveolatum  and 

P. narinosum . The more complete H j/s a  cranidium  (PMO 36556) 

ap p a ren tly  has a f a i r l y  wide (s a g .)  a n te r io r  b o rd e r, bu t i t  a lso  

shews th e  p o s te r io r  p a r t  of th e  p re g la b e l la r  f i e l d  to  be m oderately  

convex. D i f f ic u l t i e s  a r is e  in  comparing th e se  two sm all specimens 

w ith  the very  much la rg e r  m a te r ia l of P. foveolatum  and P. narinosum , 

and from not knowing to  what e x te n t the  form of t h e i r  p re g la b e l la r  

area  i s  a fu n c tio n  of s iz e .

I t  i s  p o s s ib le  th a t  bo th  c ra n id ia  develop a s l ig h t ly  concave 

(s a g .)  p re g la b e l la r  f i e l d  l a t e r  in  ontogeny and thus belong to  

P. narinosum . I f  t h i s  i s  so , th e  p a t te rn  of tu b e rc le s  on the  

cranidium  of narinosum a lso  changes during  growth. The two sm all 

Mjjz ŝa c ra n id ia  both  show s u b s ta n t ia l ly  sm aller tu b e rc le s  on the 

p re g la b e l la r  f i e l d  th an  on th e  a n te r io r  border or g la b e l la  (as in  

P. s im ile  Thorslund, 19hO); th e  holotype of P. narinosum has tu b e rc le s  

of v a r io u s  s iz e s  which are e q u a lly  s c a t te re d  over th e  whole cranidium . 

The ornam entation of P. foveolatum  i s  no t w e ll known though one 

specimen I  have seen (IPU Arl|69) shows an in c reased  c o n ce n tra tio n  

of tu b e rc le s  on the  g la b e l la .  In  th e  absence of more complete 

m a te r ia l  and a g re a te r  s iz e  range of specimens from HelgjZ^ya, th e  

problem rem ains open. For the  p re s e n t ,  because the  sp ec ie s  has a 

s a g i t t a l l y  convex p re g la b e l la r  f i e l d ,  I  have compared i t  to  P. 

foveolatum  (T o rn q u is t, 168U).
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Pharostoma narinosum sp. nov.

P la te  2, f i g s .  1-6

DERIVATION OF TilS ih-uiE. From th e  L a tin , n a rin o su s ,

broad-nosed, a llu d in g  to  the  expanded p re g la b e l la r  a re a .

HOLOTYPE. An incom plete cranidium ; PMO 81266; c o l l .

N. Spjeldnaes, 1953; P l. 2, f i g s .  1-L.

TFPE stratum AaD TYPE LOCALITY. Upper Chasmops Limestone 

(Lb Ô) , south  s id e  of n o rth  Raudholmen (= R audsk jaer), Oslo-Asker 

d i s t r i c t .

ADDITION/iL MATERIAL. Two l.arge incom plete c ra n id ia ,

PMO 91LL8-L9; c o l l .  D.L, Bruton, D .J . S iv e ter , 1971.-

DIAGNOSIS. P re g la b e lla r  a rea  about h a lf  as long as g la b e l la .  

P re g la b e lla r  f i e l d  about one th i r d  as long as g la b e l la  and f l a t  to  

weakly concave upwards in  l a t e r a l  p r o f i l e .  A n te rio r  bo rder p ro je c ts  

g en tly  forw ards and upwards, i s  ju s t  g re a te r  th a n  h a lf  as long as 

p re g la b e l la r  f i e ld  and s l ig h t ly  more than  one th i r d  as long as 

p re g la b e l la r  a rea .

DESCRIPTION. S u b tr ia n g u la r  shaped g la b e l la  i s  about as wide as 

long and more convex tra n s v e rse ly  th an  abng median l i n e .  O c c ip ita l 

r in g  i s  about L.5 tim es as wide as long , alm ost f l a t  ( s a g . ) ,  narrows 

tow ards a x ia l fu rrow . O c c ip ita l furrow  very  narrow (sag . & e x s . ) ,  

sh a rp ly , though n o t deeply  in c is e d  m ed ia lly , becomes deeper a b ax ia lly . 

L a te ra l g la b e l la r  lobe Ip i s  su b rec tan g u la r in  o u tlin e  and about one 

th i r d  as long and one th i r d  as wide as g la b e l la .  L a te ra l  furrow  Ip 

very  shallow  a t  a x ia l  fu rrow , in c re a se s  in  depth as i t  runs inwards 

and tu rn s  very  sh a rp ly  back^rards around in n e r , a n te r io r  co rn er of
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lobe Ip . At ad ax ia l end of furrow  Ip , PMO 91LL8 (P l .  2, 

f ig s .  5, 7) has a very  g en tle  in f l a t io n  on th e  s id e  of th e  

c e n tra l  a rea  of g la b e l la  which i s  lack in g  in  o th e r specim ens.

S u b trian g u la r l a t e r a l  lobe 2p i s  connected a t  p o s te r io r  ab ax ia l 

corner to  lobe Ip ; i t  i s  more c le a r ly  sep a ra ted  th an  lobe Ip from, 

and i s  w ell below d o rsa l su rface  o f , c e n tr a l  a rea  of g la b e l la .  

M oderately deep l a t e r a l  furrow  2p i s  d ire c te d  inwards and backwards. 

Very sm all lobe 3p i s  lo n g e r (e x s .)  a d a x ia lly  than  a b a x ia lly  

because of sh o rt ( t r . ) ,  shallow , tra n sv e rse  furrow  3p alm ost 

m eeting furrow  2p a t  a x ia l  fu rrow . O utline  of f r o n ta l  g la b e l la r  

lobe no t evenly  convex forw ards b u t in d en ted  m ed ia lly  and j u s t  

e i th e r  s ide  median l in e ;  in  p r o f i l e  f r o n ta l  lobe f a l l s  m ild ly  to  

p re g la b e l la r  furrow .

P re g la b e lla r  furrow  g e n e ra lly  shallow , bu t s l ig h t ly  more deep 

and b e s t  marked a t  in d e n ta tio n s  o f f r o n ta l  lo b e . P r e g la b e lla r  

a rea  about one th i r d  as long as cranidium . P re g la b e lla r  f i e l d  

about one th i r d  as long as g la b e l la ,  i s  f l a t  to  g e n tly  concave 

upwards in  l a t e r a l  p r o f i l e ,  and tra n s v e rs e ly  i t  s lo p es  dcvm from 

median l in e  to  f a c ia l  su tu re . A s u b c irc u la r  sw ellin g  occurs on 

p o s te r io r  ^^art of p re g la b e lla r  f i e l d  a t  ea.ci a n te r o la te r a l  margin 

of f r o n t a l  g la L e lla r  lo b e . A n te rio r bo rder furrow  weakly developed, 

e s p e c ia l ly  a b a x ia lly . A n te rio r b o rd e r has an alm ost f l a t  d o rs a l  

su rface  which in c lin e s  forw ards and m oderately  upwards; i t  narrows 

(e x s .)  near f a c i a l  su tu re . In  d o rs a l  view a n te r io r  m argin i s  

m oderately  and evenly convex fo rw ards.

Beside l a t e r a l  g la b e l la r  lobe Ip , a x ia l  furrow  expands in to  a 

f la t-b o tto m ed  e rescen t-sh ap ed  a re a ; around lobe 2p i t  shallow s and 

i s  a b a x ia lly  ccnvex, i t  becomes more d i s t i n c t  again  from here to  a 

shallow  a n te r io r  p i t  below sid e  of f r o n ta l  lo b e . Between lobe 2p 

and a n te r io r  p i t  th e  ex tre m ity  o f an eye rid g e  a b u tts  in to  a x ia l  

furrow .
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P o s te r io r  border i s  ra th e r  narrow (e x s .)  from a x ia l  furrow  

to  fu lcrum , th e r e a f te r  expanding and swinging backwards towards 

f a c ia l  su tu re  ( 1. 2, f i g s .  6 , 8 ) .  A r i l l - l i k e ,  c o n s ta n tly  

narrow p o s te r io r  bo rd er furrow  fad es  a t genal angle and i s  

connected here to  very  weak l a t e r a l  >o rder furrow . Fixed cheek 

s lopes mere s te e p ly  and i s  more ccnvex from p a lp e b ra l lobe 

towards a n te r io r  bo rder furrow  th an  towards p o s te r io r  border 

furrow . A shallow , broad d ep ress io n  runs d ia g o n a lly  outwards 

from n ear a n te r io r  p i t  to  sep a ra te  su b c irc u la r  i n f l a t i o n  on 

p o s te r io r  p a r t  of p re g la b e l la r  f i e l d  from a n te r io r  p a r t  of f ix e d  

cheek; t h i s  d ep re ss io n  fades cu t befo re  reach ing  a n te r io r  bo rder 

furrow . Trending forw ards and inwards from p a lp e b ra l lo b e , 

m id-po in t of which i s  opposite  a n te r io r  p a r t  o f Icbe 2p, i s  a 

broad, low eye r id g e . J u s t  behind a u d  inwards from eye i s  an 

oval-shaped sw elling  which has i t s  long ax is  d ire c te d  s l ig h t ly  

more forw ard than  eye r id g e . P o s te r io r  branch of f a c i a l  su tu re  

runs tra n s v e rs e ly  outwards from eye, then  curves backwards towards 

p o s te r io r  m argin, more sh arp ly  backwards a f t e r  c ro ss in g  l a t e r a l  

bo rder fu rrow . i n t e r io r  branch runs forw ards and outwards to  

a n te r io r  m argin.

The whole of th e  holotype cranidium , except a l l  furrow s bu t th e  

a n te r io r  border fu rrow , i s  covered w ith f in e  p u s tu le s  rang ing  up in  

s iz e  in to  m oderately  la rg e  tu b e rc le s .  The la rg e r  tu b e rc le s  o fte n  

e x h ib it  a conspicuous c e n tr a l ly  p o s itio n e d  opening. Two f a i n t ,  

narrow (e x s .)  r id g e - l ik e  s t ru c tu re s  run d ia g o n a lly  outwards on the  

a n te r io r  p a r t  of the  f ix e d  cheek.

DISCUSSION. P. narinosum sp . nov. i s  most c lo s e ly  r e la te d  to
It

P. foveolatum  (T o rn q u is t, 188L) from the Middle O rdovician K ullsberg  

Limestone of D alarna, Sweden. Both sp ec ie s  have p rov ided  la rg e
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c ra n id ia  w ith  an unu su ally  long p re g la b e l la r  f i e l d  and 

p re g la b e lla r  a rea . They are a lso  very  a lik e  in  g la b e l la r  

morphology, i r r e g u la r i t y  in  o u tlin e  of th e  f r o n ta l  g la b e l la r  

lo b e , p o s i t io n  of the  eye, and th e  s u b c irc u la r  and oval sw ellings 

on th e  p re g la b e l la r  f i e l d  and f ix e d  cheek re s p e c tiv e ly . P. 

foveolatum  i s  d is tin g u ish e d  by i t s  moderate to  s tro n g ly  convex 

upwards (sag . & e x s .)  p r e g la b e l la r  f i e l d  and a s h o r te r ,  more 

s te e p ly  upturned a n te r io r  b o rd e r. The a n te r io r  bo rder i s  only 

about one f i f t h  to  one q u a rte r  as long as th e  p re g la b e l la r  area 

in  the Swedish sp ec ie s , compared to  more th an  one th i r d  in  the  

Norwegian.

There i s  some evidence to  suggest t h a t  the  p re g la b e l la r  f i e ld  

and ( th e re fo re )  p re g la b e l la r  a re a  of P. foveolatum  become r e la t iv e ly  

lo n g er during  th e  h o lasp id  p e rio d  (Warburg, 1925, p . l6 L ). There 

i s  not enough s ize -ran g e  in  th e  l i n i t e d  Norwegian m a te r ia l  to  

deduce w hether a s im ila r  in c re a se  tak es  p la c e .

Pharostoma s im ile  Thorslund, 19dO, ano ther r e la te d  sp e c ie s , 

d i f f e r s  from P, narinosum through i t s  s a g i t t a l l y  shorter, convex 

p re g la b e l la r  f i e l d ,  s h o r te r  p r e g la b e l la r  a re a , more upturned  

a n te r io r  bo rder, more angu lar o u tlin e  to  th e  a n te r io r  m argin, and 

the  c o n tra s t  in  s iz e  between th e  r a th e r  f in e  tu b e rc le s  ornamenting 

i t s  p re g la b e l la r  f i e l d  compared w ith  th e  la rg e r  ones on i t s  a n te r io r  

border and g la b e l la .

As w ith  P. narinosum , P. s im ile  d isp la y s  a number of f a i n t ,  

s u b p a ra lle l  r id g e s  which ru n  d ia g o n a lly  forw ard and outward acro ss  

the  a n te r io r  p a r t  of th e  f ix e d  cheek towards th e  ju n c tio n  of the  

a n te r io r  m argin and f a c i a l  su tu re . Though on a much sm alle r s c a le ,
II

t h i s  ty -e  of c u t ic u la r  scu lp tu re  resem bles th a t  d e sc rib ed  by Opik 

( 1961 , pp. L10-3&) in  Cambrian r e d l ic h i id s  and o l le n e l id s  and
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regarded by th a t  au th o r as an e x te rn a l ex p ress io n  of in te r n a l  

caeca.

P. narinosum , P. foveo latum , P. s im ile  and P. n ieszkow skii 

form a c lo s e ly -k n i t  group in  the Middle O rdovician  of B a lto scan d ia . 

P. narinosum , l ik e  o th e r sym patric Pharostoma sp e c ie s , i s  s c a rc e ly  

rep resen ted  in  the  Oslo Region.

OCCUlrufSNCE. The two a d d it io n a l  specimens (PMO 91UU6-L9) 

both come from th e  Upper Chasmops Limestone (Lb 6 ) ,  one m etre 

below the  Lower T re ta s p is  Shale ( L e a ) ,  Kalv)(^ya, Baerum,

Oslo-Asker d i s t r i c t .

Pharostoma sp . A 

P la te  3, f i g s .  1, L-7

MATERIAL. Two sm all, incom plete c ra n id ia ,  ' o th  p re s e n t on 

th e  same b lock , PMO 61312; c o l l .  N ik o la isen , B ruton, Hamar, 1967.

OCCURRENCE. 1.7m below the to p  of th e  Upper Chasmops Limestone 

(Lb 5 ) ,  N R au d sjaer, Oslo-Asker d i s t r i c t .

DESCRIPTION. Cranidium tw ice as wide as long ( s a g .) .

G lab e lla  s l ig h t ly  lo n g e r th a n  w ide. L a te ra l lobe Ip i s  sub- 

t r ia n g u la r  in  o u t l in e ,  about tw ice as long as lobe 2p, sep a ra ted  

from median lobe of g la b e l la  by f a in t  lo n g itu d in a l d e p re ss io n . 

L a te ra l furrow  Ip i s  shallow  a t  a x ia l  furrow , becomes deeper as 

i t  curves inw ards and backwards, f i n a l l y  tu rn in g  more inw ards 

towards median l i n e .  A sh o rt a n te r io r  branch from furrow  Ip 

runs forw ards to  meet l a t e r a l  g la b e l la r  furrow  2p, th u s  i s o la t in g  

lobe 2p. L a te ra l lobe 3p extrem ely  sm all. L a te ra l furrow  3p 

very  weakly developed. F ro n ta l lobe i s  only g e n tly  convex forw ards 

in  o u tlin e ; s lo p es  q u ite  s te e p ly  to  shallow  p re g la b e l la r  fu rrow .
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P re g la b e lla r  a rea  and p re g la b e l la r  f i e l d  very  s h o r t , only 

about one f i f t h  and le s s  than  one te n th  as long as th e  g la b e l la  

re s p e c tiv e ly . P re g la b e lla r  f i e l d  becomes more ccnvex (e x s .)  

and w ider a b a x ia lly  where f ix e d  cheek i s  extended forw ards and 

inw ards. A n te rio r bo rder furrow  shallow . A n te rio r b o rder 

m arg in a lly  w ider than  p re g la b e l la r  f i e l d ,  i s  in c lin e d  forw ards 

and upwards. A n te rio r m argin of th e  more complete specimen i s  

somewhat p o in ted  forw ards m ed ia lly ; th e re  i s  a lso  a su g g es tio n , 

on both specim ens, th a t  a n te r io r  b o rd er i s  a l i t t l e  more in f l a te d  

opposite  (e x s .)  th e  innerm ost p a r t  of furrow  2p.

iix ia l furrow  i s  f la t-b o tto m e d , w idest and c rescen t-sh ap ed  

beside lobe Ip , much narrow er b esid e  lobe 2p, s l ig h t ly  c o n s tr ic te d  

( t r . )  by th e  eye rid g e  opposite  lobe and furrow  3p.

P o s te r io r  border i s  s tro n g ly  convex a t  a x ia l  furrow , le s s  so 

near f a c ia l  su tu re . P o s te r io r  bo rder furrow  i s  e x s a g i t t a l ly  

narrow and deep. P a r t of the  l a t e r a l  bo rder and border furrow  are 

d i s t i n c t l y  p re se n t on th e  p o s te r io r  p a r t  of f ix e d  cheek. P a lp eb ra l 

lobe m id-po in t i s  opposite  a n te r io r  margin of lobe 2p. Broad 

( e x s .) ,  low eye rid g e  i s  d ire c te d  tow ards lobe 3p. A n te rio r  branch 

o f f a c ia l  su tu re  runs forw ards and s l ig h t ly  inw ards to  a n te r io r  

m argin. P o s te r io r  branch curves b ro ad ly  outwards and in c re a s in g ly  

more backwards to  p o s te r io r  m argin. Rounded tu b e rc le s  of medium 

to  la rg e  s iz e  cover uost of th e  cranidium  excluding  furrow s and 

p re g la b e l la r  f i e l d .  Sm aller tu b e rc le s  are  more in fre q u e n tly  

s c a t te re d .

DISCUSSION. M a te ria l o f t h i s  taxon i s  w e ll p re se rv ed , though 

i s  incom plete and th e re  a re  only  two c ra n id ia  a v a ila b le . With 

th e  ex cep tio n  of Pharostoma sp . B, i t  d i f f e r s  from a l l  o th e r
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spec ies  in  th e  Norwegian succession  in  having a very  sh o r t 

p re g la b e lla r  f i e l d  and p re g la b e l la r  a re a , and r a th e r  coarse  

c ra n id ia l  tu b e rc le s .  The p re g la b e l la r  f i e l d  i s  as sh o rt as 

in  any o th e r sp ec ie s  (a p a rt from, p e rh ap s, P. matutinum (Dean, 1966) 

from the  Arenig of S¥ F ran ce), and can b e s t  be compared w ith  th a t  

of P. oelandicum A ngelin, 185U from th e  Macrourus Limestone
II

e r r a t i c s  of Oland, o r P. rarum Cooper & K indle, 1936 from the  

A sh g ill of Quebec. The shape of th e  g la b e l la  and o u tlin e  o f 

f r o n ta l  g la b e lia n  lobe of Pharostoma sp . A show a f f i n i t i e s  w ith  

l a t e r  A sh g ill tax a  r a th e r  th an  w ith  e a r l i e r  Middle O rdovician ones. 

For example P. n ie szk o w sk ii, P. s im ile , P .foveclatum  and P. narinosum 

a l l  have a f r o n ta l  g la b e l la r  lobe th a t  i s  more arched fo rw ards 

m ed ia lly  in  comparison v/ith  th a t  o f Pharostcma sp. A or P. rarum .

P. oelandicum i s  s im ila r ly  d is tin g u ish e d  from Pharostoma sp. A 

by th e  o u tlin e  of i t s  f r o n ta l  lo b e , to g e th e r  w ith  more p o s te r io r ly  

p o s itio n e d  eyes, a h o r iz o n ta l ly  p ro je c tin g  a n te r io r  bo rder and le s s  

coarse  c ra n id ia l  tu b e rc le s .
It

P. obtusum (McCoy, l6U6) and P. leptaenarum  (T o rn q u is t, 188U), 

bo th  A sh g ill ta x a , have a longer p re g la b e l la r  f i e l d  (about one f i f t h  

to  one seventh  as long as th e  g la b e l la ) ,  a h o r iz o n ta l ly  p ro tru d in g  

a n te r io r  bo rder and f i n e r  su rface  tu b e rc le s  on the cran id ium .

The specimen re fe r re d  by O lin  (1906, p . ^8, p i .  2, f i g .  1^) to  

' Calymene' p u lch ra  B eyrich from th e  T rin u c leu s  Beds a t  T o ste ru p , 

S can ia  i s  com pletely  u n lik e  the  Bohemian sp ec ie s  and b e s t a l l i e d  

to  P. leptaenarum  and Pharostoma sp . A. A s tro n g e r r e la t io n s h ip  

w ith  P. leptaenarum  i s  l ik e ly  because o f i t s  f l a t  ly in g  a n te r io r  

b o rd er and sm all e x o sk e le ta l tu b e rc le s .

As f a r  as can be determ ined the  incom plete and d is to r te d  

cranidium  of Pharostoma sp . B conforms w e ll w ith  Pharostoma sp. A,
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bu t the  a n te r io r  bo rder of the form er d isp la y s  a f r in g e  of s h o r t, 

fo rw a rd ly -d ire c te d  sp in es  which a re  a p p a ren tly  absent in  the  

Chasmops Limestone specim ens. I t  may be no ted , however, d e sp ite  

the  im perfec t p re se rv a tio n  of th e  a n te r io r  border in  Pharostoma 

sp. A, i t  i s  seen to  be somewhat p r in te d  a t  th e  median l in e  (see 

d e s c r ip t io n ) .

P. rarum needs to  be red e sc rib e d  w ith  the  a id  of la rg e r  topotype 

c ra n id ia  as i t s  holotype i s  a ju v e n ile  cranidium  and was th e  only 

specimen known when th e  sp ec ie s  was e re c te d  (Dean 1971, p . 4 2 ).

Dean noted th a t  th e  p re g la b e l la r  f i e l d  of P. rarum Cooper & K indle, 

1936 seems s h o r te r  and th e  g la b e l la r  tu b e rc le s  la rg e r  than  in  

P. obtusum (McCoy, 1646), though he considered  th ese  fe a tu re s  

p o s s ib ly  a r e s u l t  of the immature n a tu re  of the  ho lo type , and 

q u estio n ab ly  p laced  rarum in  th e  synonymy of McCoy’s tax cn .

Bearing t h i s  im m aturity  in  mind, evidence from the o r ig in a l  

d e sc r ip tio n  and i l l u s t r a t i o n  of P. rarum (Cooper & Kindle 1936, 

p , 369 , p i .  S3, f i g .  S) suggests i t  may be c lo se r  to  Pharostoma sp . A 

than  any o th e r  named sp e c ie s . The two c h a ra c te rs  given by Dean which 

p o s s ib ly  d i f f e r e n t ia te  rarum from obtusum were l i s t e d  above, to g e th e r  

;d .th  a more upturned a n te r io r  b o rd e r, as those d is c r im in a tin g  

Pharostoma sp . A from P. obtusum.

E x tra  m a te r ia l of Pharostoma sp . A, Pharostoma sp . B and 

P. rarum are re q u ire d  to  make known th e i r  range of v a r ia t io n .  

Pharostoma sp . A may be synonymous w ith  Pharostom a sp . B, o r w ith  

Pharostoma rarum or n e i th e r .  W ith th e  lim ite d  amount of m a te r ia l 

a v a ila b le  I  am u n c e r ta in  as to  th e  id e n t i f i c a t io n  of the Upper 

Chasmops Limestone c ra n id ia  a t  th e  s p e c if ic  le v e l  and have used 

nom enclature a p a r ta  f o r  t h i s  sp e c ie s .
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Pharostoïïia sp . B 

P la te  3, f i g s .  2, 3.

Mii\TERIAL. D is to rte d  and incom plete e x te rn a l moulds of two 

c ra n id ia , P ’-IO 8lS3S, PMO 81S5M; one in te rn a l  mould of a d is to r te d ,  

incom plete cranidium  and i t s  c o u n te rp a r t, PMO 01538, Pi'iO 81548; 

c o l l .  N .S pje ldnaes, 1957.

OCCUl̂ RSNCE. Upper Chasmops Shale (4b y ) , H valstad  sk jae rin g en , 

Oslo-Asker d i s t r i c t .

DESCRIPTION. Although th e  m a te r ia l o f t h i s  sp ec ies  i s  squashed, 

i t  appears to  have a very  narrow (s a g .)  p re g la b e l la r  f i e l d  (PMO 

81538) .  S h o rt, o b tu se ly  p o in ted  sp ines p ro je c t  from th e  a n te r io r  

m argin. One sp ine i s  a t  th e  median l i n e ,  w ith  a sm a lle r one e i th e r  

s id e  a t  about one th i r d  th e  w idth of th e  f r o n ta l  lobe a p a r t ,  and 

one e i th e r  s ide  th ese  opposite  (e x s .)  the  s ide  of the f r o n ta l  lo b e .

A probable  fo u r th  spine (counting  a b a x ia lly  from the  median l in e )  

l i e s  opposite  (e x s .)  the  f r o n t  of th e  p a lp eb ra l lo b e . A xial furrow  

i s  ty p ic a l  o f Pharostoma, e:q)anded ( t r . )  o u ts id e  l a t e r a l  lobe Ip . 

Broad ( e x s . ) eye rid g e  i s  p r e s e n t .  F ixed cheek has a convex (e x s .)  

p o s te r io r  border and narrow, deep border furrow ; both  p o s te r io r  

bo rder and border furrow  jo in  th e  p o s te r io r  p a r ts  of l a t e r a l  border 

and border furrow  which then run forw ard to  th e  f a c i a l  su tu re .

Ornament on the cranidium  i s  th e  same as f o r  Pharostoma sp . A. - 

dominated by r a th e r  coarse  tu b e rc le s .

DISCUSSION. The few c ra n id ia  a t hand a re  incom plete and 

d is to r te d  - f o r  in s ta n c e  th e  p a lp e b ra l lo bes a re  more p o s te r io r ly  

s i tu a te d  than  would be normal - y e t  s u f f ic ie n t  c h a ra c te rs  remain 

to  a s s o c ia te  t h i s  sp ec ie s  w ith  Pharostcma sp . A (see  p rev ious
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d isc u s s io n ) . In  common w ith  Pharostoma sp. B, f .  obtusum (McCoy, 

IB46 ) from th e  Chair of K ildare  Lim estone, E ire , a lso  has a fr in g e  

of sp ines on i t s  a n te r io r  bo rder. The two ta x a  seem f a i r l y  c lo se ly  

r e la te d  but th e  I r i s h  spec ies  e x h ib its  le s s  coarse  tu b e rc le s  on th e  

cranidium*

Subfamily FLEXIGaLYMENINAE subfam. nov.

TYPE GENUS* Flexicalvm ene S h ir le y , 1936.

DIAGNOSIS* G la b e lla  has th re e  to  fo u r l a t e r a l  lo b es  and 

furrows which a re ,  re s p e c tiv e ly , w e ll in f l a te d  and d i s t i n c t .  G la b e lla r  

o u tlin e  v a r ie s  from p a rab o lic  to  b e ll-sh ap e d . F a c ia l su tu re s  

gonatoparian  (e x c e p tio n a lly  p ro p a rian  in  some spec ies  o f F lexicalvm ene)*

No p re g la b e lla r  f ie ld *  Lacks b u t t r e s s  from f ix e d  cheek to  l a t e r a l  

g la b e l la r  lo b e s . No a la  or c re sc e n tic  a re a  o u ts id e  l a t e r a l  lobe Ip . 

Hypostome lack s  p ro tuberance on a n te r io r  lobe* Genal sp in es  absen t .

DISCUSSION. The im portance given (S h irle y  1936, p. 392; W hitting ton  

1971) to  th e  presence or absence o f th e  p a p i l la te - b u t t r e s s  s tru c tu re  on 

th e  cranidium  in  calym enid phylogeny has been su s ta in e d  by th e  p resen t 

study . But h i th e r to  th e re  has only  been in fo rm al grouping of b u ttre s se d  

and n o n -b u ttre ssed  calym enid g en era , and most au th o rs  have fo llow ed th e  

'T re a t is e !  c l a s s i f i c a t io n  in  combining a l l  th e se  genera, a p a r t from 

Pharostom a. in  th e  subfam ily Calymeninae. The b u ttre s se d  genera and 

many of th e  n o n -b u ttre ssed  genera p laced  in  t h i s  subfam ily a re  here 

regarded  as two e v o lu tio n a ry  s to ck s  (S h irle y  1936). A ccordingly th e  

new subfam ily F lexicalym eninae i s  e re c te d  h e re in  to  accomodate most of 

th e  n o n -b u ttre ssed  form s, in c lu d in g  (b esid es  th e  type genus) G ravi- 

calymene S h ir le y  1936, Thelecalymene W h ittin g to n , 1971, Platycalvm ene 

S h ir le y , 1936 and Palacalymene gen* nov* (see  Chapter F ) , Work has
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been undertaken on a re v is io n  of v a rio u s  sp ec ie s  in  t h i s  subfam ily 

( fo r  example P. d i l a t a t a  (T u llb e rg , 1882), F. d e c l in a ta (Hawle & Corda 

1847) , F. in c e r ta  Darrande, I 846 ) ,  and in  a sep a ra te  paper a f u l l  d is 

cussion  of th e  F lexicalym eninae w i l l  be g iven .

Genus FLËXICALYMENE S h ir le y , 1936 

Onnicalymene Dean, I 962J

TYî E SPECIES. Calymene Blumenbachii v a r , c a ra c ta c i  S a l te r ,

1865 , p. 9 6 , p i .  9,  f i g ,  3; from th e  M arshbrookian Stage (C aradoc), 

Zone of Dalmanella w a t t s i . Acton S co tt Lodge, near Acton S c o tt ,  

S h ropsh ire , By o r ig in a l  d e s ig n a tio n  o f S h irley  1936, p. 395.

DISCUSSION, In  1962 Dean diagnosed h is  new genus Onnicalymene 

as "G enerally  s im ila r  to  F lex icalym ene. but d is tin g u ish e d  by a n te r io r  

b o rd er, which i s  sh o rt and s te e p ly  in c lin e d  fo rw ards, and by 

p o s it io n  of p a lp eb ra l lo b e s , op p o site  t h i r d  g la b e l la r  furrow s and 

f r o n ta l  p o rtio n  of th i r d  g la b e l la r  lo b e s . Thorax w ith  th i r t e e n  

segm ents". At th e  same tim e he a t t r ib u te d  fo u r sp ec ie s  to  h is  new 

taxon -  F. .1 em tlandica Thorslund, 1940, F. l a t ic e p s  B ancro ft, 1949,

F. s a l t e r i  B ancro ft, 1949, and F. o n n ien sis  S h ir le y , 1936; th e  l a t t e r  

was s e le c te d  as th e  type sp e c ie s . The genus was recorded  by Dean 

a s  o ccu rrin g  in  s t r a t a  of Onnian to  P u s g i l l ia n  age, and found in  

England, W ales, Sweden, and S Norway,

C ontrary to  Dean's c la im , i t  appears to  me th a t  th e  a n te r io r  

border in  each o f th e  above sp ec ie s  i s  no t s ig n if ic a n t ly  d i f f e r e n t  

to  th a t  found in  ta x a  g e n e ra lly  accep ted  as belonging to  F lexicalym ene, 

In  term s of le n g th , F. o n n ien sis  has a s h o r te r  a n te r io r  border than
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F. c a r a c ta c i , bu t th e  len g th  of th e  a n te r io r  border in  such spec ies  

as F . in c e r ta  (B arrande, l 6U6 ) a id  F . acantha B an cro ft, ^9h9 i s  a lso  

comparable w ith  th a t  of o n n ie n s is . As regards th e  in c l in a t io n  of 

th e  b o rd er, th e  range of v a r ia t io n  between, say, th a t  of F . cam brensis 

( S a l te r ,  1865) and F. c a ra c ta c i  i s  wide enough to  encompass the  

v a r ia t io n  shown by th e  sp ec ie s  Dean re fe r re d  to  Onnicalymene. Thus 

se p a ra tio n  of Onnicalymene from Flexicalym ene depends s o le ly  on one 

c h a ra c te r , the  p o s i t io n  of th e  p a lp e b ra l lo b e . Species of 

Flexicalym ene ty p ic a l ly  have th e  p a lp e b ra l lobe cen tred  opposite  

l a t e r a l  g la b e l la r  lobe 2p; those  assigned  to  Onni c alyme n e , according  

to  Dean, have i t  r e l a t iv e ly  f a r th e r  back.

An exam ination of the type sp ec ie s  of Flexicalym ene and 

Onnicalymene re v e a ls  th a t  F . c a ra c ta c i  has th e  palpebral lobe cen tred  

opposite  l a t e r a l  lobe 2p whereas F . o n n ien sis  has i t  c en tred  opposite  

th e  o u te r p a r t  of furrow  Ip . I t  should be no ted , however, th a t  in  

F . o n n iensis  th e  p a lp e b ra l lobe i s  r a r e ly  p re serv ed  and norm ally i t s  

p o s i t io n  i s  determ ined from in te r n a l  mould specim ens. In  th e  Tipper 

Chasmops Limestone of the  Oslo Region the  many superb ly  p re se rv ed  

specimens of F. jem tlan d ica  and F . scab u s tu la  sp . n o v ,, bo th  of which 

belong to  the  o n n ien sis  group of sp ec ie s , allow  an accu ra te  assessm ent 

to  be made of th e  p a lp e b ra l lobe p o s i t io n .  Amongst specimens which 

must be regarded  as c o n sp e c if ic , continuous v a r ia t io n  i s  observed in  

th e  p o s i t io n  of th e  p a lp e b ra l lobe m id-poin t from opposite  th e  

p o s te r io r  p a r t  of lobe 2p to  the  o u te r  p a r t  of furrow  Ip . In  th e  

case of F . jem tlan d ica  compare PMO 91079 (P l .  U f i g .  1) w ith  PMO 81308

(P I . 3 f i g .  10) and PMO 81112/9/2 (P l. h f i g .  9); in  th e  case of

F. scab u s tu la  sp . nov. compare PMO 8 I I 38 (P l .  6 f i g .  8 ) w ith  PMO 81250

(P l. 6 f i g .  1 ) and PMO 5491 (P l .  6 f i g .  9 ) . Therefore th e  main

c h a ra c te r  by which Onnicalymene was d is tin g u ish e d  from Flexicalym ene
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i s  seen to  be g ra d a tio n a l between the  two genera end I  am fo rce d  to  

regard  them as synonymous. The tendency I y th e  tax a  re f e r r e d  to  

Onnicalymene to  have a more p o s te r io r ly  s i tu a te d  eye lobe i s  

in d is c r e te ,  end worthy of re c o g n itio n  only by use of th e  in fo rm al 

sp ec ies  group categ o ry .

Flexicalym ene c f .  F . c a ra c ta c i  ( S a l te r ,  1865)

P la te  8, f i g s .  5 , 7

ilATERIAL. One cranidium , PMO 8l73; c o l l .  J .  K iaer, 1923»

OCCURRENCE. Lower Chasmops Shale (4ba ) ,  sm all q uarry  south 

o f 143 R ingsaes, R ingerike d i s t r i c t .

DESCRIPTION. G la b e lla  i s  lo n g e r th an  w ide, i t s  o u tl in e  i s  

s u b tr ia n g u la r . The th re e  l a t e r a l  g la b e l la r  lobes are g raduated  in

s iz e .  Lobe Ip i s  subqur?drangular, lobe 2p i s  s u b c irc u la r .  On side 

of c e n tr a l  g la b e l la r  a rea  between lobes Ip and 2p th e re  i s  a s n a i l  

in te rm ed ia te  lo b e . F ro n ta l lobe has su b -p a rab o lic  o u t l in e ,  s lo p es  

s te e p ly  to  p re g la b e l la r  furrow , and reaches as f a r  as  th e  most 

a n te r io r  p a r t  of th e  f ix e d  cheek. P re g la b e lla r  furrow  shallow  and 

wide ( s a g .) .  Long a n te r io r  bo rder i s  m oderately  up tu rn ed .

P a lp eb ra l lobe cen tred  opposite  l a t e r a l  lobe 2p.

DISCUSSION. The le c to ty p e  of F . c a ra c ta c i  comes from th e  

M arshbrookian of S h ro p sh ire . S h ir le y  (1931, p . 25) was th e  f i r s t  

to  re v is e  th e  taxon , and i t  has since  been commented on by Dean 

( 1962 , p . 114; 1963 , p . 217 ) and W hitting ton  (1965, p . 26) .  The 

Norwegian cranidium  d esc rib ed  here agrees in  many re s p e c ts  and i s  

b e s t  compaxed w ith  F . c a r a c ta c i  though i t s  a n te r io r  m argin appears 

somewhat le s s  evenly  rounded than  th a t  of ty p ic a l  S hropsh ire  specimens
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In  t h i s  fe a tu re  i t  i s  not u n lik e  F , d e c lin a ta  (Hawle & Corda, 1847) 

from C zechoslovakia, bu t th e  Bohemian sp ec ie s  has more a n te r io r ly  

p o s i t i t io n e d  p a lp e b ra l lobes and occurs co n sid e rab ly  l a t e r  in  th e  

Ordovician (A s h g il l ) .

Based on Dean’s (i960) c o r re la t io n  w ith  th e  B r i t i s h  su ccess io n , 

the  R ingerike specimen i s  s t r a t ig r a p h ie a l ly  e a r l i e r  (H arnagian or 

Soudleyan) than  Welsh B orderland m a te r ia l of F . c a r a c ta c i , y e t  i t  

i s  undoubtedly c lo se r  to  c a ra c ta c i  than  to  tax a  of approxim ately  

th e  same age from B r i ta in  (Flexicalym ene (Reacalymene) lim ba;

F lex ic  alymene acan th a) . But c alyme nids which have been compared w ith 

F . c a ra c ta c i  have Leen recorded  in  s t r a t a  of L o n g v illian  age from 

Shropshire (Dean 1963, p . 218), Cross f e l l  (Dean 1962, p . 114) and 

I\l Wales (W hitting ton  1965, p . 62 ), so th a t  specimens of th e  c a ra c ta c i  

type were a lso  in  e x is ten ce  in  B r i ta in  befo re  M arshbrookian tim es .

This i s  s u b s ta n tia te d  by th e  presence of F. cobboldi Dean, 1963 in  

the  L o n g v illian  of S h ro p sh ire , a sp ec ie s  regarded by Dean as c lo se  

to  c a ra c ta c i  bu t d if f e r in g  by i t s  sh o r te r  g la b e l la ,  y e t considered  

by the p re se n t au th o r to  f a l l  w ith in  the range of v a r ia t io n  of

F. c a r a c ta c i .

Flexicalym ene jem tlan d ica  Thorslund, 1940 

P la te  3, f i g s .  8-11; P la te  4 , f i g s .  1 -9 , P la te  5, f i g s .  1 -9 , 11

1940 Flexicalym ene jem tlan d ica  n . s p . ;  Thorslund, p 147, p l  12, 

f i g s .  19, 20, f i g s .  21, 22.

1949 F . jem tlan d ica  Thorslund; B ancro ft, p . 306.

i 960 F . jem tlan d ica  Thorslund; Dean, p . 86.

1962 Onnicalymene jem tlan d ica  (T horslund); Dean, p . 113.

? 1968 F . c a r a c ta c i ; W hitting ton , p . 115 (specim ens n o t seen)



HOLOTYPE. Poorly p reserved  cranidium ; 3GU unnumbered; 

c o l l .  P . Thorslund, 1936; f ig u re d  Thorslund 1940, p l .  12, f i g s .

19, 20 .

TYPE STRATUM MhJ TYPE LOCALITY. O rdovician , Zone of 

D icranograptus c l in g a n i , o v e r th ru s t beds, a c u tt in g  0 .4  km
It II

west of Skute, S tengarde, Jam tland , Sweden.

ADDITIONAL i'lATERIAL. More th an  t h i r t y  f iv e  c ra n id ia  and 

p y g id ia , sev e ra l (more than  f iv e )  f r e e  cheeks, hypostomes and 

r o s t r a l  p la te s ,  a l l  of which are  housed in  th e  P a laeo n to lo g isk  

Museum, Oslo.

DIAGNOSIS. F ro n ta l g la b e l la r  lobe i s  about le v e l  w ith  th e  f ix e d  

cheek. L a te ra l g la b e l la r  lobe 2p o f te n  co n sid erab ly  sm alle r than  

lobe Ip . In  p r o f i l e  g la b e l la  f a l l s  even ly  from o c c ip i ta l  furrow  to  

shallow  p re g la b e l la r  fu rrow . A n te rio r border not s tro n g ly  in c l in e d . 

A n te rio r branch of f a c ia l  su tu re  a b a x ia lly  convex, runs forw ards and 

inw ards. Rounded p ro je c tio n s  on g la b e l la  a re  of two ty p es: f in e ,  

c lo se ly  spaced g ranu les and medium s iz e d , w idely  spaced tu b e rc le s .

DESCRIPTION. Cranidium i s  -about tw ice as vd.de as long.

G lab e lla  i s  lo n g er than i t  i s  w ide, subparabo lic  in  o u tlin e  - 

i t s  s id e s  being ra th e r  s t r a ig h t  as a x ia l  furrow s run  forw ard and 

inward from middle of lobe Ip , in  l a t e r a l  view i t  f a l l s  in  an even 

smooth curve from furrow  Ip to  a n te r io r  fa ce  of f r o n ta l  lo b e , th en  

m arg ina lly  more s te e p ly  to  p re g la b e l la r  furrow . O c c ip ita l r in g  i s  

about fo u r  and a h a lf  to  f iv e  tim es as wide as long , narrows g rad u a lly  

behind lobe Ip to  a x ia l  furrow  where i t  i s  s l ig h t ly  in f l a te d  b u t 

w ithou t any d is c r e te  node; in  l a t e r a l  p r o f i le  i t  i s  alm ost f l a t ,  

s tands j u s t  above d o rsa l su rface  of median g la b e l la r  lo b e . Between
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b a sa l g la b e l la r  lobes o c c ip i ta l  furrow  runs tra n s v e rs e ly , behind them 

i t  swings more p o s te r io r ly ;  in  c ro s s -s e c t io n  i t  i s  deep ly  in c is e d  

and V - shaped w ith  th e  p o s te r io r  slope being s h o r te r  a n i more 

s te e p ly  in c lin e d  than the  a n te r io r .  L a te ra l lobe Ip i s  la rg e , 

su b rec ta jig u la r in  o u tl in e , no t q u ite  one th i r d  as wide as th e  g la b e l la ,

A deep g la b e l la r  furrow  Ip runs inw ards and backwards from a x ia l  furrow , 

tu rn s  more sharp ly  p o s te r io r ly  on reach ing  frontom edian lo b e , i s  

continued over ad ax ia l neck of lobe Ip as a b road , shallow  d ep ress io n  

to  meet o c c ip i ta l  furrow ; sh o rt a n te r io r  branch of furrow  Ip c ro sses  

in n e r neck of lobe 2p; th e re  i s  no in te rm ed ia te  lobe between a n te r io r  

and p o s te r io r  b ranches. M oderately in f la te d  lobe 2p i s  h ig h e s t 

a d a x ia lly  aid  slopes s te e p ly  downwards and outwards to  a x ia l  furrow  

(P l .  h, f i g .  2 ) ,  Lobe 2p i s  g e n e ra lly  le s s  th an  h a lf  th e  le n g th  of 

Ip , bu t o fte n  th e re  i s  a co n sid e rab ly  g re a te r  s iz e  d if fe re n c e  between 

th e se  two lo b e s . T ran sv e rse ly  d ire c te d  furrow  2p tu rn s  backwards 

a t  c e n tr a l  g la b e l la r  a rea  around lobe 2p. Lobe 3p i s  about h a lf  

as b ig  as 2p and of the  same b asic  form, perhaps a l i t t l e  more 

e longate  ( t r .  ) .  Sharp ly  in c is e d  l a t e r a l  furrow  3p b a re ly  reaches 

th e  base of th e  a x ia l  fu rrow . A f a in t  furrow  Up may be p re se n t 

ascending from th e  p o s te r io r  p a r t  of a n te r io r  p i t .  F ro n ta l  g la b e l la r  

lobe i s  s l ig h t ly  g re a te r  than  h a l f  as wide as g la b e l la  a c ro ss  lobes 

Ip , has a r a th e r  b lu n t a n te r io r  margin w ith  rounded a n te r o la te r a l  

co rners  and does not overhang p re g la b e l la r  furrow  or p ro je c t  beyond 

f ix e d  cheeks.

Next to  lobe Ip a x ia l  furrow  i s  d eepest a id  has v e r t i c a l  ab ax ia l 

s id e , i t  becomes shallow er a t  lo b es  2p and 3p, f i n a l l y  merges 

a n te r io r ly  in to  p re g la b e l la r  fu rrow . A n te rio r p i t  s i tu a te d  in  

a x ia l  furrow  half-w ay along th e  s id e  of th e  f r o n ta l  lo b e . In  

l a t e r a l  view v e ry  shallow  p re g la b e l la r  furrow  p asse s  smoothly in to
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weakly upturned  a n te r io r  border which then  tu rn s  sh a rp ly  o ver, 

i t s  o u te r  s ide  descending bu t a sh o rt d is ta n ce  b e fo re  m eeting r o s t r a l  

su tu re  (P l. 6 , f i g s .  2, 6 ) .  A n te rio r  margin of cranidium  i s  fe e b ly  

convex forw ards in  d o rsa l view; in  f r o n ta l  view i t  i s  g e n tly  arched .

P o s te r io r  border of cranidium  i s  narrow and t i g h t l y  convex (e x s .)  

from a x ia l  furrow  to  fu lcrum , expands ra p id ly  in  w idth  d i s t a l l y  from 

fulcrum  to  a p o in t n ear genal an g le , th e r e a f te r  narrow ing s l i g h t ly  

to  f a c i a l  su tu re . P o s te r io r  bo rd er furrow  has s te e p e r  and narrow er 

p o s te r io r  than  a n te r io r  slope and ju s t  a d a x ia lly  from f a c i a l  su tu re  

swings backwards in  an a r c - l ik e  fa sh io n  (P l. 3, f i g .  9; P l .  U, f i g .  8 ) . 

From p a lp e b ra l lobe f ix e d  cheek s lo p es  g e n tly  to  p o s te r io r  border 

furrow ; in  f r o n t  of p a lp e b ra l lobe f ix e d  cheek i s  n o tic e a b ly  s te e p e r  

and more convex. M id-point of moderate to  s tro n g ly  s lo p in g  ( t r . )  

p a lp e b ra l lobe v a r ie s  from opposite  p o s te r io r  h a lf  of lobe 2p 

(PMO 91079, P l .  U, f i g .  1) to  o p p o site  o u te r p a r t  of furrow  Ip 

(PMO 81112/ 9/ 2 , P l .  U, f i g .  9 ) . Very f a i n t  t ra c e  of eye rid g e  i s  

seen on some specimens running from  a n te r io r  p a r t  of p a lp e b ra l lobe 

towards l a t e r a l  furrow  3p ( PMO 61308, P l .  3, f i g s .  9, 10 ).

P o s te r io r  branch of f a c i a l  su tu re  i s  d ire c te d  i.ran sv e rse ly  to  

a p o in t opposite  (e x s .)  mid-way between fulcrum  and genal ang le , then  

bends more backwards to  l a t e r a l  b o rd e r, th en  runs e x s a g i t t a l ly  fo r  

a sh o rt d is ta n c e  and f i n a l l y  tre n d s  outwards to  b is e c t  p o s te r io r  and 

l a t e r a l  m argins. A n te rio r branch of su tu re  p roceeds forw ards and 

inwards in  a b road , ac a x ia l ly  convex curve to  c ro ss  a n te r io r  m argin, 

th e r e a f te r  c u ttin g  acro ss  th e  very  narrow o u te r  s id e  of th e  a n te r io r  

border and alm ost im m ediately m eeting th e  r o s t r a l  s u tu r e . L a te ra l  

bo rder furrow  on f r e e  cheek i s  ex trem ely  shallow , e s p e c ia l ly  p o s te r io r ly ,

R o stra l su tu re  runs very  c lo se  to  and i s  p a r a l l e l  w ith  th e  a n te r io r  

c ra n id ia l  m argin. Connective su tu re  i s  very  f a i n t l y  convex, runs
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s tro n g ly  inw ards, forms acute  angle w ith  r o s t r a l  su tu re . Border 

s e c to r  of r o s t r a lp la te  i s  w idest m ed ia lly , shaped l ik e  a boomerang. 

A n te rio r  bo rder of hypostome i s  re f le x e d  v e n tra l ly ;  a n te r io r  bo rder 

furrow  rep resen ted  only  by o broad d ep ress io n  between a n te r io r  bo rder 

and median body. M oderately la rg e  a n te r io r  wing has d i s t i n c t ,  

d o r s a l ly  d ire c te d  p i t .  L a te ra l bo rder i s  convex ( t r . ) ;  l a t e r a l  

b o rder sh a llow est a t  m id -leng th . P o s te r io r  margin i s  b i f i d  due to  

expansion of b o rder in to  two sh arp ly -p o in ted  sp in e s . Between th ese  

sp in e s , p o s te r io r  bo rd er i s  much narrow er (sa g .)  and th e  b o rd e r furrow  

sh o rt ( t r . )  though d i s t i n c t ly  im pressed. A n te rio r lobe o f median 

body i s  more in f la te d  (sa g . & t r . )  and g re a te r  than  twrice th e  len g th  

of c re scen t-sh ap ed  p o s te r io r  lo b e . A f a i n t ,  U-shaped median furrow  

connects two smooth, n o n - in f la te d , oval maculae then  con tinues forvjards 

to  l a t e r a l  bo rder furrow .

I s o la te d  th o ra c ic  segments show no unusual c h a ra c te rs .  Pygidium 

is  s l ig h t ly  more than twice as wide as long . Axis i s  le s s  th an  one 

th i r d  as wide as pygidium b u t r e la t iv e ly  w ider on sm alle r specimens 

(compare PMO 5575, P l. 5, f i g .  5 w ith  PMO 61109, P l 5, f i g .  U), has 

f iv e  o r s ix  a x ia l  r in g s  each of which i s  w idest ( s a g .)  m e d ia lly , and 

a te rm in a l a x ia l  p ie c e . Ring furrow s b e s t  marked d i s t a l l y ,  furrow s 

one to  fo u r  are  com plete, furrow s f iv e  and s ix  are  i n d i s t i n c t  and 

o f te n  d isco n tin u o u s . A xial furrow  not deep. P le u ra l  re g io n  has 

f iv e  p le u ra l  and f iv e  in te r p le u r a l  fu rrow s. P le u ra l furrow s are  

f r a c t io n a l ly  s h o r te r  than  in te r p le u r a ls ,  a t  l e a s t  the  f i r s t  th re e  are 

more d i s t i n c t  p rox im ally  th an  d i s t a l l y ,  and th e  f i r s t  one runs onto 

smooth p le u ra l  f a c e t .  I n te r p le u r a l  furrow s are  sLrongest d i s t a l l y ,  

f a i n t e s t  a t  one th i r d  t h e i r  len g th  from a x ia l  furrow ; f i f t h  in te r p le u r a l  

furrow  forms s ide  of p o s ta x ia l  s e c to r  and sometimes merges w ith  f i f t h  

p le u r a l  fu rrow . A n te rio r p le u ra l  band of each p le u ra  i s  much narrow er
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th an  p o s te r io r  p le u ra l  band bu t t h i s  d is t in c t io n  becomes p ro g re s s iv e ly  

le s s  marked from f i r s t  to  f i f t h  p le u ra  and w ith in  each p le u ra  from 

a x ia l  furrow to  l a t e r a l  m argin. (For v a r ia t io n  in  pygidium see 

d is c u s s io n ) .

Ornament of the  cranidium , p a r t i c u la r ly  th e  g la b e l la ,  c o n s is ts  

of two main s iz e s  of rounded p ro je c t io n . Widely spaced, medium s ized  

tu b e rc le s  are  l ib e r a l l y  s c a tte re d  on g lab ella , and a n te r io r  m argin, some 

of which a re  p e r fo ra te ;  the  s ize  and number of th e se  tu b e rc le s  d ecreases 

on in n e r p a r t  of f ix e d  cheek and th ey  a re  alm ost absen t on o u te r  p a r t  

of f ix e d  cheek. Secondly, th e re  i s  a very  f in e ,  densely  g ran u la te  

su rface  to  th e  whole cranidium  (P l. 5, f i g .  11 ). F ree cheek i s  covered 

w ith  f in e  g ranu les and an occasio n a l low tu b e rc le  except fo r  i t s  l a t e r a l  

border which has c lo s e ly  spaced oval shaped tu b e rc le s  a n te r io r ly  w ith  

more c i r c u la r  ones towards genal ang le. Hypostome covered w ith  f in e  

tu b e rc le s  and g ranu les ( p a r t ic u la r ly  on l a t e r a l  and p o s te r io r  b o rders) 

except f o r  smooth m aculae. Ornament on ax is  and most of p le u ra l  reg io n  

of pygidium i s  s im ila r  to  th a t  on g la b e l la  excep t la rg e r  tu b e rc le s  are 

c lo se r  to g e th e r . Inner p a r t  o f p le u ra l  reg ion  shows marked decrease 

in  numbers of tu b e rc le s ,  b u t s t i l l  has g ra n u la tio n . T uberc les are 

lack ing  in  deepest p a r ts  of fu rrow s.

DISCUSSION. This sp ec ie s  was founded by Thorslund on com paratively
!I

p o o rly  p re serv ed  m a te r ia l  from Jam tland . I t  i s  th e  c h a r a c te r i s t ic  

calym enid of the  Upper Chasmops Limestone (Ub g ) , th e  most abundant 

member of the  f a n i ly  from th e  Oslo Region, snd th e  e x c e lle n tly  p reserv ed  

specimens p rov ide much new m orphological in fo rm atio n  on th e  taxon .

The Norwegian c ra n id ia  agree w e ll w ith  th e  holotype (wliich has been 

examined and w i l l  be f ig u re d  elsew here) except the  a n te r io r  border in  

th e  form er i s  u su a lly  a l i t t l e  le s s  up tu rned .
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V aria tio n  in  . the  p o s it io n  of the  p a lp e b ra l lobe has been d e a lt  

w ith  in  th e  generic  d isc u ss io n . The p a lp eb ra l lobes on the  holotype 

are only p a r t i - l l y  complete bu t appear to  be cen tred  opp o site  th e  

p o s te r io r  h a lf  of l a t e r a l  lobe 2p . Some of the  Norwegian specimens 

d isp la y  a ra th e r  s h o r te r  p r e - g la b e l la r  a rea  than  i s  ty p ic a l  (compare 

P l .  U, f i g .  7 w ith  P l. k} f i g .  9 ) , b u t as th ey  conform w ith  th e  more 

normal type of cranidium  in  o th e r f e a tu re s  I  have regarded  them a l l  

as c o n sp e c if ic .

A s e r ie s  of p y g id ia  (PMO 5575, PMO 81313, PMO 81109 - p l .  5, 

f i g s .  5 , 1, 3 - h  re sp e c tiv e ly )  from 3 .8  mm to  11.5  mm vjide ( t r . )  

e x h ib it  changes in  morphology during  growth. Compared w ith  the  

two la rg e r  specim ens, in  th e  sm a lle s t pygidium (PMO 5575) th e  p le u ra l 

and in te r p le u r a l  furrow s are more eq u a lly  im pressed, th e  ax is  i s  w ider 

( a n te r io r ly )  r e la t iv e  to  th e  w idth of the pygidium, more a x ia l  r in g s  

are  v i s ib le  ( s ix  as opposed to  f i v e ) ,  th e  su rface  tu b e rc le s  are  c o a rse r , 

and th e  a x ia l  furrow  i s  more d i s t i n c t  behind th e  te rm in a l a x ia l  p ie c e .

The hypostome of jem tlan d ica  i s  re p re s e n ta t iv e  of the  genus and 

does not have a p ro je c tio n  on th e  a n te r io r  lo b e . The b a s ic  c o n s tru c tio n  

of the  r o s t r a l  p la te  in to  a b o rder ard doublure s e c to r  ty p i f i e s  th a t  

fo r  th e  fam ily  as a whole, though in  comparison w ith  th e  few p re v io u s ly  

desc rib ed  r o s t r a l  p la te s  of F le x ic  alyme ne, f o r  example t h a t  of F. 

s e n a ria  (Conrad, I 8I4I 1 see E v i t t  and W hitting ton  1953, p . h9 p l .  9, 

f i g .  3 ) ,  th e  r o s t r a l  su tu re  i s  more m ed ia lly  v a u lte d , le s s  even ly  

a rc u a te .

From an exam ination of th e  holotype and o th e r specim ens, F .o n n ien sis  

from th e  Onnian of S h ro p sh ire , Wales and n o rth e rn  Cnglmd i s  e a s i ly  

sep ara ted  from jem tlan d ica  in  th e  fo llow ing  re s p e c ts .  In  s id e  p r o f i l e  

th e  d o rsa l su rface  of the  g la b e l la  m ain ta in s  a more h o r iz o n ta l  a t t i tu d e  

from the o c c ip i ta l  furrow  befo re  beginning a s l ig h t ly  s te e p e r  descen t 

to  th e  p re g la b e l la r  furrow ; th e  o c c ip i ta l  furrow  i s  no t so in c is e d
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behind th e  c e n tr a l  area  of th e  g la b e l la ;  th e  2p l a t e r a l  lobe i s  

much la rg e r  r e la t iv e  to  Ip lobe - t h i s  has th e  e f f e c t  of making 

the g la b e l la r  o u tlin e  ap p rec iab ly  more p a ra b o lic ;  th e re  i s  o fte n  

a sm all in te rm ed ia te  lobe between th e  fo rk  of furrow  Ip ; th e  f r o n ta l  

lobe u su a lly  p ro je c ts  beyond the  f ix e d  cheek; and w hile  th e  tu b e rc le s  

ornamenting th e  g la b e l la  are  of a s im ila r  s iz e  to  those  of je m tla n d ic a , 

th e re  i s  no c le a r  d iv is io n  in to  f in e r  g ranu les and m edium-sized 

tu b e rc le s ,  and the  l a t t e r  appear to  be c lo s e r  to g e th e r . In  a d d itio n  

th e  p re g la b e l la r  a rea  of o n n iensis  i s  g e n e ra lly  s h o r te r ,  and the 

upper, d o rsa l su rface  of th e  a n te r io r  bo rder a l i t t l e  more p u ffy .

The specimens assigned  to  jem tlan d ica  w ith  th e  s h o r te r  p r e g la b e l la r  

a rea  a re  rem in iscen t of o n n ien sis  in  th i s  c h a ra c te r .

-F. B a lto r i from th e  ik:tonian of S iiropshire i s  th e  n e a re s t  sp ec ies  

to  je m tla n d ic a . The len g th  of th e  g la b e l la  to  f ix e d  cheek, depth 

and form of th e  p re g la b e l la r  fu rrow , o u tlin e  of a n te r io r  m argin, 

course of f a c i a l  su tu re , n a tu re  of f ix e d  cheek, and e s p e c ia l ly  th e  

type  of p re g la b e lla r  a rea  a re  a l ik e  in  th e  two ta x a . Moreover 

although th e  s u b - tr ia n g u la r  o u tlin e  to  the g la b e l la  i s  q u ite  

d ia g n o s tic  of F . s a l t e r i , i t  i s  more c lo se ly  approached by some 

specimens of F . jem tlan d ica  than  any o th e r s p e c ie s . F . s a l t e r i  

d i f f e r s  f u r th e r  through i t s  r e l a t iv e ly  la rg e r  l a t e r a l  g la b e l la r  lobe 

2p, rounded f r o n ta l  lo b e , s u b s ta n t ia l ly  w ider (s a g .)  o c c ip i ta l  r in g

and t i g h t l y  s e t  g la b e l la r  tu b e rc le s .  The p a lp e b ra l lobe i s  s im ila r ly

s i tu a te d  in  bo th  sp e c ie s , i f  anyth ing  s a l t e r i  has i t  a shade f a r th e r

back and i t  has not been seen to  v a ry  so much in  p o s i t io n  as th a t  of

je m tla n d ic a . The ho lo type of s a l t e r i  i s  an in te r n a l  mould and fo r  

purposes of comparison w ith  th e  e x c e l le n t ly  p reserv ed  Scandinavian 

m a te r ia l th e  p a ra ty p e  (BM InL2099) and ano ther specimen (BM In59736) 

have la rg e ly  been used.



OCGUiltffiNCE, T his sp ec ies  has le e n  recorded  from th e  Upper 

Chasmops Limestone (Ub 6 ) a t  R audskjaer (very  common), Baerum,

Asker and Terneholmen in  th e  Oslo-Asker d i s t r i c t ,  and R ingsaas and 

Norderhov in  th e  R ingerike  d i s t r i c t .  I t  i s  a lso  p re s e n t in  the 

Lower T re ta sp is  Shale (Uc ct) a t  Nakholmen, O slo fio rd  (PMO 8930) 

and th e  T re ta sp is  Limestone (Uc 3) a t  R ingsasen, R ingerike (PMO 58?U5)

A part from th e  type lo c a l i t y ,  Thorslund (I9h0) f ig u re d  Swedish 

m a te r ia l from th e  Upper Chasmops Limestone (autochthonous beds) a t
ti

Slandrom, Jam tland . This i s  here  d is tin g u ish e d  from F . jem tlan d ica  

(see d isc u ss io n  o f F . sca b u s tu la  sp . n o v .) .

F lexicalym ene sc a b u s tu la  sp. nov.

P la te  5, f i g .  10; P la te  6 , f i g s .  1-9; P la te  7, f i g s .  1-15

? 19U0 Flexicalym ene jem tlan d ica  n . s p . ;  Thorslund (p a r s )

p . 1U7, p l .  12, f i g s .  21, 22, non f i g s .  19, 20.

DERIVATION OF THE NAME. From th e  l a t i n ,  s c a b ra , rough, and 

c r u s tu la , d im inu tive  of c r u s ta , s h e l l ,  r e fe r r in g  to  th e  r e l a t iv e ly  

la rg e , coarse  g la b e l la r  tu b e rc le s .

HOLOTYPE. Well p rese rv ed  cranidium ; PMO 8l250; c o l l .

G. Henningsmoen 29. 9 . 62; P l. 6 , f i g s .

TYPE STRATUM AND TYPE LOCALITY. Upper th ic k  lim estone  bed.

Upper Chasmops Limestone (Ubô), N Nakholmen, In n er O s lo fio rd , O slo- 

Asker d i s t r i c t .

ADDITIONAL MATERIAL At l e a s t  f i f t e e n  incom plete c ra n id ia , th re e  

f r e e  cheeks, th re e  hypostomes, one r o s t r a l  p la te ,  fo u r  p y g id ia , p lu s  

a few is o la te d  th o ra c ic  segments and numerous o th e r fragm ents.
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DIAGNOSIS. In  p r o f i l e  the  g la b e l la  i s  h o r iz o n ta l u n t i l  lobe 

2p, th e r e a f te r  f a l l in g  m oderately s te e p ly  to  p re g la b e l la r  furrow . 

A n te rio r border somewhat convex ( s a g . ) .  A n te rio r branch of f a c i a l  

su tu re  more o r le s s  s t r a ig h t ,  runs forw ards and inw ards. Surface 

of g la b e l la  dominated by la rg e , rough tu b e rc le s .

DESCLIlilOlî. G lab e lla  i s  as long as f ix e d  cheek and lo nger 

th an  i t  i s  wide. O c c ip ita l r in g  i s  lo n g est ( s a g .)  behind c e n tr a l  

g la b e l la r  a rea , narrows co n sid e rab ly  behind lobe Ip , g e n tly  convex 

in  p r o f i l e ,  more s tro n g ly  arched tra n s v e rs e ly . O c c ip ita l furrow  

V-shaped, w e ll in c is e d  - e s p e c ia l ly  d i s t a l l y .  L a te ra l g la b e l la r  lobe 

Ip i s  subquadrangular to  su b rec tan g u la r in  o u t l in e , no t as wide as 

c e n tra l a re a  of g la b e l la  from wl.ich i t  i s  sep ara ted  by a shallow  furrow . 

Main branch of l a t e r a l  furrow  Ip swings inwards and p ro g re s s iv e ly  more 

backwards; a sh o rt a n te r io r  branch runs forw ards over in n e r  s ide  of 

su b c irc u la r  lobe 2p which i s  conspicuously  s h o r te r  (e x s .)  th an  

p a lp e b ra l lo b e . L a te ra l furrow  2p i s  deep, t ra n s v e rs e ly  d ire c te d ,  

connects w ith  a n te r io r  branch of furrow  Ip . L a te ra l  lobe 3p i s  

tra n s v e rs e ly  e lo n g a te , l a t e r a l  firrrow 3p i s  d i s t i n c t ,  Mary specimens 

( f o r  example PMO 81138 , P l .  6 f i g .  8) show evidence of a fo u r th  

l a t e r a l  furrow  low down on side  o f g la b e l la  tren d in g  tow ards a n te r io r  

p i t .  F ro n ta l  lobe ty p ic a l ly  has rounded a n te r o la te r a l  co rn e rs  but 

a somewhat f la t te n e d  ( t r . )  a n te r io r  m argin. In  la te r a l  p r o f i l e  

g la b e l la  i s  h o r iz o n ta l  u n t i l  lobe 2p a f t e r  which i t  i s  m i3dly convex, 

f a l l i n g  m oderately  s te e p ly  to  p re g la b e l la r  fu rrow .

/ix ia l furrow  deep b eside  lobe Ip , becomes le s s  so tow ards a n te r io r  

p i t  and below s ide  of f r o n t a l  lo b e . P re g la b e lla r  a rea  about as long 

(s a g .)  as o c c ip i ta l  r in g . In  l a t e r a l  a sp ec t th e  d o rsa l su rface  of 

a n te r io r  bo rder i s  somewhat convex (s a g .)  and le s s  s te e p ly  in c lin e d
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than  th e  a n te r io r  s ide  of p re g la b e l la r  furrow ; o u te r s id e  of 

a n te r io r  bo rder i s  convex down to  r c e t r a l  su tu re . In  d o rsa l view 

a n te r io r  m argin i s  g e n tly  convex forw ards; in  fronted view i t  i s  

g e n tly  to  m oderately arched , lo s in g  h e ig h t a b a x ia lly  tow ards f a c i a l  

s u tu re .

P o s te r io r  border i s  convex andnot ic e  ably  in c re a se s  in  w idth  (e x s .)  

from a x ia l  furrow  to  fu lcrum , from fulcrum  becomes f l a t t e r  and w ider 

a b a x ia lly  bu t narrows s l i g h t ly  ju s t  before meeting f a c i a l  su tu re  due 

to  forw ard swing of p o s te r io r  m argin.

P o s te r io r  border furrow  ;mid p o s te r io r  branch of f a c i a l  su tu re  

are  as in  F . jem tlan d ica  (compare P l. U, f i g .  8 w ith  P l .  6 , f i g .  8 ) .  

A n te rio r  branch of f a c i a l  su tu re  i s  more or le s s  s t r a ig h t ,  runs forw ards 

and inwards to  a n te r io r  m argin. M id-point of weakly convex ( t r . )  

p a lp eb ra l lobe v a r ie s  from opposite  p o s te r io r  h a lf  of lobe 2p 

(PMO 81250 , P l .  6 , f i g .  1) ,  o r even f r a c t io n a l ly  more forw ards 

(PMO 81136 , P l .  6 , f i g .  7 ) , to  o u te r p a r t  of furrow  Ip (PMO 5U91,

P l .  6, f i g .  9 ); i t  s lopes s te e p ly  a d a x ia lly  and i s  not confined  by 

p a lp e b ra l furrow  bu t th e re  i s  a b reak  in  slope on reach in g  in n e r p a r t

of f ix e d  cheek; i t  i s  alm ost as long (e x s .)  as lobe Ip . A n te rio r

p a r t  of f ix e d  cheek descends s te e p ly  to  very  shallow  o u te r  ex ten s io n  

of p re g la b e l la r  furrow .

Border s e c to r  of r o s t r a l  p la te  and hypostome are e s s e n t ia l ly  as 

in  F. je m tla n d ic a .

Thorax known only from is o la te d  segm ents. A xial r in g  f a i r l y  

convex ( s a g . ) ,  widens (e x s .)  and i s  m ild ly  in f l a te d  n ear a x ia l  furrow . 

A r t ic u la t in g  h a lf  r in g  i s  th re e  q u a r te rs  as wide (s a g .)  as a x ia l  r in g , 

narrows g ra d u a lly  d i s t a l l y ;  a r t ic u la t in g  furrow  i s  U-shaped, narrows 

sh arp ly  a b a x ia l ly . From a x ia l  furrow  to  fulcrum  p o s te r io r  band of 

p le u ra  i s  h ig h er and about tw ice as wide as a n te r io r  band, i t  con tinues

d i s t a l l y  to  form bounding rim  to  p le u ra l  f a c e t .  A r t ic u la t in g  s h e lf
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runs along a n te r io r  margin of p le u ra . U-shaped p le u ra l  furrow  

narrows g rad u a lly  to  f l a t  p le u ra l  f a c e t  where i t  swings fo rw ards, 

th en  backwards, befo re  dying o u t.

Pygidium i s  about tw ice as wide as long . Axis has f iv e  to  seven 

a x ia l  r in g s . F i r s t  f iv e  r in g  furrow s are complete though furrow s 

th re e  to  f iv e  become p ro g re s s iv e ly  e ffaced  m ed ia lly . S ix th  and 

seventh r in g  furrow s not always p re s e n t .  iix ia l furrow  w eakest around 

te rm in a l a x ia l  p ie c e . P le u ra l  reg io n  has f iv e  p le u ra l  m d f iv e  

s l ig h t ly  longer in te r p le u r a l  fu rrow s, th e  l a t t e r  reach in g  th e  l a t e r a l  

m argin. A very  sh o rt ( s a g .)  p o s ta x ia l  s e c to r  f a l l s  s te e p ly  from 

a x ia l  furrow .

Ornamentation on g la b e l la  i s  dominated by co arse , i r r e g u la r ly  

shaped, c lo se ly  spaced tu b e rc le s  though a l l  s iz e s  down to  th e  f in e s t

a re  p re s e n t. L argest tu b e rc le s ,  which are  o fte n  p ie rc e d  by a h o le ,

are most ev id en t on o c c ip i ta l  r in g  and c e n tr a l  a rua  of g la b e l la  between 

lobes Ip and 2p. F ine to  medium s ized  tu b e rc le s  cover in n e r  p a r t  of 

f ix e d  cheek and a n te r io r  b o rd e r. A baxial p a r t  of f ix e d  cheek covered 

w ith  f in e  tu b e rc le s .  T ubercles on f r e e  cheek are of th re e  main types : 

On a d ax ia l p a r t  below eye socle  they  a re  g e n e ra lly  rounded and f in e  to  

medium in  s iz e ;  approaching and covering  l a t e r a l  border furrow  th e re  

are  c lo se ly  spaced granuler ; on l a t e r a l  bo rder the  tu b e rc le s  become 

la rg e r  again  but h e re , except near genal an ^ le , th ey  are  oval and 

s c a le - l ik e ,  th e i r  long axes running p a r a l l e l  w ith  l a t e r a l  m argin. 

T ubercles on border s e c to r  of r o s t r a l  p la te  s inu .la r to  l a t e r a l  bo rder,

some are  p e r fo ra te ;  a row of f i n e r  tu b e rc le s  runs along th e  in n e r a rc . 

Hypostome and pygidium covered w ith  [ ra n u le s  and rounded tu b e rc le s  

except f o r  maculae and deepest p a r ts  of a l l  fu rrow s.

DISCUSSION. The p a lp e b ra l lobe o f th i s  sp ec ies  v a r ie s  in

p o s i t io n  as was r e la te d  in  the  g en eric  d is c u s s io n . The r a th e r  f l a t
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o u tlin e  to  the  f r o n ta l  g la b e l la  lobe reaches an extreme in  some 

c ra n id ia  (PMO 5h91, P l .  6, f i g .  9) where i t  i s  s t r a ig h t  and 

tra n s v e rse ly  d ire c te d . A l l  specimens show a s l ig h t  sw ellin g  of 

th e  a n te r io r  bo rder (th u s  producing a g radual change of s lo p e  of 

th e  p re g la b e l la r  a rea  as seen in  p r o f i l e ) ;  in  the  holotype i t  i s  

pronounced and approaches th e  co n d itio n  seen in  Flexicalym ene 

(Reacalymene) . Though i t  i s  o therw ise i l l - p r e s e r v e d ,  a cranidium  

re fe r re d  by Thorslund (19U0, p . lU7, p l .  12, f i g .  21) to  F . jem tlan d ica  

a lso  e x h ib its  a somewhat convex a n te r io r  b o rd e r, and I  have q u estio n ab ly  

p laced  i t ,  and a pygidium from th e  same lo c a l i t y  (Thorslund 19U0, p l  12, 

f i g .  2 2 ), in  th e  synonymy of s c a b u s tu la . Changes in  the  p y g id ia l 

morphology of sc a b u s tu la  during  growth are s i io ila r  to  th o se  observed 

in  jem tlan d ica  (compare P l .  7, f i g s .  IS and 10 w ith  P l .  S, f i g s .  S 

and h ) .

A part from th e  s a g i t t a l l y  convex n a tu re  of th e  a n te r io r  bo rd er,

F . scab u s tu la  d i f f e r s  from F . jem tlan d ica  through i t s  s t r a ig h te r  

a n te r io r  branch of th e  f a c i a l  su tu re  and in  p a r t i c u la r  i t s  g la b e l la r  

ornam entation (P l. S, f i g s .  10, 11 ). The g la b e l la r  tu b e rc le s  are 

co n sid erab ly  la r g e r ,  more numerous and c lo s e r  to g e th e r  th an  in  

je m tla n d ic a , and the  ornam entation  of scab u stu la  i s  so d i s t i n c t  th a t  

i t  im m ediately d i f f e r e n t i a t e s  th e  new taxon from a l l  o th e r c lo se ly  

r e la te d  sp e c ie s . A fu r th e r  d if fe re n c e  i s  th a t  in  l a t e r a l  p ro f i le  

the  g la b e l la  of jem tlan d ica  f a l l s  evenly  from th e  o c c ip i ta l  furrow  

to  p re g la b e l la r  furrow , whereas th a t  o f sca b u s tu la  e x h ib i ts  a f a in t  

break of slope between th e  h o r iz o n ta l  p o s te r io r  and descending 

a n te r io r  p a r ts  (compare P l .  6 , f i g s .  U, 6 w ith  p i . L, f i g s .  U, 6 ) .

Many specimens of scab u s tu la  have q u ite  a s tro n g ly  arched a n te r io r  

c ra n id ia l  m argin when seen in  f r o n ta l  view (P l .  6 , f i g .  7 ) .  This 

tendency has not been observed in  jem tlan d ica  b u t i t  i s  an in c o n s is te n t
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f  e a t lire of the  new sp ec ie s  and can no t always be used to  sep a ra te  the 

two ta x a .

A ll th e  B r i t is h  sp ec ie s  in  th e  o n n ien sis  group have f in e r  

g la b e l la r  tu b e rc le s .

OCCURRilNiCE. In  a d d itio n  to  th e  type lo c a l i t y  where i t  i s  

n o s t common, i t  a lso  occurs in  th e  Upper Chasmops Limestone (Lb 6 ) 

a t  Bygd/y, Rambcrg/ya, and Land S te ile n e  (O slo fio rd ) in  th e  Oslo-Asker 

d i s t r i c t .  Perhaps a lso  from th e  Upper Chasmops Lim estone, 

autochthonous beds, Slandrom, Jam tland , Sweden (see  d is c u s s io n ) .

Flexicalym ene c f .  F. scab u s tu la  sp . nov.

P la te  8 , f i g .  10

MATERIAL. Two incom plete c ra n id ia , PMO 5285, PMO 20399; 

both  c o lle c te d  1903 .

OCCURRENCE. Lower Chasmops Limestone (Lb3 ) ,  NW L ind /ya, Oslo

f io r d ,  Oslo-Asker d i s t r i c t .

DISCUSSION. T his sp ec ie s  i s  th e  only calymenid th e  au tho r has 

seen from th e  Lower Chasmops Lim estone. Although incom plete, 

s u f f ic ie n t  rem ains of one of the  c ra n id ia  (PMO 20399) to  suggest i t  

i s  c lo se ly  r e la te d  to  F. scab u s tu la  sp . nov. The coarse  g la b e l la r  

tu b e rc le s  and c h a r a c te r i s t ic  g la b e l la r  p r o f i l e  of th e  new sp ec ie s  

are both  d isp lay ed  by t h i s  specimen (compare P l .  6 , f i g .  7 w ith  P l. 6 , 

f i g .  10) .  The p o s i t io n  of the p a lp e b ra l lobe i s  d i f f i c u l t  to  

determ ine as i t  i s  re p re se n te d  on ly  in  the  in te r n a l  mould form , but 

i t  seems to  be cen tred  opposite  th e  p o s te r io r  p a r t  o f l a t e r a l  

g la b e l la r  lobe 2p. F. sc a b u s tu la  would have a r e l a t iv e ly  long 

s t r a t ig r a p h ie a l  range i f  fu tu re  c o l le c t io n s  confirm ed th e  e x is ten ce  

of th e  sp ec ie s  a t t h i s  h o rizo n .
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F loxicalvneno sp. in d e t 1 

P la te  8, f i g s .  6 , 8 , 9, 11

MATERIAL. One e x t e r n a l  m o u ld  o f  a n  i n c o m p l e t e  c r a n i d iu m ,

PMO 6 I 6LI, c o l l .  P. Wendilbo, 1952; one e x te rn a l and one in te r n a l  

mould of a p a r t i a l  cranidium  and pygidium, PMO 6 I 678 , PMO 81679, 

c o l l .  N. S p je ld n aes, 1950.

OCCURRENCE. PMO 6 I 6LI i s  from th e  Lower Chasmops Shale(Lba ) 

of Blommenholm, Baerum, Oslo-Asker d i s t r i c t .  PMO 8I 678 and 

PMO 81679 are  from th e  Lower Chasmops Shale of N H valstad , Oslo-Asker 

d i s t r i c t .

DESCRIPTION, Basal g la b e l la r  lobe i s  quadrangular in  o u t l in e , 

L a te ra l furrow  Ip i s  deep. There i s  a su ggestion  on one specimen 

( PMO 8I 6I4I ,  P l .  8, f i g s .  9, 11) of a v e ry  s .aa ll in te rm ed ia te  lo b e .

L a te ra l lobe 2p i s  a t  l e a s t  h a lf  as la rg e  as lobe Ip , e lo n g a te  ( t r . ) ,

s lo p es  downwards and outwards to  a x ia l  furrow . L a te ra l furrow  2p 

i s  w e ll marked. Lobe 3p i s  of s im ila r  shape to  lobe 2p and confined  

a n te r io r ly  by a sh arp ly  in c is e d  furrow  3p. A sh o rt ( t r . )  bu t

d e f in i te  furrow  Up runs up sid e  of g la b e l la  from near th e  a n te r io r  p i t .

Incom plete a n te r io r  b o rder i s  s te e p ly  upturned (PMO 816UI) though the  

amount of in c l in a t io n  may have been a f fe c te d  by d i s to r t io n .  P a lp eb ra l

lobe ap p aren tly  cen tred  opposite  l a t e r a l  g la b e l la r  lobe 2p. Surface

of cranidium  (exceptfurrow s) covered w ith  c i r c u la r  tu b e rc le s  of 

vary ing  s iz e ,  many of which are p e r fo ra te .

Pygidium has a t  l e a s t  f iv e  a x ia l  r in g s . F ive p le u ra l  and f iv e

in te r p le u r a l  furrow s are p re sen t on th e  p le u ra l  reg io n ; tn e  

in te r p le u r  ads are b e s t  marked d i s t a l l y .

Most of t h i s  d e sc r ip tio n  i s  based on PMO 816UI.
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DISCUSSION. The incom plete and d is to r te d  na tu re  o f th i s  

m a te r ia l does not pe rm it re c o g n itio n  beyond generic  le v e l .  The 

la rg e  b a sa l and 2p g la b e l la r  lobes of th e  b e t te r  p reserv ed  cranidium  

(PMO 6I 6UI) are s im ila r  to  those found in  F . acantha B an cro ft, 19U9 

from the C ostonian of Shropsh ire  bu t in  th a t  sp ec ies  the  l a t e r a l  lobe 

3p i s  p ro p o r tio n a te ly  sm aller and Dean (1963, p . 216) has noted th a t  

th e  " e x te rn a l im pression  of the t e s t " ,  where a v a ila b le , " i s  seen to  

be p r a c t i c a l ly  smooth".

On th e  b a s is  of th e  e x ta n t Norwegian specimens i t  would be unwise 

to  a ttem pt a d e ta i le d  comparison w ith  o th e r tax a  and a t  p re se n t i t  i s  

s u f f ic ie n t  to  reco rd  the genus from the  Lower Chasmops Shale of the 

Oslo-Asker d i s t r i c t .  Together w ith  th e  s in g le  cranidium  re fe r re d  

to  Flexicalym ene c f .  c a r a c ta c i , th e  m a te r ia l in  q u estio n  re p re se n ts  

th e  f i r s t  appearance of Flexicalym e ne in  the  Middle O rdovician of 

Norway.

F lexicalym ene sp . in d e t .  2 

P la te  8, f i g .  12

MATERIAL. F o u r  i n t e r n a l  m o u ld s  o f  i n c o m p l e t e  c r a n i d i a ,

PMO 81528 , PMO 91011-91013; c o l l .  N. S p je ld n aes, 1950.

OCCURRENCE. A ll the  c ra n id ia  are from the  Upper Chasmops Shale 

(Uby ) of N H valstad , Oslo-Asker d i s t r i c t .  PMO 81528 i s  from th e  

strophomenid la y e r ,  and PMO 91011-91013 from the  calym enid la y e r .

DISCUSSION. This m a te r ia l ,  of which th e  b est cranidium  i s  

f ig u re d , i s  too incom plete and crushed f o r  s p e c if ic  d e te rm in a tio n .

The p o s i t io n  of th e  p a lp e b ra l lobe i s  c en tred  o pposite  l a t e r a l  

g la b e l la r  lobe 2p; th e re  i s  a sm all in te rm e d ia te  lobe w ith in  th e  fo rk  

of furrow  Ip , and th e  g la b e l la  ex tends as f a r  forw ard as th e  f ix e d
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cheek. A fte r  allow ing fo r  d i s to r t io n ,  th e  gen era l shape of the  

g la b e lla  i s  q u ite  s im ila r  to  th a t  of F . c a ra c ta c i  and th e  age 

of the  Norwegian specimens i s  approxim ately  th e  same as the  B r i t i s h  

sp ec ie s .

F lexicalym ene sp . in d e t .  3 

P la te  8, f i g .  13

MATERIAL. One cranidium , PMO 81251; c o l l .  Bockelie &

N iko la isen , 1966.

OGCTIiiRENCF. Upper Chasmops Bhale (Uby ) , H estesund, Land/ya, 

Oslo-Asker d i s t r i c t .

DESCRIPTION. G lab e lla  r a th e r  wide a t  subquadrate b a sa l lo b es . 

Side of c e n t r a l  g la b e l la  a rea  g e n tly  sw ollen  a t  in n e r end of furrow  

Ip . Lobe 2p bounded a d a x ia lly  by shallow  furrow . Furrow 2p deep. 

Lobe 3p tra n s v e rs e ly  e lo n g a te , runs down s id e  of g la b e l la .  Furrow 

3p d i s t i n c t .  Very s h o r t, weak furrow  Up ascends lower s ide  of 

g la b e l la  from p o s te r io r  p a r t  of a n te r io r  p i t .  A n te rio r bo rder 

s lopes upwards m oderately  s te e p ly  from p re g la b e l la r  furrow . A n te rio r 

margin g e n tly  arched forw ard . Middle o f p a lp e b ra l lobe opposite  

p o s te r io r  p a r t  of lobe 2p o r furrow  Ip .

DISCUSSION. The r a th e r  br-.ad n a tu re  of th e  p o s te r io r  p a r t  of 

the  g la b e l la  in  t l i i s  specimen appears to  a la rg e  e x te n t to  be due to  

com pression which has a lso  re s u l te d  in  the  cranidium  bein^ severed 

and th u s  adding to  the e f f e c t .  The p o s i t io n  of the  p a lp e b ra l lobes 

emphasizes th e  d i f f i c u l ty  of making a d is t in c t io n  between F le x ic  alymene 

and Onnicalymene in  m a te r ia l  which has been somewhat d is to r te d .  On 

the r ig h t  s id e  of th e  cranidium  th e  l im i t s  o f th e  p a lp e b ra l lobe 

s t r e tc h  from l a t e r a l  furrow  2p to  th e  a n te r io r  co rn e r of lobe Ip w ith
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the  m id-poin t ly in g  opposite  tne  p o s te r io r  h a lf  of lobe 2p. The 

p a lp eb ra l lobe i s  incom plete on th e  l e f t  s id e , bu t i t s  m id-poin t i s  

seen to  be f a r th e r  back, opposite  l a t e r a l  furrow Ip .

Of th e  Norwegian sp ec ie s  of F lexicalym ene t h i s  Upper Chasmops 

Limestone specimen i s  p o s s ib ly  c lo s e s t  to  F . scab u s tu la  sp . nov.

(compare P l .  6, f i g .  9 ) . Much of the c u t ic le  i s  m issing from the 

median g la b e l la r  lobe and on the r e s t  of th e  su rface  most of th e  

ornam entation has been e ffa ce d  bu t the  o v e ra ll  form of th e  g la b e l la  

(p a r t ic u la r ly  in  p r o f i le )  and a n te r io r  b o rder suggest t h i s  com parison. 

A lso, i t  i s  s im ila r  to  th e  cranidium  re fe r re d  to  F. c f .  F. sca b u s tu la  

from the  Lower Chasmops Limestone (P l. 8, f i g .  10) and i s  in te rm ed ia te  

in  age between th a t  specimen and the  new sp e c ie s .

Subgenus Flexicalym ene (Reacalymene) S h ir le y , 1936

TYPE SPECIES. Reacalymene lim ba S h ir le y , 1936, p . U09, p l .  29, 

f i g s .  11, 12; from th e  Soudleyan Stage (C aradoc), Bala a re a , N W ales.

By o r ig in a l  d e s ig n a tio n  of S h ir le y  1936, p . 395.

DISCUSSION. In  1936 S h ir le y  e s ta b lis h e d  th e  genus Reacalymene 

which he d is tin g u ish e d  from Flexicalym e ne cn th e  o a s is  of the  a n te r io r  

border being marked from th e  p re g la b e l la r  furrow  by a r id g e .

Subsequent workers (W hitting ton  195U, p . 1U8, i r  Moore 1959. p .  OU52, 

1965 , p . 58; Deal 1962, p . 112) have encountered d i f f i c u l ty  in  th e  use 

of th i s  one c h a ra c te r  to  sep a ra te  th e  two tax a  due to  d isc rep a n c ie s  in  

the  prominence of th e  rid g e  between in te r n a l  and e x te rn a l mould specimens 

Even where the  ridge  i s  d i s t i n c t ,  th e  g re a t s im i la r i ty  of the  o th er 

e x o sk e le ta l c h a ra c te rs  of Reacalymene to  those of P'lexicalymene i s  

unq u estio n ab le . As a consequence Reacalymene i s  now g e n e ra lly  

regarded as a subgenus of F lex icalym ene. V a r ia tio n  in  th e  a n te r io r
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th a t  s p e c ie s ) , bu t in  scab u s tu la  th e  b reak  in  slope between a n te r io r  

bo rder and p re g la b e lla r  furrow  i s  g rad u a l, whereas in  members of 

Reacalymene the  change i s  r a th e r  more sharp and thus th e  d iv is io n  

between furrow  and bo rd er b e t te r  d e fin ed . The form of th e  

p re g la b e l la r  a rea  of th e  Norwegian cranidium  d esc rib ed  below accords 

b e s t  w ith  th a t  found in  F . (Reacalymene) and I  have th e re fo re  

re fe r re d  i t  to  t n i s  tax o n . N evertheless  i t  i s  c le a r  th e re  i s  l i t t l e  

d if fe re n c e  between F . (F lexicalym ene) and F . (Reacalymene) and i t  

i s  most u n lik e ly  th a t  members of th e  l a t t e r  re p re se n t an ev o lu tio n a ry  

lin eag e  sep a ra te  from th e  nominate subgenus.

Flexicalym ene (Reacalymeno) sp . nov.

P la te  6, f i g s .  1 -It

MATERIAL. One incom plete cranidium , PMO 69372; c o l l .

L. S t^rm er.

OCCURRENCE. Upper Chasmops Limestone (i^b 6 ) , 0-1 metre 

in  th e  p r o f i l e ,  B allangrud , Hadeland.

DESCRIPTION. L a te ra l lobe Ip  quadrangular. L a te ra l  furrow  

Ip narrow and deep between f i r s t  two la te r a l  lo b e s , a t  median 

g la b e l la r  lobe b if u r c a te s ,  a n te r io r  branch c ro ss in g  in n e r  neck of 

ovate lobe 2p, p o s te r io r  branch tu rn in g  sh a rp ly  back tow ards o c c ip i ta l  

fu rrow . Small in te rm ed ia te  lobe between th e se  two b ran ch es . Lobe 

3p about h a l f  as la rg e  as lobe 2p. Lobe iip sm all, furrow  hp weak. 

F ro n ta l lobe has r a th e r  w e ll rounded a n te r o - la te r a l  m argins; a n te r io r  

m argin b lu n t ,  f a l l s  bu t a sh o rt d is ta n c e  to  p re g la b e l la r  fu rrow , 

does n o t q u ite  reach  as f a r  forw ard as a n te r io r  p a r t  of f ix e d  cheek. 

Dorsal su rface  of g la b e l la  descends g rad u a lly  forw ards from o c c ip i ta l



- 99 '

furrow  (P l. 8, f i g .  2 ) .

A xial furrow  deepest around lobe Ip , shallow s a n te r io r ly  bu t i s  

of about co nstan t w idth to  a n te r io r  p i t  a t  s ide  of f r o n t a l  lo b e . 

P re g la b e lla r  furrow  about as wide (sa g .)  as a x ia l fu rrow , s tep s  up 

on a n te r io r  s ide  in to  lo n g e r, h o r iz o n ta l ly  in c lin e d  a n te r io r  b o rd er. 

Weak rid g e  between a n te r io r  bo rder and p re g la b e lla r  furrow  marked 

only in  f ro n t  of f r o n ta l  g la b e l la r  lo b e . O uter s id e  o f a n te r io r  

bo rder exceed ing ly  narrow (P l. 8, f i g .  h)• A n te rio r m argin 

(d o rsa l view) and r o s t r a l  su tu re  ( f r o n ta l  view) weakly arched 

forw ard and upward r e s p e c tiv e ly . P a lp e b ra l lobe m id-po in t s i te d  

o pposite  p o s te r io r  p a r t  o f lobe 2p. P o s te r io r  branch o f f a c i a l  

su tu re  d ire c te d  t ra n s v e r s e ly  from eye lobe b efo re  tu rn in g  o b liq u e ly  

backwards to  c ro ss  l a t e r a l  border furrow , i t  then  runs e x s a g i t t a l ly  

and f i n a l l y  curves outward again  to  p o s te r io r  m argin (P l .  8, f i g .  3 ) .

DIdCUSSION. The au tho r has seen only one specimen of t h i s  

sp ec ies  from th e  Upper Chasmops Limestone though i t  i s  q u ite  

abundantly  re p re sen ted  in  th e  Lower T re ta sp is  Shale (Lc^ ) of th e  Oslo 

Region. M ateria l from the  l a t t e r ,  s l ig h t ly  l a t e r  ho rizon  w i l l  be 

d esc rib ed  elsew here and used as a b a s is  f o r  fo rm a lly  e re c tin g  the  

taxon . The above d e s c r ip t io n  i s  based  s o le ly  on th e  one cranidium  

from Hadeland.

T his cranidium  of F . (Reacalymene) sp . nov. i s  d is tin g u ish e d  

from th e  type sp e c ie s , F . (R .) lim ba, by having le s s  s tro n g ly  

convergent c r a n id ia l  a x ia l  fu rrow s, a s t r a ig h te r  ( t r . )  l e s s  rounded 

a n te r io r  margin to  th e  f r o n ta l  g la b e l la r  lo b e , a sm all Up lobe and 

Up fu rrow , and no marked widening of the a x ia l furrow  o u ts id e  lobe 

Ip (compare w ith  W h ittin g to n  196^, p l .  16, f i g s .  lU -17). Other 

d if fe re n c e s  ex h ib ite d  by m a te r ia l o f F . (Reacalymene) sp . nov. 

from th e  Lower T re ta s p is  Shale in c lu d e  a r e la t iv e ly  narrow er
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th o ra c ic  ax is  and d i s t i n c t  in te r p le u r a l  furrow s on th e  pygidium .

The Norwegian cranidium  d i f f e r s  from F. (R .) pusu losa  S h ir le y , 1936 

from th e  C ostonian of Shropsh ire  in  having a m arg in a lly  sh o r te r  

g la b e l la ,  a 3p furrow  which reaches the  a x ia l  furrow , a much le s s  

tra n s v e rse ly  e longate  lobe 2p, and a r e l a t iv e ly  narrow er ( t r . )  

median g la b e l la r  lo b e . I t  may a lso  be noted th a t  F . (R .) pusu losa  

and F . (R .) lim ba both  la ck  an in te rm ed ia te  lobe a t th e  in n e r end 

of furrow  Ip ; t h i s  lobe i s  p re se n t on th e  cranidium  d esc rib ed  above 

bu t i t  i s  not a c o n s is te n t fe a tu re  of co n sp e c if ic  specimens from the  

Lower T re ta sp is  S hale . F . (R .) c ro n e is i  (Roy, 19Ul) from th e  

O rdovician (? Lower C in c in n a tian ; see W hitting ton  195U, p . 121) of 

S illim an s  F o s s i l  Mount, B a ffin  I s la n d  i s  e a s i ly  sep ara ted  from th e  

Norwegian sp ec ies  by i t s  more a n te r io r ly  p o s itio n e d  eyes which a re  

cen tred  o pposite  the p o s te r io r  p a r t  of lobe Ip (see  W h itting ton  19SU, 

p . 1U7, p l .  62, f i g s .  1 3 -lS ) .

GENUS G rav icalymene S h ir le y , 1936

TYPE SPECIES. G raviealyinene convolve S h ir le y , 193&, p . 399, 

p l .  29, f i g s .  I 6 - I 6 ; from th e  B i r d s h i l l  Lim estone, P u s g i l l ia n ,  

B ird s h i l l  Q uarry, n ear L lan d e ilo , Wales. By monotypy.

G raviealymene c a p ito v a ta  sp. nov.

P la te  9, f i g s .  1-8 , P la te  10, f i g s .  1, 9 -9 , 11, 12

? 1993 Calymene; St^rm er, p . 79.

DERIVATION OF THE NAME. From th e  L a tin , c a p ita n e u s , c h ie f  in  

s iz e , and o v a tu s , egg-shaped, r e f e r r in g  to  th e  n a tu re  of th e  b a sa l 

(Ip ) l a t e r a l  g la b e l la r  lobes
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HOLOIYPE. In te rn a l  mould o f an incom plete cranidium  and i t s  

c o u n te rp a r t; PMO 91061-2; c o l l .  by Dr. D.L. B ruton, 8 .6 .7 1 ; P l .  9. 

f i g s .  1-U, 6 - 8 . In  ju x ta p o s it io n  to  th e  holotype cranidium  th e re  

i s  a pygidium and p a r t  of a th o ra x ; th e se  may w ell belong to  one 

d is a r t ic u la te d  specimen.

TYPE STRATUM AND TYPE LOCALITY. O gygiocaris Shale (he a^), 

the  scree  from th e  road c u t t in g  a t  M uggerudkleiva, E iker-S andsvaer 

d i s t r i c t ,  I  ajn inform ed (Dr. D.L. B ruton, p e r s .  comm.) th a t  a lthough 

most of t h i s  scree  m a te r ia l  belongs to  the d iv is io n  U a a ^ , one cannot 

exclude th e  p o s s ib i l i t y  th a t  some blocks from h ig h er beds (?U aa^ ) 

have a lso  been mixed.

additional MATERIAL. One in te r n a l  mould o f an alm ost complete 

cranidium , PMO 82661 ; e lev en  in te r n a l  moulds of incom plete c ra n id ia ,  

PMO 60UlU, PMO 60Ul8 (3 specim ens), PMO 66998 (2 specim ens),

PMO 91032-33, PMO 910U3, PMO 91060, PMO 9106U; one in te r n a l  mould of 

an incom plete cranidium  and c o u n te rp a r t, PMO 910U7-U8; th re e  e x te rn a l 

moulds of incom plete c ra n id ia , PMO 60U21, PMO 910U2, PMO 910U9; fo u r  

in te r n a l  moulds of f r e e  cheeks, PMO 9103U, PMO 91036, PMO 91099,

PMO 91063; one e x te rn a l mould of an incom plete f r e e  cheek, PMO 91037; 

th re e  e x te rn a l  moulds of r o s t r a l  p l a t e s ,  PMO 91036 (two specim ens),

PMO 91096; two hypostomes, one complete to g e th e r  w ith  c o u n te rp a r t,

PiO 91091-92, the  o th e r an incom plete e x te rn a l mould, PMO 91038; 

two in te r n a l  moulds of p y g id ia , PMO 91039, PMO 82709; th re e  in te r n a l  

moulds of p y g id ia  and t h e i r  c o u n te rp a r ts , PMO 60L0L, PMO 60UIO,

PMO 910^8-99, PMO 910^9-90.

DIAGNOSIS, G la b e lla  s tro n g ly  bell-shaped in  o u t l in e .  Ovate 

l a t e r a l  g la b e l la r  lobe Ip i s  about th re e  tim es as la rg e  as lobe 2p,
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F ro n ta l g la b e lla r  lobe l i e s  behind a n te r io r  p e r t  of f ix e d  cheek.

A n te rio r border s lo p es  s te e p ly  forw ards and upwards from near 

v e r t i c a l  a n te r io r  face  of p re g la b e lla r  fu rrow . Strong t r a c e  of 

eye rid g e  on a b ax ia l s id e  of a.xlal furrow  opposite  l a t e r a l  f l a b e l l a r  

furrow  2p. In n e r, a n te r io r  p a r t  of f ix e d  cheek somewhat in f l a te d  

and overhanging. Narrow, r i l l e - l i k e  p o s te r io r  b c rd e r fu rrow .

A baxial p a r t  of f ix e d  cheek slopes s te e p ly  downwards ( t r . ) .  Pygidium 

has s ix  com plete, two incom plete a x ia l  r in g s  and s ix  p le u ra l  fu rrow s.

DESCRIPTION. Holotype cranidium  ju s t  le s s  than  h a lf  as long 

( s a g .)  as w ide. G lab e lla  about as long as wide, s tro n g ly  b e ll-sh a p e d  

in  o u t l in e .  O c c ip ita l  r in g  about one q u a r te r  tim es as wide (s a g .)  

as long , of co n stan t w idth abax i.a lly  to  l a t e r a l  lobe Ip th en  g ra d u a lly  

narrows to  a x ia l  furrow . O c c ip ita l furrow  i s  a narrow s t r a ig h t  ( t r . )  

groove which i s  f a i r l y  shallow  across  c e n tra l g la b e l la r  a re a , deepens 

ra p id ly  swinging backwards behind lobe Ip . The l a t t e r  i s  v e ry  la rg e ,  

o v a te , w ith  a w ell rounded ab ax ia l margin and s l ig h t ly  p o in ted  a n te r io r  

m argin. L a te ra l furrow  Ip deep a t  a x ia l furrow , shallow s as i t  curves 

inw ards and s tro n g ly  backwards. A shallow , e x s a g i t t a l ly  d ire c te d  

d ep ress io n  connects furrow  Ip to  o c c ip i ta l  fu rrow . L a te ra l lobe 2p 

s u b c ir c u la r ,  only  one th i r d  as long as lobe Ip and semi i s o la te d  frcm 

median lo b e . L a te ra l g la b e l la r  furrow  2p confined  to  d o r s o la te r a l  

g la b e l la r  su rfa c e . L a te ra l  lobe 3p very  sm all; l a t e r a l  furrow  3p 

weakly developed, no t observed in  d o rsa l view . F ro n ta l g la b e l la r  lobe 

very  g e n tly  arched fo rw ards, s l ig h t ly  c^yerhangs p re g la b e lla r  fu rro w , i s  

le v e l  in  le n g th  w ith  in n e r co rner of f ix e d  cheek, bu t w e ll behind most 

a n te r io r  p a r t  of th i s  cheek.

A deep, narrow (sag . & e x s .)  p re g la b e l la r  furrow  r i s e s  v e r t i c a l l y  

to  meet a n te r io r  border which proceeds forw ards and s te e p ly  upwards
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before tu rn in g  sharp ly  over a t  a n te r io r  m argin. In  d o rs a l  view 

a n te r io r  b o rder i s  of s im ila r  o u tlin e  to  r o s t r a l  p la te ,  though le s s  

convex fo rw ards. A xial furrow  i s  deep and most narrow around l a t e r a l

lobe Ip , s l ig h t ly  w ider opposite  lobe 2p, bu t c o n s tr ic te d  in  w idth 

and depth opposite  l a t e r a l  furrow  2p where eye rid g e  runs down ab ax ia l 

side  and ac ro ss  the  base of the furrow ; in  f r o n t  of furrow  2p i t  i s  

about same w idth  as p re g la b e l la r  furrow . A n te rio r p i t  in  base of 

ax ia l furrow  below l a t e r a l  furrow  3p.

P o s te r io r  margin of f ix e d  cheek i s  t ra n s v e rse ly  d ire c te d  to  

fulcrum , th en  tu rn s  more backwards to  genal ang le . P o s te r io r  border 

narrow and m oderately  convex (e x s .)  to  fu lcrum , becomes w ider and f l a t t e r  

towards f a c i a l  su tu re . A m oderately  deep r i l l e - l i k e  p o s te r io r  border 

furrow  i s  c o n s ta n tly  narrow throughout i t s  le n g th  ( t r . ) .  P o s te r io r  

p a r t  of f ix e d  cheek slopes g e n tly  downwards from a x ia l  furrow  to  ju s t  

p a s t fu lcrum , th e r e a f te r  much more s tro n g ly  to  f a c i a l  su tu re .

In f la te d  a n te r io r  p a r t  of cheek d i s t i n c t l y  overhangs narrow ( e x s . ) ,  

forward .and outw ardly d ire c te d  co n tin u a tio n  of p re g la b e l la r  furrow  

(P l. 9, f i g .  3 ) .  M id-point of p a lp e b ra l lobe l i e s  opposite  a n te r io r  

p a r t  of 2p lo b e . P o s te r io r  branch of f a c i a l  su tu re  runs f o r  a sh o rt 

d is ta n ce  outwards then  bends backwards to  meet weakly developed ab ax ia l 

p a r t  of p o s te r io r  bo rder furrow , f i n a l l y  tu rn s  more p o s te r io r ly  to  jo in  

p o s te r io r  m argin. A n te rio r branch of su tu re  p ro g resse s  forw ards and 

inwards to  a n te r io r  m argin. Convexity of in n e r  p a r t  of f r e e  cheek 

an l w idth of l a t e r a l  border both decrease  p o s te r io r ly .

Border s e c to r  of r o s t r a l  p la te  i s  about one th i r d  as long as w ide. 

R o s tra l su tu re  m oderately  w e ll a rch ed . Connective su tu re  swings 

s l ig h t ly  inwards near ju n c tio n  of border and doublure s e c to r s .

N a rro w  ( s a g .  & e x s . )  a n t e r i o r  b o r d e r  o f  h y p o s to m e  i s  f l e x e d  v e n t r a l l y .  

A n t e r i o r  b o r d e r  f u r r o w  a lm o s t  e x t i n c t .  M o d e r a t e ly  l a r g e  a n t e r i o r  w in g
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ha s v e n tra l p i t .  L a te ra l border shows marked expansion in  w idth  

and decrease  in  convexity  behind p o s te r io r  lobe of median body and 

i s  produced in to  a f l a t ,  long f i n - l i k e  p ro je c tio n . L a te ra l border 

furrow  shallow est a t  m id -leng th . G ently  convex (sag . & T r .)  a n te r io r  

lobe of median body has no c e n tr a l  p ro je c t io n ;  c re sc en t shaped 

p o s te r io r  lobe f a l l s  q u ite  s te e p ly  to  ve ry  sh o r t ( t r . )  bo rd er furrow . 

Median furrow  b a re ly  d is tin g u ish e d ; maculae ap p aren tly  absen t though 

p re se rv a tio n  of m a te r ia l  no t good.

P a r t i a l  th o rax  shows moderate i n f l a t i o n  of a x ia l  r in g  a t  a x ia l  

furrow . Axis of pygidium has s ix  complete and two incom plete r in g  

fu rrow s, th e  l a s t  two p re se n t on te rm in a l a x ia l p ie c e . Seventh r in g  

furrow  i s  lack in g  m ed ia lly , th u s  broken in to  two se c tio n s  each of which 

f a i l s  to  reach  a x ia l  fu rrow . E ighth  r in g  furrow  confined  to  c e n tr a l  

two th i r d s  of a x ia l  w id th , does no t reach  a x ia l furrow . The l a t t e r  

i s  sh allow est a n te r io r ly ,  i t s  two s id es  converge p o s te r io r ly  u n t i l  

fo u r th  r in g  furrow , becomes more in c is e d  and s u b p a ra lle l  th e r e a f te r  

to  s ix th  r in g  fu rrow , f i n a l l y  swinging inw ards, m ain ta in ing  depth 

around te rm in a l a x ia l  p ie c e . S ix  w ell marked p le u ra l  fu rrow s, the 

f i r s t  of which c ro sse s  a r t ic u la t in g  f a c e t ,  alm ost reach  l a t e r a l  m argin. 

Less d i s t i n c t ,  s l ig h t ly  lo n g e r in te r p le u r a l  furrow s become b e t t e r  marked 

a b a x ia lly .

G la b e lla , p o s te r io r  p a r t  of f ix e d  cheek and pygidium (exclud ing  

furrow s) have s c a t te re d  tu b e rc le s  which a re  much f i n e r  than those  on 

th e  in n e r a n te r io r  p a r t  of f ix e d  cheek and a n te r io r  b o rd e r. On 

a v a ila b le  specimens ornament of r o s t r a l  p la te  and hypostome i s  

i l l - p r e s e r v e d ,  bu t bo th  d isp la y  a few f in e  g ranu les  and sm all tu b e rc le s .

DISCUSSION. G. c a p ito v a ta  re p re se n ts  th e  e a r l i e s t  member of the  

fam ily  from Norway; th e  c ccurrence of G raviealymene in  Ncrwe, ia n  rocks
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of p re-C sradocian  age was somewhat unexpected . I t  i s  th e  

s t r a t ig r a p h ie a l ly  e a r l i e s t  sp ec ie s  ass igned  to  t h i s  genus b u t th e re  

i s  evidence to  suggest G raviealymene e x is te d  even e a r l i e r ,  in  Lower 

L lan v irn  tim es , Hughes d esc rib ed  a new sp ec ies  of F lexicalym ene of 

t h i s  age, F . au ro ra , from the  B u ilth  I n l i e r .  The holotype (Hughes 

1969 , p l .  9, f i g .  h) has a su b trap ezo id a l g la b e l la r  o u tlin e  b u t in  

th e  para type  (Hughes 1969, p l .  6, f i g .  7) th e  g la b e l la  i s  s tro n g ly  

b e ll-sh a p e d  -  th e  same as in  O rdovician sp ec ie s  of G raviealymene.

Also the f r o n ta l  g la b e l la r  lobe of the  p a ra type  seems to  p ro je c t  

fu r th e r  a n te r io r ly  and th e  2p lobe be r e l a t iv e ly  sm aller th an  th a t  

of th e  h o lo type , bu t both  specimens a re  frcm  th e  same ho rizon  and 

lo c a l i t y  and are  perhaps b e s t regarded  as c o n sp e c if ic . The p re g la b e l la r  

a rea  of au ro ra  i s  unknown though th e  subquadrate form of th e  g la b e l la  

in  f r o n t  of lobe 2p in  both  holotype and p ara type  i s  c h a r a c te r i s t i c  

of G ravicalymene ra th e r  th a n  F lex icalym ene. Hughes recogn ised  the  

square a n te r io r  cf th e  g la b e l la  in  au ro ra  p rov ided  a b a s is  f o r  s p e c if ic  

d i s t in c t io n  w ith in  Flexicalym ene but t h i s  sp ec ies  seems b e t t e r  

accommodated w ith in  G ravicalym ene.

G. c a p ito v a ta  i s  r e a d i ly  sep a ra ted  from a l l  o th e r G rav iealymene 

sp ec ie s  by th e  sh o rtn ess  of i t s  g la b e l la  r e la t iv e  to  th e  len g th  of 

th e  f ix e d  cheek, th e  g re a t d if fe re n c e  in  s iz e  between l a t e r a l  g la b e l la r  

lobes Ip and 2p, and th e  c o n s ta n tly  narrow ( e x s . ) ,  r i l l e - l i k e  p o s te r io r  

b o rder furrow . Together w ith  au ro ra , t h i s  in c lu d es  the fo llow ing  

B r i t i s h  form s: G. praecox (B an cro ft, 19U9) from th e  Harnagian of 

S h ro p sh ire , G. i n f l a t a  Dean, 1963 from th e  Onnian of S h ro p sh ire ,

G. ju g if e ra  Dean, 1962 from th e  P u s g il l ia n  c f  th e  Cross F e l l  I n l i e r ,  

and G. convolve S h ir le y , 1936 from th e  P u s g i l l ia n  of the  L lan d e ilo  a rea , 

W ales. In  a d d itio n , G. ju g if e r a  has a w ider (s a g .)  p r e g la b e l la r  furrow  

and narrow er ( s a g .)  a n te r io r  bcrder,* G. ccnvolva has a narrow er, more
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d o rs a lly  convex (sa g .)  and h o r iz o n ta l ly  p ro je c t in g  a n te r io r  b o rd e r, 

and G. i n f l a t a  has a s t r a ig h t  ( t r . ) ,  narrow a n te r io r  b o rd e r. The 

l a t t e r  sp ec ie s  shows a lik e n e ss  to  Ç, c a p ito v a ta  because of i t s  

ra th e r  in f la te d  f ix e d  cheeks. The d i s t i n c t  eye rid g e  on th e  s ide  of 

the  a x ia l  furrow  i s  c h a r a c te r i s t ic  of th e  Norwegian s p e c ie s , though 

the  holotype of G. praecox (BM InL2090) a lso  e x h ib its  a c o n s t r ic t io n  

of th i s  furrow  opposite  l a t e r a l  lobe 3p.

G ravicalymene sp ec ie s  from th e  Middle and Upper O rdovician of 

Kentucky (Ross, 196?) are  perhaps c lo se r  than  the  B r i t i s h  to  

c a p ito v a ta . In  p a r t i c u la r  G rav iealymene sp . 3 of Ross (196?, p l .  2, 

f i g s .  2ii-2?) which has a s te e p ly  in c lin e d  a n te r io r  b o rd e r and a 

somewhat sh o rt g la b e l la .  I t  i s  d is t in g u is h e d , however, by i t s  

narrow er a n te r io r  b o rd e r, w ider p re g la b e l la r  furrow , and d e fic ien c y  

of eye rid g e  in  th e  a x ia l  furrow . G. hagani Ross, 196? from Kentucky, 

and G. q u a d ric a p ita  (Stumm ' & Kauffman, 1998) and G. p ra e lo n g icep h a la  

(Stumm & Kauffman, 1998) frcm M ichigan a l l  d i f f e r ,  amongst o th e r 

th in g s , in  th e  form o f  th e  p o s te r io r  bo rder furrow , le n g th  of the  

g la b e l la  r e la t iv e  to  th e  f ix e d  cheek, and s iz e  of 2p lo b e . The 

cranidium  d escribed  as G rav iealymene a f f . G. q u a d ric a p ita  by Ross 

( 1967 , p l .  h, f i g s .  1U, 19) has th e  remnant o f an eye rid g e  on the  

side  of th e  a x ia l  furrow , bu t here i t  i s  opposite  th e  th i r d  g la b e l la r  

lo b e .

W hitting ton  (1971, p . 131) concluded th a t  h is  monotypic genus 

Thel e calymene from th e  Maquoketa S ha le , Iowa was most c lo se ly  r e la te d  

to  G raviealymene. A comparison o f G. c a p ito v a ta  w ith  Thel e calymene 

mammillata (H a ll, 186I ) supports  t h i s  c o n ten tio n . The very  la rg e , 

ov a te , b a sa l g la b e l la r  lo b e , ey e-rid g e  in  th e  a x ia l  fu rrow , overhanging 

a n te r io r  co rner of the  f ix e d  cheek and sh o rt g la b e l la  make c a p ito v a ta  

more rem in iscen t th a n  any o th e r G rav ieal;ymene of T. m am m illata. In
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c o n tra s t ,  th e  narrow (e x s .)  p o s te r io r  bo rder furrow  of th e  Norwegian 

sp ec ies  i s  u n lik e  Thel e calymene o r , w ith  one p o s s ib le  ex cep tio n , o th e r 

G ravicalymene sp ec ies  and r e c a l l s  in s te a d  Pharostoma (c-mpare P l .  9, 

f i g  1, w ith  P l .  2, f i g .  8) or Platycalym ene S h ir le y , 1936 (see  Hughes 

1969 , P is .  10-13). The specimen re fe r re d  to  by S h ir le y  (1931, p . 31, 

p l .  2, f i g .  11) as Calymene q u ad ra ta? King, 1923 from th e  L lan d e ilo  

S e rie s  of S ,Whales a lso  has a very  narrow p c s te r i c r  b c rd er fu rrow , and 

may belong in  G raviealymene (Dean 1962, p . 227).

T h e h y p o s to m e  o f  G . c a p i t o v a t a  i s  l i k e  t h a t  o f  T h e l e c a l y m e n e ,

Fle x i  c alyme ne and P1atycalyme ne sp ec ie s  in  lack in g  a ra is e d  a rea  on 

th e  a n te r ic r  lobe of the  median body, though i t s  p o s te r io r  sp in es  a re  

u nusually  long end w ide. A knowledge of the  hypostomes o f o th e r 

O rdovician G ravicalymene sp ec ies  i s  needed to  determ ine the  value of 

th e  p o s te r io r  sp ines in  d isc r im in a tin g  G rav iealymene from th e se  o th e r 

O rdovician genera. The very  long a n te r io r  bo rder on th e  hypostome of 

P latycalym ene (see Hughes 1969 p l .  10, f i g s .  7, 8) i s  c le a r ly  d i f f e r e n t  

to  th a t  of G. c a p ito v a ta  and sp ec ie s  of F lex icalym ene. As reg a rd s  

th e  r o s t r a l  p la te ,  the  doublure s e c to r  in  G. c -p i to v a ta  i s  more s tro n g ly  

arched and th e  connective su tu re s  le s s  s tro n g ly  convergent th a n  those 

of F . jem tlan d ica  or F . s c a b u s tu la . C ephalic s te r n i te s  may ev en tu a lly  

prove u se fu l in  d i f f e r e n t ia t in g  G ravicalymene from o th e r  n c n - tu t tr e s s e d  

O rdovician genera.

OCCURRENCE. A ll specimens excep t one come from th e  type lo c a l i ty .  

PMO 66998 (P l . 10, f i g .  8) com prises two c ra n id ia  from th e  Endoceras 

la y e r  (La ^ ) ,  2U.9m from th e  bottom of th e  p r o f i le  of the w a te r f a l l  in  

R a v a ls j^ r iv e r , F l a t l a ,  Hedenstad, 0vre Sandsvaer. Although i t  i s  not 

c e r ta in ,  th e se  specimens in  a l l  p r o b a b i l i ty  re p re se n t th o se  re f e r r e d  

to  by StjZ^rmer (1993, p . 79) as "Calymene",
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S t/rm er regarded  the  2li.9m le v e l  a t  F la t l a  as belonging to  th e  

Upper Didymograptus Shale (L aa  ̂ g ) . I f  t h i s  i s  c o r r e c t ,  th e  horizon  

i s  e a r l i e r  than s t r a t a  a t  th e  type lo c a l i ty .

Gravicalymene a f f .  G. c ap ito v a ta  sp. ncv.

P la te  10, f i g .  h

MATERIAL AND OCCURRENCE. One e x te rn a l mould of an incom plete 

cranidium , PMO 6l979; from "the  Shales" (Lower Chasmops Shale ? ) , 

th e  hew* road , 30-90m N of M ontebello s ta t io n ,  U lle rn , Oslo d i s t r i c t ;  

c o l l .  J .A . Dons, 19LL. Two sm all d is to r te d  in te r n a l  moulds, one 

a pygidium , PMO 61776, the  o th e r a cranidium , PMO 61779, from the  

"Lower Chasmops d iv is io n " , on the  road between Opjorden and Trengen, 

Sandsvaer d i s t r i c t ;  c o l l .  A. H ein tz , 19U9.

DESCRIPTION. G la b e lla  i s  s tro n g ly  b e ll-sh a p e d  in  o u t l in e .

L a te ra l lobe Ip i s  e longate  (e x s .)  and about th re e  tim es as la rg e  

as c i r c u la r  lobe 2p; l a t e r a l  Icbe 3p i s  v e ry  sm all. F ro n ta l  g la b e l la r  

lobe w e ll rounded in  o u t l in e ,  l i e s  ju s t  behind a n te r io r  p a r t  of f ix e d  

cheek. P re g la b e lla r  and a x ia l  furrow s bo th  deep and narrow ; th e  l a t t e r  

w ith  th e  t ra c e  of an eye rid g e  on ab a x ia l s id e  opposite  a n te r ic r  p a r t  

of lobe 2p. A n te rio r b o rder s h o r t ,  v e ry  s te e p ly  s lo p in g . P o s te r io r  

bo rder furrow  m oderately deep and c o n s ta n tly  narrow from a x ia l  furrow  

to  fu lcrum ; ab ax ia l p a r t  of cheek no t p re se rv ed . T uberc les on 

cranidium  are  f in e  and c lc s e ly  spaced.

DISCUSSION. The d e s c r ip t io n  was based on PMO tl5 7 9  (P l .  10, 

f i g .  L ); th e  o th e r cranidium  (PMO 61779) i s  much sm alle r and more 

d is to r te d  bu t p robab ly  belongs to  th e  same sp e c ie s . The n a tu re  of 

th e  g la b e l la ,  l a t e r a l  lobe Ip , p o s te r io r  bo rder furrow  and eye rid g e
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c l e a r l y  a l l y  t h i s  s p e c i e s  w i t h  G r a v ic a ly m e n e  c a p i t o v a t a  s p .  n o v .

I t  a p p e a r s  t o  d e p a r t  fr o m  t h e  new s p e c i e s  i n  t h e  f o l l o w i n g  r e s p e c t s :  

a  s h o r t e r  a n t e r i o r  b o r d e r  ( s a g .  & e x s . ) ,  m ore  r o u n d e d  f r o n t a l  l o b e ,  

m ore n a r r o w ly  s e p a r a t e d  ( t r . )  p a l p e b r a l  l o b e s ,  and  t h e  l a c k  o f  

l a r g e r  t u b e r c l e s  o n  t h e  a n t e r i o r  p a r t  o f  f i x e d  c h e e k  an d  a n t e r i o r  

b o r d e r .  T h e s e  s p e c im e n s  m ay r e p r e s e n t  a s e p a r a t e  s p e c i e s ,  b u t  d u e  

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

a n d  t h e r e  i s  n e e d  o f  b e t t e r  p r e s e r v e d  m a t e r i a l  t o  r e s o l v e  t h e  p r o b le m .

Som e d o u b t  e x i s t s  a s  t o  t h e  a g e  o f  t h e  s p e c im e n s  b u t  t h e y  

p r o b a b l y  com e f r o m  t h e  L ow er C h asm op s S h a l e ,  t h a t  i s  i n  y o u n g e r  s t r a t a  

t h a n  t h a t  c o n t a i n i n g  G . c a p i t o v a t a .

G r a v ie  a ly m e n e  ? s p .  i n d e t .

N o t  f i g u r e d

liA TSR IA L. O ne p c o a l y  p r e s e r v e d  i n t e r n a l  m o u ld  o f  a  c r a n id iu m  

an d  i t s  c o u n t e r p a r t ,  PMO 8l67U-79; c o l l .  N . S p j e l d n a e s ,  1950.

OCCURjlENCE. C o n t a in e d  i n  a  l o o s e  b l o c k ,  p r o b a b ly  f r o m  t h e  

L ow er C h asm op s S h a l e  (L b  a  ) ,  t h e  t u n n e l  a t  B i l l i n g s t a d  s t a t i o n ,  O s l o -  

A s k e r  d i s t r i c t .

r e m a r k s . T h i s  v e r y  p o o r l y  p r e s e r v e d  i n t e r n a l  m o u ld  h a s  a  

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

b o t h  G r a v ic a ly m e n e  and D ia c a l y m e n e . T h e r e  d o e s  n o t  se e m  t o  b e  a  

g e n a l  b u t t r e s s ,  w h ic h  w o r ld  s u g g e s t  i t  b e l o n g e d  w i t h i n  G r a v ic a l y m e n e , 

t h o u g h  i n  t h i s  r e g i o n  o f  t h e  c h e e k  t h e  c r a n id iu m  i s  m uch d i s t o r t e d .

I t s  s t r a t i g r a p h i c a l  p o s i t i o n  i s  m ore  i n  k e e p i n g  w i t h  t h e  know n  r a n g e  

o f  G r a v i e a ly m e n e , D ia c a ly m e n e  n o t  h a v in g  b e e n  r e c o r d e d  b e lo w  t h e  

A s h g i l l .
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Genus QUADRIGALYI'̂ NE gen, nov*

DERIVATION OF THE NAME, From th e  L a tin , quadra , a square; r e f e r r in g  

to  th e  shape o f the  g la b e l la  in  f r o n t  o f l a t e r a l  lobe 1p,

TYPE SPECIES, 2» l i r e l l a  gen, ^  sp, nov*

OTHER REGIES. Q, a ld o n en sis  (Reed, 1935)

DliiGNOSi;^ G lab e lla  q u ite  s tro n g ly  in f l a te d ,  b e ll-sh ap ed  in  

o u tl in e ;  a n te r io r  to  l a t e r a l  lobe 1p th e  g la b e l la r  s id es  a re  s u b p a ra llc l ,  

th e  a n te r io r  margin o f the  f r o n ta l  lobe i s  s t r a ig h t  ( t r . )  o r very  

weakly convex forw ards, and the  g la b e l la r  o u tl in e  i s  subquadrate.

A n te r io r  bo rd er i s  low, sh o rt and weakly to  m oderately  upturned,

DISCUSSION, The c h a ra c te rs  d isp lay ed  by a new sp ec ie s  (Q* 

l i r e l l a ) from Norway make i t  d i f f i c u l t  to  a ss ig n  to  any e s ta b lish e d  

flex ica lym en ine  genus. The g la b e l la r  o u tl in e  i s  s im ila r  to  th a t  o f 

Gravicalymene sp ec ie s , bu t th e  s l ig h t ly  upturned a n te r io r  b o rder i s  more 

l ik e  th a t  o f  Flexicalym ene tax a  -  though i t  i s  much sh o r te r  than  in  

ty p ic a l  members o f th e  l a t t e r  genus (c f , P l. 4 , f ig s ,  1 -9 , Pl* 9, 

f ig s ,  1 -8 , P l, 11, f ig s ,  1 -10), The concepts o f Flexicalym ene and 

G rav ical^/mcnc as used by Ross (l96?) a rc  accepted  h e re , the  Norwegian 

sp ec ie s  i s  th e re fo re  excluded from both th e se  genera, and i s  made the  

type sp ec ie s  o f  Quadricalymene gen, nov. The new genus i s  b e liev ed  

to  be more c lo se ly  r e la te d  to  Gravicalymene than  to  F lexicalym ene.

The in f l a t io n  end o u tlin e  o f th e  g la b e l la  in  bo th  Gravicalymene and 

Quadri calymene (and in  the  case o f  G ravi calvm one the  n a tu re  o f th e  

p r e g la b e l la r  a rea) i s  rem in iscen t o f  th a t  in  P ro tocalymene Ross, 1967 

(c f , Ross 1967, p l ,  9, f ig .  1; 1970, p l .  18, f i g ,  2 w ith Pl. 9, f ig .

1, P l, 11, f ig ,  1 h e re in ) ,

Calymene (Coloocorvphe ?) a ld o n en s is  Reed, 1935 i s  c le a r ly  congeneric  

w ith  l i r e l l a ,

OCCURRENCE, Amnvx Lim estone, O gygiocaris Bods, Oslo Region; 

Didymoeraotus suncrs te s  Shales, G irvan d i s t r i c t .
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Quadricalymeno l i r o l l a  gen, e t  sp . nov,

P la te  10, f ig s .  2 , 3 , 10; P la te  11. f ig s .  1-10.

DERIVATION OF NAME. D im inutive of th e  L a tin , l i r a , r id g e  thrown 

up by th e  plough, a llu d in g  to  a s im ila r  fe a tu re  in  th e  base of th e  

a x ia l  furrow .

HOLOTYPE, An incom plete cranidium ; PMO 81919; c o l l .  by 

F. N ik o la isen , 1961; P l. 77, f i g s .  1 -3 .

TYPE ETiblTUM AND TYPE LOCALITY, ionpyx Limestone ( 4 ^  ) ,  W sid e  

of Eygd/y, Oslo-Asker d i s t r i c t .

ADDITIONAL M/iTEnlAL. Seven in te r n a l  moulds of incom plete c ra n id ia , 

PMO 82465-66, PMO 82528, PMO 91067-68, PMO 91072-73; two in te r n a l  moulds 

.of incom plete in d iv id u a ls , PMO 82467, PT40 91065; th re e  e x te rn a l  moulds of 

incom plete c ra n id ia , PMO 91069-71; one e x te rn a l mould of a cranidium  

and a tta ch e d  th o ra x , PI'40 57471.

DIAGNOSIS. P re g la b e lla r  furrow  and a n te r io r  border very  narrow 

(sag . & e x s .) .  Margin of f r o n ta l  lobe s t r a ig h t  or a t  most very  g en tly  

convex forw ards. M id-point of p a lp eb ra l lobe opposite  ( t r . )  p o s te r io r  

p a r t  of l a t e r a l  lobe 2p. Eye r id g e  absen t from p a lp eb ra l lobe to  a x ia l  

furrow , absen t or exceedingly  f a in t  down aboxiol s id e  of th i s  furrow , i s  

d ire c te d  a c ro ss  ( t r . )  i t s  base as a broad ( e x s .) ,  d i s t i n c t  r id g e  which 

ends below l a t e r a l  furrow  3p. Thorax has th i r t e e n  segments.

DESCRIPTION, Cranidium about two and one th i r d  tim es as long as 

wide. G lab e lla  about as long as w ide, b e ll-sh ap ed  in  o u t l in e ,  i t s  

d o rsa l su rface  stands m oderately w e ll above convex fix e d  check in  l a t e r a l  

p r o f i le .  G la b e lla r  width ( t r . ) a t  l a t e r a l  lobe Ip  i s  much g re a te r  than  

a t  lobe 2p; w idth a t  lobe 3p i s  only m arg ina lly  le s s  than  a t  2p, From 

l a t e r a l  lobe Ip  o c c ip i ta l  r in g  narrows and swings s l ig h t ly  backwards to
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a x ia l  furrow . Two specimens d isp la y  a sm all, median o c c ip i ta l  tu b e rc le  

(FMO 8I 919, PMO 91070)1 o th e r specimens are  i n t e r a l  moulds w ith  

o c c ip i ta l  r in g  poorly  p reserved . Well marked o c c ip i ta l  furrow  i s  deepest 

behind m oderately swollen l a t e r a l  lobe Ip . The l a t t e r  i s  l e s s  than  one 

t h i r d ,  but more than  one q u a r te r  as wide as g la b e l la .  From a x ia l  

furrow  l a t e r a l  furrow  Ip  curves inwards and p ro g re ss iv e ly  more backwards, 

f a in t l y  extending over in n e r neck of lobe Ip  to  meet o c c ip i ta l  furrow . 

L a te ra l' lobe 2p about h a lf  as la rg e  as lobe Ip  and not i s o la te d  from 

c e n tr a l  g la b e l la r  lobe by a furrow . L a te ra l furrow  3p i s  sh o rt ( t r . ) .  

L a te ra l  lobe 3p i s  alm ost as long (e x s .)  as 2p and only s l ig h t ly  le s s  

in f l a te d .  L a te ra l  furrow  3p confined  to  g la b e l la r  s id e , b a re ly  seen in  

d o rsa l view. Extrem ely f a in t  tra c e  of p o ss ib le  l a t e r a l  furrow  4p oa 

h o lo ty p e , , F ro n ta l g la b e l la r  lobe i s  su b rec tan g u la r in  o u tl in e , p ro je c ts  

ju s t  in  f r o n t  of f ix e d  cheeks, f a l l s  very  s te e p ly  to  p re g la b e lla r  furrow .

Very narrow (sag , & e x s , ) and shallow  p re g la b e lla r  furrow f r a c t io n a l ly  

undercuts f r o n ta l  g la b e l la r  lobe then  in c l in e s  forw ards and b a re ly  upwards 

in to  eq u a lly  narrow a n te r io r  bo rder. In  in te r n a l  moulds a n te r io r  border 

tu rn s  sh arp ly  over a t  a n te r io r  m argin; norm ally , where th e  s h e l l  rem ains, 

i t  i s  s l ig h t ly  more convex ( s a g ,) ,  i n t e r i o r  margin w ell below d o rsa l 

su rface  of f r o n ta l  lobe and more s tro n g ly  arched upwards in  f r o n ta l  view 

than  arched  forw ards in  d o rs a l  view, /ix ia l furrow  w idest and deepest a t  

l a t e r a l  lobe 2p due to  narrow ing of g la b e l la  and r i s e  of f ix e d  cheek 

re s p e c tiv e ly . Below furrow  3p, ex tending  a lso  below s ide  of f r o n ta l  

lo b e , a x ia l  furrow  becomes d i s t i n c t ly  shallow ed by a broad ( e x s , ) ,  w ell 

developed r id g e  running ac ro ss  ( t r . )  i t s  base . Very f a i n t  su g g estio n  of
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e y e  r i d g e  r u n n in g  down t h e  l o w e r ,  a b a x i a l  s i d e  o f  a x i a l  f u r r o w  t o  j o i n  

t h i s  r i d g e o  A n t e r i o r  p i t  i n  a x i a l  f u r r o w  a b o u t  h a l f - w a y  a l o n g  s i d e  o f  

f r o n t a l  l o l e .

P o s te r io r  border i s  m oderately convex and narrow ( e x s .) ,  becomes 

le s s  convex and w ider ( e x s . ) towards su tu re  l in e .  P o s te r io r  border 

furrow  r e la t iv e ly  narrow w ith  no marked in c re a se  in  w idth n ear fulcrum ; 

i s  w ider and le s s  deep in  in te r n a l  moulds. M id-poin tof p a lp eb ra l 

lobe l i e s  opposite  p o s te r io r  p a r t  of lobe 2p on h ig h e s t p a r t  of f ix e d  

cheek. P o s te r io r  branch of f a c i a l  su tu re  runs tra n s v e rs e ly  outwards 

before  tu rn in g  backwards to  p o s te r io r  border furrow , th e r e a f te r  alm ost 

e x s a g i t ta l ly  d ire c te d  to  p o s te r io r  m argin, / in te r io r  branch curves 

forw ards and inw ards. R o s tra l su tu re  i s  p a r a l l e l  to  a n te r io r  margin. 

E x tern a l mould of r o s t r a l  p la te  and hypostome (i>10 91065) too  poorly 

p reserved  to  m erit d e ta i le d  d e s c r ip t io n , but form er i s  composed of border 

and doublure s e c to rs  and l a t t e r  ap p a ren tly  la ck s  r a is e d  a rea  on a n te r io r  

lo b e .

Thorax and pygidium a re  only known from th e  same, i l l - p r e s e r v e d  

specimen (PMO 91065). i x i s  of pygidium e x h ib its  a t  l e a s t  f iv e  r in g s ,  f iv e  

p le u ra l  and in te r p le u r a l  fu rrow s, th e  l a t t e r  deepest a b a x ia lly .

The g la b e l la ,  fix ed  cheeks, and a n te r io r  border (excluding  furrow s) 

a l l  have r e la t iv e ly  f in e ,  c lo se ly -sp aced  tu b e rc le s .
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DISCUSSION» l i r e l l a  shows s tro n g  a f f i n i t i e s  w ith  _Q. aldonensis  

(Reed, 1935) from th e  Didymp^raotus su p e rs te s  Shales (= Nema^raptus 

g r a c i l i s  Zone), of th e  Girvan d i s t r i c t .  Doth sp ec ies  have th e  same 

d is t in c t iv e  g la b e l la r  o u t l in e , a very b lu n t, s te e p ly  s lop ing  f r o n ta l  

g la b e l la r  lo b e , and a narrow (sag, & e x s , ) p re g la b e lla r  furrow  and 

a n te r io r  bo rder. The two spec ies  a re  a lso  s im ila r  in  age, but a ld o n en sis  

can be d is tin g u ish e d  m orpholog ically  in  th e  fo llow ing  re s p e c ts . I t  has a 

more p o s te r io r ly  p o s itio n e d  eye (o pposite  th e  a n te r io r  p a r t of th e  l a t e r a l  

lobe I p ) ,  a w e ll developed eye r id g e  between th e  p a lp eb ra l lobe and th e  

a x ia l  furrow  -  e s p e c ia lly  down the  s id e  of t h i s  furrow , and th e  absence 

of a d i s t i n c t ,  broad (e x s .)  rid g e  running  a c ro ss  ( t r . )  th e  base of th e  

a x ia l  furrow . The l a t t e r  d is t in c t io n  can no t be s a t i s f a c to r i l y  accounted 

fo r  by th e  com paratively  poor s ta te  of p re se rv a tio n  of th e  in te r n a l  

mould syntypes of a ld o n e n s is . the  only specimens of the sp ec ies  I  have 

seen , as one would expect th e  conspicuous eye r id g e to  be s im ila r ly  defaced,

OCCURRENCE. Apart from th e  ho lo type and one o th e r specimen, th e

r e s t  of th e  m a te r ia l  comes from an arenaceous d ep o sit in  th e  O cvaiocaris

beds a t  M uggerudkleiva, E iker -  Sandsvaer d i s t r i c t .  The l a t t e r  specimen-

are  a s so c ia te d  w ith  a t r in u c lo id  and probably  come from an horizon  high

in  d iv is io n  4aoc^, or p o ss ib ly  4 a ^ . (see S t/rm e r , 1953, p. SO). 
b 4

PMO 57471 was found in  th e  /rniovx beds ( 4 a ^ ) ,  100 m N W of the  l i g h t 

house, Saltboden , F r ie r f jo rd e n , Skien-Langesund d i s t r i c t .
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ilETACALYMENE Kegel, 1927, A MONOTYPIC CALYMENID 

FROM THE KOPANINA FORMATION (SILURIAN) OF BOHEMIA.

Bohemian calym enids of Llandovery to  Ludlow ag e .

Compared w ith  o th e r a re a s , f o r  example B alto scan d ia  o r the  

B r i t i s h  I s l e s ,  th e  fam ily  Calymenidae i s  i l l - r e p r e s e n te d  in  th e  

Lower P alaeozo ic  s t r a t a  of Bohemia. This d iscrepancy  i s  w e ll seen 

during  the  O rdovician where only abcut s ix  sp ec ie s , be longing  mainly 

to  Flexicalym ene or Pharostom a, have been recorded  from Czechoslovakia. 

The c o n tra s t  i s  even more marked during  the  S i lu r ia n ,  e s p e c ia l ly  

from Llandovery to  th e  end of Ludlow tim es; w hile th e  t r i l o b i t e  

faunas from Gotland and B r i ta in  a re  r e l a t iv e ly  r ic h  in  calym enids, 

members of th e  fam ily  are r a r e ly  found in  Bohemia. A part from 

Diacalymene diadem ata (B eyrich , l6i|6) from high in  th e  L iten -S ch ich ten  

(= high Wenlock S e rie s )  and one o th e r  recorded b u t as y e t unpublished 

Diacalymene sp ec ie s  from beds of Llandovery age (noted  by S najd r in  

T r i lo b i te  News, 1971, N o .l, p . 16), I  am unaware of any o th e r  calymenid 

from the  Bohemian L landoverian  o r W enlockian. Indeed, th e  genus 

Calymene which elsew here i s  so abundant, s p e c i f ic a l ly  d iv e rs e , and 

w idespread during  th e  W enlockian i s  absen t throughout th e  L iten - 

Sch ich ten  - beds which are c o r re la te d  w ith  a l l  of th e  L landovery and 

most of th e  Wenlock S e rie s  (Cocks, H olland, R ickards & S trachan  1971,

f i g .  9) .

W ithin th i s  somewhat a ty p ic a l  Bohemian reg io n  one f in d s  

Metacalymene b a y le i . This i s  an unusual sp ec ie s  which re p re se n ts  a

m orphological anachronism in  having l i t t l e  s im i la r i ty  w ith  o th e r 

S i lu r ia n  ta x a , w hile e x h ib it in g  many c h a ra c te rs  in  common w ith  those  

of P latycalym ene S h ir le y , 1936, a genus occu rrin g  in  th e  Lower and 

Middle O rdovician  of B r i ta in  and S can ia . M. b a y le i  occurs only  in



A. S a g i t t a l  p r o f i l e .  X6 .

B. D o r s a l  o u t l i n e .  X 6 .

T e x t  f i g . l .

L  d u p l i c a t a  ( M u r c h i s o n )  
S u l a r p  S h a l e  
R d v a t o f t a  
n e a r  R o s t a n g a  
S c a n i a .
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the  Kopanina Form ation of Bohemia which i s  c o r re la te d  w ith  th e  

B r i t i s h  Ludlow S e rie s  and th e  l a s t  g r a p to l i te  zone (M. lu d e n s is ) 

of the Wenlockian (Cocks ^  1971, f i g .  9 ) . In  p a r t i c u la r  i t

i s  a sso c ia te d  w ith  th e  lower Ludlow ho rizon  in  the  Kopanina 

Form ation th a t  y ie ld s  Cromus beaumonti (B arrande, 18U6).

h i s to r i c a l  survey of vmene bayl e i  B arrande, 18U6.

Barrande e re c te d  Calymene b a y le i in  18L6 and in  th e  f i r s t  p a r t  

of h is  monograph (1852) d e sc rib ed  i t  more f u l l y  and commented on 

th e  lik e n e ss  of h is  taxon w ith  th e  sp ec ies  described  by Murchison 

(1839, p .6 6 l ,  p l ,  25, f i g .  8) as Asaphus d u p lic a tu s  (= Platycalym ene 

d u p lic a ta  (M urchison, 1839)) from the  Middle O rdovician of Wales.

S r I te r  (1865, p . 101) a lso  noted the  resem blance between th e  two 

sp ec ie s  bu t i t  was not u n t i l  1927 when Kegel e re c te d  Metacalymene 

as a subgenus of Calymene th a t  Murchison and B arrande ' s ta x a  were 

u n ite d  in  a sep a ra te  h ig h er categ o ry . Kegel desig n a ted  C. b a y le i 

as th e  type sp ec ies  of h is  new subgenus which was founded on the  

ra th e r  low o r depressed  n a tu re  of tn e  exosk e le to n , th e  f l a t  a rea  

in  f r o n t  of th e  g la b e l la  which in  p a r t  comprised a f l a t  a n te r io r  

b o rd e r, and th e  alm ost s t r a ig h t  a x ia l  fu rrow s.

In  h is  re v is io n  of the  Calymenidae, S h ir le y  (1936, p . 393) 

suggested  th a t  C. b a y le i  and C. d u p lic a ta  were not d i r e c t ly  r e la te d  

bu t were m erely homeomorphs. He p laced  emphasis on th e  form of 

the  p re g la b e l la r  a rea  and a n te r io r  bo rder in  h is  re v ise d  

c la s s i f i c a t io n  of the  fam ily  and used th e  d i f f e r in g  form of th ese  

c h a ra c te rs  in  th e  two sp ec ie s  as a b a s is  f o r  s e p a ra tio n . The g re a t 

tim e in te r v a l  d iv id in g  b a y le i and d u p lic a ta  combined w ith  a la ck  

of s t r a t ig r a p h ie a l ly  in te rm ed ia te  forms was taken  as fu r th e r  

evidence th a t  th ese  sp ec ie s  were not c lo se ly  r e la te d .  K egel’ s 

Metacalymene was given g eneric  rank and l e f t  to  co n ta in  only th e
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type sp e c ie s , M. b a y le i ; a new genus, P latycalym ene, was c rea ted  

to  re ce iv e  C. d u p lic a ta , type sp e c ie s , a new sp e c ie s , P. ta s g a r e n s is , 

and P. d i l a t a t a  (T u llb e rg , 1682) from th e  Middle O rdovician  Chasmops 

S e rie s  of S can ia.

R ich te r (19U0, p . 1030) reviewed th e  work of S h ir le y  and 

concluded, amongst o th e r  th in g s , th a t  he was in  agreement w ith  

K eg e l's  concept of th e  subgenus Metacalymene and th a t  f u r th e r  

su b d iv is io n  was unw arranted. In  h is  work on the t r i l o b i t e  faunas 

of th e  Shelve I n l i e r ,  W hittard  (i960 , p . 1^1) m ain tained  Platycalym ene 

as a genus d i s t i n c t  from Metacalymene.

Apart from one specimen f ig u re d  by S h ir le y  in  1936 and one by 

Horny and B a s tl in  1970, I  am unaware of any o th e r photograph of 

B arrande ' s sp e c ie s , though i t  has been d ep ic ted  in  th e  form o f l in e  

drawings (Kegel 1927; W h itting ton  in  Moore 1959). T his study 

re p re se n ts  the  f i r s t  re v is io n  of th e  taxon based on B arran d e 's  

m a te r ia l .

SY ST E M A T IC  PALAEONTOLOGY

Fam ily CALYffiNIDAE M ilne-Edwards, l6L0 

Sub fam ily  FLEZICALYl-MIIILIE rubfoo .ncv . (hero in  Chapter B)

Genus iMETACaLYMENE K egel, 1927

TYPE SPECIES. Calymene b a y le i B arrande, l8 i|6 , p . 5l ; from 

th e  Kopanina Form ation, S i lu r ia n ,  ? K olednik, Bohemia. By 

o r ig in a l d e s ig n a tio n  of Kegel, 1927, p . 619.

0TH.31 SPECIES. None known.

DIAGNOSIS. Exoskeleton  g e n e ra lly  d ep ressed . Lacks genal 

b u t t r e s s e s ,  g la b e l la r  lo b es  n o n -p a p il la te .  T rapezo idal g la b e l la r  

o u t l in e .  A n te rio r bo rder re p re sen ted  by very  weak rim . P o s te r io r
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border furrow  le n s - l ik e  in  o u t l in e . Very g e n tly  convex ( t r . )  

p y g id ia l ax is  ta p e rs  g rad u a lly  and evenly  p o s te r io r ly .

DISCUSSION. A comparison of f ig u re d  specimens of 

Metacalymene and P latycalym ene, the  l a t t e r  having been d iscu ssed  

and com prehensively i l l u s t r a t e d  by W hittard  (i960) and Hughes (1969), 

re v e a ls  w ell the  s im i la r i ty  of th e  two ta x a . Most obvious i s  the  

lik e n e ss  in  o v e ra ll  form of the  exoske le ton  - r a th e r  depressed  and 

tra n s v e rse ly  w ide. Metacalymene and Platycalym ene lack  b u t t r e s s e s

from th e  f ix e d  cheek and have n o n -p a p illa te  g la b e l la r  lo b es; 

consequently  i t  i s  accepted here th a t  both genera belong to  the  

same m ajor ev o lu tio n a ry  s tock  (S h ir le y  1936, p . L01) .  The problem 

l i e s  in  decid ing  ju s t  how c lo se ly  they  are r e la te d  o r even i f  the  

sp ec ie s  in  questio n  re p re se n t s t r a t i g r a r h i c a l ly  i s o la te d  members 

of a s in g le  lin e a g e .

S h ir le y  (1936) d i f f e r e n t ia te d  Platycalym ene from Metacalymene 

e s s e n t ia l ly  on the  n a tu re  of th e  a n te r io r  border which in  the  

form er was desc rib ed  as " r o l l - l ik e "  and in  th e  l a t t e r  as "very  f a in t"  

(p.39U) o r lack ing  - "w ithout rid g e  o r ra is e d  rim" (p . 395). More 

re c e n tly  Hughes (1969, p . 66) has i l l u s t r a t e d  cep h a lic  p r o f i l e s  of 

v a rio u s  Platycalym ene sp ec ies  and shown th a t  th e  a n te r io r  bo rder 

in  h is  m a te r ia l i s  not so pronounced o r e lev a te d  above the  

p re g la b e l la r  furrow  as in  th e  specimen of P. d u p lic a ta  (Murchison) 

d ep ic ted  by S h ir le y  (1936, p . 391, t e x t - f i g .  2 . ) .  Some of Hughes' 

p r o f i l e s  (e s p e c ia lly  6J) show a weakly convex a n te r io r  border and 

approach the  l a t e r a l  p r o f i l e s  of M. b a y le i  f ig u re d  here (P l. 1, 

f i g .  2, P l .  2, f i g .  2, P l .  3, f i g .  2 ) . The Bohemian m a te r ia l  i s  

w e ll p re se rv ed . Many of th e  c ra n id ia  i l l u s t r a t e d  by Hughes are 

somewhat f la t te n e d  and a l l  are in te r n a l  moulds. As th e  form of 

the  a n te r io r  bo rder i s  known to  d i f f e r  markedly between th e  in te r n a l
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and e x te rn a l moulds of calymenid specim ens, t h i s  comparison i s  

th e re fo re  m islead ing . U n fla ttened  e x te rn a l moulds of Platycalym ene 

are ra re  as th e  genus i s  almost t o t a l l y  confined  to  shaly  f a c ie s  

(S h irle y  1931, p . 19; Hughes 1969, p . 8U), b u t a s a g i t t a l  s e c tio n  

through the  rubber c a s t of a w ell p reserv ed  cranidium  (IPLU 322; 

see Text f i g .  1) of P. d u p lic a ta  (= P. d i l a t a t a  (T u llb e rg , 1882)) 

from Scania shows a more prom inent a n te r io r  b o rder th an  on those 

specimens f ig u red  by Hughes and i s  reasonab ly  c lo se  to  S h i r le y 's  

p r o f i le  drawing, though w ithou t such a s te e p ly  slop ing  p o s te r io r  fa c e .

I t  i s  w ithou t doubt co n sid erab ly  more in f l a te d  and pronounced than 

the fe e b le  rim which re p re se n ts  the  a n te r io r  bo rder of M. b a y le i .

The d iffe re n c e  between th e  a n te r io r  border of P latycalym ene and th a t  

of Metacalymene may not be as g re a t as suggested in  S h i r le y 's  

i l l u s t r a t i o n s  but i t  i s  here considered  to  be always s u f f ic ie n t ly  

d i s t in c t  to  enable d is c r im in a tio n  of th e  two ta x a .

Another fe a tu re  of th e  a n te r io r  bo rder may be used to  sep ara te  

the Anglo-Welsh from Bohemian sp e c ie s . Because the b o rder i s  more 

r o l l - l i k e  in  P latycalym ene, i t  occupies much more of th e  le n g th  of 

the  p re g la b e l la r  a rea  than  th a t  of M. b a y le i ; th e  border i s  never 

s h o r te r  th an , and more o fte n  than  no t s u b s ta n t ia l ly  lo n g e r than , 

the p re g la b e l la r  furrow  (see l^Thittard I960, p l .  21, f i g s .  6, 7, 13 - 15; 

Hughes 1969 , p i .  10, f i g s .  1, 5, 6 , p l .  11, f i g s .  L, 6, 9, p l .  12, 

f i g s .  U, 5 , 7, 10) .  In  Metaca lymene the  a n te r io r  bo rder i s  ju s t  a 

s a g i t t a l l y  narrow, bounding rim to  th e  p re g la b e l la r  a re a , of which 

the border can be le s s  th an  one th i r d  th e  t o t a l  len g th  (P l. 3, f i g .  6 ) , 

though, e x c e p tio n a lly , in  one sm all cranidium  (P l. 3, f i g .  1) i t  i s  

only s l ig h t ly  le s s  th an  one h a l f .

The tra p e z o id a l g la b e l la  i s  s im ila r  in  bo th  Platycalym ene and 

Metacalymen e . D iffe ren ces  th a t are  sometimes apparen t between 

in d iv id u a l spe dmens of each genus ( fo r  example in  the  o u tlin e  of the
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f ro n t  a l  g la b e l la r  lo b e , shape and d e f in i t io n  of th e  3p lobe and the 

d ire c t io n  of the l a t e r a l  g la b e l la r  furrow ; compare P. ta s g a re n s is  

S h ir le y  in  Whitta rd  I960, p l .  21, f i g .  7 w ith  P l .  1 f i g .  1 ) , are 

not co n stan t enough to  serve f o r  d is c r im in a tio n . No median tu b e rc le  

has been observed on th e  o c c ip i ta l  r in g  of Metacalymene b u t t h i s  

fe a tu re  i s  not always p re se n t in  Platycalym ene m d in  any case i t  may 

simply in d ic a te  a d if fe re n c e  in  sex (Hughes 1969, p . 92 ).

In  a l l  sp ec ies  assigned  to  Platycalym ene and Metacalymene the  

p a lp eb ra l lobe i s  c en tred  opposite  a p o in t between 2p and 3p l a t e r a l  

g la b e l la r  furrows, though the lobe appears s l ig h t ly  longer in  the  

S ilu r ia n  sp ec ies  (compare Hughes 1969, p l .  12, f i g s .  U, 10, w ith  

P l .  2, f i g .  U, P l. 1, f i g .  1 r e s p e c t iv e ly ) .  The f re e  cheek of 

Platycalym ene w ith  i t s  r a th e r  sharp , narrow l a t e r a l  bo rder furrow  

i s  id e n t ic a l  to  th a t  of.M. b a y le i  (P l .  2, f i g .  6 ) ,  as i s  th e  g en era l 

morphology of the  f ix e d  cheek. N ev erth e less  when th e  f ix e d  cheek 

i s  examined in  d e t a i l  th e re  i s  a co n stan t d if fe re n c e  in  the  form of 

th e  p o s te r io r  border furrow  between P1atycalyme ne and M. b a y le i .

In  th e  form er th i s  furrow  i s  e q u a lly  narrow ( e x s .) ,  q u ite  deep and 

r i l l e - l i k e  from the a x ia l  furrow  to  f a c i a l  su tu re  (see  W hittard  I960, 

p l .  21, f i g s .  5 - 7, 13 - 16; Hughes 1969, p l .  10, f i g s .  1, 5, 6 , 

p l .  11, f i g s .  6 , 9, p l .  12, f i g s .  5, 10), whereas in  th e  l a t t e r  i t  

i s  r a th e r  shallow  and wide (e x s .)  f o r  much of i t s  len g th  ( t r . )  and 

only  narrows as i t  approaches the  f a c i a l  su tu re  and a x ia l  furrow  

(P l. 1, f i g .  3, P l. 2, f i g s .  1, 3, U, 7, 8, P l .  3, f i g .  U). This 

c h a ra c te r  has no t been p re v io u s ly  employed in  d is c r im in a tin g  

calymenid ta x a  bu t th e  c o n s ta n tly  narrow p o s te r io r  b o rder furrow  

of Platycalym ene i s  q u ite  d i s t i n c t  from th a t  of M. b a y le i .

Hughes, ( 1969, p . 8L), in c id e n ta l ly ,  was d o u b tfu l th a t  th e  form 

of th e  a n te r io r  bo rder alone was s u f f ic ie n t  to  m ain ta in  generic  

s e p a ra tio n  of Platycalym ene m d  F lex icalym ene. I  know of no o th e r
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sp ec ie s  g e n e ra lly  assigned  to  Flexicalym ene which has the  type of 

p o s te r io r  bo rder furrow  found in  P. d u p lic a ta  o r P. ta s g a r e n s is .

I f  t h i s  c h a ra c te r  were combined w ith  th e  form of th e  a n te r io r  bo rder 

and depressed  na tu re  of th e  ex o sk e le tcn , i t  would probab ly  p rov ide  

a sounder d iag n o sis  fo r  P latycalym ene. I t  i s  worthy of note th a t  

Pharostoma. Hawle & Corda, I 8I4.7 and a sp ec ies  of Gravicalymene 

( to  be d esc rib ed ) from th e  O rdovician O gygiocaris Shale of th e  Oslo 

Region a lso  show a s im ila r  type of p o s te r io r  bo rder furrow  to  

P latycalym ene.

U n fo rtu n a te ly  the  r o s t r a l  p la te  i s  unknovm in  Metacalymene and 

the hypostomes f ig u re d  h e re in  and by Barrande (l8 5 2 , p l .  U3, f i g s .

5 l , 52 - see P l .  2, f i g .  6) are una ttach ed  and m erely a sso c ia te d  

w ith  o th e r e x o sk e le ta l rem ains of M. b a y le i . For th i s  reason  they  

may belong to  ano ther q u ite  d i f f e r e n t  calym enid, Calymene te n e ra  

(B arrande, 1852), which a lso  occurs in  the  Kopanina Form ation, and 

th u s  I  have only  q u estio n ab ly  assigned  the hypostome to  M. b a y le i .

In  r i s in g  to  a s to u t p ro je c t io n  on the  a n te r i o r lobe of the  median 

body (P l. 1, f i g .  h -  p ro je c tio n  worn o ff  a t t ip )  th e  hypostome i s ,  

in  f a c t ,  d ec id ed ly  more l ik e  th a t  of Calymene s . s .  and very  d i f f e r e n t  

to  th a t  of Platycalym ene (see Hughes 196J, p l .  10, f i g s .  7, 8) which 

has - s u b s ta n t ia l ly  lo nger a n te r io r  border and la ck s  the median 

p ro je c t io n . No n o n -b u ttre ssed  calymenid i s  known to  have such a 

p ro je c t io n  b u t th e re  i s  the  p o s s i b i l i t y  i t  was developed by se v e ra l 

d i s t i n c t  s to ck s  during  the S i lu r ia n .

The th o rax  i s  s im ila r ly  c o n s tru c te d  in  Platycalym ene and 

Metacalymene and I  have been unable to  d isc e rn  any c h a ra c te rs  in  i t  

which would help  d i f f e r e n t i a t e  th e  two tax a .
II

With th e  ex cep tio n  of Pharostoma foveolatum  (T o rn q u is t, I 86L) 

from th e  K u llsberg  Limestone of D alarna, Sweden, th e  p y g id ia  of
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Platycalym ene d u p lic a ta  and Metacalymene b a y le i ( to g e th e r  w ith  

Phare stoma sim ile  îh o rs lu n d , 191-1-0 from the Chasmops Limestone of 

Sbdermanland, Sweden) e x h ib it  more a x ia l  r in g s  and p le u ra l  furrow s 

than  .1 Jiy o th e r sp ec ies  in  the  fam ily . However, the  p y g id ia l  ax is  

in  P. d u p lic a ta  (and P. ta s g a re n s is ) i s  unquestionab ly  d i f f e r e n t  to  

th a t  of M. b a y le i . In  the  O rdovician tax a  the  a n te r io r  p a r t  of the  

ax is  i s  convergent p o s te r io r ly  and th e  p o s te r io r  p a r t  i s  s u b p a re lle l ,  

the  a n te r io r  f iv e  or s ix  rin g  furrow s are r a th e r  w ell o r e q u a lly  as 

w e ll d e fin ed  m ed ia lly  as a b a x ia lly , and the p o s te r io r  p a r t  of th e  

ax is  appears q i i t e  convex in  tra n sv e rse  s e c tio n . These fe a tu re s  

in  M. b a y le i a re , re s p e c tiv e ly , evenly  ta p e rin g  th roughout i t s  

whole le n g th , m arkedly shallow er s a g i t t a l l y  than  a t  the  apodemal 

p i t s ,  and very  g en tly  convex (compare W hittard  I960, p i .  21, 

f i g s .  10-12, 19, 17 and Hughes 1969, p i .  9, f i g s .  9, 6 , p i .  10, 

f i g s .  2 , 9, p i .  11, f i g s .  2, 9, 8, p i .  12, f i g s .  2, 8, p i .  13, f i g .  1 

w ith  P I. 1, f i g .  3, P I . 2, f i g .  7, P i . 3, f ig s .  L, 9, 7 -  9 ) .

From th i s  comparison i t  can be seen th e re  are more d if fe re n c e s  

between Metacalymene and Platycalym ene than h i th e r to  reco p n ised .

I t  i s  in  the  in te r p r e ta t io n  of th ese  d is t in c t io n s  - w hether th ey  

can only  be used a t th e  sp ec ie s  le v e l  or v iie ther they  a re  s ig n if ic a n t  

enough to  diagnose two sep a ra te  h ig h er c a te g o rie s  -  th a t  op in ion  may 

be d iv id ed . The problem i s  made acute by having only one taxon in  

th e  S i lu r ia n  so th a t  i t  i s  d i f f i c u l t  to  a ssess  i f  the  d if fe re n c e s  

observed in  th i s  are of s p e c if ic  or generic  v a lu e .

In  o th e r calymenids the form of th e  a n te r io r  bo rder has been 

used as a b a s is  f o r  g eneric  g roupings. But th e  value o f t h i s  

c h a ra c te r  as an in d ic a to r  of descen t may vary  from group to  group. 

Thus, a lthough  the  border of M. b a y le i  i s  d i f f e r e n t  to  t h a t  of those 

sp ec ies  assigned  to  P latycalym ene, th e  o v e ra ll  s im i la r i ty  of th e  two 

tax a  may p rov ide  a more r e l i a b le  guide to  th e  degree of r e la t io n s h ip
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between them. Should th ey  belong to  one p h y le tic  l in e ,  th e  len g th  

of time sep a ra tin g  P. d u p lic a ta  from M. b a y le i seems s u f f ic ie n t  to  

accommodate the  amount of m orphological change req u ired  to  de riv e  

th e  a n te r io r  border of th e  S i lu r ia n ,  from th e  O rdovician sp e c ie s .

The absence of a l l ie d  tax a  in  the  in te rv e n in g  p e rio d  does no t 

support th e  s in g le  lin eag e  h y p o th esis , though the  incom pleteness 

of th e  f o s s i l  record  or c o l le c t io n  f a i l u r e  may account f o r  them 

being  unknown. For the  p re sen t i t  i s  considered  here t h a t  the  

n a tu re  of the  a n te r io r  border combined the  form of th e  p o s te r io r  

border furrow  and ta p e r  of th e  p y g id ia l  ax is  i s  s u f f ic ie n t ly  

d i s t i n c t  between M. b a y le i and P. d u p lic a ta  to  uphold se p a ra tio n  

a t  th e  g eneric  le v e l .

Accepting Metacalymene to  be a d i s t i n c t  s tock  from Platycalym ene, 

i t  i s  s t i l l  no t p o ss ib le  to  suggest w hether t h e i r  s tro n g  resem blance 

has r e s u l te d  from p a r a l l e l  o r convergent e v o lu tio n  as th e  an cesto r 

of Metacalymene i s  unknown. The Bohemian S i lu r ia n  o f fe rs  no l ik e ly  

can d id a te s . I t  i s  in te r e s t in g  to  note th a t  during  th e  Ludlovian 

two new genera of calym enids appear a p a r t from Metacalymene:

P ap illica lym ene S h ir le y , 1936 from G otland and P odo lia  and those 

sp ec ie s  assigned  t o Spathacalymene T illm an , I960 by Toraczykowa (1970) 

from Poland which I would reg a rd  as a new genus. A ll have a 

r e l a t iv e ly  r e s t r i c t e d  geograph ica l and s t r a t ig r a p h ic a l  range and a t  

most (P o lish  form s) co n ta in  only th re e  sp e c ie s . Like Metacalymene, 

th e  o r ig in  of th e  P o lish  sp ec ie s  i s  a problem , bu t i t  i s  reasonab le  

to  assume a d e r iv a tio n  from Calymene f o r  P ap illica lym ene  (W hitting ton , 

1911, p . U97).

OCCURRENCE. R e s tr ic te d  to  th e  Kopanina Form ation of Bohemia.
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Metacalymene b a y le i (B arrande, 18U6)

P la te  1, f i g s .  1 - 3, 6 , 8, ? f i g s .  U, 9 , 7;

P la te  2, f i g s .  1 - 9, 7, 8, ? f i g .  6; P la te  3.

16U6 Calymene B a y le i. B a r r .;  B arrande, p . 9 l .

18U7 Ç. B ay le i, B a rr . ;  Hawle & Corda, p . 87. 

non 1891 Calymene b a y le i  (B a r r .) ;  HcCoy ^  Sedgwick & McCoy, p . 169, 

p l .  1, f i g .  8.

1892 Calym. B a y le i. B a r r .;  B arrande, p . 973, p l .  19, f i g s .  28, 29, 

p l .  ii3, f i g s .  U9, 90, ? f i g s .  91, 92.

1869 Calymene B ay le i, B arrande; S a l te r ,  p . 101.

1927 Calymene (Metacalymene) b a y le i BARR; Kegel, p . 619, 620, 

t e x t - f i g .  2g.

1936 Metacalymene b a y le i (B arrande); S h ir le y , pp . 393 - 99, 

t e x t - f i g .  2 (p a r s ) , p l .  30, f i g .  1, p l .  31, f i g .  6 .

I 9U0 Calymene (Metacalymene) b a y le i  B arrande; R ic h te r , p . 1030.

1999 Metacalymene ba y le i  (B arrande, l8 h 6 ); W hitting ton  in  Moore,

p ,  0 1 9 2 ,  f i g .  39U, 2a, 2c.

i 960 Metacal ymene b a y le i ; W hitta rd , p . l9 l»

1970 Ketacalyanenc b a y le i (B arrande, I 8U6 ) ; Maxek ^  Horny & B a s tl ,

p . 69 , p l .  16 , f i g .  9 .

TYPE SPECIi'lENS. Some confusion e x is te  in  th e  l i t e r a t u r e  over 

th e  id e n t i ty  of th e  type specim en(s). As y e t t h i s  u n c e r ta in ty  has 

not been re so lv ed  bu t fo r tu n a te ly  i t  in  no way a f f e c ts  th e  s ta tu s  

of th e  sp e c ie s .

In  th e  re c e n t ly  pub lish ed  cata logue  of type specimens of 

t r i l o b i t e s  in  th e  N ational Museum, Prague, Marek ( ^  Horny and 

B as tl 1970 , p . 6 9 ) l i s t s  only  one syntype of M. b a y le i  (NMP 62U/66) - 

from th e  Kopanina Form ation a t  Kolednik ( f ig u re d  here on P I . 1, f i g .  8)
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However, in  the  same p u b lic a tio n  th i s  specimen i s  recorded 

(by Marek, p . 69 , second l in e )  as being f i r s t  used by Hawle and 

Corda in  I8b7 (p . 87) .  C le a rly  t h i s  cranidium  cannot be a syntype 

of B arran d e 's I 8U6 sp ec ies  y e t f i r s t  used by Hawle and Corda in  18^7. 

N eith er Barrande ( I 8I46) nor Hawle and Corda (1647) f ig u re d  t h i s  

sp ec ies  so i t  i s  no t p o s s ib le  to  determ ine from i l l u s t r a t i o n s  to  

whom the  specimen belonged, though Hawle and Corda s p e c i f ic a l ly  

m ention Kolednik as th e  lo c a l i ty  where M. b a y le i occurs, whereas 

Barrande does n o t.

Barrande o ften  f ig u re d  th e  syntypes of sp ec ie s  from h is  I 8U6 

paper in  1892 but the  cranidium  in  qu estio n  i s  not f ig u re d , and 

according to  the  l i s t  of specimens recorded by Marek ( ^  Horny and 

B as tl 1970 , p . 69) no syn type(s) of M. b a y le i i s  i l l u s t r a t e d  by 

Barrande in  t h i s  l a t e r  work.

For the  p re se n t I  s h a l l  q u estio n ab ly  regard  the  cranidium  

MiP 624/66  as a sy n type . I f  i t  p roves to  be an o rig in a l of Hawle 

and Corda (1847) and th e re  are no o th e r specimens which can w ith  

c e r ta in ty  oe regarded  as syn types, th e re  i s  s t i l l  no need f o r  the  

e re c tio n  of a neotype, as in  t h i s  in s ta n ce  the  id e n t i ty  o f the sp e c ie s  

i s  no t in  questio n  (ICZN, A r tic le  79 ( a ) ( i ) ) .

TYPE STRATUM AND TYPE LOCALITY. Kopanina Form ation, S i lu r ia n ,

? K olednik, Bohemia.

ADDITIONAL MATERIAL, Numerous specimens of t h i s  taxon are  

p re se n t in  th e  c o lle c t io n s  of the  Narodni Museum, Prague. S evera l 

B r i t i s h  Museums, in c lu d in g  th e  B r i t i s h  Museum, Seagwick Museum, and 

Royal S c o tt is h  Museum a lso  have a few c ra n id ia  and p y g id ia , as does 

the  R iksm useet, Stockholm. E n tire  in d iv id u a ls  are r a r e ,  incom plete 

m a te r ia l  i s  r e l a t iv e ly  common.



—126—

DIAGNOSIS. A s f o r  t h e  g e n u s .

DESCRIPTION. Cephalon about two and a h a lf  tim es as wide as 

long; g la b e l la  longer th a n  vdde, about th re e  te n th s  as wide as 

cephalon. O c c ip ita l r in g  c o n s ta n tly  wide (sag . & e x s .)  behind 

c e n tr a l  g la b e l la  a re a , narrows g rad u a lly  behind lobe Ip , a t  a x ia l  

furrow  i s  about h a lf  as wide as a t  median l in e  and v e ry  weakly 

in f l a te d ;  in  p r o f i le  i t  i s  f l a t  or a t  most g e n tly  convex.

O c c ip ita l furrow  w ell marked b u t no t very  deep between b a sa l lo b e s , 

a b a x ia lly  i t  curves around lobe Ip and becomes s u b s ta n t ia l ly  deeper. 

Subquadrate lobe Ip one th i r d  as wide as g la b e l la ,  o u te r  m argin 

s t r a ig h t  o r g e n tly  curved, ab ax ia l co rners  ( e s p e c ia l ly  a n te r io r )  

ra th e r  angu lar, sep ara ted  from c e n tr a l  g la b e l la r  a rea  by very  

shallow  d ep re ss io n . Outer p a r t  of furrow Ip d ire c te d  inward and 

s l ig h t ly  backward, in n e r p a r t  runs more sh arp ly  backward, shallow s 

ab ru p tly  on in n e r s ide  of lobe Ip . Lobe 2p su b rec tan g u la r in

o u tl in e , the  long a x is  tren d in g  outward and s l ig h t ly  fo rw ard ,

is o la te d  from median lobe by shallow  furrow . Furrow 2p i s  a sharp , 

s l i t - l i k e  s t ru c tu re ,  deepest and w idest (e x s .)  a d a x ia lly , in  some 

specimens becoming r a th e r  shallow  a t a x ia l  fu rrow . T ran sv e rse ly  

e longate  lobe 3p about tw o -th ird s  th e  s iz e  of lobe 2p, de fin ed  

a n te r io r ly  by weak to  m oderately  deep furrow  3p. In  some specimens 

the l a t t e r  b a re ly  reaches a x ia l  furrow . Extrem ely fa in t furrow  Up
may be p re se n t on side  o f g la b e l la  running from n ear p o s te r io r  reg io n

of a n te r io r  p i t .  F ro n ta l lobe very  wide ( t r . )  and sh o r t, a n te r io r  

a b ax ia l co rn ers  somewhat angu lar o r may be s l ig h t ly  rounded, a n te r io r  

m argin t ru n c a te .  Median g la b e lla " lo b e  narrows tow ards o c c ip i ta l  

furrow  where i t  i s  about tw o -th ird s  i t s  w idth a t  f r o n ta l  lo b e , in  

f r o n ta l  view stands above l a t e r a l  lobes and in  p r o f i l e  above f ix e d  

cheek. Dorsal su rface  of g la b e l la  f a l l s  g e n tly  downward from
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o c c ip i ta l  furrow  to  lobe 3p, th e r e a f te r  somewhat more s te e p ly  

(though i t  never approaches a v e r t i c a l  descen t) to  p re g la b e l la r  

furrow .

B esides o c c ip i ta l  r in g  shallow  a x ia l  furrow  runs forw ard and 

outward, i s  deepest around lobe Ip w ith  a v e r t i c a l  o u te r  w a ll, 

becomes p ro g re s s iv e ly  shallow er between lobes 2p to  Up b u t a t s ide  

o f f r o n ta l  lobe i s  inden ted  by deep, c i r c u la r ,  a n te r io r  p i t ;  between 

f r o n ta l  lobe and o c c ip i ta l  r in g  a x ia l  furrow  i s  approxim ately  s t r a ig h t ,  

tre n d s  forw ard and s l i g h t ly  inward.

P re g la b e lla r  furrow  i l l - d e f in e d ,  appears to  be a narrow (sag . & » 

e x s .)  very  shallow  d ep re ss io n . P re g la b e lla r  a rea  c o n s is ts  of a much 

w ider p o s te r io r  p a r t  which i s  s l ig h t ly  concave upwards o r f l a t ,  and 

in c lin e d  downward and forw ard o r i s  approxim ately h o r iz o n ta l ;  t h i s  

p o s te r io r  p a r t  no t a tru e  p re g la b e l la r  f i e l d  as i t  i s  not de fin ed  

a n te r io r ly  by what I  can reg ard  w ithout doubt as an a n te r io r  bo rder 

furrow . A n te rio r p a r t  o r a n te r io r  bo rder i s  a sh o rt ( s a g .) ,  

ex trem ely  low, f a i n t l y  convex ’rim ' which becomes narrow er a b a x ia lly ;  

o u te r  face  of border curves downward and forw ard to  very  b road ly  

a rcu a te  ro s t  r a l  s u tu re .

P o s te r io r  margin tra n s v e rs e ly  d ire c te d  from a x ia l  furrow , tu rn s  

o b liq u e ly  backward a t  fu lcrum , o b liq u e ly  forw ard near genal ang le . 

A dax ia lly  p o s te r io r  bo rd er i s  t i g h t l y  convex and narrow, e^q^ands 

d i s t a l l y  from fu lcrum . Shallow p o s te r io r  bo rder furrow  has 

co n sid e rab ly  w ider, le s s  s te e p ly  in c lin e d  a n te r io r  than  p o s te r io r  

s lo p e , in  o u tlin e  i s  le n s - l ik e  between a x ia l  furrow  and f a c i a l  s u tu re . 

F ixed  cheek m oderately  convex (ex s . & t r . ) ,  from p a lp eb ra l lobe 

g e n tly  in c lin e d  to  p o s te r io r  bo rd er furrow , a l i t t l e  more s te e p ly  

to  ex trem ely  weakly a rcu a te  a n te r io r  m argin. P a lp eb ra l lobe cen tred  

op p o site  p o s te r io r  h a lf  of lobe 3p, len g th  v a r ie s  somewhat - in  sm aller
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speciïïiens appears alm ost equal to  t h a t  of lobe Ip , in  la rg e r  specimens 

ju s t  g re a te r  than  th a t  of lobe 2p. Eye rid g e  i n d i s t i n c t ,  t ra v e rs e s  

cheek from a n te r io r  p a r t  of p a lp e b ra l lobe to  end ju s t  a n te r io r  to  

furrow  3p. P o s te r io r  branch o f f a c i a l  su tu re  d ire c te d  approxim ately  

tra n s v e rse ly  from eye then swings o b liq u e ly  backward to  c ro ss  l a t e r a l  

border furrow , course a t genal angle unknown. A n te rio r branch curves 

forw ard and inward to  a n te r io r  m argin. Broad in n e r reg io n  of f r e e  

cheek descends s te e p ly  from su tu re  to  shallow , narrow l a t e r a l  b o rder 

furrow . L a te ra l bo rder a lso  narrow, f a l l s  v e r t i c a l l y .

R o stra l p la te  unknown. I s o la te d  calymenid hypostomes a sso c ia te d  

w ith  c ra n id ia  of M. b a y le i may belong to  t h i s  sp ec ies  (see  g eneric  

d is c u s s io n ) . T o ta l len g th  of hypostome about equal to  w idth acro ss  

reaso n ab ly  la rg e  a n te r io r  vriings. A n te rio r p i t  w e ll developed. 

A n te rio r bo rder sn o rt (sag . & e x s . ) ,  f le x e d  v e n tr a l ly .  A n te rio r  

border furrow  sc a rc e ly  im pressed. L a te ra l border narrow ( t r . ) ,  

broadens behind p o s te r io r  wing where p o s te r io r  margin i s  b i f i d .  

P o s te r io r  wing f l a t  and r a th e r  s h o r t .  Median body c le a r ly  d iv ided  

in to  two unequally  long lobes by U-shaped median furrow . A n te rio r 

lobe about th re e  tim es as long as p o s te r io r ,  subovoid in  o u t l in e ,  

s tro n g ly  in f la te d  v e n tr a l ly  cu lm inating  in  a b lu n tly  tip p ed  

p ro tru b eran ee  s i te d  towards a n te r io r  p a r t  of lo b e . In  p r o f i l e  

(P I. 1, f i g .  h) a n te r io r  lobe concave between th i s  p ro tru b eran ce  

and a n te r io r  b o rd e r, g e n tly  convex down to  median furrow . P o s te r io r  

lobe c re scen t-sh ap ed , le s s  sw ollen than  a n te r io r  lo b e . Maculae 

smooth, b a re ly  convex.

Thorax (see P I . 1, f i g .  3, P I. 2, f i g .  7) depressed , has 

th i r t e e n  segm ents. Axis approxim ately  a q u a r te r , or s l ig h t ly  more, 

as wide as cephalon, not very  convex ( t r . ) ,  ta p e rs  very  g ra d u a lly  

towards pygidium . A xial r in g s  d e f le c te d  a n te r io r ly  a t  a x ia l  furrow
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and are  here s l ig h t ly  sw ollen . P le u ra l  reg io n  r a th e r  wide ( t r . )  

and f la t- to p p e d . P o s te r io r  p le u ra l  band w ider (e x s .)  th an  a n te r io r .  

P leurae bend downward some d is ta n ce  a b a x ia lly  from, not a t ,  fu lcrum . 

P le u ra l furrow  c o n s ta n tly  deep to  fu lcrum , narrows th e r e a f te r ,  d ie s  

out on smooth a r t ic u la t in g  f a c e t .

Pygidium ju s t  g re a te r  th an  tw ice as wide as long . A n te rio rly  

the  ax is  occupies about one q u a r te r  of th e  p y g id ia l w id th , i t  ta p e rs  

g rad u a lly  and evenly  throughout i t s  le n g th , does no t q u ite  reach 

p o s te r io r  m argin, g e n tly  convex ( t r . )  in  s e c tio n . Normally te n  

a x ia l  r in g s , sometimes n in e . Ring furrow s tra n s v e rs e ly  d ire c te d , 

d i s t in c t  and s l i t - l i k e  a t  a ::ia l fu rrow , shallow  ra p id ly  a d a x ia lly . 

A xial furrow  ra th e r  broad, fe e b ly  marked around sm all te rm in a l a x ia l  

p ie c e . In  p r o f i l e  su rface  of a x is  in c lin e d  a t  about U9 deg rees. 

Inner p a r t  of p le u ra l  reg ion  slopes g e n tly  downward; much narrow er 

o u te r p a r t  alm ost v e r t i c a l l y  to  l a t e r a l  m argin. Nine (o c c a s io n a lly  

e ig h t)  d i s t i n c t  p le u ra l  furrow s f a i l  to  reach  l a t e r a l  m argin. 

In te rp le u ra l  furrow s co n sid e rab ly  weaker b u t marked throughout t h e i r  

le n g th , i l  anyt-hing a shade deeper d i s t a l l y ,  ap p aren tly  no e ig h th  

or n in th  furrow s developed.

Ornament on g la b e l la ,  a n te r io r  b o rd e r, and in n e r  p a r t  of f ix e d  

cheek i s  of sir a l l  to  medium s ize d , lo o se ly  s e t  tu b e rc le s ;  on o u te r 

p a r t  of f ix e d  cheek tu b e rc le s  are somewhat f i n e r .  L a te ra l g la b e l la r  

furrow  lack s  tu b e rc le s ;  a rea  between f r o n ta l  lobe ard a n te r io r  bo rder 

has a few sm all tu b e rc le s  bu t co n sid e rab ly  le s s  than  g la b e l la .  

S c a tte red  tu b e rc le s  on thorax . Pygidium f in e ly  tu b e rc u la te ,  

p a r t i c u la r ly  the s te e p ly  s lop ing  o u te r  p le u ra l  r ;g to n . Many of 

th e  tu b e rc le s  are p e r fo ra te d . In  a d d itio n  to  th e se  r e l a t iv e ly  

la rg e r  tu b e rc le s ,  much of the  ex o sk e le to n  i s  covered w ith  extrem ely 

f in e  g ran u le s .
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DISCUSSION. The specimens f ig u re d  here  are  from two main 

sources; some were c o lle c te d  by the  au tho r and Dr. L. Marek in  

December 1971, th e  r e s t  re p re se n t those  f ig u re d  by Barrande (l892) 

o r are from the  Barrande C o lle c tio n  of th e  Narodni Museum, Prague.

I t  was not p o ss ib le  to  c lean  any of B arran d e 's  m a te r ia l ,  but I  am 

most g ra te fu l  to  Dr. a. Horny fo r  allow ing me to  p rep a re  c a s ts  

(which a re  i l l u s t r a t e d  here) of the  o r ig in a ls .

I n t r a s p e c if ic  v a r ia t io n  i s  p re sen t in  th e  presence o r absence

of l a t e r a l  furrow  Up (P l. 2, f i g .  1; P I. 2 , f i g .  3 ) , number of a x ia l

r in g s  aid  p le u ra l  furrow s on th e  pygidium (see d e s c r ip t io n  and P I . 2,

f i g .  7; P I. 3, f i g .  U),  and r e la t iv e  le n g th  of the  p re g la b e l la r  a rea  

to  th a t  of the  g la b e l la  (P I. 2, f i g .  3; P I . 3, f i g .  6 ) .

OCCURRENCE. Known only from Kopan na Form ation of Bohemia. 

Barrande (1892 ,  p . 97U) reco rds the sp ec ie s  from th e  fo llow ing  

l o c a l i t i e s :  Dlouha hora , Jarov  (Dlouha h o ra ) , Reporyje and Ohrada.

The spec ies  i s  ap p aren tly  confined to  carbonate  and c a lc a re n ite  

f a c ie s .



-1 3 1 -

The genus Diacalvmene Kegel, 1927 

from th e  Upper O rdovician and S ilu r ia n  of B r i ta in ,  

Scandinavia and Czechoslovakia

The th re e  species re fe r re d  to  Diacalvmene by S h ir le y  (1936) 

from th e  Upper O rdovician and S ilu r ia n  of B r ita in  have been examined. 

In a d d itio n  th e  type sp ec ies  (D. diadem ata (B eyrich , 184-6)) from 

Czechoslovakia has been re v ise d  fo r  th e  f i r s t  tim e , and m a te r ia l  from 

Scandinavia has a lso  been assigned  to  t h i s  genus. This re p re se n ts  

th e  f i r s t  reco rd ing  of Diacalvmene from Norway and Sweden, Two main 

groups a re  p resen t w ith in  Diacalvmene, th e  one ty p i f ie d  by D, c ra ssa  

(S h ir le y , 1936), th e  o th e r by D. drummuckensis and D, d iadem ata. One 

new sp ec ies  has been e s ta b lis h e d . The subfam ily Calymeninae M ilne 

Edwards,1840 i s  r e s t r i c t e d  h e re in .

SYSTEMATIC PALAEONTOLOGY 

Family CALYMENID/iE M ilne Edwards, 1340 

Subfamily CALYMENINAE Milne Edwards, 1840

TYPE GENUS, Calymene D rongn iart, 1822.

OTHER GENERA, Diacalvmene Kegel, 1927; P ao illica lvm ene S h ir le y , 

1936, Spathacalvmene T illm an, I960; Tapinocalvraene gen, nov, (h e re in ; 

see Chapter F ) ,

diagnosis. G lab e lla  b e ll-sh ap ed ; i t  has th re e  o r fo u r l a t e r a l  

g la b e l la r  lobes which a rc  w e ll in f l a t e d  and l a t e r a l  g la b e l la r  furrow s 

which a re  d i s t i n c t .  F a c ia l su tu re s  gonotoparian . No p re g la b e lla r  

f i e l d .  P a p i l la te - b u t t r e s s  s tru c tu re  p re se n t. No a la  or c re sc e n tic  

a rea  o u ts id e  l a t e r a l  g la b e l la r  lobe Ip , Hypostome w ith  d is c r e te  

ra is e d  a rea  or protuberance on a n te r io r  lo b e . Genal sp ines a b se n t.
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discussion , The Calymeninae i s  here lim ite d  to  co n ta in  only those 

(m orphologically  ’advanced’ ) genera th a t  have th e  a x ia l  furrow  bridged 

by a genal b u ttr e s s  which i s  in  co n tac t w ith  a l a t e r a l  g la b e l la r  lo b e . 

Following th e  p resen t in v e s t ig a t io n , a l l  known hypostomes of th e  members of 

t h i s  subfam ily (Calymene, Diacalvmene, P ap illica ly m en e , Spathacalvm ene, 

and Tapinocalvmene) have some form of ra is e d  a rea  or pro tuberance on 

th e  a n te r io r  lobe -  an a d d it io n a l fe a tu re  which h e lp s  d is t in g u is h  them 

from o th e r genera p rev io u sly  regarded  as calym enines (o f , d iag n o sis  of 

F lexicalym eninae subfam, nov, in  Chapter B), I  am in  agreement w ith  

th e  view (S h irle y  1936; W hittington  1971) th a t  members of th e  

Calymeninae (as  here r e s t r i c t e d )  re p re se n t a major ev o lu tio n a ry  s to ck .

Genus Diacalvmene Kegel, 1927

TYPE SPECIES, Calvmene diadem ata B eyrich, IS46 , p. 24, p l ,  2, 

f i g s ,  4a, c; from th e  L iten  Form ation (Wenlock), Svaty Jan , Bohemia.

By o r ig in a l  d esig n a tio n  of K egel, 1927, p, 617,

OTHER SPECIES. D, a l lp o r t ia n a  (S a l te r ,  1865); D, a sp e ru la  

(Vanek, 1965); D. co n sim ilis  (Cooper, 1930); D, c ra ssa  S h ir le y , 1936;

D, drummuckensis (Reed, 1906);D, g ib b e rosa sp , n ov .; D, m ar^inata  

S h ir le y , 1936; D, sch u ch e rti Twenhofel, 1928; D, vogdesi (F o e rs te , 1887), 

Diacalvmene ? rhenana Kegel, 1927,

DIAGNOSIS. G labella  p a rab o lic  to  b e ll-sh ap ed  in  o u tl in e . The 

boundary between the  p re g la b e lla r  furrow  and a n te r io r  border i s  marked 

by a rid g e  o r sharp change in  s lo p e , Genal b u ttr e s s  i s  in  co n tac t w ith

p a p i l la te  l a t e r a l  g la b e l la r  lobe 2p, Hypostome has sm all pro tuberance

on a n te r io r  lobe  of median body. In n e r a n te r io r  co rner of f ix e d  cheek 

ty p ic a l ly  p ro je c ts  forw ards and inwards towards a n te r io r  bo rder. 

G la b e lla r  tu b e rc le s  c h a r a c te r i s t i c a l ly  f in e  and c lo se ly  s e t .
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DISCUSSION, S h irley  emended K egel’s concept of Diacalvmene and 

d i f f e r e n t ia te d  i t  from Calymene on th e  presence of a ’r id g e ’ which occurs 

between th e  p re g la b e lla r  furrow  and a n te r io r  bo rder. In  my experience 

th e  s tre n g th  of t h i s  ’r id g e ’ shows some v a r ia t io n  both between, and 

w ith in  sp ec ies  ass igned  to  Diacalvmene. In  cases where t h i s  ’ r id g e ’ i s  

l e s s  d i s t in c t ly  developed, i t  may be more ap p ro p ria te  to  d e sc rib e  th e  

boundary between th e  a n te r io r  border and p re g la b e lla r  furrow  as simply 

a change of s lo p e . W ithin a s in g le  specimen, th e  rid g e  o r change of 

slope i s  in v a r ia b ly  b e t te r  defined  opposite  th e  l a t e r a l  m argin of th e  

g la b e l la  than  on th e  median l i n e .  Furtherm ore, i f  th e  t ru e  n a tu re  of 

th e  rid g e  i s  to  be determ ined, i t  i s  e s s e n t ia l  th a t  only th o se  specimens 

w ith  th e  c u t ic le  e x tan t (o r c a s ts  of e x te rn a l moulds) should be taken  

in to  c o n s id e ra tio n ,

Diacalvmene i s  obviously  c lo se ly  r e la te d  to  Calymene and no doubt 

gave r i s e  to  th a t  genus (W hittington  1971, p , 457), I t  i s  a rgueab le  

whether Diacalvmene i s  worthy of generic  re c o g n itio n . However in  th e  

a u th o r’ s o p in ion , th e  fe a tu re  on which S h ir le y ’s concept o f Diacalvmene 

i s  based can be recogn ised  in  a number o f sp ec ie s  and u n ite s  a group of 

r e la te d  Upper O rdovician and S ilu r ia n  tax a  which a re  worthy of g en eric  

d is t in c t io n  from Calvmene ( s . s . ) .  C e r ta in ly  D. d iadem ata, th e  sp ec ie s  

which d isp la y s  th e  most s tro h g ly  developed r id g e , should no t be considered  

congeneric w ith  C, blum enbachii.

O ther c h a ra c te rs  which in  th e  m a jo rity  of cases a id  in  th e  d i f f e r 

e n t ia t io n  of Diacalvmene from Calvmene in c lu d e  th e  forw ard and inw ardly  

p ro je c tin g  a n te r io r  corner to  th e  f ix e d  cheek, th e  le s s  s tro n g ly  developed 

p ro tuberance on th e  hypostome, and th e  very  f in e ,  c lo se ly  s e t ,  g la b e l la r  

tu b e rc le s .
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W ithin th e  Diacalvmene sp ec ies  I  have s tu d ied  two in fo rm al groupings 

a re  d is c e rn ib le  (c f .  S h ir ley  1936, p. 415), based on th e  form of th e  

g la b e l la .  The f i r s t  group has a more b lu n tly  developed o u tlin e  to  th e  

f r o n ta l  g la b e l la r  lobe and o ften  has more subquadrate Ip  and 2p l a t e r a l  

lo b e s ; i t  in c lu d es  D. d iadem ata, D. drummuckensis, D. c o n s im ilis ,

D. a l lp o r t ia n a  and probably D, a s p e ru la . The second group ty p ic a l ly  

has a much more rounded f r o n ta l  g la b e l la r  lo b e , a g la b e l la r  o u tl in e  which 

i s  o fte n  more subparabolic  and s u b c irc u la r  l a t e r a l  g la b e l la r  lo b es ; i t  

in c lu d es  D. c r a s s a , D, v o g d esi, and D. g ib b e ro sa . The second group i s

considered  to  be an o ffsh o o t from th e  main Diacalvmene sto ck  which 

in c lu d es  drummuckensis and diadem ata.

Diacalvmene, and indeed  th e  Calymeninae, may have a r is e n  from 

G ravicalvmene S h ir le y , 1936, sp ec ie s  o f which a re  contem porareous w ith  

K egel’s genus in  s t r a t a  of A sh g ill age.

OCCURRENCE, As here defined  th e  w orld-wide s t r a t ig r a p h ic a l  range 

of Diacalvmene i s  from th e  A sh g ill to  th e  Wenlock.

. In  N America th e  genus i s  re p re se n te d  by th re e  e s ta b lis h e d  spec ies  

(D. co n s im il" s ; D, v o gdesi; D. schuche r t i ) from s t r a t a  of A sh g ill to  

Llandovery age. Lesperance (1970, p . 1880, f i g .  6) has in d ic a te d  th e  

presence of a Diacalvmene sp ec ies  in  th e  P r id o lia n  o f Quebec; t h i s  

sp ec ie s  aw aits  d e sc r ip tio n .

In  Europe th e  genus has been documented from B r i ta in ,  Scandinavia 

and Bohemia; in  a l l  th re e  a reas  th e  range of Diacalvmene i s  A sh g ill to  

Wenlock. D, m arginata from the  P u s g il l ia n  o f B r ita in  re p re se n t the  

e a r l i e s t  member ■ o f the  genus.
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D. m arginata (S h ir le y , 1936)

P la te  1, f i g s .  1-11; P la te  2 , f i g s .  1-4, 6 , 7 , 9-11.

1935 Calvmene a f f .  drummuckensis; Lament, pp. 297, 298.

1935 Calymene s p .;  Lament p . 298.

1936 Diacalvmene m arg in a ta ; S h ir le y , p. 415, p l .  29, f i g s .  19, 20.

1938 Diacalvmene drurmmckensis : W hitting ton , p.

1945 Reacalvmene (?) h o lte d a h li  n . s p . ; S torm er, p . 415> p l .  2 , f i g s .  

6- 8 .

1949 Diacalvmene m arg in a ta : B ancro ft, p. 309.

1965 Diacalvmene m arginata S h ir le y ; Cave, p. 295.

? 1965 Diacalvmene m arg in a ta : Cave, p . 296.

1966 Diacalvmene m arginata  S h ir le y ; Ingham, p. 486 .

1966 Diacalvmene m arginata S h ir le y ; W hitting ton , p. 123.

1970 Diacalvmene m arginata S h ir le y ; Ingham, p . 17.

HOLOTYPE, Incom plete in te r n a l  mould cranidium ; Begg C o llec tio n  

BG 1010; f ig u re d  S h irley  1936, p l .  29, f i g .  19. This cranidium  i s  be

lie v e d  to  be l o s t .  The fo llow ing  in fo rm atio n  was ob ta ined  from th e  

ca ta logue card  fo r  t h i s  specimen -  which should have been housed a t  th e  

H unterian  Museuiii, Glasgow; "This specimen was re tu rn e d  by Dr. S h ir le y  

to  Mr. Begg through Dr. Laraont. N either Mr. Begg nor Dr. Lament can 

ex p la in  i t s  absence. 28, 10, 41". Dr. J .K . Ingham (p e rs . comm.) i s  

proposing to  e re c t a neotype fo r  th e  sp ec ies  in  th e  second p a r t of h is  

monograph on th e  A sh g ill t r i l o b i t e s  from th e  C autley and Dent, d i s t r i c t s  

o f n o rth e rn  England. This cranidium  i s  f ig u re d  h ere  on P l .  2 , f i g s ,

7 , 10, 11 .

TYPE STR/iTUM MD TYPE LOCALITY. Lower Drumrauck Group, A sh g ill 

S e r ie s , 68O yards SW of High Mains Farm, Q uarrel H i l l ,  near New D a illy , 

Girvan d i s t r i c t ,  A y rsh ire . This corresponds to  lo c a l i ty  3 of Lamont 

( 1935, p . 300 , p l .  9 ) .  Ingham (1966 , p. 438) c o r re la te d  th e  Lower
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ûruinnuck Group of th e  G irvan d i s t r i c t  w ith  /..one 1 o f th e  Cautleyan Stage, 

i is h g ill  S e r ie s .

DISCUSSION. The holo type of t h i s  sp ec ies  i s  re p o rte d  lo s t  (see 

above). As f a r  as I  an aware only one o th e r topotype specimen i s  

a v a ila b le  fo r  study , and t h i s  i s  f ig u re d  here on P l. 2, f i g s .  7 , TO, 11. 

S h irley  d i f f e r e n t ia te d  m arginata  by i t s  m oderately upturned a n te r io r  border 

and th e  " th ree  s l ig h t  co n v ex itie s"  on th e  rid g e  of th e  p re g la b e lla  a re a .

The so -c a lle d  convexity  opposite  each a x ia l  furrow  i s  p re sen t in  a l l  

sp ec ies  of Diacalvmene. The convexity  which l i e s  opposite  th e  f r o n ta l  

g la b e l la r  lobe i s  w e ll seen on th e  holo type (S h ir le y  1936, p l .  29, f i g .

19) ,  but i s  much weaker on th e  a v a ila b le  topotype specimen.

In  th e  o r ig in a l  d e sc r ip tio n  se v e ra l specimens of m iddle a s h g i l l  

age from a number of d isp e rsed  B r i t i s h  l o c a l i t i e s  were re fe r re d  to  

m arg ina ta : d if fe re n c e s  can be observed between some of th e se  specim ens.

For example in  th e  only two specimens I  have from th e  Lower Drummuck 

Group th e  topotype cranidium  has a r e l a t iv e ly  narrow er a n te r io r  border 

and a more sh arp ly  p ro je c tin g  a n te r io r  co rner to  th e  f ix e d  cheek 

(c f .  P l, 2, f i g s .  3 , 11) , S im ila rly  th e  cranidium  (P l. 2 , f ig .  6) 

c i te d  by S h irley  from N W ales, d i f f e r s  both from o th e r Welsh c ra n id ia  

(P l. 2, f ig s .  1, 2 .)  and from th e  S c o ttish  m a te r ia l  by i t s  much longer 

p re g la b e lla r  furrow . Some of th e se  d if fe re n c e s  may be due to  a sp ec ts  

of p re se rv a tio n  (p a r t ic u la r ly  th e  cranidium  on P l. 2 , f i g .  6 ) ,  w hile 

o th e r d if fe re n c e s  may hold  taxonomic s ig n if ic a n c e .

U n til more s u f f ic ie n t ly  w ell p reserved  topo type c ra n id ia  become 

a v a ila b le  fo r  study I  p re fe r  to  p lace  a l l  t h i s  m a te r ia l under th e  name 

m arg in a ta . The confines of t h i s  sp ec ie s  as used h e re in  i s  n e c e s sa r i ly  

broad, but on th e  best p reserved  e x te rn a l mould cranidium  I  have examined 

(P l. 2, f ig ,  1 ) , th e  sp ec ie s  seems to  be la rg e ly  c h a ra c te r iz e d  by i t s  

lo n g , narrow g la b e l la  and f a i r l y  long , m oderately  upturned a n te r io r  

bo rder. With th e  a id  of Ingham’s N England m ate ria ] (to  be pub lished) 

i t  may y e t be p o ss ib le  to  more ad eq u a te ly  diagnose t h i s  sp ec ies  from
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o u ts id e  th e  type a re a .

Reacalvmene ? h o lte d a h li  S t / rn e r ,  1945 was e re c te d  on th e  b a s is  of 

m a te r ia l from th e  T re ta so is  Shale of th e  Hadeland d i s t r i c t ,  Norway, 

i'ln attem pt by th e  p resen t au thor to  c o l le c t  topotype m a te r ia l  o f t h i s  

taxon , which can be r e fe r re d  to  Diacalvm ene. met w ith  no success .

The best p reserved  e x tan t m a te r ia l (f ig u re d  here P l .  1, f i g .  1) shows 

no se rv ice a b le  d iffe re n c e  from B r i t i s h  specimens of m arginata  ( c f .  P l .  1, 

f i g .  1 w ith  P l. 2, f i g .  2)

OCCUIu-iENCE Lower Drummuck Group, Girvan a re a . Upper P u s g il l ia n  

and Zones 1 and 2 of th e  C autleyan, C autley  and Dent d i s t r i c t s  of 

Westmorland and Y orkshire ( Ingham 1966 , p. 486 ). A pplethw aite Beds 

(C autleyan Bones 2 and 3 ) ,  Kentmere d i s t r i c t  (Ingham 1966, p. 489).

Lower Trewylan Bods, Montgomeryshire (Ingham 1966, p . 494 ). D dolhir 

Beds, N Wales. T re ta so is  Shale, Norway. Slade Beds, Pem brokeshire? 

(Cave 1965 , p . 296 ) .  P u s g ill ia n  o f  the  C ro ss-F e ll I n l i e r ?  (Dean 1962,

p . 116).

Diacalvmene sp . in d e t .

P la te  1, f i g .  9

MilTERLiL In te rn a l  mould of incom plete cranid ium , PMO 91114; c o l l .  

J .F .  Bockelie I 964 .

OCCURibENCE. Stage 5a (= upper A s h g i l l) ,  0vre Nes b ad estran d ,

Asker d i s t r i c t ,  Oslo Region, Norway,

DISCUSSION This s in g le  cranidium  i s  too i l l  p reserved  to  a llow  

a s p e c if ic  assignm ent, but can be r e f e r r e d  to  Diacalvmene. I t  re p re se n ts  

th e  l a s t  occurrence of th e  genus in  th e  O rdovician o f Norway.
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Diacalvraene drummuckensis (Reed, 1906)

P la te  4 , f ig s .  1-11; P la te  5, f i g s .  1-12; P la te  6 , f i g s .  4 , 8 , 9.

1851 Calvmene Dlumenbachi , Drongn.; S a lte r  in  M urchison, p . 177, 

p l .  9, f ig s ,  l a ,  b.

IS5I Calvmene Blumenbachii (B rong .); McCoy (p a r s ) in  Sedgwick & 

McCoy, p. 165

IB65 Calvmene Blum enbachii. Brongn, v a r .  a , auctorum : S a l te r ,  p l .  8,

f i g .  9, p l .  9, f i g .  2a, ? f i g .  2b, non f ig s .  l a ,  b.

1866 Calvmene Blum enbachii; S a l te r ,  p l ,  17, f i g s .  1, 2 ,

1873 Calvmene Blum enbachii. Brongn.; S a l te r  (p a r s ) . p. 77.

1879 Calvmene Blum enbachii, B ro n g n ia rt.;  N icholson & E th erid g e , 

p. 140 , p l .  10, f i g s .  2 -5 , non f i g ,  6 .

1906 Calvmene blum enbachii. a u c t . ,  v a r . nov. drummuckensis; Reed, 

p. 135 , p l .  17, f i g .  14 , p l .  18, f i g s .  1-4 .

1931 Calvmene drummuckensis Reed, I 906 ; S h ir le y , p. 28, p l .  2 , f ig s .

7 , 8.

1931 Calvmene blumenbachi D rongniart (= tu b e rc u la ta  (B runn ich )), 

v i r .  drummuckensis. Reed; Reed, p . 21.

1935 Calvmene drurar.iuckensis; Laimont (p a r s ) . pp. 297, 298.

1936 Diacalvmene drummuc ken s i s ; S h ir le y , pp. 416 , 417.

1943 Calvmene drummuckensis (Reed); Begg, p. 62, p l .  2 , f i g .  3 .

1949 Diacalvmene drummuckensis (Reed); B ancro ft, p. 309.

? 1966 Diacalvmene drummuckensis (Reed); Ingham, p. 486 .

LECTOTYPE, S e lec ted  h e re in ; incom plete cranidium  w ith  c u t ic le  

p a r t i a l l y  rem aining; BM In  23370; Gray C o llec tio n ; f ig u re d  N icholson & 

E theridge 1879, p l .  10, f i g .  4 , 4a , a lso  Reed I 906 , p l .  18, f i g .  3 , 

a lso  h e re in  P l. 4 , f i g s .  8, 9, 11.

TYPE STiuiTUI4 MD TYPE LOCALITY. Upper Drummuck Group, Rawtheyan 

S tage, A sh g ill S e r ie s , Drurmmck, near G irvan, A y rsh ire , S co tland .
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rAFü>.LECTOTYPES, In te rn a l mould of hypostome and c o u n te rp a r t, IM 

In 2338I ,  f ig u re d  Reed 1906, p l .  17, f i g .  14; in te r n a l  mould o f incom plete 

cranidium , BM In  23382, f ig u red  Reed 1906, p l .  18, f i g .  1; in te r n a l  mould 

of n ea rly  complete in d iv id u a l, BM In  23380, f ig u re d  Reed 1906, p l .  I8 , 

f i g ,  2; complete pygidium, EM In23383, f ig u re d  Reed 1906, p l .  18, f i g .  4; 

in te r n a l  mould of n ea rly  complete in d iv id u a l ,  BM In  23368, f ig u re d  

N icholson & E theridge  1879, p l .  10, f i g .  2; in te r n a l  mould of th o rax  and 

pygidium, BM In  23369, f ig u red  N icholson & E theridge  1879, p l .  10, f i g .

3; in te r n a l  mould of pygidium, BM In 23371, f ig u re d  N icholson & E theridge 

1879, p l .  10, f i g .  5.

uBDITIOIRiL Mii-TEiilAL. Numerous (more th an  f i f t y )  specimens of c ra n id ia  

and py g id ia , n e a rly  a l l  of which a re  in te r n a l  moulds though some s t i l l  

have p a r t of th e  c u t ic le  e x ta n t . D is a r t ic u la te d  th o ra c ic  segments a re

common, e n t i r e  in d iv id u a ls  r a r e .  A ll of th e  m ajor B r i t i s h  Museums have

m a te r ia l o f t h i s  sp e c ie s , e s p e c ia lly  th e  B r i t is h  Museum (N atu ra l H is to ry ) 

and H unterian  Museum, Glasgow,

DIAGNOSIS G lab e lla  weakly b e ll-sh ap ed  in  o u t l in e ,  ta p e r s  g rad u a lly  

a n te r io r ly .  P re g la b e lla r  furrow  very  narrow and deep, a n te r io r  border 

q u ite  sh o rt ( s a g .) ,  m oderately to  f a i r l y  s tro n g ly  in c l in e d . D orsal and 

o u ter s id e s  of a n te r io r  border a re  about equal in  w id th , make a r ig h t -  

angle o u tlin e  in  l a t e r a l  p r o f i le .  U-shaped l a t e r a l  border furrow .

Six p y g id ia l a x ia l  r in g s , f iv e  p le u ra l  fu rrow s.

DESCRIPTION. G lab e lla  lo nger th an  w ide, b e ll-sh ap ed  in  o u t l in e , 

s tands proud above f ix e d  cheek. O c c ip ita l r in g  w idest m ed ia lly .

O c c ip ita l furrow  q u ite  deep and narrow (s a g .)  behind c e n tr a l  g la b e l la r  

a re a , more so behind lobe Ip , on in te r n a l  moulds co n sid erab ly  broader.

Basal g la b e l la r  lobe i s  la rg e , q u ite  s tro n g ly  in f l a t e d ,  v a r ie s  from 

subquadrate to  s u b c irc u la r  in  o u t l in e ,  sep a ra ted  from c e n tr a l  a rea  of 

g la b e l la  by shallow  d ep ress io n . L a te ra l  furrow  Ip  very  deep a t  a x ia l  

furrow , extrem ely  narrow as i t  passes inwards and backwards between lobes
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Ip and 2p, i s  d ire c te d  more p o s te r io r ly  around in n e r margin of lobe Ip , 

shallow s a b ru p tly  a t  in n e r ’neck’ of t h i s  lo b e ; a s h o r te r ,  very  much 

weaker a n te r io r  branch of Ip  furrow  runs forw ard around in n e r s id e  of 

lobe 2p; no in te rm e d ia te  lo b e . Lobe 2p mid-way in  s iz e  between Ip  and 

3p, subquadrate to  su b c irc u la r  in  o u t l in e ,  b lu n t a b ax ia l margin in  

co n tac t w ith very  sh o rt ( t r . ) ,  weakly p ro je c tin g  genal b u t t r e s s .

Furrow 2p deeply in c is e d , d ire c te d  tra n s v e rse ly  or somewhat backwards, 

jo in s  a n te r io r  branch of furrow Ip . Lobe 3p d i s t i n c t ,  s tro n g ly  in f l a te d ,  

su b c irc u la r  o r t ra n s v e rse ly  e longate  in  d o rsa l view , s i te d  on d o rs o la t

e r a l  g la b e l la r  m argin. Furrow 3p sh arp ly  im pressed. Some specimens 

show f a in t  sw e lling  in  f ro n t  of lobe 3p suggesting  a fo u r th  lo b e ; no 

4p furrow . Subrectangular f r o n ta l  g la b e l la r  lobe about th re e  and a h a lf  

tim es as wide as long , s id e s  e x s a g i t ta l ly  d ire c te d  or tre n d  g e n tly  

inw ards, a n te r io r  m argin b lu n tly  rounded, f a l l s  v e r t i c a l ly  and s l ig h t ly  

overhangs p re g la b e lla r  furrow , ju t s  in  f ro n t  of f ix e d  cheek. C en tra l 

a±?ea of g la b e l la  narrows towards o c c ip i ta l  furrow .

A xial furrow  deep and exceedingly  narrow beside lobe Ip , runs 

under bridge of lobe 2p and genal b u t t r e s s ,  widens ( t r . )  only f r a c t io n a l ly  

in  fron'", of lobe 2p, m ain ta in s n ear c o n s tan t depth u n t i l  co a le sc in g  w ith 

p re g la b e lla r  furrow . A n te rio r p i t  s i tu a te d  in  base o f furrow  below 

s id e  of f r o n ta l  lo b e .

P re g la b e lla r  furrow  very  narrow (sag . & e x s .) ,  r a th e r  deep and 

t r e n c h - l ik e ,  widens s l ig h t ly  a b a x ia lly  near a x ia l  furrow . Ju n c tio n  of 

v e r t i c a l ly  in c lin e d  a n te r io r  w a ll of p re g la b e lla r  furrow  and p o s te r io r  

margin o f moderate to  s te e p ly  in c l in e d  d o rsa l su rface  of a n te r io r  border 

i s  r id g e - l ik e ;  t h i s  rid g e  best developed opposite  l a t e r a l  m argin of 

f r o n ta l  g la b e l la r  lobe where a n te r io r  border i s  s l ig h t ly  w ider ( e x s . ) .

In  l a t e r a l  p r o f i l e  d o rsa l su rface  of a n te r io r  border i s  f l a t  o r g e n tly  

convex, tu rn s  q u ite  sh arp ly  over a t  a n te r io r  edge to  run in to  i t s  

o u te r s id e  which swings downward and f r a c t io n a l ly  forw ard in  a broad a r  

to  r o s t r a l  su tu re ; d o rsa l su rface  and o u te r  s id e  of a n te r io r  border a re
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about eq u ally  w ide. A n te rio r margin (d o rsa l view) u su a lly  g e n tly  convex 

fo rw ards.

P o s te r io r  margin runs tra n s v e rs e ly  from a x ia l  furrow , bends p o s te r

io r ly  a t  fu lcrum , swings forw ards near genal a n g le . P o s te r io r  border 

furrow  w idest (e x s .)  one th i r d  of i t s  le n g th  from a x ia l  furrow  to  f a c ia l  

su tu re . In n e r, a n te r io r  co rner of f ix e d  cheek p ro je c ts  somewhat forw ard 

and inward toward s l ig h t  sw elling  on a n te r io r  bo rder. P a lp e b ra l lobe 

c en tred  opposite  m iddle of l a t e r a l  g la b e l la r  lobe 2p, about as long as th a t  

lo b e , in c lin e d  upwards a t  low ang le; p a lp eb ra l lo b es  r e l a t iv e ly  near a x ia l  

furrow , a re  from 1.4 to  1 .9  tim es as wide a p a r t as w idth ac ro ss  g la b e l la  

a t  lobes 2p. A daxially  from eye lobe f ix e d  cheek i s  g e n tly  convex 

upwards, about h o r iz o n ta l  in  a t t i tu d e  to  genal b u t t r e s s .  P o s te r io r  

branch of f a c ia l  su tu re  d ire c te d  f i r s t l y  outwards from eye lo b e , swings 

backwards tow ards l a t e r a l  border furrow  where i t  tu rn s  sh arp ly  more 

backwards boforo f in a l ly  bending outwards to  b is e c t  l a t e r a l  and p o s te r io r  

m argins. A n te rio r branch runs forw ard to  a n te r io r  m argin, tu rn s  a b ru p tly  

inward and downward ac ro ss  ou te r s id e  of a n te r io r  bo rder to  moot r o s t r a l  

su tu re .

Free cheek bears  narrow eye so c le , in n e r p a r t s lo p es  s te e p ly  to  

deep, U-shaped l a t e r a l  border furrow . L a te ra l  border w idest p o s te r

i o r l y ,  convex, curves over and under to  jo in  a c u te ly  re f le x e d  doublure 

which p ro je c ts  upward, and outward. R o s tra l su tu re  b roadly  arched; 

connective su tu re  d ire c te d  inw ard, downward, backward; in n e r  a rc  of border 

s e c to r  s u b p a ra lle l  w ith  r o s t r a l  su tu re  fo r  most of i t s  le n g th  ( t r . ) but 

approaching connective su tu re  f le x e s  sh arp ly  backwards, t h i s  f le x u re  

a lso  p re sen t on doublure s e c to r .

A n te rio r border o f hypostome v e n t r a l ly  d ire c te d ;  a n te r io r  wing w ith 

a deep p i t .  Between a n te r io r  and p o s te r io r  w ings, embayment of l a t e r a l  

m argin i s  a b a x ia lly  convex. L a te ra l border narrow est n ear p o s te r io r  

wing, expands p o s te r io r ly  in to  f la t - to p p e d ,  broad-based sp in e , near 

a n te r io r  wing i s  r o l l - l i k e  in  se c tio n  ( t r . ) .  L a te ra l  border furrow
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shallow est mid-way between wings; p o s te r io r  border furrow  a sh o rt ( t r . ) ,  

sharp n ic k . Median body weakly d iv id ed  by very  f a in t  median furrow  

which connects two weakly in f l a te d ,  oval m aculae. In  th e  c e n tre  of 

a n te r io r  lobe i s  a s h o r t ,  s u b c irc u la r  p ro tuberance . C rescent shaped 

p o s te r io r  lobe f a l l s  q u ite  s te e p ly  to  l a t e r a l  and p o s te r io r  border 

furrow s.

Thorax composed of th i r t e e n  segm ents. I  have no t seen any w ell 

p reserved  e x te rn a l moulds, th e  c a s t  o f a squashed specimen (BM In  43025;

P l. 5, f i g .  7) has weakly arched a x ia l  r in g  and a r t i c u la t in g  h a l f - r in g  

( s a g .) ,  g e n tle  d i s t a l  in f l a t io n  of a x ia l  r in g ,  and w e ll- in c is e d  U-shaped 

p le u ra l furrow . P le u ra l  doublure curves around a b a x ia l margin of p leu ro n , ■ 

p rog ressin g  upwards on a n te r io r  s id e  to  form a s to p  to  en ro llm en t.

Pygidium i s  d esc rib ed  from p a ra lec to ty p e  (P l. 5, f i g s .  8 , 11, 12).

I t  i s  about 1.3 tim es as wide as long ; ax is  i s  about 0 .4  tim es as wide 

as pygidium, s ix  a x ia l  r in g s  -  f iv e  o f them com plete, a n te r io r  two r in g s  

w ith very  f a in t  d i s t a l  i n f l a t i o n .  Ring furrow s b e s t marked n ear a x ia l  

furrow , become p ro g re ss iv e ly  weaker p o s te r io r ly ,  f i r s t  f iv e  a re  

com plete, s ix th  e ffaced  m ed ia lly . D is tin c t te rm in a l a x ia l  p iece  has 

b lu n tly  rounded o u t l in e ,  f a l l s  v e r t i c a l ly  to  p o s ta x ia l s e c to r . / x i a l  

furrow  c le a r ly  marked throughout i t s  len g th  except behind c e n tr a l  

p o rtio n  of te rm in a l a x ia l  p ie ce . P le u ra l  reg io n  s lo p es  downwards more 

s tee p ly  d i s t a l l y  than  proxim ally ; f iv e  w e ll marked p le u ra l  furrow s ju s t  

f a i l  to  reach  l a t e r a l  m argin. Inner h a lf  of f i r s t  fo u r p le u ra l  furrow s 

extrem ely f a i n t ,  o u te r h a lf  c le a r ly  in c is e d , m arg ina lly  lo n g e r than  

p le u ra l  fu rrow s. F i f th  in te r p le u r a l  forms s id e  o f p o s ta x ia l s e c to r .

Ornament on cranidium  and in n e r p a r t o f f r e e  cheek c o n s is ts  of 

c lo se ly -sp a ce d , sm all, rounded tu b e rc le s  and g ran u les  (P l. 4? f i g .  11).

On v e n tra l  fa c in g  slope of l a t e r a l  border tu b e rc le s  become more f la t te n e d  

and s c a le - l ik e ;  those  on border s e c to r  of r o s t r a l  p la te  a lso  f la t - to p p e d  

but have c i r c u la r  o u tlin e  -  no t so e lo n g ate  as on border r o l l .  On 

border s e c to r  of r o s t r a l  p la te  a d jacen t to  in n e r  a rc  th e  g ranu les a re



— 143”

very sm all and appear to  be arranged  in  two rows p a r a l le l  to  th i s  a rc . 

Ornament on hypostome no t w ell p reserv ed , s c a tte re d  g ranu les observed 

over much of su rface  e sp e c ia lly  l a t e r a l  borders and p o s te r io r  sp in e s . 

Thorax has same type of tu b e rc le s  as cranidium .

DISCUSSION, Abundant m a te r ia l o f t h i s  sp ec ie s  i s  a v a ila b le  but 

r a re ly  i s  th e  f o s s i l  found w ith  th e  c u t ic le  rem aining. n i l  c ra n id ia  

p rev io u sly  i l l u s t r a t e d  have been in te r n a l  moulds or near in te r n a l  moulds. 

M a te ria l i s  f ig u re d  here which g ives a c le a re r  p ic tu re  of much of th e  

e x te rn a l morphology of th e  sp ec ie s ; in  p a r t ic u la r  th e  tru e  form of th e  

p re g la b e lla r  a rea  i s  w ell shown by a t  l e a s t  two of th e  specimens 

(VJM unnurabered and KSM 1968. 50. 34^0. Many of th e  in te r n a l  moulds 

examined (in c lu d in g  th e  le c to ty p e )  d isp la y  l i t t l e  of th e  q u ite  s tro n g  

break in  slope sep a ra tin g  th e  p re g la b e lla r  furrow  from the  a n te r io r  

border. No evidence has been found to  support th e  claim  (Reed 1906, 

p. 135) th a t  drummuckensis possessed a a median o c c ip i ta l  tu b e rc le .

From an unusually  w ell p reserved  e x te rn a l mould (P l, 6 , f i g s .  7, 8) 

one can see both r o s t r a l  p la te  and hypostome in  t h e i r  o r ig in a l  p o s i t 

io n s . The in n e r  arc  of th e  doublure s e c to r  of th e  hypostome does not 

com pletely p a r a l l e l  th e  r o s t r a l  su tu re  but near th e  connective su tu re  

f le x e s  sh arp ly  backwards. This f le x u re  i s  r e f le c te d  onto th e  

doublure s e c to r  and allow s th e  a b a x ia l margins of th i s  s e c to r  to  f i t  

in s id e  th e  a n te r io r  wings of th e  hypostome. The o u tlin e  of th e  in n e r 

arc  a lso  r e f l e c t s  th a t  of th e  p o s ta x ia l  s e c to r  of th e  pygidium. Thus 

during enro llm ent the  c e n tr a l  and a b a x ia l p a r ts  of th e  in n e r a rc  would 

f i t  t i g h t l y  a g a in s t th e  s te e p  p o s te r io r  and l a t e r a l  m argins of the  

p y g id ia l p o s ta x ia l  s e c to r .  This type  of o u tl in e  to  th e  in n e r  a rc  o f 

the  r o s t r a l  p la te  i s  a lso  p re sen t in  D. a f f .  drummuckensis and 

Diacalvmene sp . A which a re  desc rib ed  below, and c e r ta in  sp ec ie s  of 

Calymene (see C. n eo in te rm ed ia . Chapter E ), but has not y e t been 

recorded  in  genera of th e  F lexicalym eninae (as conceived h e re in ) .
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D, drummuckensis i s  th e  e a r l i e s t  sp ec ie s  so f a r  recorded  w ith  a 

median pro tuberance on the  a n te r io r  lobe  of th e  hypostome. Inmost 

S ilu r ia n  spec ies  of Calymene th i s  fe a tu re  has evolved in to  a more 

conspicuous s p in e - lik e  s t ru c tu re .  The hypostome of D. diadem ata from 

th e  Wenlock of Bohemia i s  l ik e  th a t  of drummuckensis in  possess in g  a 

com paratively  sm all p ro tuberance , but seems to  be somewhat w ider than  

in  th e  Ordovician sp ec ie s .

A comparison of D. drummuckensis w ith  diadem ata and D. c o n s im ilis  

(Cooper, 1930) i s  g iven below.

D. m arginata appears to  d i f f e r  from drummuckensis in  i t s  r e l a t iv e ly  

narrow er g la b e l la ,  longer a n te r io r  b o rd e r, and having a more s tro n g ly  

developed rid g e  between th e  p re g la b e lla r  furrow  and a n te r io r  border.

OCCURRENCE A part from th e  upper Drummuck Group of th e  G irvan 

a rea  Lamont ( l 935; p. 298) a lso  reco rd s  drummuckensis from th e  lower 

Drummuck Group of t h i s  d i s t r i c t .  Ingham ( I 966 , p. 486 , ta b le  2) has 

reco rd ed , but not y e t d esc rib ed , drummuckensis from th e  C ystoid Limestone 

(= topmost Rawtheyan S tage, see Ingham and Wright in W illiam s e t  gl ,

1972, p. 4 8 ) of th e  M urthwaite and Taythes I n l i e r s  of n o rth e rn  England.

Diacalvmene a f f  D. drummuckensis (Reed, 1906)

P la to  7, f i g s .  1, 4, 8 | P la te  8 , f i g s .  1-4; 6 -8 .

MxiTEil̂ i-L MD OCCURRENCE. A ll th e  m a te r ia l i s  from th e  D alm anit- 

in a  Beds (= upper A sh g ill)  of Sweden.

The fo llow ing  a re  from D orenshult, O sterg o tlan d : One incom plete 

cephalon , I(M n r l8 5 8 l; seven incom plete , p a r t i a l l y  e x fo lia te d  c ra n id ia ,

RM Rr 18561-563, RM Ar18569-570, RM Arl8576-577; two incom plete 

in te r n a l  mould c ra n id ia  IH Ar18591; RI4 Arl8591; seven incom plete py g id ia , 

m ostly  or p a r t i a l l y  e x fo l ia te d , iiM nr17763, ÏH nrl8571-575; RM Arl8583|
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f iv e  incom plete e x te rn a l mould p y g id ia , iH Ar13585-588, RM M l8590; 

two incom plete e x te rn a l mould pyg id ia  RM nrl85o2-A rl8584.

The fo llow ing  in te r n a l  mould c ra n id ia  a re  from A lleb erg , V aste r- 

g o tland : RM n r 14993; RM M l4978, RM Ar14996, RM Ar15080, BM Ar15112, 

m  Ar15140, iM Ar15176, RM M l5203; iM n r15205; RM Ar15224, FM Ar47703.

DISCUSSION , In  th e  Riksmusetua th e re  a re  se v e ra l oalymenid 

specimens from th e  Upper O rdovician of D orenshu lt, O ste rg o tlan d , 

which form p a r t o f Lindstrflm ’s c o l le c t io n s .  Some of th e  m a te r ia l  i s  

in  in te r n a l  mould form and a l l  of i t  i s  incom plete except fo r  one 

e x c e lle n tly  p reserved  cephalon (RÎ4 ^n1858l) which can be re f e r r e d  to  

Diacalvmene. The D orenshult Diacalvmene i s  a l l i e d  to  D. drummuckensis 

(Reed) though i t  can be d isc r im in a ted  by i t s  shallow er p re g la b e lla r  

furrow , more h o r iz o n ta l ly  p ro je c tin g  a n te r io r  bo rder, r e l a t iv e ly  

narrow er o u te r s id e  to  th e  a n te r io r  b o rd er, unusually  wide l a t e r a l  

border furrow  on th e  f r e e  cheek, and p o ss ib ly  a more sh arp ly  ta p e r in g  

p y g id ia l a x is .  These d if fe re n c e s  a re  s u f f ic ie n t  to  enable s p e c if ic  sepa

ra t io n  of th e  D orenshult m a te r ia l from drummuckensis but problems a r is e  

when a ttem pting  a comparison of the  Swedish sp ec ies  w ith  D. c o n s im ilis  

and D. a s p e ru la , both of which seem c lo se ly  r e la te d  but a re  in ad eq u a te ly  

known.

This group of a s h g i l l  sp ec ies  a re  a l l  very s im ila r .  At p resen t 

we have a much g re a te r  knowledge of Reed’s S c o ttis h  spec ies  than  

co n sim ilis  or a sp e ru la . U n til th e  Quebec and Bohemian tax a  a re  known 

in  as much d e t a i l ,  and re d esc rib ed  w ith  th e  a id  of s u f f i c i e n t ,  w e ll 

p reserved  m a te r ia l ,  th e  D orenshult sp ec ie s  can only be d is tin g u ish e d  

w ith  c e r ta in ty  from drummuckensis, and th e  e stab lish m en t of a new spec ies  

here would be prem ature. From th e  m a te r ia l  a t  hand th e  two c ra n id ia  

of c o n s im ilis  (see  d e sc r ip tio n  below) show more sh arp ly  convergent 

a x ia l  furrow s on th e  cranidium  than  th e  Swedish sp e c ie s .
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There i s  a sp ec ies  of Diacalvmene which i s  reasonab ly  abundant in  

th e  D alm anitina beds a t  A lleb erg , V aste rg o tlan d , but th e  specimens are  

in te r n a l  moulds and most of them a re  s l ig h t ly  f la t te n e d .  In  some 

specimens th e  d o rsa l su rface  of th e  a n te r io r  border i s  f r a c t io n a l ly  

more in c lin e d  than  in  th e  D orenshult cranidium , but I  have otherw ise 

found d i f f i c u l ty  in  being ab le  to  sep a ra te  th e  two and have p ro v is io n a lly  

regarded  them as one sp e c ie s . I t  i s  in te r e s t in g  to  note th a t  th e  

A lleberg  m a te r ia l i s  a sso c ia te d  w ith  a FIexicalvm ene sp ec ie s  which i s  

very  c lo se  to ,  i f  not co n sp ec ific  w ith , F. in c e r ta  (B arrande, I 846 ) 

from th e  Zahorany and Dohdalec Form ations in  Bohemia. The V aste rg o tlan d  

cranidium  i s  very c lo se  to  D. a sp e ru la  from Bohemia but on th e  evidence 

from in te r n a l  moulds d i f f e r s  m aihly in  having th e  rid g e  between a n te r io r  

border and p re g la b e lla r  furrow  more sh arp ly  d e fin ed . I t  a lso  d i f f e r s  

from D. drummuckensis in  th i s  re s p e c t ,  to g e th e r  w ith  i t s  shallow er 

p re g la b e lla r  furrow .

This re p re se n ts  th e  f i r s t  reco rd  of Diacalvmene from Sweden.

Diacalvmene c o n s im ilis  (Cooper, 1930)

P la te  6 , f i g s .  1-3, 5, 6.

1930 Calvmene co n s im ilis  Cooper, n . s p .;  Cooper in  Schuchert & 

Cooper, p. 385, p l .  5, f i g s .  24 , 25. 

i 9 6 0  Diacalvmene c o n sim ilis  Cooper; L esperance, p. 148, ta b le  1.

HOLOTYPE, Incom plete cephalon w ith  seven th o ra c ic  segments; Cat. 

No. 12887 P.M.; f ig u re d  Cooper in  Schuchert & Cooper 1930, p l .  5, f ig .

2 4 .

TYPE STPUTUM AND TYPE LOCALITY. White Hoad Form ation, Upper 

O rdovician, l o c a l i ty  Fg of Schuchert & Cooper (1930; see p . l6 2 , f i g .  1 ) , 

South Cove, Perce a re a , Quebec. Lesperance (1968) regarded  th a t  p a rt
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of th e  White Head Form ation co n ta in in g  D. c o n sim ilis  to  be of lower 

or middle n s h g i l l  age.

PAll/iTYrEo Small pygidinm; C at. No, 12886 P.M.; f ig u re d  Cooper in  

Schuchert & Cooper 1930, pin 5, f i g .  5 .;  from th e  White Head Form ation, 

P r ie s ts  Hoad, Perce a re a , Quebec.

MiiTERIAL, Incom plete cranidium , PM It7 3 9 2 | incom plete cephalon w ith  

sev e ra l th o ra c ic  segments, PM It7393 .

DESCRIPTION. G lab e lla  b e ll-sh ap e d  in  o u t l in e . Ip  l a t e r a l  lobe 

ju s t  le s s  th an  one th i r d  as wide as  g la b e l la ,  subquadrate in  o u tlin e  

w ith  o u te r  m argin s tro n g ly  convex a b a x ia l ly ,  s e m i- iso la te d  from c e n tr a l  

a rea  by shallow  dep ression  acro ss  in n e r *neck’ . Furrow Ip very deep 

and narrow between lobes Ip and 2p, th en  b ifu r c a te s ,  p o s te r io r  branch 

co n sid e rab ly  deeper and longer than  very  much weaker, shallow  a n te r io r  

branch. No in te rm e d ia te  lo b e . S u b c irc u la r  to  subquadrate lobe 2p 

jo in e d  to  genal b u t t r e s s .  Furrow 2p deep and d i s t i n c t .  Conspicuous 

l a t e r a l  lobe  3p tra n s v e rse ly  e lo n g a te , d efined  a n te r io r ly  by w e ll marked 

furrow  3po Very sm all lobe 4p p re sen t on one of th e  specimens (DM I t  

7392), F ro n ta l lobe very  sh o rt (sag , & e x s . ) ,  ju s t  over h a l f  as wide 

( t r . ) as g la b e l la  a t  lobes Ip , A n te rio r  m argin broadly  a rc u a te  in  

o u tlin e  -  descends s te e p ly  to  p re g la b e l la r  furrow , p ro tru d es  ju s t  in  

f ro n t  of f ix e d  cheek.

ibxial furrow  very  narrow and deep around lobe Ip , only f r a c t io n a l ly  

wider a t  furrow  Ip and a n te r io r  to  lobe  2p, P re g la b e lla r  furrow  a 

f a i r l y  deep, narrow channel, p o s te r io r  s id e  undercu ts f r o n ta l  lo b e , 

a n te r io r  s id e  s lopes v e r t i c a l ly  to  meet p o s te r io r  m argin of m oderately 

in c l in e d  a n te r io r  bo rder. D orsal s id e  o f th e  l a t t e r  m a in ta in s  co n stan t 

w idth to  a x ia l  furrow , narrows from here  to  f a c i a l  su tu re .

P a lp e b ra l lobe cen tred  opposite  m iddle of l a t e r a l  lobe 2p, A nterio^
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a d ax ia l corner of f ix e d  cheek somewhat in f l a te d ,  p o in ts  inward and 

forw ard. A n te rio r branch of f a c i a l  su tu re  d ire c te d  forw ard and inward 

to  a n te r io r  m argin, tu rn s  sharp ly  inward ac ro ss  a n te r io r  fa c in g  slope 

of a n te r io r  border to  run to  r o s t r a l  su tu re .

On th e  more complete cranidium  (DM I t  7392) much of su rface  orna

m entation o b l i te r a te d ,  but what l i t t l e  rem ains and on o th e r cranidium  

(DM I t  7393) ,  c o n s is ts  of very  f in e ,  c lo se ly -sp aced  tu b e rc le s  and 

g ran u le s .

DISCUSSION. This Upper O rdovician sp ec ies  from Quebec i s  in  need 

of a f u l l  re v is io n . Such a study l i e s  o u ts id e  th e  scope of th e  p resen t 

work but D. co n sim ilis  i s  so c lo se ly  r e la te d  to  some of th e  sp ec ies  

d iscu ssed  h e re in  th a t  th e  o p p o rtu n ity  was taken  to  f ig u re  and comment on 

two specimens (from th e  D r it .  Mus. N at. H is t ,  c o l le c t io n s )  which are 

ass ig n ed  to  the  Quebec taxon . Doth specimens are  from th e  White Head 

Form ation, Mont J o l i ,  Perce, Quebec. South Cove, th e  type lo c a l i ty  

fo r  c o n s im ilis , i s  on th e  sou thern  s id e  of Mont J o l i  (see Schuchert 

and Cooper 1930, p. 162 , f i g ,  1 ).

Cooper f ig u re d  two specimens of h is  new sp e c ie s , one ( p i .  5, f ig .  

2 5 ) ,  a paratype pygidium, th e  o th e r (p i .  5, f i g .  24 ), th e  holo typc which 

i s  an incom plete cephalon w ith  seven a tta c h e d  th o ra c ic  segments. From 

h is  i l l u s t r a t i o n s  of th e  ho lo type and th e  two specimens I  have a v a ila b le  

th e re  can be no doubt th a t  c o n s im ilis  belongs in  D iacalvnene and th a t  

i t  i s  very c lo se  to  D. drumuckensis (Heed, 1936). The a f f i n i t i e s  of 

th e  Upper O rdovician Perce faunas w ith  those  of N Europe was noted  by 

Schuchert ( in  Schuchert and Cooper 1930, p. I6 1 ) and in  p a r t ic u la r  

Lesperance (1968, p. 149, ta b le  1) has suggested  th a t  th e  low er or middle 

A sh g ill S tenopare ia  fauna of th e  Perce Region, in  which D. c o n sim ilis  

o ccu rs , i s  c lo se ly  a l l i e d  to  t h a t  of th e  Drummuck Group of th e  Girvan 

a re a . This i s  s u b s ta n tia te d  here  w ith  reg a rd  to  th e  calym enids. The 

shape of th e  l a t e r a l  g la b e l la r  lo b e s , b lu n tly  rounded f r o n ta l  g la b e l la r
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lo b e , n a tu re  o f th e  a x ia l  and p re g la b e lla r  fu rrow s, g en era l form of th e  

a n te r io r  b o rd er, f i n e l y t ’b e rc u la te  ornament and number of a x ia l  r in g s  

and p le u ra l furrow s on th e  pygidiura a re  a l ik e  in  c o n s im ilis  and drummuck-  

e n s is . Two c h a ra c te rs  appear to  s tan d  in  favour of sep a ra tin g  the  

North American, from S c o ttish  spec ies  : in  th e  form er th e  g la b e l la  seems 

r e la t iv e ly  w ider a c ro ss  l a t e r a l  lobe Ip compared w ith  i t s  w idth acro ss  

th e  f r o n ta l  g la b e l la r  lo b e , and th e  d o rsa l su rface  of th e  g la b e l la  does 

not p ro je c t q u ite  so dom inantly above th e  f ix e d  cheeks.

Lesperance (1968, p. 150, ta b le  2 , p. 156, ta b le  6) has a lso  

recorded  Diacalymene sp. a f f .  c o n s im ilis  from th e  lower or middle 

A sh g ill Peraipyga fauna and th e  L landoverian (u n d if fe re n t ia te d )  p a r t of 

th e  White Head Form ation, Perce Region, but t h i s  sp ec ie s  aw aits  descri"'-- 

t io n .  Calymene sch u c h e rti Twenhofel from th e  J u p i te r  Formation 

(= middle to  l a t e  Llandovery in  age; Dolton 1972, p. 16) of A n tic o s ti 

Is la n d  has no t been d iscu ssed  s ince  i t  was e re c te d  in  1928, but Bolton 

(1972, p i .  9, f i g s .  3 , 9, p i .  10, f i g s .  12, 17) has re c e n tly  provided 

good i l l u s t r a t i o n s  of th e  sp ec ie s  and re fe r re d  i t  to  Diacalymene.

D. sch u ch erti  (Twenhofel, 1928) appears to  d i f f e r  from D, c o n s im ilis 

through i t s  more rounded f r o n ta l  g la b e l la r  lo b e , w ider (sa g .)  p re

g la b e l la r  fu rrow , much narrow er ( t r , )  c e n tr a l  g la b e l la r  a rea  between th e  

very wide Ip  g la b e l la r  lo b e s , th e  po ssess io n  of an in te rm ed ia te  lobe 

on th e  s ide  of th e  g la b e l la  w ith in  th e  a d ax ia l fo rk  of Ip  furrow , and 

e ig h t a x ia l  r in g s  on th e  pygidium (see a lso  Twenhofel 1928, p i .  5, f i g ,  1) 

However, l ik e  D. c o n s im il is . D. sch u c h e rti seems to  have a r e la t iv e ly  

wide g la b e l la  a t  lo b es  Ip which then  narrows q u ite  s tro n g ly  (extrem ely 

in  th e  case of GSC No. 29695, Dolton 1972, p i .  9 , f i g .  3) a n te r io r ly .

The c o n s im ilis  s tock  may have given r i s e  to  s c h u c h e r ti .

OCCUkilENGE. a s h g i l l  p a r t  of th e  White Head Form ation, Quebec.
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Diacalym ene a so e ru la  (Vanek, 1965)

P la te  7 , f ig s .  2 , 3, 5 -7 , 9, 10.

1o72 Cal’gn, Dlumonbachj Drongn.j Barrando, p. 36, p i .  14, f i g .  33°

1958 D iacalymene a sp o ru la  sp. n . (nom, nud. ); Vanek, p. 113.

1965 Gra v ie alymene a sp e ru la  sp . n . Vanek, p. 21, p i,  1, f ig s .  1, 2, 

Po 23 ; te x t- f ig c  1,

1966 Gravicalym ene a s p o ru la ; H avlicok & Vanek, p. 41.

1970 Gravicalymene a sp e ru la Vanek; Vanek in  Horny & D a s tl, p. 75.

HOLOTYPE, In te rn a l  mould of incom plete cranidium ; UUG, JV 16435 

f ig u red  Vanek 1965, p i .  1, f i g .  1.

TYPE STxuiTUM aND TYPE LOCALITY. H ighest p a r t  of th e  Kraluv Dvur 

Form ation, O rdovician , Kosov n ear Leroun, Bohemia. W illiaas  ( in  

W illiam s, S trachan , B a s s e tt ,  Dean e t  a l .  1972, f i g .  2) c o r r e la te s  th e  

Kraluv Dvur Form ation w ith  th e  whole of th e  C autleyan and Hawtheyan 

of th e  A sh g ill S e r ie s .

rAFui-TYFS. D is to r te d  pygidium, JV- 1642. From type stra tum  and 

type lo c a l i ty ,

MATETcIALo I  have only th re e  specimens a v a ila b le  of t h i s  sp ec ie s  

(L Mk 1 -3 ) , a l l  a re  in te r n a l  mould c ra n id ia  and one of them (L Mk 3) has 

an e x te rn a l mould c o u n te rp a r t. The m a te r ia l was k in d ly  loaned  by 

Dr. L. Marek.

DESCRIPTION. G lab e lla  lo n g er th an  w ide, weakly to  m oderately bell* 

shaped \n o u tl in e . O c c ip ita l furrow  co n sid e rab ly  deeper behind l a t e r a l  

lobe Ip th an  median g la b e l la r  lo b e . Lobe Ip  about one th i r d  as wide 

as g la b e l la ,  subquadrate to  subovoid in  o u t l in e .  Deep l a t e r a l  furrow 

Ip curves inward and backward; very shallow  a n te r io r  branch runs inward 

and forward over ad-axial s id e  of su b c irc u la r  or s l ig h t ly  e lo n g ate  ( t r , )
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lobe 2p. No in te rm ed ia te  lobe in  fo rk  of furrow  Ip , L a te ra l furrow 

2p tra n s v e rse ly  d ire c te d . Small lobe 3p perched on d o r s o la te r a l  

g la b e l la r  su rfa c e . Suggestion of very  weakly in f l a te d  lobe 4p. F ro n ta l 

g la b e l la r  lobe p ro je c ts  in  f ro n t of f ix e d  cheek, i s  g e n tly  arched  forw ards 

in  o u t l in e , f a l l s  s te e p ly  to  p re g la b e lla r  furrow .

A xial furrow  extrem ely narrow around l a t e r a l  lobe Ip , widens s l ig h t ly  

a t  furrow  Ip , i s  c o n s tr ic te d  in  depth opp o site  furrow 2p, i s  r i l l e - l i k e  

w ith  s te e p  ou te r slope a t  s ide of lobe 3p and f r o n ta l  lo b e , n o tic e ab ly  

expands only when reach ing  p re g la b e lla r  furrow . L a tte r  i s  narrow (sag.

& e x s .) ,  m oderately  deep w ith  s teep  a n te r io r  fa c e . On in te r n a l  moulds 

d o rsa l su rface  of a n te r io r  border i s  g e n tly  convex ( s a g .) ,  f l a t t e r  on a 

c a s t  of one e x te rn a l mould (P l. 7, f i g .  5 ) , p o s te r io r  margin sw ollen 

opposite  a x ia l  furrow .

In  in te r n a l  moulds boundary between p re g la b e lla r  furrow and a n te r io r  

border marked by break of s lo p e , in  e x te rn a l mould t h i s  boundary more 

r id g e - l ik e .  Outer s id e  of a n te r io r  border i s  m ild ly  convex ( s a g .) ,  

runs downward and s l ig h t ly  forward to  a very  broadly arched  r o s t r a l  su tu re . 

A n te rio r m argin broadly a rc u a te . R o s tra l p la te  and hypostome unknown.

In  l a t e r a l  p ro f i le  p o s te r io r  p a r t o f f ix e d  cheek i s  about h o riz o n t

a l ly  in c lin e d  between p a lp eb ra l lobe and p o s te r io r  border furrow ; in  

f r o n t  of eye lobe i t  s lo p es  g en tly  downwards. P a lp eb ra l lobe s i te d  

opp o site  l a t e r a l  lobe 2p. In n er, a n te r io r  co rn er of f ix e d  cheek may 

be a l i t t l e  po in ted  and in f l a te d  but does no t overhang furrow . Weakly 

p ro je c tin g  genal b u ttr e s s  reaches from f ix e d  cheek tow ards l a t e r a l  lobe 

2p.

ib 'is  of pygidium narrows q u ite  sh arp ly  p o s te r io r ly ,  co n ta in s  f iv e  

to  s ix  a x ia l  r in g s  and te rm in a l a x ia l  p ie ce . P le u ra l reg ion  has f iv e  

p le u ra l  and in te r p le u r a l  fu rrow s, th e  l a t t e r  a re  deeper d i s t a l l y  than  

p rox im ally . Surface of g la b e l la  and pygidium (excluding  a l l  fu rro w s), 

covered w ith  f in e ,  c lo s e ly - s e t  g ra n u le s . (D esc rip tio n  of pygidium and 

o rnam entation  taken  from Vanek 1965, p. 23 and p l .  1, f i g .  2 ) .
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DISCUSSION. Novak’s m anuscript name, Calymene a s p e ru la . was made 

a v a ila b le  by Vanek (1965) who re fe r re d  th e  sp ec ie s  to  G raviealymene.

The need fo r  b e t te r  i l l u s t r a t i o n  of t h i s  sp ec ie s  i s  only p a r t ly  f u l f i l l e d  

in  th e  p resen t account. My o b serv a tio n s  on a sp e ru la  a re  la rg e ly  based 

on th re e  c ra n id ia  which, I  am assu red  ( Dr. L, Marek p e rs . comm.), a re  

topotype specim ens.

The t ru e  form of the  a n te r io r  border i s  no t re p re se n te d  in  th e se  

in te r n a l  mould specimens but fo r tu n a te ly  one of them (P l. 7 , f i g .  5) has 

a co u n te rp a rt e x te rn a l mould which shows i t  to  be of th e  Diacalymene 

or Gravicalymene ty p e . The presence of a genal b u t t r e s s  connected to  

g la b e l la r  lobe 2p would be d ia g n o stic  of Diacalymene. Vanek (1965) 

does not mention such a s tru c tu re  in  h is  d e s c r ip tio n  and none can be 

d iscerned  from h is  photograph (1965, pl» 1, f i g .  1) of th e  holo type 

but th i s  specimen i s  an in te r n a l  mould and i s  th e re fo re  no t l i k e ly  to  

have th e  lobe in  co n tac t w ith  th e  f ix e d  cheek. In  Marek’s specimens 

th e  b u ttr e s s  i s  p re se n t, but not im m ediately obvious. This in co n sp ic 

uousness i s  in  p a r t due to  th e  in te r n a l  mould c o n d itio n  of th e  c ra n id ia ,

but la rg e ly  because of th e  narrow a x ia l  furrow . Thus a sp e ru la  i s

here t r a n s fe r re d  from Gravicalymene to  Diacalymene. xls f a r  as can be

determ ined D. a sp e ru la  i s  s im ila r  to  o th e r sp ec ie s  of Diacalymene 

of approxim ately upper A sh g ill age and i t  i s  d i f f i c u l t  on th e  b a s is  of 

in te r n a l  mould m a te r ia l to  d isc r im in a te  between them. E xtra  topotype

e x te rn a l mould m a te r ia l  i s  re q u ired  to  enable an adequate d iag n o sis  of

th e  bohemian sp ec ie s  and to  f a c i l i t a t e  a more a cc u ra te  comparison w ith  

o th e r ta x a , Vanek (1965, p. 23, t e x t - f i g .  1) d e p ic ts  a sp e ru la  as having 

a m edially  p o in ted  a n te r io r  m argin. I f  th i s  were so i t  would im m ediately 

d is t in g u is h  th e  sp ec ies  from a l l  o th e r members o f Diacalymene. but in  th e  

specimens f ig u re d  h e re , th e  a n te r io r  m argin i s  g e n tly  curved and i t  i s  

suggested  th a t  Vanek’s i l l u s t r a t i o n  may have been based on a d is to r te d  

cranidium . Also I  have seen no in d ic a t io n  of what th a t  au th o r termed a
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" fa in t ly  d i s t in c t  p a ir  of n ip p le - l ik e  nodes" a t  th e  a d ax ia l s id e  of 

l a t e r a l  furrow  1p, or a median tu b e rc le  on th e  o c c ip i ta l  r in g . D. 

a sp e ru la i s  of about th e  same age as D. drummuckensis and as f a r  as th e  

p re sen t m a te r ia l i s  concerned appears to  d i f f e r  m orpholog ica lly  through 

i t s  s l ig h t ly  shallow er p re g la b e lla r  furrow  and le s s  p ro je c tin g  a n te r io r  

corner to  th e  f ix e d  cheek. The a n te r io r  border in  in te r n a l  moulds 

of a sp e ru la and drummuckensis i s  not d is im ila r  (compare P l. 7, f ig .  3 

w ith P l. 4 , f i g .  9 ) I in  e x te rn a l moulds th a t  of a sp e ru la  seems to  be 

l e s s  s te e p ly  in c lin e d  but th i s  specim en(Pl, 7, f i g .  5) has been somewhat 

f la t te n e d .  D. a sp e ru la  may ev en tu a lly  prove to  be a ju n io r  synonym of 

drummuckensis.

OCCUiüuHlîCS. Only recorded  from th e  Kraluv Dvur Form ation where i t  

i s  confined  to  th e  uppermost la y e rs  (= upper Rawtheyan) and a s so c ia te d  w ith  

C ry p to lith u s  k o so v ien s is . In  a d d itio n  to  th e  type lo c a l i t y  Vanek 

( 1965 , p. 2 4 ) a lso  reco rds th e  sp ec ies  from Zadni Trebau, L iten  and 

Praha-N usle.

Diacalymene sp. ^

P la te  9, f i g s .  3 , 7 -9; P la te  8 , f i g .  5.

MaTEkL xL. One cranidium , I PU Ar1778.

OCCURRENCE. D jupvik, E ksta , G otland.

DISCUSSION, In th e  d isp la y  c o lle c t io n s  of th e  P a la eo n to lo g ica l 

I n s t i t u t e  of Uppsala Museum th e re  i s  a la rg e  cranidium  of a Diacalymene 

sp ec ies  which i s  la b e l le d  as coming from D jupvik, E ksta . This i s  a 

G otland lo c a l i ty  and th e  d e p o s its  here a re  th e  Mudle Beds which a re  

Upper Wenlock in  age. Assuming th e  lo c a l i ty  in fo rm ation  to  be c o r re c t ,  

t h i s  specimen i s  th e  only Diacalymene I  have seen from th e  S i lu r ia n  of 

Gotland.
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I t s  a f f i n i t i e s  l i e  more w ith  Upper O rdovician , th an  S ilu r ia n  sp ec ie s ,
II

I t  i s  e s p e c ia lly  l ik e  th e  Ostergotland m a te r ia l  th a t  was d esc rib ed  above 

as Diacalvnene a f f .  D. drummuckensis. In  p a r t ic u la r  i t  has th e  same 

type of p re g la b e lla r  a rea  and l a t e r a l  border furrow  th a t  i s  found in , 

and was used to  d is t in g u is h ,  th e  B orenshult sp e c ie s . Also th e  r o s t r a l
II

p la te s  of th e  Gotland and O stergo tland  c ra n id ia  both show a p o s te r io r ly  

d ire c te d  f le x u re  on th e  in n e r arc  of th e  border s e c to r  (P l. 8 , f i g .  5 ) ' 

Apart from some d iffe re n c e s  which a re  probably a r e s u l t  of i t s  

g re a te r  s iz e  -  fo r  example more sw ollen b asa l g la b e l la r  lobes in  the  

S ilu r ia n  specimens -  the  only marked d iffe re n c e  I  can d isc e rn  between 

th e  B orenshult and Gotland c ra n id ia  i s  th e  r e l a t iv e ly  much sm aller 3p 

g la b e l la r  lobe in  th e  l a t t e r .  The s ig n if ic a n c e  of t h i s  i s  d i f f i c u l t  

to  a sse ss  in  th e  absence of a la rg e r  sample from th e  Wenlock h o rizon .

The B orenshult and G otland c ra n id ia  a re  unquestionab ly  c lo se ly  r e la te d ;

I h e s i ta te  to  a ss ig n  them to  th e  same sp ec ie s  on account of th e  d ifference 

in  th e  3p lobe and th e  co n sid e rab le  tim e gap sep a ra tin g  th e  two.

Diacalymene sp . B,

P la te  2, f ig s .  5, 8; P la te  3 , f ig s .  1-7.

1908 Calymene t r in u c le in a  LNS MSGK,; Wiman, p. 135, p l .  8 , f ig s .

28-32.

m a te r ia l .  Two a lm o s t  c o m p le te  i n d i v i d u a l s ,  liM A r 47706, SGU unn

u m b e re d ,

OGCUiüiENGE. liM A r47706 i s  from th e  D alm an itira  Beds, K u llsberg , 

D alarna, Sweden; th e  SGU specimen i s  from an e r r a t i c  of th e  O ste rsjd  

Limestone (= J e r re s ta d ia n  in  age -  see Jaanusson 1963, pp. 138, 139) 

from th e  N B a l t ic ,  c o l l .  Schmalensee, 1886.
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DISCUSSION. These two alm ost complete in d iv id u a ls  a re  a l ik e  and 

d i f f e r  from o th e r e s ta b lis h e d  spec ies  in  th e  r e la t iv e  sh o rtn e ss  of th e

g la b e l la ,  th e  a n te r io r  margin of which b are ly  p ro je c ts  in  f ro n t of the

fix e d  cheek. The E s te rs jo  Limestone specimen i s  an o r ig in a l  of Wiman 

(1908, p, 135, p l .  8, f ig s .  28-32). I  have examined th e  o th e r cranidium

(IPU Nr. Dl6l/Ar1311) f ig u re d  by th a t  au tho r (1908, p l .  8 , f i g .  29) as

Calymene t r in u c le in a  and i t  a lso  shows th e  same d is t in g u is h in g  c h a ra c te r .

In a d d it io n , th e  a n te r io r  margin of th e  f ix e d  cheek i s  d ire c te d  inward and 

s l ig h t ly  backward, whereas in  o th e r upper O rdovician sp ec ies  i t  runs 

inward and s l ig h t ly  (o r s tro n g ly ) forw ard.

On th e  b a s is  of th e se  c h a rac te rs  th e  N B a ltic  and K ullsberg  specimens 

have been grouped to g e th e r  in fo rm a lly . T heir o th e r fe a tu re s  a re  s im ila r , 

but two specimens (from d if f e r e n t  l o c a l i t i e s  and horizons -  th e  B a ltic  

specimen i s  somewhat o ld e r) i s  h a rd ly  an adequate sample fo r  com parison.

The com paratively  sh o rt g la b e l la  of th e  K ullsberg  cranidium  may simply be 

due to  th e  sm all s iz e  of th i s  specimen. The K ullsberg  in d iv id u a l has 

a more rounded Ip lobe than  th e  B a ltic  specimen, and a lso  appears to  

have a r e la t iv e ly  more convex th o ra c ic  a x is  ( t r . )  and more rounded 

(sag . & e x s . ) th o ra c ic  a x ia l  r in g s  and p leu rae . A m eaningful assessm ent 

of th e se  d if fe re n c e s  i s  dependent on th e  a v a i l a b i l i t y  of fu r th e r  m a te r ia l.

The r e la t iv e ly  la rg e r  p a lp eb ra l lobe of th e  K ullsberg  cranidium  does, 

however, probably r e f l e c t  th e  more immature n a tu re  of th i s  specimen.

The m a te r ia l  from th e  D alm anitina Beds of B orenshult d esc rib ed  as D. a f f ,  

D. drummuckensis can be d is tin g u ish e d  from th e  p re sen t K ullsberg  

specimen through i t s  r e l a t iv e ly  longer g la b e l la ,  very  broad l a t e r a l  border 

furrow  on th e  f r e e  cheek and shallow er p re g la b e lla r  furrow ,

an in te r e s t in g  fe a tu re  of th e  N B a ltic  specimen i s  th e  d is t r ib u t io n  

of th e  f in e  tu b e rc le s  and granu les which form th e  su rface  ornam entation.

These a re  abundant, uniform in  s iz e ,  and very  c lo s e ly  spaced on th e  

cranidium  (exclud ing  fu rro w s), p y g id ia l and th o ra c ic  a x is ,  and ou te r
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p a r t of th e  p y g id ia l p le u ra l  reg io n . In  marked c o n tra s t  on th e  th o ra c ic  

p leurae and in n e r p a r t  of th e  pygidium th e se  f in e  tu b e rc le s  a re  c o n sid e r

ably  le s s  abundant. F in e , c lo s e - s e t  tu b e rc le s  a re  p re sen t on the 

K ullsberg  cephalon but th e  su rface  of th e  th o rax  i s  not w e ll enough 

p reserved  to  show th e  p a tte rn  of ornam entation .

Diacalymene diadem ata (B eyrich , 134-6)

P la te  10, f i g s .  1-9; P la te  11, f i g s .  1-10,

184-6 Calymene d iadem ata; B eyrich, p. 24-, p l .  2, f i g s .  4-a, b, c .

184-6 Calymene diadem ata BAilR. ; B arrande, p. 51.

1847 Ç. d iadem ata; Hawle & Corda, p. 86.

1851 Ç. d iadem ata; McCoy in  Sedgwick & McCoy, p. 166.

1852 Calym. d iadem ata. B a rr .; B arrande, p. 567, p l .  19, f ig s .  11-19. 

1927 Calymene ( Diacalymene) d iadem ata; K egel, p. 617, t e x t - f i g .  2d, e . 

1936 Diacalymene diadem ata (B arrande); S h ir le y , p. 396.

1949 D. diadem ata (B arrande); B an cro ft, p. 309. 

non 1957 Diacalymene diadem ata (B arrande), I 846 ; Tomczykowa, p. 137, 

p l ,  3 , f i g ,  5 , p l .  4 , f ig s .  1- 3 .

1959 Diacalymene diadem ata (B arrande); W hitting ton  in  Moore,

p. 0452 , f i g .  353, 2a, b.

1962 Diacalymene diadem ata (B arrande); Dean, p. 113.

1970 Diacalymene diadem ata (B arrande); Tomczykowa, p. 72, ? f i g .  5c,

1970 Diacalymene diadem ata (B arrande); Marek in  Horny & B a s tl ,  pp.

120, 121, p l .  16, f i g .  6.

1971 Diacalymene diadem ata (B arrande, 1846 ); W hitting ton , p. 130, 

f i g .  1c, d.

LECTOTYPE. S e lec ted  h e re in ; incom plete cranidium ; MB 498 .1 . B.K. 

p. 79. K.187; f ig u re d  B eyrich I 846 , p l .  2 , f i g s .  4c , c , a lso  h e re in  

P l. 11, f i g s ,  2 , 6 , 10.
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type STRATUM AND TYPE LOCALITY. From th e  L iten  Form ation, Wenlock 

S e r ie s , Svaty Jan , Czechoslovakia»

PAIülLECTOTYPES» In te rn a l  mould of pygidium, MB 499- 1. B.K. p.

79o K,1B3, f ig u re d  Beyrich 1846, pl« 2 , f i g .  4b; in te r n a l  mould of 

incom plete cranidium , MB 498 ,2 , B.K. p. 79; in te r n a l  mould of f r e e  cheek, 

MB 243, B.K. p. 74,

ADDITIONAL MilTEALiL, Abundant m a te r ia l of th i s  sp ec ie s  i s  housed 

in  th e  Narodni Museum, Prague, I  have seen sm a lle r , but re p re se n ta tiv e  

c o lle c tio n s  of th e  taxon in  th e  fo llow ing  B r i t is h  Museums : Royal S c o ttish  

Museum, Edinburgh, Sedgwick Museum, Cambridge, and N ational Museum of 

Wales, C a rd iff .

DIAGNOSIS. G lab e lla  weakly to  s tro n g ly  b e ll-sh ap ed  in  o u t l in e .  

L a te ra l lobes Ip  and 2p subquadrate . P re g la b e lla r  furrow  very deep. 

Inward fac in g  s ide  of a n te r io r  border i s  very  s te e p ly  in c lin e d .

Ju n c tio n  of border and furrow i s  s tro n g ly  rid g ed . Sharp rid g e  a lso  

sep a ra te s  very s tee p ly  slop ing  o u te r s ide  and in n e r s id e s  o f a n te r io r  

bo rder. In  f r o n ta l  view a n te r io r  border i s  q u ite  s tro n g ly  arched .

DESCRIPTION. G lab e lla  about as long as w ide, weakly to  s tro n g ly  

b e ll-sh ap ed  in  o u t l in e . O c c ip ita l r in g  narrows and bends forw ard 

behind l a t e r a l  lobe Ip . O c c ip ita l furrow  w idest (s a g .)  m ed ia lly .

Large, subquadrate lobe Ip i s  one th i r d  as wide as g la b e l la ,  has w ell 

rounded a b ax ia l margin and angu lar a n te r io r  a b a x ia l co rn e r. Furrow Ip  

extrem ely narrow and deep between f i r s t  two l a t e r a l  lobes ( in  some 

specimens th e  s id es  of lobes Ip and 2p a re  in  c o n ta c t) ,  runs inward 

and backward tu rn in g  more sh arp ly  backward a t  in n e r corner of lobe Ip ; 

shallow  p ro lo n g a tio n  d ire c te d  e x s a g i t ta l ly  to  o c c ip i ta l  furrow . Very 

much s h o r te r ,  shallow er a n te r io r  branch of furrow  Ip  runs up in n e r s ide
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of lobe 2p. On ad ax ia l s ide  of p o s te r io r  branch c e n tr a l  g la b e l la r  

a rea  i s  very f a in t ly  in f l a te d .  Lobe 2p su b re c ta n g u la r , long a x is  

tre n d in g  forw ard and outward, o u te r margin very  b lu n t -  a b u tts  a g a in s t 

weakly p ro je c tin g  ( t r . )  genal b u t t r e s s .  Furrow 2p as narrow as furrow  

Ip , deep, tren d s  inward and s l ig h t ly  backward. T ran sv erse ly  e longate  

lobe 3p i s  q u ite  s tro n g ly  sw ollen , c le a r ly  d e fin ed  a n te r io r ly  by sharp  

furrow  3p« Weak in f l a t io n  in  f ro n t  of furrow  3p> but ap p a ren tly  no 

d is c re te  4p lo b e , Subrectangular f r o n ta l  g la b e l la r  lobe about 3& to  4 

tim es as wide as lo n g , a n te r io r  margin weakly arched  in  o u t l in e ,  reaches 

in  f ro n t  of f ix e d  cheek. In  l a t e r a l  p ro f i le  c e n tr a l  a rea  of g la b e l la  

p ro je c ts  ju s t  above l a t e r a l  lobes and c le a r ly  above f ix e d  cheek, i s  g en tly  

convex upwards and approxim ately h o r iz o n ta lly  in c l in e d  from o c c ip i ta l  

furrow  to  furrow  2p, f a l l s  g en tly  from l a t t e r  to  a n te r io r  m argin of 

f r o n ta l  lo b e , descends v e r t i c a l ly  th e r e a f te r  to  p re g la b e lla r  furrow .

A xial furrow  very  shallow  next to  o c c ip i ta l  r in g  -  d ire c te d  forw ard 

and outward, around lobe Ip very narrow and deep, w idening f r a c t io n a l ly  

a t  furrow  Ip , passes under b ridge of lobe 2p and genal b u t t r e s s ,  a deep 

channel beside lobe 3p and f r o n ta l  lo b e .

P re g la b e lla r  furrow  s l ig h t ly  w ider (sag , & e x s .)  than  a x ia l  furrow , 

very  d e e p ,tr e n c h - lik e , undercuts f r o n ta l  g la b e l la r  lo b e , a n te r io r  s ide  

curves s te e p ly  upward and inward to  meet s tro n g ly  ridged  p o s te r io r  

margin of a n te r io r  border. L a tte r  proceeds upward and forw ard a t 

unusually  s teep  angle before  tu rn in g  sharp ly  through  le s s  th an  90 degrees 

to  pass in to  broad, o u te r fa c in g  s id e  which a rch es  s te e p ly  downward 

and forw ard to  r o s t r a l  su tu re . In l a t e r a l  p r o f i le  o u tlin e  o f a n te r io r  

border i s  ch ise l-ed g ed ; in  f r o n ta l  view h ig h e s t p a r t of a n te r io r  border 

i s  a t  median l i n e ,  reaches above f r o n ta l  lo b e , s lo p es  downward (o ften  

q u ite  s tro n g ly ) e i th e r  s ide  to  f a c i a l  su tu re . A n te rio r margin evenly 

convex forw ard.
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P a lp eb ra l lobe cen tred  opposite  middle or a n te r io r  p a r t  o f l a t e r a l  

lobe 2p. In n e r, a n te r io r  corner of f ix e d  cheek i s  drawn forw ard and 

inward to  overhang very  narrow furrow which se p a ra te s  cheek from sw ollen , 

d i s t a l  p a r t of a n te r io r  border; cheek and border alm ost touch a t  th i s  

p o in t . P o s te r io r  branch of f a c ia l  su tu re  d ire c te d  t r a n s v e rs e ly  outw ard, 

th en  swings backward to  c ro ss  l a t e r a l  border furrow  a f t e r  which i t  runs 

e x s a g i t ta l ly  fo r  a very  sh o rt d is ta n ce  before f in a l ly  bending outward 

again  to  genal ang le; a n te r io r  branch runs more or le s s  s t r a ig h t  forw ard 

to  a n te r io r  margin then  c u ts  inward and downward to  broadly  arched  

r o s t r a l  su tu re . In  f r o n ta l  view o u te r fa c in g  slope of a n te r io r  border 

i s  w ider s a g i t t a l l y  than  near f a c ia l  su tu re .

Shallow d ep ression  sep a ra te s  eye socle  on f re e  cheek from convex 

in n e r region* L a te ra l border furrow  not deep, b e t te r  marked a n te r io r ly  

than  p o s te r io r ly .  L a te ra l margin g e n tly  arched  between f a c i a l  su tu re s  

except w h e r e  i t  curves more sharp ly  backwards n ear genal an g le .

R o s tra l p la te  unicnown. Hypostome w ider than  lo n g . a n te r io r  margin 

arched  forw ard; a n te r io r  border f le x e d  v e n tra l ly ;  a n te r io r  p i t  deep, 

between a n te r io r  and p o s te r io r  wings l a t e r a l  border i s  narrow and 

convex ( t r , ) ,  p o s te r io r ly  i t  expands in to  s h o r t ,  f l a t  sp in e . A n te rio r 

lobe of median body r i s e s  from a n te r io r  border furrow , median furrow 

and l a t e r a l  border furrow s in to  a sm all, p o in te d , c i r c u la r  i n f l a t io n .  

Median furrow  very  weak, p a r t ic u la r ly  s a g i t t a l l y .  Maculae not in f l a t e d ,  

marked only by smooth oval a rea  on th e  l in e  of th e  median furrow .

P o s te r io r  lobe c re sc e n t shaped, s l ig h t ly  l e s s  in f l a te d  than  a n te r io r  

lo b e , f a l l s  most s te e p ly  to  sh o rt ( t r . )  p o s te r io r  border furrow .

Axis of pygidium co n ta in s  f iv e  r in g s  which a re  w idest m ed ia lly ; 

f i f t h  a x ia l  r in g  incom pletely  defined  p o s te r io r ly .  F i r s t  fo u r r in g  

furrow s com plete, sh allow est in  c e n tr a l  p a r t  of a x is ,  become deeper and 

s l i t - l i k e  d i s t a l l y ;  f i f t h  r in g  furrow  incom plete . In  in te r n a l  moulds
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f i f t h  r in g  furrow  nay be absent and a l l  r in g  furrow s a re  much w ider 

(sag. & e x s .)  and shallow er. Axis r i s e s  above p le u ra l  reg ion  and narrows 

g rad u a lly  p o s te r io r ly  to  b lu n tly  rounded te rm in a l a x ia l  p iece . There 

a re  f iv e  p le u ra l  fu rrow s, each i s  w e ll narked along i t s  whole len g th  

and t ra v e rs e s  between a h a l f  and two th i r d s  th e  p le u ra l  reg io n . 

In te rp le u ra l  furrow s much more weakly d e fin ed  and f r a c t io n a l ly  lo n g er than  

p le u ra is .  Snooth border p resen t in s id e  l a t e r a l  m argin, but i t  i s  not 

bounded a d a x ia lly  by border furrow . L a te ra l  and p o s te r io r  faces  

of p o s ta x ia l s e c to r  in c lin e d  v e r t i c a l ly  to  margin of pygidium.

More o ften  than  no t c u t ic le  i s  m issing ; where p reserved  su rface  

ornam entation c o n s is ts  of ra th e r  f in e ,  c lo se ly  spaced tu b e rc le s .

DISCUSSION. I t  has been g e n e ra lly  accep ted  th a t  th e  au thor of 

Calymene diadem ata i s  Barrande ( I 846) ,  but in  th e  same year Beyrich 

a lso  f u l ly  desc rib ed  and i l l u s t r a t e d  t h i s  sp ec ie s  and, as W hittard  

( 1960 , pp. 136, 137) has poin ted  out in  d ea lin g  w ith  Pharostoma 

Qulchrum, Beyrich has p r io r i ty  of p u b lic a tio n . T herefore th e  sp ec ies  

belongs to  Beyrich and not B arrande. The binomen used by both Beyrich 

and Barrande was th e  same and th e  specimens used by each au th o r a re  from 

th e  same lo c a l i ty  and h o rizo n . B arrande’s m a te r ia l i s  housed in  th e  

Narodni Museum, Prague,and B eyrich ’s syn types, from which a le c to ty p e  

has here been chosen, in  th e  Museum of th e  Humboldt U n iv e rs ity , E B e r lin ,

D D K. Under a r t i c l e  74 ( a ) ( i )  o f th e  I  C Z N th e  le c to ty p e  designa ted  

by Marek (igi Horny and B as tl 1970, p. 121) based on B arrande’s m a te r ia l 

(NMP I t 335, CE 1251; f ig u re d  Barrande 1852, p l .  19, f ig s .  12-14) i s  

in v a lid *

Although sev e ra l au th o rs  have made re fe re n c e  to  D. diadem ata. t h i s  

study  re p re se n ts  th e  f i r s t  modern re v is io n  of th e  sp ec ie s . D iagnostic 

i s  th e  very  s tee p ly  slop ing  in n e r face  of th e  a n te r io r  b o rd er, th e  very  

d i s t in c t  ’r id g e ’ a t  th e  break in  slope s e p a ra tin g  a n te r io r  border from
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p re g la b e lla r  furrow , th e  ra th e r  sharp angle (as seen in  l a t e r a l  p ro f i le )  

between th e  in n e r and ou te r s id es  of the  a n te r io r  bo rder, and th e  

somewhat m ed ia lly  po in ted  o u tlin e  (as  seen in  f r o n ta l  view) of th e  most 

d o rsa l m argin of th e  a n te r io r  bo rder. In  the  l a t t e r  fe a tu re  i t  

resem bles Flexicalym ene d e c lin a ta  (Hawle & Corda, 1847) from th e  a s h g i l l  

of Bohemia. Also c h a r a c te r i s t ic  i s  th e  ab so lu te  s ize  of th e  sp ec ie s  -  

t h i s  taxon has provided th e  la r g e s t  c ra n id ia  in  th e  genus.

D. diadem ata i s  r e a d ily  d is tin g u ish e d  from a l l  o th e r sp e c ie s , though 

i t s  a f f i n i t i e s  l i e  more w ith  th e  D. drummuckensis -  Û. c o n s im ilis  s tock  

ra th e r  than  w ith  th e  D. c ra ssa  group of sp ec ie s . I t  re p re se n ts  th e  only 

member of th e  genus y e t d esc rib ed  from th e  S ilu r ia n  of Bohemia but 

Snajdr (1971, p . 16) has a lso  recorded  a Diacalymene sp ec ie s  from th e  

v o lcan ic  -  carbonate  f a c ie s  of th e  Llandovery. The d e sc r ip tio n  of 

t h i s  sp ec ie s  i s  aw aited w ith  in t e r e s t  e s p e c ia lly  w ith  reg ard  to  any 

l ig h t  i t  might throw on th e  d e r iv a tio n  of D. d iadem ata. Specimens of 

D. drummuckensis (Reed, 1906) sometimes have q u ite  a s te e p ly  s lop ing  

in n e r s ide  to  th e  a n te r io r  border but i t  i s  never as s tro n g ly  in c lin e d  

as in  D. d iadem ata. O ther d iffe re n c e s  of drummuckensis in c lu d e  i t s  

low er, lo s s  s tro n g ly  arched a n te r io r  border (compare P l. 4 , f i g .  3 , 

w ith  P l. 11, f i g .  4) th e  in n e r and o u te r s id e s  of which meet each o th e r 

a t  a g re a te r  angle (compare P l. 4 , f i g .  2 , w ith  P l. 11, f i g .  2 ) .

OCCURitSNCE. D. diadem ata appears r e s t r i c t e d  to  th e  upper L iten  

Form ation of Bohemia, I t  has been recorded  (Tomczykowa 1957, p l .  137, 

p l .  3 , f i g .  5, p l .  4 , f i g s .  1-3) from th e  Wenlockian (Monokraptus 

r ic c a r to n e n s is to  Mono^raptus f l e x i l i s  zones) of the  Holy Cross M ountains 

but I  cannot support th e  assignm ent of th e se  specimens to  th e  Bohemian 

sp e c ie s . I t  i s  most abundant a t  th e  type lo c a l i t y  where i t  i s  a sso c ia te d  

w ith  C heirurus in s i^ n is  B eyrich , 1845 and S taurocephalus m urchisoni 

B arrande, I 846 . Barrande (1852, p. 568) a lso  l i s t s  th e  fo llow ing  

Bohemian l o c a l i t i e s  where i t  occu rs: L is t ic e  near Beroun, Luzce, Lodenice 

and Ohrada,
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DiacalvLione a l lp o r t ia n a  (S a l te r ,  I 065)

P la te  9 , f ig s .  4-6

1865 Calymene Blum enbachii. v a r. A llp o r t ia n a ; S n lte r , p. 97, 

t e x t - f i g .  20,

1888 Calymene Blumenbachii va.r. A llp o rtia n a  S a l t , ;  E theridge  

(p a rs ) , p. 45,

1933 Calymene a l lp o r t ia n a  S a l te r ,  1865; S h ir le y , p , 56, p l .  1, 

f ig s .  12-14.

1936 Calymene a l lp o r t i a n a ; 9 i i r l e y ,  p . 400,

1970 C, a l lp o r t ia n a  3VLTER, 1864; Schrank, p , 115.

HOLOTYPE. A complete in d iv id u a l;  BM 58984; f ig u re d  S a lte r  1865, 

p . 95; S h irley  1933, p l .  1; here P l. 9, f ig s ,  4 -6 .

TYPE STR/ITUM AND TYPE LOCALITY. Wenlock Lim estone, Dudley, 

W o rceste rsh ire .

ADDITlONIxL If .TE RIAL. None known,

DIAGNOSIS. G lab e lla  b e ll-sh a p e d , has sm all in te rm e d ia te  lobe . 

A xial furrow  very wide around lobe Ip , D orsal su rface  o f  a n te r io r  bo rder 

separa ted  from p re g la b e l la r  furrow  by v ery  weak break in  s lo p e . In  

f ro n ta l  view a n te r io r  bo rd er i s  very  s tro n g ly  a rched . A n te r io r  margin 

o f cranidium  p ro je c ts  somewhat forw ards m ed ia lly . T uberc les on in n e r , 

a n te r io r  p a r t  o f fixed  cheek and n ear genal b u t t r e s s  a re  much co arse r 

than those  on g la b e l la ,

DESCRIPTION. Cephalon i s  about tw ice a s  wide as  long .

G lab ella  i s  b e ll-sh ap e d , lo n g e r th an  wide and ju s t  l e s s  than  one th i r d  

th e  c ep h a lic  w idth. O c c ip ita l r in g  i s  m ostly  destroyed  except fo r  

d i s t i n c t  node a t  a x ia l  furrow . L a te ra l g la b e l la r  lobe Ip i s  

r e l a t iv e ly  sm all, le s s  than one th i r d  a s  wide as  g la b e l la ,  su b c irc u la r  

in  o u tlin e  and independen tly  convex o f c e n tr a l  g la b e l la r  a re a .
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From a x ia l  furrow  the Ip  furrow  runs inwards and narrow s ( e x s .) befo re  

b ifu r c a t in g ;  p o s te r io r  branch i s  d ire c te d  more backwards b e fo re  fin a lly - 

tu rn in g  to  be alm ost tra n s v e rs e ly  o rie n te d ; a n te r io r  branch passes  

fonvards and inwards over neck o f lobe 2p, A s n a i l ,  rounded 

in te rm ed ia te  lobe l i e s  w ith in  the  fo rk  o f furrow  Ip , S h b c ircu la r lobe 

2p jo in ed  to  genal b u t t r e s s .  Furrow 2p i s  d ire c te d  inward and 

s l ig h t ly  backwa.rd to  connect m th  a n te r io r  ex ten sio n  o f furrow  Ip ,

Lobe 3p i s  tra n s v e rs e ly  e longate . Furrow 3p i s  d i s t i n c t .  A n te rio r 

margin o f t ra n s v e rse ly  su b rec tan g u la r f r o n ta l  g la b e l la r  lobe only  

weakly convex forw ards, f a l l s  v e r t i c a l l y  to  p re g la b e l la r  furrow  and 

p ro je c ts  beyond fix ed  cheek. C en tra l a rea  o f g la b e l la  narrows 

g ra d u a lly  towards o c c ip i ta l  furrow . In l a t e r a l  p r o f i le  g la b e l la  

s tan d s f a i r l y  w ell above fix ed  cheek.

A xia l furrow  very  wide ( t r . ) around l a t e r a l  lobe Ip , much le s s  

so nex t to  lo b es  2p and 3p, in  f r o n t  o f  the  l a t t e r  i t  i s  alm ost as 

wide as b esid e  lobe Ip and i t  fan s  ou t on reach ing  p re g la b e l la r  furrow. 

M oderately deep p re g la b e lla r  furrow  p asses  forw ards and upwards w ith 

s l ig h t  break o f slope in to  a n te r io r  b o rd e r. In  l a t e r a l  p r o f i l e  d o rsa l 

su rface  o f  a n te r io r  bo rder i s  very  weakly convex, i t  s lo p es  forwa.rd 

and s te e p ly  upward befo re  curving b ro ad ly  over in to  i t s  o u te r  face 

which i s  in c lin e d  downward and M ck v rrd ; th e  h ig h e s t p o in t o f  a n te r io r  

bo rd er s tan d s above f r o n ta l  g la b e l la r  lobe bu t no t above c e n tr a l  a rea  

o f g la b e l la ,  in  d o rsa l view i t  p ro je c ts  beyond gen era l cep h a lic  

o u tl in e  and opposite  each a x ia l  furrow  i t  i s  d i s t i n c t l y  sw ollen. In 

f r o n ta l  view a n te r io r  margin i s  s tro n g ly  arched .

P o s te r io r  s ide  o f p o s te r io r  b o rd e r furrow  i s  very  sh o r t (ex s .)  

and s te e p ly  s lop ing ; a n te r io r  s ide  s u b s ta n t ia l ly  le s s  s teep  and much 

w ider. Behind p a lp e b ra l lobe f ix e d  cheek i s  alm ost f l a t ,  m oderately  

in c lin e d  (e x s ,) ;  in  f ro n t  o f p a lp e b ra l lobe i t  i s  convex, a n te r io r  

face  descending v e r t i c a l l y  to  a b a x ia l ex ten s io n  o f  p re g la b e l la r  furrow 

and in n e r  corner s l ig h t ly  overhanging t h i s  furrow . Between
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p a lp e b ra l lobe and genal b u t t r e s s  th e  check i s  g e n tly  in c lin e d .

P a lp eb ra l lobe cen tred  opposite  a n te r io r  m argin o f lobe 2p and seems 

about equal in  len g th  to  lobe 1p; d is ta n c e  ( t r . )  between p a lp e b ra l 

lo b es  about tw ice th a t  acro ss  g la b e l la  a t  lo b es  2p, A n te r io r  branch 

o f  f a c ia l  su tu re  runs forward and m arg in a lly  inw ard. P o s te r io r  branch 

d ire c te d  tra n s v e rse ly  from eye lobe befo re  curving p o s te r io r ly  to  c ro ss  

l a t e r a l  border furrow , and f i n a l ly  running more backward a c ro ss  l a t e r a l  

b o rder to  genal angle.

Narrow eye socle slopes v e r t i c a l l y  to  convex, very  s te e p ly  

s lop ing  main p a r t  o f free  cheek. L a te ra l bo rder furrow  i s  b ro ad ly  

U-shaped, fades approaching p o s te r io r  branch o f f a c ia l  suture*

L a te ra l border curves over and under to  meet doublure. Hypostome 

unknovjn. Border sec to r  o f r o s t r a l  p la te  bad ly  d is f ig u re d .

Thorax has th i r te e n  segemnts. Axis i s  w ider than d is ta n c e  on 

each p leu ron  from a x ia l  furrow  to  fulcrum . Each a x ia l  r in g  i s  o f n ear 

co n stan t width (sag. e x s .)  and m ild ly  convex in  p r o f i l e ,  a t  a x ia l  

furrow  swollen in to  prom inent node. A r t ic u la t in g  furrow  U-shaped; 

a r t i c u la t in g  h a lf - r in g  g e n tly  convex ( s a g .) .  Deeply in c is e d , U-shaped 

p le u ra l  furrow  sep a ra te s  h ig h er and w ider p o s te r io r  from a n te r io r  

p le u ra l  band. P o s te r io r  band forms bounding rim to  a r t i c u la t in g  fa c e t ;  

t h i s  rim i s  b e t te r  developed on p o s te r io r  than a n te r io r  p le u ra e . 

A b ax ia lly  from fulcrum  each p leu ron  i s  ben t s tro n g ly  downwards and 

fa c e te d ; th e  more a n te r io r ly  p o s itio n e d  p leu rae  have a w ell rounded 

p o s te r io r  m argin, on p o s te r io r  p le u ra e  th i s  m argin becomes more angular*

Pygidium has been abraded, e s p e c ia l ly  on r ig h t  p le u ra l  reg io n , but 

a t ' 1 t s i x  a x ia l  r in g s  and f iv e  p le u ra l  furrow s can be made ou t.

Most a n te r io r  a x ia l  rin g  weakly in f l a te d  d i s t a l l y .  Ring furrow s a re  

d eep est a l i t t l e  inwards from a x ia l  furrow . Axis i s  modera't~ly convex 

( t r .  ) ,  A xial furrow  f a i r l y  shallow , becomes weaker p o s te r io r ly  and i s  

b a re ly  v is ib le  around b lu n ':ly  rounded te rm in a l a x ia l  p ie ce . From a x ia l  

furrow  p le u ra l  reg io n  slop3S a t  f i r s t  q u ite  s te e p ly , then  v e r t i c a l l y  to
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l a t e r a l  margin-, F i f th  p le u ra l  furrow  seems expanded in  i t s  o u te r p a rt 

to  form s id es  of p o s ta x ia l s e c to r . P le u ra l reg ion  has a t  l e a s t  fou r 

p le u ra l  fu rrow s. Weakly im pressed p y g id ia l c in c tu re  runs onto 

p o s te r io r  margins of th o ra c ic  p le u ra e .

O rnaient of g la b e l la ,  o u te r p a r t of f ix e d  cheek and f re e  cheek 

(except furrow s) c o n s is ts  o f ra th e r  c lo se ly  spaced sm all to  medium-sized 

rounded tu b e rc le s  and g ran u le s . In a d d itio n  to  th e se  p ro je c tio n s , 

in n e r p a r t  o f f ix e d  cheek a n te r io r  to  lobe Ip has c o a rse r , more i r r e g u l 

a r ly  shaped tu b e rc le s .  A few tu b e rc le s  a re  s c a t te re d  over r e s t  of exo

sk e le to n , th e  su rface  of which has been co n sid erab ly  ’p o lish e d ’ . 

A r t ic u la t in g  fa c e ts  of p leu rae  covered w ith  numerous, t i g h t ly - s e t  granules^

DISCUSSION. co n sid e rin g  th e  abundant calym enid m a te r ia l from Dudley, 

i t  i s  s u rp r is in g  th a t  th e  holo type o f t h i s  sp ec ies  i s  th e  only known 

specimen, S h ir le y  (1933, p. 58-59) p laced  a l lp o r t ia n a  in  Calymene and 

noted i t s  resem blance to  C, nodulosa S h ir le y , 1936. The l a t t e r  taxon 

, has boon made (h ere in  Chapter F) th e  type sp ec ie s  of a new genus which 

i s  p a r t i a l l y  diagnosed by having a g la b e l la  sh o r te r  than  i t s  f ix e d  cheeks.

Though weakly d e fin ed , th e re  i s  a f a in t  break in  slope between the  

a n te r io r  border and p re g la b e lla r  furrow  in  a l lp o r t i a n a , and I  p re fe r  to  

regard  i t  as  belonging to  Diacalymene ra th e r  than  to  Calymene. Other 

f e a tu re s  which c o n tr ib u te  tow ards th i s  assignm ent in c lu d e  th e  f in e ,  

c lo s e ly - s e t  g la b e l la r  tu b e rc le s ,  th e  sw ollen n a tu re  of th e  a n te r io r  

border opposite  th e  a x ia l  furrow , and th e  s l ig h t  inw ards p ro je c tio n  C ih e  

f ix e d  cheekc

D. diadem ata i s  l ik e  D, a l lp o r t ia n a in  i t s  q u ite  s tro n g ly  arched 

a n te r io r  border (c f , P l, 9, f i g .  4 , P l. 11? f i g s ,  4? 6 ) .  The group of 

c h a ra c te rs  by which a l lp o r t ia n a  i s  d is tin g u ish e d  from diadem ata and o th e r 

congeneric sp ec ie s  a re  given above (d ia g n o s is ) .

OCCUiuACNCE, Only th e  type lo c a l i t y .
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D ia ca lvm o riG  c ra s s a  S ii r le y ,  1936 

P la te .  12, f i g s .  1-10; P la te  13, f i g s .  2 , 4 , 5, 9, 13.

1936 D iacalvnene c ra ssa  sp, n o v .; S h ir ley , p . 416, p l .  29, f ig s .  

21-23.

1949 D, c rassa  S ii r le y ;  B ancroft, p . 309,

1961 D. c ra s s a ; W o lfa rt, p . 71.

? 1970 D iacalvnene sp, (? era s a  S i i r le y ,  1936); Temple, p . 6 4 , p l .  

18, f ig s .  13-20.

HOLOTYPE. Incom plete in te r n a l  mould cranidium ; GSM 54910 

(fo rm erly  GSM Pg2364); f ig u red  S ii r le y  1936, p l .  29 , f ig s .  21, 22, and 

here P l. 12, f ig s .  1 -3 , 5.

TYPE STRATUM AND TYPE LOCALITY. Gasworks Mudstone, upper 

Rhuddanian Stage, Llandovery S e rie s , by the  side o f  F ro lic  p a th , 383-390 

yards from Higgons W ell, h a l f  a m ile Æ o f H averfordw est, S Wales.

ADDITIONAL MATERIAL. About a dozen specim ens, most o f  which a re  

in te r n a l  mould c ra n id ia , and a lso  in c lu d in g  one cephalon and one 

complete specimen. This m a te r ia l  i s  in  the  Sedgwick Museum, B r i t .  Mis. 

Nat. H is t, and Geol. Shrv. Mus.

DIAGNOSIS. G lab ella  weakly b e ll-sh a p e d  to  sub t r i a n g u la r  in  

o u t l in e ,  q u ite  s tro n g ly  convex ( t r . ) .  F ro n ta l g la b e l la r  lobe 

su b sem ic ircu la r in  o u t l in e ,  p ro je c ts  w ell in  f ro n t  o f f ix e d  cheek. 

P re g la b e lla r  furrow  on ly  m oderately  deep. A n te r io r  bo rder r a th e r  long . 

A n te rio r  m argin q u ite  s tro n g ly  arched forw ards (d o rsa l v iew ).

DESCRIPTION. Cephalon s l i g h t ly  more than  tw ice as  wide as long . 

G lab e lla  n o tic e a b ly  convex ( t r . ) ,  o u tl in e  weakly b e ll-sh ap e d  to  

su b tr ia n g u la r . O c c ip ita l furrow  on in te r n a l  mould i s  f a i r l y  deep and 

r a th e r  b ro a d (sa g .) .  Lobe Ip p ro je c ts  d i s t a l l y  beyond lobe 2p, i s  q u ite  

s tro n g ly  in f l a te d ,  subovoid to  s u b c irc u la r  in  o u t l in e ,  i s  l e s s  than  one 

th i r d  as in.de as  g la b e l la .  Furrow Ip  deep a t  a x ia l  furrow , runs
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inw ards and swings p ro g re s s iv e ly  more backwards around lobe Ip . No 

d is c r e te  in te rm ed ia te  lo b e . SU bcircular l a t e r a l  lobe 2p se ra i- iso la te d  

from c e n tra l  g la b e l la r  a rea  by shallow  furrow , jo in ed  to  genal b u ttre ss*  

L a te ra l furrow  2p p re se n t only  on s ide  o f g la b e l la .  3 a a l l ,  e longate  

( t r . ) lobe 3p merges d o rs a lly  w ith  c e n tra l  g la b e l la r  a re a ; furrow  3p 

f a in t .  Some specimens (holotype and GSM 54-911) show evidence o f  weakly 

convex 4p lo b e . F ro n ta l g la b e l la r  lobe su b sem ic ircu la r in  o u t l in e ,  

d o rsa l su rface  stands w ell above a n te r io r  b o rd e r, i s  undercu t by 

p re g la b e l la r  furrow , p ro je c ts  co n sid e rab ly  beyond fix ed  cheek. In 

l a t e r a l  p r o f i l e  g la b e l la  i s  d i s t i n c t l y  e lev a te d  above fix e d  cheek, 

between lo b e s  Ip and 2p i t  i s  g e n tly  convex and h o r iz o n ta l ly  in c lin e d  

o r s lop ing  v e iy  g e n tly  forw ards and downwards; in  f ro n t  o f lobe 2p i t  

f a l l s  tow ards p re g la b e l la r  furrow  a t  f i r s t  in  a broad a rc , becoming 

g ra d u a lly  s te e p e r  and f i n a l l y  s lo p es  downwards and backwards as a n te r io r  

face  o f f r o n ta l  lo b e .

A xia l furrow  sh a llow est b esid e  o c c ip i ta l  r in g , becomes much deeper 

a n te r io r ly  towards lobe 2p as fix ed  cheek r i s e s  upwards q u ite  s te e p ly  

from p o s te r io r  bo rder furrow  to  genal b u t t r e s s ;  furrow  i s  s t i l l  

r e l a t i v e ly  deep a t  lobe 3p opp o site  which i t s  o u te r , a lm ost v e r t i c a l l y  

s lop ing  w all i s  a b a x ia lly  convex in  d o rsa l view. A n te rio r  p i t  s i tu a te d  

in  base o f a x ia l  furrow  below f r o n ta l  lo b e . P re g la b e lla r  furrow  only  

m odera tely  deep, a n te r io r  s ide  m eeting long a n te r io r  bo rder which then  

p ro je c ts  v e ry  g e n tly  forw ards and upwards. D iv ision  between 

p re g la b e l la r  furrow  and a n te r io r  bo rder marked by a s trong  break in  slope 

which i s  lo s s  w ell developed on in te r n a l  moulds and b e s t  defined  on a l l  

specimens o p p osite  (e x s .)  s ide  o f  f r o n ta l  g la b e l la r  lobe . A n te rio r  

bo rder o f uniform  width (sag. & e x s .)  except opposite  a x ia l  furrow  

where i t  i s  s l ig h t ly  w ider and very  m ild ly  in f l a te d .  A n te r io r  m argin 

q u ite  s tro n g ly  convex forwrirds.

Fixed cheek in  f r o n t  o f p a lp e b ra l lo b es  s te e p ly  down (ex s .)  to  

shallow  a n te r io r  co n tin u a tio n  o f l a t e r a l  bo rder furrow ; the  in n e r , most
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a n te r io r  corner o f cheek i s  somewhat p o in ted  and p ro je c ts  s l ig h t ly  

forw ards and inwards over t h i s  furrow  tow ards a n te r io r  b o rd er.

P a lp e b ra l lobe cen tred  opposite  m iddle o f l a t e r a l  lobe 2p; s i tu a te d  on 

h ig h e s t p a r t  of fix ed  cheek and r e l a t iv e ly  c lose  to  a x ia l  furrow . 

P o s te r io r  branch o f f a c ia l  su tu re  im p e rfe c tly  knoim, runs outwards and 

a l i t t l e  backwards from eye lobe b e fo re  tu rn in g  towards genal angle 

A n te rio r  branch , d ire c te d  f r a c t io n a l ly  forward and inward to  a n te r io r  

m argin b e fo re  running ac ro ss  v e n tr a l ly  fac in g  slope o f a n te r io r  border 

to  meet r o s t r a l  su tu re . R o stra l p la te  soon in  one in te r n a l  mould 

specimen (P l. 12, f ig .  6) r o s t r a l  su tu re  p a r a l le l s  a n te r io r  margin of 

cranidium ; connective su tu re s  a b a x ia l ly  convex, p o s te r io r ly  convergent 

in n e r a rc  o f border s e c to r  more h ig h ly  v au lted  than r o s t r a l  su tu re . 

Inner p a r t  o f  f re e  cheek slopes very  s te e p ly  to shallow  l a t e r a l  border 

furrow . L a te ra l bo rder i s  convex, i t s  upper p a r t  v e r t i c a l l y  s lo p in g , 

i t s  low er p a r t  curving over and under to  meet upvard and outward 

slo p in g  doublure a t  acu te  ang le .

Thorax and pygidium known only  from in te rn a l  moulds. Thorax has 

th i r t e e n  segments. Axis i s  very  convex ( t r , )  s tands w ell above 

s l i g h t ly  narrow er ( t r . ) p le u ra l  re g io n . A xial r in g  swings forw ards 

near a x ia l  furrow , th e  more a n te r io r  ones apoear s l ig h t ly  in f la te d  

d is ta l ly *  P leuron o f normal calymenid typo , p leu rae  bond down a t  

r ig h t  an g les  a b a x ia lly  from fulcrum ,

Pygidium about tw ice as m de as long . Axis f a i r l y  convex ( t r . ) ,  

has a t  l e a s t  f iv e  a x ia l  r in g s  and rounded te rm in a l a x ia l  b ie c e . Ring 

furrow s sh allo w est a x ia l ly .  P le u ra l  reg ion  has f iv e  p le u ra l  furrows* 

In te rp le u ra l  furrow s b e s t  marked n ear l a t e r a l  m argin, fade r a p id ly  

tow ards a x ia l  furrow .

E x te rn a l ornam entation p o o rly  p reserv ed  and ill-know n; a few small 

s c a t te re d  tu b e rc le s  on g la b e l la  and a n te r io r  bo rder.

DISCUSSION. Specimens here ass ig n ed  to  D. c rassa  show a
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reasonab le  amount o f v a r ia t io n  in  c e r ta in  c r a n id ia l  c h a ra c te rs  b u t I 

have p re fe rre d  to  regard  a l l  a s  belonging  to  one sp ec ie s , es^pecially  

as  some o f the observed d if fe re n c e s  (from th e  holotype) may be more 

apparen t than r e a l  due to  the  e f f e c t s  o f d i s to r t io n .  At th e  same 

tiLic i t  may be noted th e  holo type i s  the  on ly  specimen I  have a v a ila b le  

from th e  type lo c a l i ty ;  the  o th e r  specimens a re  from th e  Gasworks . 

Mudstone o f nearby l o c a l i t i e s  in  th e  H averfordw est d i s t r i c t .  A complete 

in te r n a l  mould in d iv id u a l of c ra ssa  (P l, 13? f ig .  5) shows a more 

s te e p ly  in c lin e d  a n te r io r  bo rder than  th a t  o f the holotype and th e  

’r id g e d ’ break in  slope from p re g la b e l la r  furrow  to  a n te r io r  bo rd er i s  

no t marked* But th e  p re g la b e l la r  a rea  o f t h i s  specimen has been 

su b jec t to  some discom posure, and th e  p o s te r io r  margin o f  the  doublure 

s e c to r  o f  the  r o s t r a l  p la te  (o r a n te r io r  margin o f  the  hypostome) has 

in tru d ed  on to  the d o rsa l su rface  o f the  cranidium , th u s  o b l i te r a t in g  

the c o n tac t o f p r e g la b e l la r  furrow  and a n te r io r  b o rd er. Although the  

p re g la b e l la r  furrow  of t h i s  sp ec ie s  i s  never deep, in  one cranidium  

(Plr, 12, f i g . 8) i t  i s  p a r t i c u la r ly  shallow  but o th e r c h a ra c te rs  o f th i s  

specimen a re  in  agreem ent w ith those o f the holotype and I have a lso  

re fe r re d  i t  to  D. e r a s r a , None o f th e  c ra n id ia  examined show a

d is c r e te  in te rm ed ia te  lobe a t  the  in n e r  end o f l a t e r a l  furrow  1p though 

the g la b e l la r  side  i s  sometimes f a i n t l y  sw ollen (P l. 1, f ig .  1 ).

■Several sp ec ies  have been q u e s tio n ab ly  re fe r re d  to  o r compared 

w ith D« c ra s s a . In L is paper on th e  s t ra t ig ra p h y  and fauna o f the 

S ilu r ia n  and Devonian o f Paraguay, W olfart ( l9 6 l , p . 71, p l .  4 , f ig ,  1) 

f ig u re s  an in te rn a l  mould cranidium  which he re fe r re d  to  as D. c f . 

cr a s s a . Opinion has v a rie d  as to  th e  age o f th e  beds in  which th i s  

specimen was found (W olfart 1961, p . 30 ). H arring ton  (m  Jenks 1956) 

favoured a lower Devonian age whereas on the b a s is  o f  th e  fau n a l 

evidence W olfart concluded ohoy wore low er Llandovery. The poor 

p re se rv a tio n  o f the South American cranidium  p rev en ts  a d e ta i le d  

comparison w ith D, e ras?a  1 u t th e re  i s  l i t t l e  doubt th a t  in  i t s  w ell
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roonded f r o n ta l  g la b e l la r  lobe and g la b e l la r  o u tl in e  i t  c lo se ly  

resem bles th e  Welsh sp ec ie s . Temple (l970 , p. 64 ) has d iscussed  m a te ria l 

from the high Rhuddanian o f Meifod, Montgomeryshire which he re fe r re d  

to  as Diacalym eno sp, (? c ra ssa  9 i i r le y ,  1936), On the  b a s is  o f the 

c ra n id ia l  c h a rac te rs  the  Meiford taxon undoubtedly belongs in  the  

cras_sa group o f sp ec ies . The pygidium o f D, c ra ssa  was undescribed  

a t  th e  time o f Temple’ s study . The examples th a t  au th o r f ig u re s  are  

much le s s  abraded than th e  one i l l u s t r a t e d  here (P l. 13, f ig s .  5, 9, 13)

bu t they  a re  s im ila r  in  genera l form and number o f a x ia l  r in g s  and

p le u ra l  furrow s. Specimens o f Diacalymene from th e  Llandovery 

(Stage 6b) o f the  Oslo-Asker d i s t r i c t ,  Norway a re  compared w ith D, 

c ra ssa  below.

Do cra s sa  i s  very  c lo se ly  r e la te d  to  D. g ibberosa sp, nov, from

the  lower Llandovery o f Norway and a d iscu ss io n  o f the two taxa w il l  be

found under the l a t t e r  sp ec ies .

There i s  l i t t l e  to  sep a ra te  c ra ssa  from some o f the  specimens 

r e f e r r r e d  h e re in  to  D, ra a rg in a ta . bu t a s  a whole th e  Llandovery 

p o p u la tio n  has a more su b sem ic ircu la r o u tl in e  to  the  f r o n ta l  lobe and 

a more s u b tr ia n g u la r  g la b e l la r  o u tl in e . However a taxon from the 

S ilu r ia n  o f the  United S ta te s , which must be re fe r re d  to  Diacalymene, 

b ears  such a s trong  resem blance to  th e  Welsh sp ec ies  th a t  they  may even 

be c o n sp e c if ic . F o ers te  desc rib ed  and i l l u s t r a t e d  h is  sp ec ie s  

Calymene vogdcsi sev e ra l tim es ( I885 , pp. 109-12, p l ,  8 , f ig .  25, ? fign 

24; 1887, pp. 95-98, p l .  8 , f ig s .  12-16; 1893, p. 526, p l .  25, f ig .  25,

? f i g .  2 4 , pl* 2 7 , f ig s .  12-15), and the type specimen, from 

C e n tre v i l le ,  Ohio, appears to  be in  rocks o f Llandovery ago. C le a rly

D, VOgde s i  (F o ers te , 1887) i s  in  need o f f u r th e r  in v e s t ig a t io n .

L a s tly , i t  i s  worthy o f  note th a t  the  monotypic genus 

Spathacalymene Tillm an I960, type sp ec ies  n a suta (U lrich , 1879),

from the upper Llandovery o f Indiana has e s s e n t ia l ly  the same type o f 

p re g la b e l la r  a rea  as in  Diacalymene. bu t ju s t  a lo nger a n te r io r  bo rder.
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I t  would n o t be unreasonable to  suggest th a t  the  American genus v/as 

derived  from a Diacalymene sp ec ie s  o f lower o r middle Llandovery age.

OCCURRENCE. Gasworks Mudstone, Rhuddanian Stage, Llandovery 

S e rie s , H averfordwest a re a , S, Wales.

Diacalymene c f . D, c rassa  S a ir le y , 1936.

P la te  13? f ig s .  1, 3 , 8 .

MiTERIAL. E igh t in te rn a l  moulds o f incom plete c ra n id ia , PliO 

65535? PMO 88647? PMO 88872 (two specim ens), PMO 88873, PMO 88877,

PMO 88881, PMO 91112; one e x te rn a l mould o f an incom plete cranidium ,

PMO 65532 . A ll the  m a te r ia l was c o lle c te d  by N. Spjeldnacs except 

PMO 91112 which was c o lle c te d  by J .F .  B ockelie .

OCCURRENCE. PMO 91112 i s  from Stage 6 (Lower L landovery), Vakas, 

vod J c rn b a n e lin je n , Asker d i s t r i c t  of the  Oslo Region, Norway. PMO 

65532 , PMO 65535, PMO 88647, PMO 88881 a re  from Stage 6b (lower 

L landovery), G u lle rasen , Oslo d i s t r i c t ,  Norway. PMO 88872, PMO 88873? 

PMO 88877 a re  from Scaering between Grakammen and G u lle rasen , Oslo 

d i s t r i c t ,  Norway.

DISCUSSION, Several in te r n a l  moulds from the  lower Llandovery 

o f the Oslo d i s t r i c t  a rc  a l l  considered to  belong to  one spec ies  id .th in  

the  cra s sa  group. This sp ec ie s  shows sev e ra l c h a rac te rs  which a l l y  

i t  c lo se r  to  D, c rassa  than  to  D. s ib b e rosa sp. nov. For example 

l a t e r a l  g la b e l la r  lobe 2p i s  sem i-iso la te d  from the medium g la b e l la r  

lobe by a shallow  furrow , the  in n e r , a n te r io r  corner o f th e  fix ed  cheek 

i s  a l i t t l e  po in ted  -  p ro je c tin g  somewhat tow ards th e  a n te r io r  b o rd e r, 

th e  o ':b lino  of the f r o n ta l  lobe between 3p furrow s i s  le  s'- a rc u a te  than 

in  g ib b e ro sa . and the ridged  boundary between p re g la b e l la r  furrow  and 

a n te r io r  b o rder i s  more d i s t i n c t  (compare P l. 12, f ig .  9; P l. 13? f ig s .
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1? 3j 6 ) , The Norwegian specimens a re  incom plete and no t '(ex cep t fo r  

PÎ10 91112) w ell p reserved  b u t seem to  d i f f e r  from D. e r a s n  in  having a 

somewhat lo n g e r p re g la b e lla r  furrow ; they  may ev en tu a lly  be recogn ised  

a s  a geographical subs|iecie8 o f the Welsh taxon.

Diacalymcno a ibberosa  sp. nov.

P la te  13, f ig s .  6, 7. 10-12; P la te  U ,  f ig s .  1 - l6 .

ZPRIVATION OF THE FAîE. From the  L a tin , a ib b e ro su s . humpbacked 

o r sw ollen , re fe r r in g  to  th e  n a tu re  o f the g la b e l la .

HOLOTYPE. Incom plete cranidium ; PID 4-1620; c o l l .  J .  K iaer;

P I, 14-, f ig s .  1, 2 , 4-.

TYPE STR/iTNM AND TYPE LOCALITY. Stage (lower L landovery ), 

S i lu r ia n , uppermost la y e r  o f the  e a s te rn  headland, south s ide  o f 

S ju rs /y a , n o rth e rn  end o f Bunno f io rd , Oslo d i s t r i c t ,  Norway.

ADDITIONAL NLITERIAL. Numerous c ra n id ia , f re e  cheeks, p y g id ia  and 

th o ra c ic  segments, and one e x te rn a l c a s t o f a hypostome, a l l  o f which 

a re  contained  in  b locks o f a b io c la s t ic  lim esto n e . PHO 20943-4#,

PMO 41619, PHD 41621-627, PHO 41632-37, PHO 10838, PHO 91111, PHD 

91113, C oll J .  K iaer, 190$.

DIAGNOSIS. G la b e lla r  o u tlin e  p a ra b o lic ; lobe 2p not is o la te d  

from median g la b e l la r  lobe by a furrow ; f r o n ta l  g la b e l la r  lobe very  

sh o r t ,  a rc u a te  in  o u tl in e . In n er, a n te r io r  co m er o f check a l i t t l e  

sw ollen , bu t n o t p o in ted .

DESCRIPTION. Cranidium about two and one th ird  tim es as  wide as 

long . G lab e lla  l e s s  than  one th i r d  as wide as cranidium , p a ra b o lic  in  

o u t l in e ,  lobe Ip p ro je c ts  but a sh o rt d is ta n c e  beyond th a t  o f lobe 2p, 

O c c ip ita l r in g  g e n tly  to  s tro n g ly  convex in  l a t e r a l  p r o f i l e ,  narrow s
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g ra d u a lly  a b a x ia lly . O c c ip ita l furrow  w ell in c ise d  and V-shaped 

behind c e n tr a l  g la b e l la r  lo b e , deeper and narrow er (ex s .)  behind l a t e r a l  

lobe Ip . The l a t t e r  i s  r e l a t iv e ly  sm all -  on ly  about a q u a r te r  a s  wide 

as g la b e l la ,  and q u ite  s tro n g ly  sw ollen. L a te ra l furrow  Ip very deep 

a b a x ia lly , in  many specimens i s  d ire c te d  inward a l i t t l e  b e fo re  

tu rn in g  o b liq u e ly  backward on in s id e  o f lobe Ip , in  o th e r  specimens 

PI, 14, f ig .  1, i t  i s  s t r a ig h t  and runs d i r e c t ly  inward and backward 

from a x ia l  furrow; a s h o r te r ,  exceed ing ly  f a i n t ,  a n te r io r  branch 

sometimes p re se n t (P l, 14, f ig .  9 ) , runs forw ard, inward and upward on 

lower s id e  o f lobe 2p, fades out r a p id ly  towards d o rsa l su rface  o f 

g la b e l la .  No in te rm ed ia te  lo b e . Lobe 2p r e l a t iv e ly  la rg e , can be 

alm ost equal in  s ize  to  lobe 1p, i s  n o t sep ara ted  from c e n tra l  a rea  o f 

g la b e lla  by a furrow  bu t appears as an in f l a te d ,  b road ly -based  (e x s .)  

ab ax ia l ex ten sio n  o f t h i s  a re a . Furrow 2p b a re ly  seen in  d o rsa l view. 

Lobe 3p s i tu a te d  low down on g la b e l la r  s id e , p ro tru d es  l i t t l e  beyond 

on line  o f f r o n ta l  g la b e l la r  lo b e . D is t in c t  furrow  3p no t v i s ib le  in  

d o rsa l view. Very sh o rt ( s a g .) ,  s te e p ly  s lo p in g , bulbous f r o n ta l  

g la b e l la r  lobe ju ts  in  f ro n t  o f fix ed  cheek, i s  exceed ing ly  w ell 

rounded and a rcu a te  in  o u tlin e  as i t s  ab ax ia l m argins p ro g ress  

im m ediately inwards and forw ards from furrow  3p. G lab e lla  i s  h ig h ly  

convex ( t r ,  ) ;  s a g i t a l ly  i t  proceeds forv/ards h o r iz o n ta l ly  from 

o c c ip i ta l  furrow  to  p o s te r io r  p a r t  o f lobe 2p, in  f ro n t  o f  which i t  

begins a h ig h ly  curved descen t through s l ig h t ly  more than  n in e ty  

degrees to  p rc g la b e l la r  furrow. G lab e lla  stands p rom inen tly  above 

fix ed  cheek. A xial furrow  very  shallow  b eside  o c c ip i ta l  r in g , around 

Ip lobe i t  i s  deep, becoming more so towards furrow  Ip , c o n s tr ic te d  in  

depth where lobe 2p meets b u t t r e s s  from fix ed  cheek, nex t to  2p furrow  

and 3p lobe i t  i s  s l ig h t ly  w ider ( t r . ) than a t  lobe Ip w ith  a s im ila r  

s te e p ly  s lop ing  o u te r  w a ll, p asses  f i n a l l y  in to  p re g la b e l la r  furrow . 

A n te rio r p i t  p o s itio n e d  a t  the bottom , in n e r s id e  o f  a x ia l  furrow  

below l a t e r a l  furrow  3p.
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F a ir le y  shallow  p re g la b e lla r  furrow  f r a c t io n a l ly  undercu ts f r o n ta l  

g la b e l la r  lo b e , a n te r io r  s id e  i s  m oderately in c lin e d  forw ards and upwards 

m ed ia lly , becomes more s te e p ly  in c lin e d  a b a x ia lly . i n t e r i o r  border 

w ider (sag . & e x s .)  than  p re g la b e lla r  ftirrow , d iv is io n  between th e se  two

marked by break in  s lo p e , th e  f l a t  to  g en tly  convex upper su rface  of

th e  border extending  forw ards h o r iz o n ta lly  (P l. 14, f i g .  l6 ) o r s l ig h t ly  

downwards (P l, 14, f i g .  1) before swinging over to  th e  convex o u te r 

s id e  of th e  border which runs down to  r o s t r a l  su tu re . D orsal su rface

of a n te r io r  border does n o t reach  th e  le v e l  o f th e  low est p a r t  of

f r o n ta l  g la b e l la r  lo b e ; opposite  a x ia l  furrow  th an  a t  median l i n e .  

A n te rio r margin broadly  a rc u a te  between branches of f a c ia l  su tu re .

P o s te r io r  border widens (e x s .)  co n sid erab ly  a b a x ia lly  from fu lcrum , 

between fulcrum  and a x ia l  furrow  i s  about h a lf  th e  w idth o f o c c ip i ta l  

r in g .  P o s te r io r  border furrow  deep, broadly  U-shaped (e x s .)  w ith  

concave or f la t-b o tto m ed  base , le n s - l ik e  in  o u tlin e  between a x ia l  furrow  

and f a c i a l  su tu re . Fixed cheek r e l a t iv e ly  f l a t  and m oderately in c lin e d  

downwards from p a lp eb ra l lobe to  p o s te r io r  border furrow ; in  f ro n t  of 

eye lobe f ix e d  cheek i s  g e n tly  convex, f a l l s  s te e p ly  to  shallow  a n te r io r  

ex ten s io n  of l a t e r a l  border furrow , in n e r a n te r io r  co rner of cheek 

weakly sw ollen but does no t p ro je c t over t h i s  furrow  tow ards a n te r io r  

b o rd er. In  f r o n ta l  view uppermost su rface  of f ix e d  cheek i s  g e n tly  

convex, about h o r iz o n ta l  from p a lp eb ra l lobe to  sh o rt ( t r . )  genal 

b u ttre sso  P a lp eb ra l lobe cen tred  opposite  middle of lobe 2p and about 

as long (e x s .)  as ad ax ia l p a rt of th a t  lo b e , s lo p es  very  g e n tly  downward 

to  f ix e d  cheek. P o s te r io r  branch of f a c i a l  su tu re  d ire c te d  outwards 

from p a lp eb ra l lobe before  tu rn in g  sh arp ly  backwards to  c ro ss  p o s te r io r  

p a r t  of l a t e r a l  border furrow , f i n a l ly  i t  tu rn s  again  more p o s te r io r ly  

and runs to  genal a n g le . a n te r io r  branch of su tu re  i s  s t r a ig h t ,  

d ire c te d  forw ard and s l ig h t ly  inward to  a n te r io r  m argin, on o u te r  side  

of a n te r io r  border i t  runs inward and downward to  r o s t r a l  s u tu re .
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Free cheek bears eye socle  below v is u a l  su rface  of eye; main p a r t  

of cheek i s  m oderately convex ( t r . ) and ra th e r  narrow; l a t e r a l  border 

furrow  broadly U-shaped; broad l a t e r a l  border i s  more s te e p ly  s lo p in g  

near a n te r io r  th an  p o s te r io r  branch of f a c i a l  su tu re , curves over and 

under to  meet doublure .

R o s tra l p la te  unknown. Hypostome known from one sm all e x te rn a l 

mould (P l, 14 , f i g .  6 ) .  i n t e r i o r  border re f le x e d  v e n tr a l ly ;  a n te r io r  

border furrow  very  broad ( s a g .) .  A n te rio r p i t  w e ll marked. L a te ra l  

border convex ( t r . ) ,  narrows s l ig h t ly  p o s te r io r ly ,  broadens behind 

l a t t e r  in to  p o s te r io r  sp in e . a n te r io r  lobe of median body s l ig h t ly  

in f l a te d  in  i t s  c e n tr a l  p o rtio n , about tw ice as long as p o s te r io r  lo b e . 

U-shaped median furrow  b est marked n ear a n te r io r  p a r t  o f l a t e r a l  bo rd er, 

w eakest p o s te r io r ly .  Maculae ap p a ren tly  la c k in g . P o s te r io r  lobe 

c re sc en t shaped.

A xial r in g  (p l .  14, f i g s .  3 , 7) of th o ra c ic  segment q u ite  s tro n g ly  

convex (sag . & e x s . ) ,  m ain ta ins co n s ta n t w idth from median l in e  to  a x ia l  

furrow  where i t  i s  somewhat f le x e d  forw ard . A r t ic u la t in g  h a l f - r in g  

two th ir d s  th e  w idth (s a g .)  of a x ia l  r in g .  P o s te r io r  p le u ra l  band 

w ell rounded in  s e c tio n , a t  l e a s t  tw ice as wide (e x s .)  as a n te r io r  

p le u ra l  band. P le u ra l furrow U-shaped, narrows d i s t a l l y  and runs 

forw ards onto f l a t  a r t ic u la t in g  f a c e t  before dying o u t . « Narrow 

a r t ic u la to r y  s h e lf  runs along a n te r io r  edge of p leuron  from a x ia l  furrow  

to  panderian  n o tch .

ix i s  of pygidium alm ost f l a t  in  se c tio n  ( t r . ) ,  has f iv e ,  r a r e ly  

s ix  a x ia l  r in g s . F i r s t  fo u r r in g  furrow s s u b s ta n t ia l ly  deeper a t  a x ia l  

furrow  th an m ed ia lly , f i f t h  r in g  furrow  sometimes la ck in g  m ed ia lly  

( e s p e c ia l ly  on la rg e  specim ens), some specimens show f a in t  t r a c e  of 

s ix th  r in g  furrow  confined  to  c e n tr a l  p a r t of a x is .  A xial furrow  

r e la t iv e ly  shallow , e sp e c ia lly  around te rm in a l a x ia l  p iece which f a l l s
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smoothly and v e r t i c a l ly  to  p o s ta x ia l s e c to r .  Inner p a r t o f p le u ra l  

reg io n  m oderately in c lin e d  downward and outw ard, o u te r p a r t much 

s tee p e r -  alm ost v e r t i c a l  to  l a t e r a l  m argin. F i r s t  fo u r p le u ra l  

furrow s b est marked a t  m id -leng th , do no t q u ite  reach  l a t e r a l  margin; 

f i f t h  p le u ra l  furrow  defined  only along a n te r io r  edge, p o s te r io r ly  i t  

merges in to  a broad dep ression  which form v e r t i c a l ,  outward fac in g  s ide  

of p o s ta x ia l  s e c to r .  I n te r p le u r a l  furrow s weak a t  a x ia l  furrow , very  

weak a t  m id -leng th , deepest and c le a r ly  marked d i s t a l l y .

Surface of g la b e l la  covered w ith  sm all tu b e rc le s  of about co n stan t 

s iz e ;  th e se  tu b e rc le s  a lso  p re sen t on a n te r io r  border and f ix e d  cheek 

but here they  a re  more s c a t te re d .  Zill furrow s on cranidium  lack  tu b e rc le s . 

T ubercles on f re e  cheek s im ila r  to  g la b e l la .  Top of a x ia l  r in g  bears 

sm all tu b e rc le s ,  a r t i c u la t in g  f a c e t  p u s tu le s , a b ax ia l p a rt of a x ia l  r in g , 

p o s te r io r  and a n te r io r  p le u ra l bands appear smooth. On pygidium in n e r 

p a r t  of p le u ra l  reg ion  and a b a x ia l p a rt of a x ia l  r in g s  seem more or 

l e s s  smooth, r e s t  of p le u ra l  reg io n  f in e ly  tu b e rc u la te .

DIbCUSSION. Do ^ ibberosa  has only been found in  th e  low er Llandovery 

s t r a t a  of th e  S ju rs /y a  p e n in su la , near O slo, Norway. The e x c e lle n tly  

p reserved  m a te r ia l  forms p a r t of th e  S ilu r ia n  c o lle c t io n s  of J .  K iaer.

A ll l o c a l i t i e s  on S ju rs /y a  have s in ce  d isappeared  under and in d u s t r ia l  

complex and i t  i s  fo r tu n a te  th a t  an adequate number of specimens a re  

a v a ila b le  to  enable d e sc r ip tio n  o f t h i s  most unusual s p e c ie s .

There i s  a co n sid erab le  d if fe re n c e  in  appearance in  th e  p re g la b e lla r  

a re a  between in te r n a l  and e x te rn a l mould specimens of th i s  sp e c ie s .

The in te r n a l  mould shows l i t t l e  of th e  d i s t i n c t  a n te r io r  border and alm ost 

n o th irg  of th e  break in  slope which forms th e  boundary between a n te r io r  

border and p re g la b e lla r  furrow . N ev erth e less  th e  spec ies  i s  so d i s t in c t  

i t  can be r e a d i ly  recogn ised  from both in te r n a l  and e x te rn a l mould 

forms (compare F I. 12, f ig .  8 w ith  P l. 13, f i g .  6 ) .
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The tre n d  towards having a r a th e r  convex g la b e l la  (as e x h ib ite d  by 

D. c ra s s a) i s  c a r r ie d  to  an extreme in  D, ^ ibberosa  where th e  g la b e l la  i s  

hi.ghly v a u lte d  -  both s a g i t t a l l y  and tra n s v e rs e ly . Severa l o th e r 

c h a ra c te rs  serve to  d is t in g u is h  r ib b e ro sa  from c r a s s a : i t  has a p a rab o lic  

g la b e l la r  o u t l in e ,  th e  1p and 2p l a t e r a l  g la b e l la r  lo bes a re  more equal 

in  s iz e  th e  unusual shape o f lobe 2p which i s  not i s o la te d  from the  

c e n tr a l  g la b e l la r  a rea  by a furrow , th e  f r o n ta l  g la b e l la r  lobe appears 

s a g i t t a l l y  s h o r te r  and consequently  i t s  o u tl in e  i s  more a rc u a te  ( r a th e r  

than  s e m ic irc u la r)  w ith  v i r t u a l ly  no a b a x ia lly  fa c in g  s id e s , a g e n e ra lly  

more weakly arched  (d o rsa l view) a n te r io r  m argin, le s s  s tro n g  break in  

slope between a n te r io r  border and p re g la b e l la r  furrow , and i t  has a 

g en tly  sw ollen (but not po in ted ) in n e r ,  a n te r io r  co rn er to  th e  f ix e d  cheek,-

A fu r th e r  po in t o f i n t e r e s t  concern ing  D. fcibberosa i s  th e  rem arkable

c o n tra s t  between th e  convexity  of th e  c r a n id ia l  c h a ra c te rs  compared w ith  

those  of th e  pygidium. For ex-ample th e  d if fe re n c e  between th e  in f l a t io n  

of th e  g la b e l la  and th e  p y g id ia l a x is .

D. c ra s s a , D, g ibberosa  and a s s o c ia te d  tax a  form a good sp ec ies

group and appear to  be s t r a t ig r a p h ic a l ly  u se fu l as in d ic a to r s  of s t r a t a  

of L landovery age.

OCCUidiENCE. i i l l  th e  m a te r ia l  was ob ta ined  from th e  e a s te rn

head land , south  s id e  of S ju rs /y a , n o rth e rn  end of Dunne f io r d ,  Oslo

d i s t r i c t ,  Norway, Most of th e  specimens a re  s p e c if ic a l ly  la b e l le d  as 
from

coming Tbage 6a/^ . O thers a re  more simply given as  occu rrin g  in  Stage 6 

but i t  i s  f a i r l y  sa fe  to  assume ( la rg e ly  on l i th o lo g ic a l  grounds -  th ey  

a l l  occur in  a very  d i s t in c t iv e ,  t r i l o b i t e  -  r ic h  b io c la s t ic  lim estone) 

th a t  a l l  were c o lle c te d  from th e  same ho rizon  (6a/i ) .  D assett and 

R ickards (1971, p. 254, f i g .  1) have c o r re la te d  th e  Llandovery and Wen- 

lock  su ccessio n s  of th e  nearby is la n d  of Malm/ya w ith  th e  B r i t is h
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g ra p to l i te  d iv is io n s  but th ey  only d e a l t  w ith  beds as low ^s 6b^ -  

which was considered  coeval w ith th e  low er p a r t of th e  convolutus 

Zone (= Idw ian). In  a sse ss in g  th e  age of 6a/5on S ju rs /y a  one must 

boa., in  mind th a t  th e se  au th o rs  have dem onstrated some of K ia e r’ s 

( 1908) Stages w ith in  th e  Oslo d i s t r i c t  to  be d iachronous, but Stage 6a 

on Malm/ya would appear to  be no younger th an  th e  %re%arius &one (=low er- 

most Idw ian).
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THE GENUS CALYMENE FROM THE SILURIAN 

AND LOITER DEVONIAN OF BRITAIN, SVTEDEN 

AND CZECHOSLOVAKIA.

The type and o th e r  specimens o f a l l  h i th e r to  e re c te d  sp ec ie s  o f 

Calymene from B r i ta in ,  Sweden and Czechoslovakia have been examined.

Most o f th e  m a te r ia l s tu d ie d  from Sweden i s  housed in  th e  Riksmuseum, 

Scockholm, and th a t  from Bohemia in  th e  Narodni Museum, Prague; 

much o f th e  m a te ria l from B r ita in  i s  housed in  th e  B r i t is h  Museum, 

though o th e r museums (Sedgwick Museum, H unterian Museum, N atio n al 

Museum o f Wales e t c . )  and th e  G eolog ical Survey have k in d ly  e n tru s te d  

me w ith  s u b s ta n t ia l  c o l le c t io n s .  Museum specimens have been supplem ented, 

wherever p o s s ib le , by my own f ie ld  c o l le c t io n s .

TER M IN O LO G Y , TECHNIQUES AND MEASURE?'lENTS.

These are  th e  same as th o se  o u tlin e d  in  th e  f i r s t  p a r t  o f  t h i s  

t h e s i s .

SYSTEMATIC PALAEONTOLOGY.

Subfamily CALYMENINAE M ilne-Edwards, l840 

Genus CALYMENE B ro n g n ia r t, 1822

TYPE SPECIES. Calymene blum enbachii B ro n g n ia rt, 1822, p . 11, p l .  1 , 

f ig s .  lA-D; from th e  Wenlock Limestone o f Dudley, England. By o r ig in a l  

d e sig n a tio n  o f B rongniart l8 2 2 , p . 2.

OTHER SPECIES. £ . an tig o n ish en s is  McLearn, 192b; £ . a l t i r o s t r i s  

F o e rc te , 1923; £ . a q u a tica  sp . n o v .; £ . a r o t i a  Haas, 1968; £ . aspera  

S h ir le y , 1936; £ .  b o e ttn e r i  H arrin g to n , 1950; £ . bowiei G i l l ,  19^5;

£ . b rev icep s Raymond, I 9 1 6 ; £ . cam erata Conrad, l8 b 2 ; £ . ca rio u s  Lamont, 

19b9; £ . cedarv i.M ensis F o e rs te , 1919; £ . c la v ic u la  Campbell, 1967;

£ . consuicua Schm idt, 189b; £ . c re sap en s is  P ro u ty , 1923; £ . exim ia sp. n ov ,; 

£ . fa lc a t a  sp . r.ov. ; £ . f ro n t os a LindstrBm , I 885 ; £ . i n t e r j e c t  a Hawle 

& Corda, l8 b 7 ; £_. kashm irica  Gupta, 1967; £ . k i l l a r e n s i s  G i l l ,  19b5;
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Ĉ. k o k b a ita le n s is  Maximova, 1968; Ĉ. la e v ig a ta  Schm idt, 1907; C_. la e v is  

LindstrSm , 1885; _C. lawsoni S h ir le y , 1962; £ . m acrocephala P ro u ty , 1923;

Ĉ. mimaspera Schrank, 1970; m inim arginata Schrank, 1970; neoin term edia 

R. & E. R ic h te r , 195%; £ . n ia g a ren s is  H a ll, l8%3; Ç. ohhesaarensis  Schmidt, 

189%; £ . oruhom arginata Schrank, 1970; £ . p a tu s t r i a  sp . n o v .; £ . p la n ic u rv a ta  

S h ir le y , 1936; £ . p la ty s  Green, 1832; £ . p u e l la r is  Reed, 1920; C_. p ren a ica  

B alasova, 195%; £• r e s t r i c t a  P ro u ty , 1923; £ . s c r iv e n o r i Kobayashi & Hamada, 

1971 ; £ . s p e c ta b i l is  A ngelin , 185%; £ . subdiadem ata McCoy, I 85I ;  £ . ta im y rica  

B alasova, 196O; £ . te n e ra  B arran d e ,l8 5 2 ; £ . te n ta c u la ta  Schlotheim , 1820;

£ . tu b e rc u lo sa  Dalman, 1827; £ . w eberi Maximova, I 968 .

Som e o f  t h e  s p e c i e s  g i v e n  i n  t h i s  l i s t  a w a i t  r e v i s i o n ;  t h e y  m ay e v e n t u a l l y  

f a l l  i n t o  sy n o n y m y  o r  b e  t r a n s f e r r e d  t o  o t h e r  g e n e r a .

DIAGNOSIS. G l a b e l l a  m ore o r  l e s s  b e l l - s h a p e d  i n  o u t l i n e ,  p r o j e c t s  a b o v e  & 

i s  l e v e l  w i t h  ( a n t e r i o r l y )  o r  p r o t r u d e s  i n  f r o n t  o f  f i x e d  c h e e k ;  i t  h a s  

t h r e e  o r  f o u r  p a i r s  o f  l a t e r a l  l o b e s ,  o n l y  l o b e  2 p  i s  p a p i l l a t e  an d  j o i n e d  

t o  a  g e n a l  b u t t r e s s .  A n t e r i o r  b o r d e r  v a r i a b l y  d e v e l o p e d ,  r u n s  s m o o th ly  

p o s t e r i o r l y  i n t o  p r e g l a b e l l a r  f u r r o w .  H y p o sto m e  h a s  p r o t r u b e r a n c e  on  

a n t e r i o r  l o b e  o f  m e d ia n  b o d y .  T h o r a x  h a s  t w e l v e  ( r a r e )  o r  t h i r t e e n  s e g m e n t s .  

P y g id iu m  h a s  b e t w e e n  f i v e  a n d  n i n e  a x i a l  r i n g s ,  f i v e  o r  s i x  p l e u r a l  f u r r o w s .

DISCUSSION. Calymene i s  compared w ith  Diacalymene K egel, 1927 and 

Tapinocalymene gen. nov, elsew here (see p rev ious and fo llow ing 

c h a p te r s ) .

W hitting ton  ( l9 7 l)  has re c e n tly  re v ise d  PapiH icalym ene S h ir le y ,

1936 from th e  Ludlovian o f  Gotland and d iscu ssed  i t s  r e la t io n s h ip  

w ith  Calymene; a few e x tra  comments may be added h e re . In  ad d itio n  

to  P. papi H a t  a LindstrBm, I 885 and P. excavata  LindstrBm, I 885 , th e re  

e x is t s  a t h i r d  (unnamed) sp ec ie s  o f P ap illica ly m en e  on Gotland which 

i s  m orpholog ically  le s s  'advanced* than  e i th e r  o f th e  o th e r tw o, in  

having no p a p i l la t io n  a t  th e  a n te r o la te r a l  corner o f  th e  f r o n ta l
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g la b e l la r  lo b e . In  th i s  re sp ec t i t  i s  th e  same as spec ies  o f  Calymene, 

and th e re fo re  one o f th e  d iffe re n c e s  between Calymene and P a p i l l i 

calymene no longer a p p lie s ,  and W h ittin g to n 's  (1971, p.%62) d iagnosis  

o f th e  l a t t e r  must be s l ig h t ly  emended acco rd in g ly . A s tro n g ly  

upcurved a n te r io r  border was a lso  considered  ("Whittington 1971, p.%63) 

a d is tin g u is h in g  c h a rac te r  o f P a p illic a ly m e n e , bu t th i s  type o f  bo rd er 

is  a lso  p re sen t in  Calymene (see £ . f ro n to s a , £ . car lops and Calymene 

sp . nov.? below ). The most d ia g n o s tic  c h a ra c te rs  o f P ap illica lym ene  

seem to  be th e  p a p i l la te  3p lobe and corresponding genal b u t t r e s s , and 

th e  g rea t d is p a r i ty  in  w idth o f  th e  a x ia l  furrow  beside  lobe Ip  compared 

w ith  i t s  w idth in  fro n t o f  t h i s  p o in t. There i s  l i t t l e  doubt th a t  

P ap illica lym ene  was derived  from Calymene(V /hittington 1971, p.%6%).

Of th e  more recen t a u th o rs , S h ir le y  (1933 and 1936), Campbell (1967 ) ,  

W hitting ton  and Schrank (1970) have c o n trib u te d  most to  our understand ing  

o f  Calymene. Schrank has id e n t i f i e d  s ix  sp ec ie s  groups based on th e  

n a tu re  o f  th e  a n te r io r  b o rd e r. From th e  p re sen t study i t  i s  concluded 

th a t  se v e ra l o f th e se  groups (numbers 1 , %, 5 , and 6) are  f a i r l y  homo

geneous u n i t s , and th a t  th e  sp ec ies  inc luded  in  each group can o ften  

be a sso c ia te d  on o th e r  c h a ra c te rs  b e sid e s  th e  a n te r io r  b o rd e r. For 

example th e  form o f th e  th o ra c ic  p leu rae  in  £ . s p e c ta b i l is  and £ . la e v is  

(group s ix )  i s  q u ite  d i f f e r e n t  to  th a t  in  £ . blum enbachii and £ . c la v ic u la  

(group fo u r ) . However c e r ta in  sp ec ie s  p laced  in  group two do not appear 

to  me to  be c lo se ly  r e la te d :  Calymene nodulosa S h ir le y , 1933 is  q u ite  

d i s t in c t  in  alm ost every c h a ra c te r  from, say , £ . aspera  and I  have 

(elsew here) made nodulosa th e  type sp ec ies  o f  Tapinocalymene gen. n o v .. 

S im ila r ly  i t  i s  here  considered  u n lik e ly  th a t  Calymene pompeck.ji Kummerow, 

1928 belongs in  th e  genus Calymene (see  d iscu ss io n  o f £ . n eo in te rm ed ia ) .

Some o f S chrank 's  groupings ( fo r  in s ta n c e  groups 1 and k) have a 

s t r a t ig r a p h ic a l  as w ell as a m orphological b a s is ,  and a t l e a s t  two o f th e  

groups (£ . blum enbachii group (%) and £ . te n ta c u la ta  group ( 3 ) ) can be
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m orphologically  r e la te d  to  each o th e r . Some o f th e  sp ec ie s  con tained  

in  th e  groups have h e re in  been p laced  in  synonymy (eg , £ , l a t a  S h ir le y , 

1936) ,  o th e rs  (eg . £ , ohhesaarensis  Schm idt, 189%) are  in  need o f 

re v is io n . The d e ta i le d  morphology o f  many o f  th e  ta x a  commented on 

by Schrank, i s  t r e a te d  below in  th e  sp ec ies  d iscu ss io n s .

OCCURRENCE. The s t r a t ig r a p h ic a l  range o f Calymene i s  from th e  

lower Llandovery to  th e  lower Devonian, The genus has been recorded  

from Europe, N and S America, A sia , A u s tra l ia  and N A fric a . I t s  

presence in  N A frica  ( F i l l e t  I 968) i s  here regarded w ith  doubt,

Calymene is  w ell rep resen ted  in  B r i ta in  (e s p e c ia lly  in  th e  upper 

Wenlockian) where i t  ranges from th e  upper Rhuddanian to  th e  W h itc lif f ia n , 

In  Bohemia i t  f i r s t  malies i t s  appearance in  th e  lower Ludlovian 

(£ , te n e ra ) and extends in to  th e  P r id o l i  and lower Devonian w ith 

£ . i n t e r j e c t a .

On Gotland Calymene ranges from th e  Lower Visby Beds (topm ost 

Llandovery) to  th e  Sundre Beds- th a t  i s  th e  whole o f th e  supram arine 

S ilu r ia n  su ccess io n .

Calymene subdiadem ata subdiadem ata McCoy, I 85I  

P la te  1 , f ig s .  1-1%; P la te  2 , f ig s ,  7 , 9.

1851 Calymene subdiadem ata (McCoy); McCoy (p a r s ) ,  p . I 66 non 

p l .  IF , f ig s ,  9 ,1 0 .

1851 Calymene Blumenbachii B rong ,; S a l te r  in  M urchison, p . 171.

1873 Calymene B lum enbachii, B rongn ,; S a l te r  (p a r s ) ,  p . 77,

? 1879 Calymene B lum enbachii, B ro n g n ia r t; N icholson & E th e rid g e , 

p , 1%0, p l ,  10, f ig .  6 , non f i g s . 2 -5 ,

1906 Calymene blum enbachi, B ro n g n ia rt, 1822; Reed, p . 133, p l .  17, 

f ig s .  12, 13.

1933 Calymene subdiadem ata McCoy, 1852; S h ir le y , p , 65 .
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1936 Calymene r e p l i c a ta  sp . n o v .; S h ir le y  (p a r s ) ,  p . U ll, 

non p l .  30, f i g s . 2 -5 .

LECTOTYPE. Here s e le c te d ;  in te r n a l  mould o f incom plete 

cranidium ; SM A3%872; d esc rib ed  McCoy I 85I ,  p . I 66 (p a r s ) ; fig u red  

here P l .  1 , f ig .  9.

TYPE STRATUM AND TYPE LOCALITY. Here r e s t r i c t e d .  Small c u tt in g  

E o f  Newlands Farm (NS 2775^%3%), Newlands, one m ile N o f Wall ac e t  own, 

Girvan d i s t r i c t ,  A y rsh ire . Newlands Formation (Idwian) Llandovery S e r ie s .

ADDITIONAL MATERIAL. There a re  numerous (more th an  50) topotype 

s p e c i r i r :  o f th i s  sp ec ie s  in  th e  m ajor B r i t i s h  Museums, in  p a r t ic u la r  

th e  B r i t i s h  Museum (Gray C o llec tio n ) and H unterian  Museum, Glasgow.

No attem pt i s  made to  l i s t  a l l  th e  m a te r ia l .

DIAGNOSIS. G lab e lla  very weakly b e ll-sh a p e d , about 1 .1  -  ].. 3 tim es 

as long as w ide, P reo ccu lar p a r t  o f  f ix e d  cheek narrow ^ only  about 

one f i f t h  to  one q u a r te r  as wide as g la b e l la  a t  lobe 2p. A xial furrow 

narrow ( t r . ) .  P re g la b e lla r  furrow m oderately wide and deep. A n te rio r 

bo rder m oderately to  s tro n g ly  up tu rned , d o rsa l su rface  convex ( s a g ,) ,  

Hypostome w ith  sm all s u b c irc u la r  p ro je c t io n . Tubercules on cranidium  

f in e  and c lo se ly  spaced,

DESCRIPTION. Cephalon about 1 ,7  -  1 ,8  tim es as wide as long .

S lender g la b e l la  i s  about 1 .1  -  1 .3  tim es as long as w ide, very  weakly 

b e ll-sh a p e d  in  o u t l in e ,  p ro je c ts  s tro n g ly  in  f ro r t o f and reaches w ell 

above f ix e d  cheek. O c c ip ita l r in g  g e n tly  sw ollen in to  sm all node a t 

a x ia l  furrow . L a te ra l lobe Ip  s l ig h t ly  le s s  th an  one th i r d  as i-n.de 

as g la b e l la ,  su b rec tan g u la r in  o u tl in e  (more rounded in  in te r n a l  m oulds), 

does not p ro tru d e  very much a b a x ia lly  beyond lobe 2p. L a te ra l  furrow Ip  

curves inwards and b a c k w a rd se x te n d s  over 'neck* o f  lobe Ip  as shallow  

d ep re ss io n ; very weak a n te r io r  branch c ro sses  in n e r s id e  o f s u b c irc u la r
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lobe 2p which i s  jo in ed  to  genal b u t t r e s s .  No in te rm ed ia te  lobe a t 

ad ax ia l end o f furrow Ip . Lobe 3p tra n s v e rs e ly  e lo n g a te , s tre tc h e s  

dovm sid e  o f g la b e l la . Fourth lobe weakly in d ic a te d  on many specimens. 

F ro n ta l lobe is  b lu n tly  to  q u ite  s tro n g ly  rounded in  o u t l in e .

A xial furrow deep and extrem ely narrow around lobe Ip ,  s l ig h t ly  

w ider between furrow 2p and f r o n ta l  lo b e . A n te rio r p i t  s i t e d  on in n er 

s id e  o f a x ia l  furrow below p o s te r io r  margin o f f r o n ta l  lobe o r %p 

furrow . P re g la b e lla r  furrow m oderately deep and wide (sag . & e x s . ) ,  

sh arp ly  undercuts f r o n ta l  lobe o f g la b e l la ;  a n te r io r  s ide  o f furrow 

curves forvrards and m oderately to  s tro n g ly  upwards. A n te rio r  border i s  

s l ig h t ly  w ider (e x s .)  opposite  a x ia l  furrow than  m ed ia lly , in  s ec tio n  

i t s  d o rsa l su rface  is  convex, in  most specimens i t  runs smoothly 

p o s te r io r ly  in to  th e  p re g la b e lla r  furrow though in  a few c ra n id ia  th e re  

i s  a s l ig h t  edge between th e  two; o u te r  s id e  o f bo rder curves dovmwards, 

o r downwards and s l ig h t ly  backwards to  r o s t r a l  su tu re .

P o s te r io r  margin o f fix ed  cheek swings s tro n g ly  backwards 

a b a x ia lly  from fulcrum . P o s te r io r  bo rder furrow f a i r l y  wide ( e x s .) ,  

d i s t in c t ly  im pressed. O uter p a r t  o f  fix ed  cheek swings q u ite  s tro n g ly  

doimwards and backwards so th a t  in  some specimens genal ang le  l i e s  

behind o c c ip i ta l  r in g . P a lp eb ra l lobe i s  about as long (e x s .)  as 

and cen tred  opposite  lobe 2p. P reo ccu la r p a r t  o f  f ix ed  cheek very 

narrow ( t r . )  -  about one f i f t h  to  one q u a r te r  is wide as g la b e l la  a t 

lobe 2p, descends q u ite  s te e p ly  fo rw ards, i t s  in n e r a n te r io r  corner may 

be s l ig h t ly  po in ted .

P o s te r io r  branch o f f a c ia l  su tu re  runs tra n s v e rs e ly  fo r  a sh o rt 

d is ta n ce  be .'ore tu rn in g  sh arp ly  backwards to  l a t e r a l  bo rder where i t  

swings f i r s t l y  more backwards and f in a l ly  f a in t ly  outwards to  p o s te r io r  

m argin; an t ^I'ior branch tre n d s  forwards to  a n te r io r  m argin.

Hypostome (BM Xt909l) 1 .1  tim es as wide as long  ( s a g .) .  A n te rio r 

margin v e rj narrow , re f le x e d  v e n tr a l ly .  A n te rio r lobe  about four tim es
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as long as p o s te r io r  lo b e , has s u b c irc u la r  p ro je c tio n  s i tu a te d  one 

th i r d  o f th e  d is tan ce  from a n te r io r  margin to  exceedingly  f a in t  median 

furrow . Maculae q u ite  s tro n g ly  sw ollen . L a te ra l b o rder furrow  

f a i r l y  deep. P o s te r io r  bo rd er extended in to  two sh o rt sp in e s ; p o s te r io r  

margin U-shaped.

Thorax has th i r te e n  segm ents. Each a x ia l  r in g  sw ollen in to  a 

sm all node a t a x ia l  furrow .

Axis o f pygidium q u ite  s tro n g ly  convex ( t r . ) ,  has a t l e a s t  s ix  

a x ia l  r in g s  th e  a n te r io r  two o f which are  very s l ig h t ly  sw ollen 

a b a x ia lly . A xial furrow w e ll marked. P le u ra l reg ion  bends s tro n g ly  

downwards, has f iv e  d i s t in c t ly  im pressed p le u ra l  fu rrow s; in te r p le u r a ls  

b e s t marked d i s t a l l y ,  very weak or absen t p rox im ally .

Ornament on g la b e l la ,  fix ed  cheek and a n te r io r  bo rder c o n s is ts  

o f  very f in e ,  c lo se ly  spaced tu b e rc u le s .

DISCUSSION.

H isto ry  o f th e  s p e c ie s . Calymene subdiadem ata was 

rev ised  by S h ir le y  (1933) who examined two o f McCoy's specimens 

(SM A68o5-807) and on account o f t h e i r  inadequate p re se rv a tio n  d ec la red  

th e  sp ec ies  a nomen dubium. In th e  Sedgv^ick Museum th e re  are  e ig h t 

calymenid specimens which, accord ing  to  cata logue in fo rm a tio n , a l l  

formed th e  b a s is  fo r  McCoy's (185I ,  p. I 66 ) d e sc r ip tio n  o f subdiadem ata. 

McCoy d id  not in d ic a te  any o f  th e se  specimens as " th e  type" and they  

must a l l  be regarded as syn types; each i s  from a lo c a l i ty  recorded  by 

McCoy (1851 , p . 167) as y ie ld in g  h is  new sp ec ie s .

The sy n ty p es , cata logue in fo rm ation  and p re sen t d e te rm in a tio n s  a re : 

1. & 2. SM A38377 -  378 ; Upper B ala , Coed S ion , L langadoc,

S Wales. These two in te r n a l  moulds are incom plete c ra n id ia  o f  an 

in d e te rm in a te  sp ec ies  o f  Calymene.

3. S 'l aUi 862; Upper B ala S c h is ts ,  P w llh e li .  I n te rn a l  mould o f  a 

sm a ll, incom plete cranidium  o f  a F lexicalym ene.
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%. SM A%3%26; Coniston Lim estone, High Haume, D alton in  

Furness, Cumberland. Very badly  d is to r te d  in te r n a l  mould o f a 

cranidium . P o ss ib ly  belongs to  G ravicalymene; sp ec ie s  in d e te rm in a te .

5 . SM a68o6; Calcareous S c h is ts ,  Coniston Water-Head. Squashed, 

almost complete in d iv id u a l ,  p o ss ib ly  formed th e  b a s is  fo r  McCoy's

p l .  IF , f ig s .  10, 10a. Mentioned by S h ir le y  (1933, p . 65) as " rem in iscen t 

o f £ . q u ad ra ta  K ing", but on fu r th e r  p re p a ra tio n  is  b e s t  r e fe r re d  to  

D. c f . m arginata  S h ir le y , 1936.

6. SM A6807 ; Calcareous S c h is t s , Coniston Water-Head.

F la tte n e d  in te r n a l  mould o f an incom plete cranidium . Can be re fe r re d  

to  Gravi calym ene, probably  c lo se  to  .ju g ife ra  Dean, I 962 .

7 . & 8. SM A3%872 -  873; Upper Bala (C aradoc), M ulloch, 

D alquharran. These two incom plete c ra n id ia  ( in te r n a l  moulds) are  

considered  co n sp ec ific  and can be re fe r re d  to  Calymene. One specimen 

(SM A3%873) i s  p reserved  in  a sandstone s im ila r  to  th o se  I  have seen 

from th e  Mulloch H i l l  Formation (= upper Rhuddanian; Cocks & T o g h ill 

1973, p. 238) o f th e  Craighead I n l i e r ,  Girvan ; th e  o th e r specimen is  

p reserved  in  a red d ish  coloured sandstone which i s  unm istakeably  th e  

same as th o se  from th e  Newlands Formation (= lower Idwian) o f th e  Girvan 

d i s t r i c t .  Out o f a l l  McCoy's syntypes th e  l a s t  specimen i s  th e  most 

s u i ta b le  to  serve  as th e  le c to ty p e  o f  subdiadem ata because i t s  provenance 

can be a c c u ra te ly  d e lim ite d , and th e re  are  many o th e r  ex tan t specimens

o f th e  same sp ec ies  which allow  an adequate d e f in i t io n  o f  th e  taxon .

I t  i s  ap t th a t  S a l te r  (in  Murchison I 85I )  should reco rd  "Calymene 

Blum enbachii, B rong ., from th e  Red Quarry (C. subdiadem ata o f  McCoy's 

l i s t ) "  from th e  a rea  N. o f D alquharran.

The specimen from Leintw ardine which formed th e  b a s is  fo r  McCoy's 

p l .  IF , f ig s .  9 , 9 a , has not been tra c e d .



-107-

Morphology and re la t io n s h ip s  o f £ .  subdiadem ata 

subdiadem ata. The main c h a ra c te rs  o f  subdiadem ata subdiadem ata 

a re  given in  th e  d iag n o sis . V a ria tio n  in  th e  a n te r io r  b o rd e r o f th e  

Newlands Formation popu la tion  i s  p h y lo g e n e tic a lly  s ig n i f ic a n t  and 

th e  taxon probably  re p re se n ts  th e  n e a re s t member o f  th e  genus to  

Diacalymene. Of th e  many c ra n id ia  examined from th i s  h o rizo n  most 

have an a n te r io r  b o rder ty p ic a l  o f Calymene, b u t some have a s l ig h t  

edge between th e  border and furrow , and in  one specimen (BM In%3652) 

th e  bo rder i s  in d is tin g u is h a b le  from th a t  o f  Diacalymene sp ec ie s  

except i t  i s  somewhat more convex and s h o r te r  ( s a g .)  than  i s  normal. 

O ther fe a tu re s  shown by subdiadem ata subdiadem ata which a re  more 

c h a r a c te r i s t ic  o f Diacalymene than  Calymene in c lu d e  th e  very fin e  

c ra n id ia l  tu b e rc u le s  and th e  sm a ll, s u b c irc u la r  (no t s p in e - l ik e  as 

in  n early  a l l  Calymene sp ec ie s) p ro je c tio n  on th e  a n te r io r  lobe  o f th e  

hypostome. The Newlands Formation pop u la tio n  i s  in te rp re te d  as 

re p re se n tin g  a l in k  spec ies  between Diacalymene and Calymene (though 

as a whole being  c lo se r  to  th e  l a t t e r )  and p rov ides support fo r  th e  

id e a  o f  a g radual tra n s fo rm a tio n , not s a l t a t i o n ,  from one genus to  th e  

o th e r .

£ . f ro n to sa  LindstrBm, I 885 (see below) from th e  Upper Llandovery 

o f  Gotland can be d is tin g u ish e d  from £ . subdiadem ata on numerous 

c h a ra c te r s ,  in c lu d in g  i t s  much c o a rse r  c ra n id ia l  ornam ent, deeper and 

narrow er l a t e r a l  and p o s te r io r  bo rd er fu rro w s, w ider a x ia l  and 

p re g la b e l la r  fu rro w s, sm alle r more a n te r io r ly  s i te d  p a lp e b ra l lobes and 

conspicuously  p ro je c tin g  corners to  a n te r io r  p a r t  o f  th e  f ix e d  cheek.

A comparison o f  £ . subdiadem ata subdiadem ata w ith  £ . subdiadem ata 

r e p l i c a ta  i s  given below.
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OCCURRENCE, Mulloch H il l  Formation (upper Rhuddanian) and 

Newlands Formation (idw ian) o f  the  Girvan d i s t r i c t .

Calymene subdiademata McCoy, I 85I  r e p l i c a ta  S h ir le y , 1936 

P la te  2 , f ig s .  1 -6 , 8 , 10, 11.

1936 Calymene r e p l i c a ta  sp . n o v .; S h ir le y  (p a rs ) , p. %11, p l .  30,

f ig s .  2- 5 .

? 1938 Calymene r e p l i c a ta  S h ir le y ; W h itta rd , p . 88.

1970 Calymene r e p l i c a ta  S h ir le y ; Schrank, pp. 115, 119.

HOLOTYPE. In te rn a l  mould o f incom plete cephalon and th re e  

a tta c h e d  th o ra c ic  segm ents, p lu s  c o u n te rp a r t;  SM Al%922a-b; f ig u red  

S h ir le y  1936, p l .  30, f ig s .  2 , 3, 5, and here P l. 2 , f ig s .  1 -3 , 6.

The co u n te rp a rt (SM Al%922b) and i t s  g e la t in e  im pression a re  now 

re p o rte d  m issing .

TYPE STRATUM AND TYPE LOCALITY. Upper Llandovery (near th e  base 

o f ) , a t th e  sharp bend in  th e  s tream , 360 yards above th e  fo o tb rid g e  

S o f L le t ty '- r -h y d d o d , n ear L landovery, C arm arthenshire.

ADDITIONAL MATERIAL. About f i f t e e n  c ra n id ia  and p y g id ia , and two 

alm ost complete specim ens. Some o f th e  specimens have a few th o ra c ic  

segments a tta c h e d . Loaned by Dr. P. Lane, Univ. o f  K eele.

DISCUSSION. The e x te rn a l mould o f th e  holo type o f  t h i s  taxon i s  now

m issin g , and the  few topotype e x te rn a l moulds I have a t  hand are d is to r te d .

S h ir le y  (1936, p . U ll) regarded  th e  Newlands Formation Calymene 

(now = £ . subdiadem ata subdiadem ata McCoy, I 85I ;  see above) as co n sp ec ific  

w ith  h is  new spec ies  from th e  Llandovery a re a , £ . r e p l i c a t a . The above 

topotype specimens o f r e p l ic a t a  appear to  be in sep a rab le  from many o f the  

Newlands c ra n id ia  o f subdiadem ata, though th e  d o rsa l su rface  o f a n te r io r
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border in  th e  Newlands p o p u la tio n , tak en  as a whole, i s  more b ro ad ly  

convex and s to u t ly  developed. As th e  range o f v a r ia t io n  in  th e  

Welsh and S c o ttis h  samples seems to  o v e rla p , i t  i s  a rgueab le  w hether 

th i s  d if fe re n c e  j u s t i f i e s  form al s e p a ra tio n  o f  th e  two p o p u la tio n s , 

but I  have here t r e a te d  r e p l ic a ta  as a subspecies o f subdiadem ata.

OCCURRENCE. Type lo c a l i ty  and Idwian o f th e  Bog Mine a re a , 

S h ropsh ire .

Calymene fro n to sa  LindstrBm, I 885 

P la te  3, f ig s .  1 -9 ; P la te  %, f ig s .  1 -9 .

1885 Calymmene fro n to sa  n . ; LindstrBm, p . 6 9 , p l .  15, f ig s .  1-%.

? 189% C aly . f ro n to sa  LindstrBm; Schm idt, p. I 8 , p l .  2 , f ig s .  %, %a, 

non f ig s .  5 , 5a, 6 , 7.

1936 Calymene fro n to sa  LindstrBm; S h ir le y , p . 387.

? 19%9 Calymene c a r lo p s sp . n o v .; Lamont, p . 319, p l .  I 8 , f ig s .  13-19.

? 1970 Calymene carlo p s  LAMONT, 19%9; Schrank, pp. 115, 119.

non 1970 Calymene fro n to sa  LINDSTRÜM, 1885; Schrank, p. I I 6 , p l .  1 ,

f ig s .  1 , 2.

LECTOTYPE. Here d e sig n a ted ; a damaged b u t alm ost complete specimen 

which i s  e n ro lle d ;  RM Ar6210; f ig u red  LindstrBm I 885 , p l .  15, f ig s .  1-3 

and here P l .  3 , f ig s .  1 , 2 , h.

TYPE STRATUM AND TYPE LOCALITY. Lower (?) Visby Beds (topm ost 

Llandovery in  a g e ) , V isby, G otland.

PARALECTOTYPES. Two damaged complete specimens which a re  bo th  

e n ro lle d , RI/I Ar6211, fig u red  LindstrBm I 885 , p l .  15, f ig .  %; RM Ar6212.
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ADDITIONAL MATERIAL. Twenty s ix  damaged^almost complete specim ens,

RM Ar27072, RM Ar27066, RÎ4 Ar27067, RM Ar%2807, RM Ar%28o8, RM Ar27037-0%1, 

RM Ar270%3, RM Ar270%%, RM Ar270%9“ 51, RM Ar%7000, RM Ar%7003-012,

RI4 Ar%78%5 ; one hyposto. le , RM Ar2705%; a pygidium w ith  s e v e ra l 

a ttach ed  th o ra c ic  segm ents, RM Ar27053.

DIAGNOSIS. Species o f Calymene w ith  th e  fo llow ing  c h a r a c te r i s t i c s :  

G lab e lla  p ro tru d es  w ell above fix ed  cheek in  l a t e r a l  p r o f i l e .  A xial 

furrow im.de ( t r . )  around lobe I p ,  very wide in  f ro n t o f genal b u t t r e s s .  

P re g la b e lla r  furrow is  a f a i r l y  lo n g , deep tro u g h . A n te rio r border i s  

a very s te e p ly  s lo p in g , w a l l- l ik e  s t r u c tu r e .  In n e r , a n te r io r  p a r t  o f 

fix ed  cheek produced in to  a su bcon ica l p ro je c tio n . L a te ra l  and p o s te r io r  

border furrows are very narrow. Thorax has tw elve segm ents. Large, 

p e r fo ra te ,  w idely-spaced  tu b e rc u le s  p re sen t on g la b e l la  and in n e r p a r t  

o f f ix ed  cheek.

DESCRIPTION. C ephalic o u tlin e  is  g e n e ra lly  s u b tr ia n g u la r .

G lab e lla  i s  ju s t  longer than  w ide, b e ll-sh a p e d  in  o u t l in e ,  p ro je c ts  

m arg inally  in  fro n t o f f ix e d  cheek. O c c ip ita l  r in g  g en tly  convex in  

p r o f i l e ,  about tw ice as wide a t median l in e  than  a t a x ia l  furrow where 

i t  i s  axe-shaped; o u te r margin o f axe-shaped ex trem ity  i s  alm ost 

s t r a ig h t  ( e x s . ) ,  a n te r io r  co rner is  q u ite  sh arp ly  angled and draim 

forwards somewhat. O c c ip ita l furrow narrow behind c e n tr a l  g la b e l la r  

a re a , widens and deepens behind suboval to  su b c irc u la r  l a t e r a l  lobe Ip  

which i s  about I as wide as g la b e l la ,  q u ite  s tro n g ly  in f l a te d  and 

sep a ra ted  from median lobe by shallow  furrow . L a te ra l furrow Ip very 

deep a t a x ia l  furrow , runs inward and backward to  d iv id e  in to  a n te r io r  

and p o s te r io r  branches between which th e  g la b e l la r  s id e  i s  g en tly  

sw ollen and sometimes developed in to  a sm all in te rm ed ia te  lo b e .

L a te ra l  lobe 2p is  jo in e d  to  a d a x ia lly  p o in ted  genal b u t t r e s s  to  form 

b rid g e  over a x ia l  furrow . Furrow 2p tra n s v e rs e ly  d ire c te d . Lobe 3p 

about o n e - th ird  th e  s iz e  o f lobe 2p, confined  by sh o rt ( t r . )  3p furrow .
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Side o f f r o n ta l  lobe runs forward and s l ig h t ly  inw ard, a n te r o la te r a l  

margin is  w ell rounded, a n te r io r  m argin very weakly convex forw ards. 

A n te rio r face o f  f r o n ta l  lobe s lo p es  v e r t i c a l ly  to  and i s  f r a c t io n a l ly  

undercut by p re g la b e lla r  furrow . In  l a t e r a l  view d o rsa l su rface  of 

g la b e l la  s tands s tro n g ly  above f ix e d  cheek, i t  fa d ls  g en tly  from 

o c c ip i ta l  furrow to  lobe 2p a f t e r  which i t  descends p ro g re s s iv e ly  more 

s te e p ly  to  f r o n ta l  lobe .

Beside o c c ip i ta l  r in g  th e  shallow  a x ia l  furrow  tre n d s  forw ard and 

outward to  p o s te r io r  bo rder furrow th e n  forward and inward to  lobe Ip 

where i t  i s  narrow est ( t r . ) ,  as i t  p ro g resses  fo n rards around th i s  

lobe i t  becomes g rad u a lly  deeper and w ider. In  f ro n t o f lobe 2p a x ia l  

furrow is  very  deep, about tw ice as wide here  as beside outerm ost 

margin o f  lobe Ip ,  i t s  ab ax ia l w all i s  v e r t i c a l  o r s l ig h t ly  undercuts 

th e  fix ed  cheek. There is  a sm all a n te r io r  p i t  below f r o n ta l  lobe 

on in n e r s id e  o f  th e  base o f th e  a x ia l  furrow . P re g la b e lla r  furrow 

as deep and as wide (sa g .)  or s l ig h t ly  w ider than  a x ia l  furrow in  

f ro n t o f lobe 2p; m edia lly  th e  p re g la b e lla r  furrow is  somewhat shallow er 

than  opposite  (e x s .)  a x ia l  furrow due to  a broad ( t r . )  r i s e  o f th e  f lo o r  

o f th e  furrow . A n te rio r  s id e  o f  p re g la b e l la r  furrow slo p es  a t  f i r s t  

forv/ards and upwards, then  v e r t i c a l ly  to  d o rsa l su rface  o f  a n te r io r  

b o rder which i s  convex and s l ig h t ly  w ider (e x s .)  near f a c ia l  su tu re  than  

s a g i t t a l l y .  D orsal su rface  o f  a n te r io r  bo rder reaches about half-w ay up 

a n te r io r  face  o f f r o n ta l  lobe (see f r o n ta l  v iew s). Outer s id e  o f 

a n te r io r  bo rd er descends s te e p ly  and m arg in a lly  backwards to  r o s t r a l  

s u tu re , in  f r o n ta l  view i t  i s  co n sid erab ly  w ider near f a c ia l  su tu re  

than  a t median l i n e .  In fro n t o f  g la b e l la  th e  a n te r io r  margin o f 

cranidium  is  approxim ately  s t r a ig h t  ( t r . )  o r very  g en tly  arched 

fo rw ards, a b a x ia lly  i t  bends q u ite  sh arp ly  backwards towards fix e d  

cheek.
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P o s te r io r  bo rder expands a b a x ia lly  from fulcrum . P o s te r io r  bo rder 

furrow narrow and deep from a x ia l  furrow to  a p o in t ju s t  sh o rt o f 

f a c ia l  su tu re . P o sto ccu lar p a r t  o f  fix ed  cheek i s  s u b tr ia n g u la r  in  

shape in  d o rsa l view, bends s tro n g ly  downward and outward. In  f r o n ta l  

view fix ed  cheek is  convex and slopes downward and outward between 

genal b u t t r e s s  and p a lp eb ra l lo b e . In n e r , a n te r io r  co rner o f  fix ed  

cheek is  p o in ted  and drai-m acu te ly  forward in  th e  form o f  a su bcon ica l 

p ro je c tio n  which reaches towards a n te r io r  b o rd e r. Furrow between 

th is  p ro je c tio n  and a n te r io r  bo rder i s  very  narrow (e x s .)  and deep; 

th e  base o f  th e  furrow has a c e n tr a l  c re s t  e i th e r  s id e  o f which i t  

f a l l s  s te e p ly  down to  th e  p re g la b e lla r  furrow and f a c ia l  s u tu re .

A n te rio r branch o f f a c ia l  su tu re  tre n d s  fon^ards and s l ig h t ly  

inwards to  a n te r io r  m argin, then  runs h o r iz o n ta l ly  acro ss  a n te r io r  

fac in g  s id e  o f bo rder to  meet r o s t r a l  su tu re . P o s te r io r  branch i s  

d ire c te d  tra n s v e rs e ly  fo r  a sh o rt d is ta n ce  from eye, then  tu rn s  

sh arp ly  backwards to  c ross l a t e r a l  b o rder furrow , th e r e a f te r  running 

alm ost e x s a g i t ta l ly  b e fo re  f in a l ly  swinging outwards again  to  cut 

genal ang le . P a lp eb ra l lobe i s  r a th e r  sm all -  about as long as o r 

s l ig h t ly  sh o r te r  (e x s .)  than  lobe 2p, confined  by shallow  p a lp eb ra l 

furrow , cen tred  o pposite  ( t r . )  a n te r io r  p a r t  o r margin o f lobe 2p, 

i s  narrow and g en tly  convex ( t r . ) , p ro je c ts  outwards from fix ed  cheek. 

Eye len se s  not observed but vo id  between eye so c le  on fre e  cheek and 

p a lp e b ra l lobe i s  very sm all. Eye so c le  composed o f two p a r ts ;  an 

uppermost extrem ely narrow rim which i s  sep a ra ted  from a p a r a l l e l ,  

b ro ad e r, lower p la tfo rm  by a f a i n t ,  narrow furrow . This b roader 

p la tfo rm  i s  in  tu rn  demarcated from th e  very  s te e p ly  s lo p in g  main f i e ld  

o f th e  f re e  cheek by a break in  s lo p e . L a te ra l b o rder furrow i s  a very 

narrow , deep s l i t  which shallow s n ear p o s te r io r  f a c ia l  su tu re . D orsal 

su rface  o f l a t e r a l  bo rder tu rn s  sh a rp ly  over and passes in to  th e  w ider, 

o u te r  and doimward fac in g  s id e . On l a t e r a l  b o rder near ju n c tio n  w ith
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i t s  doublure th e re  i s  a narrow , tu b e rc le - f r e e  s t r i p  o f  c u t ic le  which 

continues onto th e  in n e r arc o f th e  bo rd er s e c to r  o f  r o s t r a l  p la te .

On o u te r s id e  o f  th i s  s t r i p  th e re  i s  an exceed ing ly  f in e  rid g e  which 

a lso  continues a n te r io r ly  onto r o s t r a l  p la te .

R o s tra l su tu re  broad ly  arched ; connective  su tu re  a b a x ia lly  

convex; in n e r arc  o f bo rder s e c to r  somewhat more convex than  r o s t r a l  

su tu re . Hypostome i s  as long (e x s .)  a t p o s te r io r  sp ine  as i t  i s  wide 

between ( t r . )  a n te r io r  w ings. A n te rio r margin m oderately arched . A n te rio r  

border narrow ( s a g . ) ,  re f le x e d  v e n tr a l ly .  A n te rio r wing q u ite  la rg e  

w ith d i s t in c t ly  im pressed a n te r io r  p i t .  In s id e  l a t e r a l  n o tch , l a t e r a l  

bo rder i s  t i g h t ly  convex ( t r . ) .  Behind p o s te r io r  wing b o rder i s  

expanded in to  very lo n g , f l a t  sp in e . In n er margins o f  th e  two 

p o s te r io r  sp ines d iverge  only very weakly. A n te rio r lobe about 

four tim es as long as p o s te r io r  lo b e , b e a rs  a c e n tr a l ly  p o s it io n e d , 

v e n tra l ly  d ire c te d  p ro je c tio n . O vate, s l ig h t ly  convex maculae jo in e d  

by very weak median furrow .

Thorax con ta in s tw elve segm ents. Morphology'’ o f a x ia l  r in g  as fo r  

o c c ip i ta l  r in g  except a n te r io r  co rner o f  b lu n t ex trem ity  tends to  be 

more draim forwards and more sh arp ly  p o in te d . A n te rio r and p o s te r io r  

p le u ra l  bands are  f l a t  topped , o f about th e  same h e ig h t (see  l a t e r a l  

v iew s), a t th e  fulcrum  o f about equal le n g th  ( e x s . ) ,  and sep a ra ted  

by a narrow d is t in c t ly  im pressed p le u ra l  furrow .

P y g id ia l ax is  about two f i f t h s  to  one h a l f  as wide as pygidium , 

ta p e rs  f a i r l y  s tro n g ly  p o s te r io r ly ,  has s ix  a x ia l  r in g s ,  a t  l e a s t  f i r s t  

four o f which are  confined by a com plete r in g  furrow . Small te rm in a l 

a x ia l  p iece  has a rounded or somewhat m ed ia lly  p o in ted  p o s te r io r  o u t l in e . 

P le u ra l reg ion  descends very s te e p ly  away from a x ia l  furrow . Exact 

na tu re  o f p le u ra l  and in te r p le u r a l  furrow s u n c e rta in  as n e a r ly  a l l  

specimens a re  t ig h t ly  e n ro lle d  and many have been badly  abraded.
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There are f iv e  p le u ra l  furrows which a re  more deeply im pressed and 

s l ig h t ly  lo n g er than th e  in te r p le u r a ls .  P o s ta x ia l s e c to r  f a l l s  

v e r t i c a l ly  from te rm in a l a x ia l  p ie ce .

G la b e lla , d o rsa l su rface  o f a n te r io r  b o rd e r , in n er p a r t  o f  fix ed  

and fre e  cheek a l l  ornamented w ith  l a r g e ,  w idely-spaced  tu b e rc u le s  

each o f which i s  p e r fo ra te .  A ll s iz e s  o f  tu b e rc u le s  down to  very f in e  

p u s tu le s  a re  s c a t te re d  in  between th e se  la rg e r  tu b e rc u le s . L a te ra l 

border and b o rder se c to r  o f  r o s t r a l  p la te  adorned w ith  rounded, c lo se ly - 

s e t ,  medium and sm all s ized  tu b e rc u le s  to g e th e r  w ith f in e  p u s tu le s .

A ll c r a n id ia l  furrows devoid o f ornament. Ornam entation on th o rax  

and pygidium has been la rg e ly  e ffaced  but s c a t te re d  tu b e rc u le s  

observed on a x ia l  r in g s ,  p le u ra e , p y g id ia l ax is  and p le u ra l  re g io n , 

and f in e  p u s tu le s  on p le u ra l  fa c e ts .

DISCUSSION. The abundant, e x c e lle n tly  p reserved  m a te r ia l o f 

Calymene f ro n to sa  has demanded a more len g th y  d e sc r ip tio n  than  u su a l. 

LindstrBm 's o r ig in a l  specimens have been examined and one o f  them 

(RM Ar6210) re fig u red  fo r th e  f i r s t  tim e. Schrank (19T0) has rev ised  

th i s  taxon on th e  b a s is  o f two specim ens, one from G otland, th e  o th e r 

from a g la c ia l  e r r a t i c ,  bu t th e se  a re  here  considered  to  belong to  

a sp ec ies  which is  d i s t in c t  from Calymene fro n to sa  (see d iscu ss io n  o f 

Calymene sn . n o v .? ).

The horizon  and lo c a l i ty  in fo rm ation  on th e  la b e l  accompanying th e  

le c to ty p e  reads " S i lu r ia n ,  V isby, G otland". LindstrBm (1885 , p . TO) 

sim ply recorded  th e  sp ec ies  from th e  Visby M arl. The Visby Beds are 

now s p l i t  in to  a Lower and Upper d iv is io n ,  bo th  o f which ou tcrop  a t 

V isby, w ith  th e  boundary between th e  two b e ing  taken  as approxim ately 

eq u iv a len t to  th e  Llandovery -  Wenlock boundary. I  am u n c e r ta in  

as to  which o f th e se  horizons y ie ld e d  th e  ty p e  specimen and none o f th e  

o th e r  specimens a t hand give more p re c is e  d e ta i l s  as to  th e  age o f  th e  

sp e c ie s . liede (1921, p. 9 9 ), however, reco rds th e  sp ec ie s  only  from
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th e  Lower Visby Marls and th i s  Lower d iv is io n  is  th e re fo re  te n ta t iv e ly  

taken  as th e  type stra tum .

Cglymene fro n to sa  is  one o f  two members o f  th e  genus I am aware o f 

which have tw e lv e , in s te a d  o f th e  normal complement o f th i r t e e n  th o ra c ic  

segments. The o th e r i s  £ . p u e l la r i s  Reed, 1920 from th e  middle 

Ludlovian, but th e  two spec ies  show innumerable d iffe re n c e s  and a re  

not thought to  be c lo se ly  r e la te d .  This a b i l i t y  to  'lo se*  a th o ra c ic  

segment does not seem p e c u lia r  to  any one spec ies  group, though i t  i s  

a f a i r l y  ra re  phenomenon. O ther in te r e s t in g  fe a tu re s  which help  

c h a ra c te r iz e  £ . f ro n to sa  in c lu d e : th e  deep and wide p re g la b e l la r  furrow ; 

deep and f a i r l y  wide a x ia l  furrow in  f ro n t o f lobe 2p; r e l a t iv e ly  

h ig h , v e r t i c a l ly  d ire c te d  a n te r io r  b o rd e r; th e  p o in te d , p ro je c tin g  

a n te r io r  co rner to  the  fix ed  cheek; a sm all p a lp eb ra l lo b e , n a tu re  o f 

th e  eye s o c le , and th e  possess io n  o f  a p a lp eb ra l furrow ; th e  deep 

p o s te r io r  and l a t e r a l  bo rder fu rrow s; a narrow s t r i p  o f c u t ic le  which 

is  devoid o f tu b e rc u le s  a l l  around th e  a n te r io r  and l a t e r a l  m argins o f  

th e  cep h a lic  re g io n ; th e  unusually  lo n g , weakly d iv e rg in g  p o s te r io r  

sp ines o f  th e  hypostome; th e  form o f th e  ab ax ia l ex trem ity  o f  each 

a x ia l  r in g ;  th e  type o f c r a n id ia l  ornem entation.

The cop h alic  o u tl in e  o f f ^ n t o ^  is  ty p ic a l ly  s u b tr ia n g u la r  but 

in  one specimen (RM Ar%TOOO) i t  i s  much more s e m ic irc u la r . This same 

specimen a lso  shows a r e l a t iv e ly  lower a n te r io r  b o rd e r(see  f r o n ta l  

view) bu t I  have p re fe rre d  to  co n sid e r i t  a more extreme member o f  th e  

fro n to sa  p o p u la tio n . The hypostome o f th e  le c to ty p e  has been prepared  

(p ro je c tio n  on a n te r io r  lobe j u s t  v i s ib le  in  f r o n ta l  view) bu t was 

im possib le to  photograph fu lly  on account o f  th e  p a r t ly  e n ro lle d  

n a tu re  o f th e  specimen. I t  i s  ' i d e n t i c a l '  to  th a t  o f  th e  is o la te d  

hypostome which is  f ig u red  (RM Ar2T05%).
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There can be few sp ec ies  o f  Calymene which are  so easily - 

d is tin g u ish e d  from each o th e r than  C_, f ro n t os a and Ĉ, la e v is  

L indstrum , I 885 y e t in  c e r ta in  fe a tu re s  they  can be c lo se ly  compared.

These fe a tu re s  a re : th e  narrow (e x s .)  p o s te r io r  b o rder furrow  o f  th e  

cranidiuiri, th e  ra th e r  b lu n t d i s t a l  margin to  each a x ia l  r in g  (though 

in  la e v is  th e  a n te r io r  margin i s  not so p o in te d ) , th e  th o ra c ic  p leu rae  -  

f la t- to p p e d  w ith th e  a n te r io r  and p o s te r io r  p le u ra l  bands o f  equal 

h e ig h t and o f  about equal len g th  (e x s .)  a t th e  fulcrum , and th e  narrow , 

s l i t - l i k e  p le u ra l  furrow . The form o f  th e  p leu rae  in  p a r t i c u la r  

provides a connection between Ĉ. f ro n t os a (and a sso c ia te d  sp ec ie s) and 

C, l a e v i s , and a t  th e  same tim e c o n tra s ts  markedly w ith th e  type seen 

in  th e  group o f  sp ec ie s  cen tred  around £ . blum enbachii and £ . c la v ic u la , 

which a re  d iscu ssed  below.

Calymene carlops Lamont, 19^9 and Calymene sp . nov.? are  both 

s tro n g ly  a l l i e d  to  fro n to sa  and carlo p s  may even be co n sp ec ific  

(see d iscu ss io n s  o f  both  sp ec ie s  below ). Schmidt (189^) has recorded  

fro n to sa  from E sto n ia  bu t only th e  specimen he d ep ic ted  on p i .  2 , 

f ig s .  h,Ua seems to  reasonab ly  match the  Gotland sp ec ies  (Schrank 1970, 

p . 116) .  More re c e n tly  K aljo  (1970, p . 15^) has l i s t e d ,  b u t not 

d e sc rib e d , £ . f ro n to sa  from th e  Adavere Stage (= upper middle and la te  

Llandovery in  age) o f  E s to n ia . I have examined calym enids (PMO h2J26,

PMO 91110) from Norway which are about l a t e  L?andovery to  e a r ly  

Wenlock in  age and which a lso  belong in  th e  fro n to sa  group o f  sp e c ie s .

£ . f ro n to sa  shows an in te r e s t in g  l in k  w ith  both  Diacalymene and 

PapiH icalym ene in  th e  form o f th e  in n e r ,  a n te r io r  co rner o f  th e  fix e d  

cheek. Like £ , f ro n to s a , sp ec ie s  o f Diacalymene ty p ic a l ly  have a 

somewhat p ro je c tin g  fix ed  cheek, though in  f ro n to sa  th e  a n c e s tra l  

co n d itio n  has become more s tro n g ly  developed. The Up b u t t r e s s  which 

occurs in  PapiH icalym ene is  a s im ila r  s t ru c tu re  to  th e  subcon ical 

cheek o f  fro n to sa  (see V Thittington, 1971 , p i .  8 5 , f i g .  6 , p i .  86, f ig .  I 6 )
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bu t in  th e  former i t  i s  d ire c te d  more inw ards. The lik e n e ss  o f  th e  

a n te r io r  b o rder o f  fro n to sa  to  th a t  o f  P ap illica lym ene  sp ec ie s  has 

been commented on (above and Schrank 1 9 7 0 ,  p . lU -2 ) .

OCCURRENCE. (Lower?) Visby Beds o f th e  Visby a re a , G otland. 

Recorded, but not d escribed  from th e  E ston ian  Llandovery. P o ss ib ly  

p re sen t in  th e  Telychian o f th e  P en tland  H i l l s ,  S co tland  (see  

d iscu ss io n  o f C. c a r lo p s . ) .

Calymene carlo p s  Lamont, 19^9 

P la te  7 , f i g s .  1 -7 .

? 1885 Calymmene fro n to sa  n . ; LindstrBm, p . 6 9 , p i .  15, f ig s .  1-h,

I 9U9 Calymene carlops sp . n o v .; Lamont, p . 319, p i .  I 8 , f ig s .  13-19. 

1970 Calymene carlo p s  LAMONT, I 9U9 ; Schrank, pp. 115, 119.

SYNTYPES. In te rn a l  mould o f  an incom plete cranid ium , RSM 1956. 15. 52 

(form erly  Lamont C o llec tio n  No. 3U) , f ig u red  Lamont 19^9, p i .  I 8 ,

f ig s .  1 3 , lU ,and h e re in  P I . 7 , f i g s . 3 ,U ,6 ,7 ; in te rn a l  mould o f a

pygidium , RSM 1956. 15. 53 (fo rm erly  Lamont C o llec tio n  No. 3 5 ), 

f ig u red  Lamont I 9U9 , p i .  I 8 , f ig .  17.

TYPE STRATUM AND TYPE LOCALITY. "P lec to d o n ta  a f f .  can asto n en sis  

s i l t s to n e s "  ( a f te r  Lamont I 9U9 , p .3 2 0 ) , Deerhope, no rth  o f  C arlo p s,

N Esk I n l i e r ,  Pen tland  H i l l s ,  S co tlan d . These s i l t s to n e s  a re  thought 

to  be o f Upper Llandovery age (Cocks e t  a l .  1971, f ig .  6 ).

ADDITIONAL MATERIAL, a) specimens used by Lamont:- Three in te r n a l  

moulds o f incom plete c ra n id ia  which were fig u red  by Lamont in  I 9U9 , 

p i .  1 8 , f i g s .  1 5 , 16 and I 8 , re s p e c tiv e ly :  G I G  C olin , unnumbered,

RSM 1876 . U2. 6A -  John Henderson C olin . , RSM I 876 . h2. 6B -  John

Henderson C o lin .. One in te r n a l  mould o f  a pygidium which was f ig u red



-1 9 3 -

by Lamont I 9U9 , p i .  I 8 , f ig .  19. RSM I 876 . U2. 6C -  John Henderson Colin,

b) specimens on loan  from Mr. J .  T ip p er,

Grant I n s t i t u t e  o f Geology, E d inburgh:- In te rn a l  moulds o f th re e  

p y g id ia , Nos. lOU, IO6 , 107a; one very  sm all in te r n a l  mould o f a 

cranidium , 107c; one in te rn a l  mould o f a cranidium  and i t s  co u n ter

p a r t ,  107d.

DISCUSSION. This sp ec ies  was founded on th e  b a s is  o f s e v e ra l 

in te r n a l  mould specim ens. Lamont b e lie v e d  £ . ca rlo p s  most ak in  to  

£ . f ro n to sa  but contended h is  taxon d if f e r e d  by having a le s s  

ta p e r in g  and longer f r o n ta l  g la b e l la r  lobe and f in e r  su rface  tu b e rc u le s . 

Of Lamont' s o r ig in a l  specimens only one syntype cranidium  (RSM 1956.

15 . 52) is  w ell enough p reserved  to  a sse ss  th e  form o f th e  f ro n ta l  

lobe . This lobe seems id e n t ic a l  in  shape w ith th a t  o f £ . f ro n to s a , 

and though i t  p ro trudes a l i t t l e  fu r th e r  in  f ro n t o f  th e  fix ed  cheek 

than in  th e  Gotland tax o n , t h i s  d if fe re n c e  alone does not appear to  

m erit s p e c if ic  d is t in c t io n .  Schrank (1970, p . 119) considered  carlops 

to  have sm alle r l a t e r a l  g la b e l la r  lobes than  fro n to sa  b u t I  cannot 

uphold t h i s  conclusion .

I t  i s  d i f f i c u l t  to  compare th e  t r a c e s  o f ornament l e f t  on th e  

in te r n a l  moulds o f  c a r lo p s w ith  th e  w e ll p reserved  ornament on th e  

fro n to sa  specim ens, but a c a s t o f th e  only e x te rn a l mould cranidium  

I have a v a ila b le  ( J . T ipper C o lin . No. 107d) shows i t  to  be th e  same 

in  both s p e c ie s . Also th e  form o f th e  g la b e l la  (and i t s  f r o n ta l  lobe) 

and fix ed  cheek in  th i s  cranidium  a re  in d is tin g u is h a b le  from th a t  o f 

f ro n to sa . The fo llow ing  d if fe re n c e s  are n e v e rth e le ss  ap p aren t: th e  

Pentlands specimen has a s h o r te r  p re g le b e l la r  furrow , a r e la t iv e ly  

h igher a n te r io r  border and a s l i g h t ly  longer p a lp e b ra l lo b e . A more 

adequate sample o f carlops i s  re q u ire d  b e fo re  th e se  d if fe re n c e s  can be 

m eaningfully  in te rp re te d .  Meanwhile I  have qu estio n ab ly  re ta in e d  i t  as 

a sp ec ie s  d i s t in c t  from fro n to sa .
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OCCURRENCE. Upper Llandovery, V/etherlaw Linn and Deerhope 

Burn, N Esk I n l i e r ,  P en tland  H i l l s ,  S co tland .

Calymene sp. nov.?

P la te  5 , f ig s .  1 -9 ; P la te  6 , f ig s .  1 -8 .

? 19^9 Calymene carlo p s  sp . n o v .; Lamont, p . 319.

1970 Calymene fro n to sa  LIHDSTROM, 1885; Schrank, p . I l 6 ,  

p i .  1 , f ig s .  1 , 2.

MATERIAL. Twelve damaged, almost complete specim ens, RM Ar270U2, 

RM Ar270L6-0L8, RM Ar27052, Rî-î Ar27058, RM Ar27060, RM Ar27071,

RM Ar27073, RM ArU7001, RM ArU7013, RM ArUyOlU; e ig h t c r a n id ia ,

RM Ar2706l -  06U, RM Ar27068, RM Ar27069, RM Ar270^5, RM ArU7002; two 

cephala  and two c ra n id ia  w ith  se v e ra l a tta ch ed  th o ra c ic  segm ents,

RM Ar 1(7861 -  862, RM Ar 1(7865 -  866.

OCCURRENCE. Visby Beds (which are not d iv id ed  in to  ’Lower* and 

'U pper' on any o f th e  la b e ls  accompanying th e  specim ens), from V isby, 

Visby Harm, and Visby N ord ers tran d , Gotland.

Specimens RM ArU786l -  862 and RM Arl(7865 -  866 a re  la b e l le d  as 

coming from "Hablingbo" (= Hemse B eds). I t  seems l ik e ly  th a t  th i s  

in fo rm ation  i s  in c o rre c t (see  'ty p e  s tra tu m  and ty p e  l o c a l i t y '  o f 

Calymene exim ia sp. n o v .) .

DISCUSSION. In th e  (Lower ?) Visby Beds o f Gotland th e re  are  many 

complete specimens o f  a Calymene which a t  f i r s t  g lance would be 

re fe r re d  to  £ , f ro n to sa . C loser exam ination re v e a ls  th a t  th e se  

in d iv id u a ls  have th i r t e e n ,  not tw e lv e , th o ra c ic  segm ents. They a lso  

d isp la y  o th e r  fe a tu re s  which d i f f e r e n t i a t e  them from th e  specimens w ith 

tw elve segm ents. These c h a rac te rs  in c lu d e : a g la b e l la  which p ro je c ts
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more s tro n g ly  above th e  fix ed  cheek (compare l a t e r a l  view o f  RM Ar2T0U2 

w ith  RM Ar2T038 or RM Ar270^8 w ith  RM ArU7003); an even deeper l a t e r a l  

border furrow ; a much w ider l a t e r a l  b o rder which i s  le s s  t i g h t ly  

convex near the  connective su tu re  (compare f r o n ta l  and l a t e r a l  views 

o f RM Ar270U2 w ith  RÎ4 Ar27038, and f r o n ta l ,  l a t e r a l  and v e n tra l  -  

ob lique views o f RM Ar27048 w ith  RM ArU7003); a bo rder s e c to r  o f th e  

r o s t r a l  p la te  which slopes more s te e p ly  downwards -  and i s  th u s  more 

com pletely v is ib le  in  f r o n ta l  view (compare RM Ar270U2 w ith  RM Ar27038); 

a h igher a n te r io r  bo rder -  th e  d o rsa l su rface  o f which reaches f a r th e r  

up, i f  not above, th e  a n te r io r  face  o f  th e  f r o n ta l  g la b e l la r  lobe 

(compare f r o n ta l  views o f RM Ar270U2 w ith  RM Ar27038 or RM Ar270U8 w ith  

RM ArJ+7003). In  a d d itio n  th e  specimens w ith  th i r t e e n  segments have a 

pygidium w ith  extrem ely deep p le u ra l  furrows (accoun ting  fo r  th e  fa c t 

th a t  some may have been deepened during  p rev ious p re p a ra tio n ) and a 

d i s t in c t  m edial rid g e  on th e  p o s ta x ia l  s e c to r ;  th e se  c h a ra c te rs  

may a lso  prove to  be d i f f e r e n t  (pygidium o f  th e  specimens w ith  tw elve 

segments i s  im p erfec tly  known; see d e sc r ip tio n  o f £ . f ro n to sa  and 

compare le c to ty p e  w ith  RM Ar2706o).

As th e  horizon and lo c a l i ty  d e ta i l s  fo r  bo th  groups o f  specimens 

are th e  same, th e  above d is t in c t io n s  can be accounted fo r in  a t l e a s t  

th re e  d if f e r e n t  ways; They may be an exp ression  o f in t r a s p e c i f i c  

v a r ia t io n ,  in te r s p e c i f i c  v a r ia t io n  , o r sexual dimorphism. A d if fe re n c e  in  

more than  one c h a ra c te r  suggests one o f  th e  l a t t e r  two a l te r n a t iv e s  i s  th e  

most l ik e ly  ex p lan a tio n , and I s h a l l  reg ard  th e  specimens w ith  th i r te e n  

segments as a d if f e r e n t  sp ec ie s  from th o se  w ith  tw elve (C. f ro n to sa  

LindstrBra being  here  r e s t r i c t e d  to  co n ta in  only th e  l a t t e r ) .

Formal re c o g n itio n  o f th e  second sp ec ie s  from V isby, (= Calymene 

sp . nov.? o f  th i s  p a p e r) , which i s  based on w ell p reserved  specim ens, 

i s  u n fo r tu n a te ly  dependant on a more complete knowledge o f  th e  morphology 

o f  C, c a r lo p s . The only reasonab ly  p reserv ed  cranidium  o f  c a rlo p s
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was, l ik e  th e  second Visby s p e c ie s , s a id  to  d i f f e r  ( in  p a r t)  from 

fro n to sa  by i t s  r e la t iv e ly  h ig h er a n te r io r  b o rd e r, so th a t  ca rlo p s  

may prove to  be co n sp e c if ic  w ith  Calymene sp . nov.? r a th e r  than  w ith 

£ .  f ro n to sa . For th i s  reason th e  synonymy o f  carlo p s  has been t r e a te d  

w ith c au tio n .

The two specimens assigned  to  £ , f ro n to sa  by Schrank (1970, p i .  1 , 

f ig s ,  1 , 2) a re  incom plete , having a t  most only th re e  th o ra c ic  

segm ents, bu t on th e  b a s is  o f t h e i r  c ep h a lic  morphology th ey  can 

be re fe r re d  to  Calymene sp , nov.? and not f ro n to s a .

Calymene exim ia sp . nov.

P la te  8, f ig s .  1-7 .

DERIVATION OF THE NAÎ1E. From th e  L a tin , ex im ius, uncommon; 

th e  sp ec ies  i s  known only from th e  ho lo ty p e .

HOLOTYPE. A w e ll p reserv ed  cephalon w ith  th e  remains o f  a t l e a s t  

four th o ra c ic  segm ents; RM Ar47864; P I . 8 , f i g s . 1 -7 .

TYPE STRATUM AND TYPE LOCALITY. The lo c a l i t y  in fo rm atio n  on th e  

ho lo type reads "G otland , H ablingbo"; i f  th i s  is  c o r r e c t ,  i t  comes from 

th e  Hemse Beds (= low er and middle Ludlow in  ag e). There a re  se v e ra l 

o th e r  specimens (Rf4 Ar^7859 -  863, RM Arhjd6^ -  869) in  th e  same box and 

w ith  th e  same lo c a l i t y  in fo rm ation  as th e  h o lo ty p e ; th e se  specimens 

can be r e fe r re d  to  a t l e a s t  th re e  o th e r  s p e c ie s . Two o f  th e se  sp ec ies  

(Calymene tu b e rc u lo sa  and Calymene sp , nov.? (o f  th i s  p a p e r ) ) a re  found 

a t much low er h o riz o n s , and i t  seems probable  t h i s  box o f specimens 

has a t  some tim e been contam inated. The type  stra tum  and type  lo c a l i ty  

given above fo r  Calymene exim ia sp . nov. i s  th e re fo re  open to  some doubt,
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ADDITIONAL MATERIAL. None knoA-m,

DIFFERENTIAL DIAGNOSIS. Species o f Calymene r e la te d  to  

£ , f ro n to sa  but d if f e r in g  mainly in  having a g la b e l la  very  much 

longer than  i t s  fix ed  cheek, co n sid erab ly  narrow er ( t r . )  a x ia l  

furrow , and s u b s ta n t ia l ly  s h o r te r  (sag . & e x s .)  p re g la b e lla r  furrow .

DESCRIPTION. Cephalon not q u ite  tw ice as wide as lo n g , sub- 

t r i a n g u la r  in  o u t l in e . G lab e lla  s c a rc e ly  as wide as i t  i s  lo n g , 

b e ll-sh a p e d  in  o u t l in e ,  p ro je c ts  a n te r io r ly  w e ll beyond th e  fix ed  

cheeks. O c c ip ita l r in g  gen tly  convex ( s a g . ) ,  i s  axe-shaped a t a x ia l  

furrow as in  £ . f ro n to s a , s l ig h t ly  narrow er ( t r . ) t h a n  g la b e l la r  w id th . 

O c c ip ita l furrow narrow (sag . & e x s . ) ,  much deeper behind lobe Ip  than  

m ed ia lly . Furrow Ip  very narrow and deep between f i r s t  two l a t e r a l  

lo b e s , widens considerab ly  as i t  reaches c e n tr a l  g la b e l la r  lobe which 

is  very f a in t ly  sw ollen a t th i s  p o in t ;  shallow  dep ression  continues 

over in n e r neck o f lobe Ip to  o c c ip i ta l  furrow . S u b c irc u la r  lobe 2p 

jo in ed  to  genal b u t t r e s s .  N ode-like 3p lobe p re sen t on d o rs o la te r a l  

g la b e l la r  m argin. Lobe 4p very weakly in f l a te d ;  4p furrow very shallow . 

F ro n ta l g la b e l la r  lobe s l ig h t ly  le s s  than  four tim es as wide as lo n g , 

has w e ll rounded a n te r o la te r a l  m argins and a b lu n t a n te r io r  m argin, 

s lo p es  s te e p ly  to  p re g la b e lla r  furrow .

A xial furrow very narrow and deep around lobe Ip ,  s l ig h t ly  w ider 

(though s t i l l  deep) a t furrow Ip and in  f ro n t o f lobe 2p. Shallow 

a n te r io r  p i t  s i te d  on in n e r s id e  o f a x ia l  furrow below p o s te r io r  p a r t 

o f f r o n ta l  lo b e . P re g la b e lla r  furrow  an extrem ely narrow (sag . & e x s . ) ,  

deep s l i t  which undercuts f r o n ta l  g la b e l la r  lo b e . A n te rio r s lope  o f 

p re g la b e l la r  furrow curves very s te e p ly  forwards and upwards and passes 

in to  convex ( s a g . ) ,  d o rsa l su rfa ce  o f  a n te r io r  b o rd e r. A n te rio r margin 

o f  cranidium  very weakly arched forw ards. Morphology o f fix ed  and f re e  

cheek as in  Calymene sp . nov.? (o f  t h i s  paper) except a n te r io r  p a r t  o f 

fix ed  cheek a l i t t l e  le s s  sh arp ly  p o in te d .
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R o stra l su tu re  very b road ly  a rc u a te ;  connective su tu re  alm ost 

s t r a ig h t ;  in n er a rc  o f border s e c to r  o f r o s t r a l  p la te  more s tro n g ly  

arched than  r o s t r a l  su tu re . Border s e c to r  four and a h a l f  tim es as 

wide as long . Hypostome l ik e  th a t  o f  £ . f ro n to sa  o r Calymene sp , nov.? 

except in n e r margins o f p o s te r io r  sp ines d iverge s l ig h t ly  more 

s tro n g ly  and p o s te r io r  sp ines are m arg ina lly  narrow er ( t r . ) .

Morphology o f th o ra c ic  a x ia l  r in g s  th e  same as o c c ip i ta l  r in g . 

P leurae are  f la t- to p p e d ;  p le u ra l  furrow deeply in c is e d . Number o f 

th o ra c ic  segments and pygidium unknown.

Ornament much as in  £ . fro n to sa  or Calymene sp. nov.? except 

tu b e rc le s  on border s e c to r  o f  r o s t r a l  p la te  cover th e  whole s e c to r  -  

th e re  i s  no tu b e rc le - f re e  zone running p a r a l l e l  w ith  th e  in n e r a rc .

This zone i s  p re sen t on fre e  cheek bu t p inches out near connective  

su tu re .

DISCUSSION. A re lu c tan c e  to  e re c t  th i s  new sp ec ies  on th e  b a s is  

o f one cephalon was outweighed by th e  e x c e lle n tly  p reserved  n a tu re  o f 

th e  specim en, which can be a c c u ra te ly  compared w ith  specimens o f th e  

same s iz e  belonging  to  o th e r , c lo se ly  a l l i e d  ta x a . £ . exim ia i s  

undoubtedly r e la te d  to  th e  £ . f ro n to sa  group o f sp ec ie s  on account of 

th e  form o f i t s  th o ra c ic  p le u ra e , o c c ip i ta l  and a x ia l  r in g s ,  f ix ed  

cheek, p a lp e b ra l lobe and eve s o c le ,  free  cheek, and th e  gen era l 

morphology o f i t s  hypostome. I t  is  e a s i ly  d is tin g u ish e d  from a l l  o th e r 

spec ies  o f  th e  £ . f ro n to sa  type in  having a g la b e l la  very much longer 

than  th e  f ix e d  cheek, a s u b s ta n t ia l ly  narrow er a x ia l  furrow -  e sp e c ia lly  

in  fro n t o f l a t e r a l  lobe 2p, and an extrem ely sh o rt p re g la b e l la r  

furrow -  which i s  considerab ly  s h o r te r  than  th e  a n te r io r  b o rd e r. 

T herefore  th e  g la b e l la  in  £ . exim ia almost com pletely occupies th a t  

c e n tr a l  p o rtio n  o f th e  cranidium  which i s  bounded a b a x ia lly  by th e  

in n e r margin o f th e  fix ed  cheek, and a n te r io r ly  by th e  a n te r io r  s id e  

o f th e  p re g la b e lla r  furrow ; in  th e  o th e r sp ec ies  o f th e  f ro n to sa
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group i t  does n o t. D ifferences in  th e  hypostome and ornament o f th e  

r o s t r a l  p la te  fu r th e r  d is t in g u is h  £ . exim ia from £ . f ro n to sa  and 

Calymene sp . nov.? (see d e s c r ip t io n ) .

Schrank (1970, p . 119) desc rib ed  a cranidium  from th e  Mulde Beds 

(= upper Wenlock) o f Gotland which he re f e r r e d  to  Calymene sp . a f f .  

f ro n to s a . This specimen mainly d i f f e r s  from fro n to sa  (and Calymene 

sp . nov .?) by having a w ider f r o n ta l  lobe and correspond ing ly  narrow er 

a x ia l  furrow . The a x ia l  furrow o f £ . a f f .  fro n to sa  i s  th e re fo re  very 

much l ik e  th a t  o f C. ex im ia , though th e  two c ra n id ia  a re  not considered  

c o n sp ec ific  as th e  p re g la b e lla r  furrow  o f  th e  Wenlock cranidium  i s  

much lo n g e r , and th e  o u te r p a r t  o f th e  f a c ia l  su tu re  almost s t r a ig h t  

(see Schrank p . 119-20). The a x ia l  furrow in  fro n t o f lobe 2p i s  ra th e r  

wide in  bo th  £ . f ro n to sa  and Calymene sp . n o v .? , bu t th e  w idth seems 

ra th e r  more v a r ia b le  and sometimes a l i t t l e  narrow er in  th e  l a t t e r  spec ies  

(compare RM Ar270U2 and RM Ar27038). £ . a f f . fro n to sa  o f Schrank may

re p re se n t an in te rm ed ia te  taxon -  both  in  morphology and s tra t ig ra p h y  -  

in  a l in e  o f descent from Calyme _e sp . nov.? to  £ . ex im ia.

OCCURRENCE. Known only from th e  type  stra tum  and type lo c a l i ty .

Calymene hadyardensis Lamont, 19^9 

P la te  7 , f ig s .  9 , 12-lk,

19^9 Calymene hadyardensis sp . n o v .; Lamont, p . 316, p i .  l 8 ,  

f ig s .  9 -  12, ? f ig .  8.

1970 Calymene hadyardensis LAMONT, 19^9; Schrank, pp. I l 6 ,  131.

HOLOTYPE. A poorly  p reserved  in te r n a l  mould o f a complete 

specimen; G I G  C olin . No. 1521; f ig u red  Lamont 19^9, p i .  l 8 ,  f ig s .  9 

12, and here  P I. 7 , f ig s .  9 , 12-lh,
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TYPE STRATUM AND TYPE LOCALITY. The o r ig in a l  d a ta  reads "Bargany 

Pond Burn Group (Lower G ala), N s id e  o f Hadyard H i l l ,  S U o f 

D a i l ly " , Girvan d i s t r i c t ,  S co tland  (Lamont 19^9, p . 3 l8 ) . The rocks 

on th e  II s id e  o f Hadyard H il l  are  o f Upper Llandovery age; in  

p a r t ic u la r  they  appear to  belong to  th e  Drurayork Flags which s tra d d le  

th e  g r ie s to n ie n s is  and c re n u la ta  zones o f th e  upper T elychian  (see 

Cocks and T o g h ill 1973, pp. 230, 238).

PARATYPE. A d is a r t ic u la te d  specimen which has th e  c u t ic le

rem aining on th e  f ro n t o f  th e  g la b e l la ,  a n te r io r  b o rd e r, and p a r t  o f th e  

pygidium; RSM 1956. 15. 5^ (fo rm erly  Lamont C o lin .,  No. 33 ); fig u red  

Lamont 19^9, p i .  l 8 ,  f ig .  8 , and here  P I. 7 , f i g s . 8 , 10, 11, 15.

The o r ig in a l  d a ta  fo r  th e  horizon  and lo c a l i ty  o f  th i s  specimen 

read s: "P e n k ill Group (Lower G a la), Penwhapple gorge, n ear P e n k ill  

C a s tle " , Girvan d i s t r i c t ,  S co tland  (Lamont 19^9, p . 3 l8 ) . The 

s t r a t a  near P e n k ill  C astle  belong to  e i th e r  th e  P e n k ill  Formation or

P ro to v irg u la r i a  G rits  in  the  sense o f  Cocks and T o g h ill (1973, pp. 227,

228). From th e  d iscu ss io n  which th e se  au tho rs  p re sen t o f th e  l i th o lo g y  

and ou tcrops o f th e  two groups o f ro ck s , i t  seems more l ik e ly  th e  

para type  was ob ta ined  f r - 'i  th e  P e n k ill  Formation (= tu r r ic u l a tu s  zone 

o f th e  T e ly ch ian ). But Cocks and T o g h ill (1973, f ig .  9) do not in d ic a te  

a s h e lly  horizon  w ith in  e i th e r  th e  P e n k ill  Formation or P ro to v irg u la r ia  

G r i ts ,  and th e re  is  th e re fo re  th e  p o s s ib i l i ty  th a t  th e  para type  was 

ob ta ined  from e i th e r  the  Lower Camregan G rits  (= uppermost Fronian) 

o f Wood Burn Formation (= lowermost T e ly ch ian ), both o f  which outcrop 

in  Penwhapple Burn, though a l i t t l e  f a r th e r  upstream  (Cocks & T o g h ill 

1973, f ig .  9 ).

OTHER MATERIAL. None known.
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d e s c r i p t i o n  ( o f  t h e  h o l o t y p e ) .  G l a b e l l a  i s  b e l l - s h a p e d .  T h e r e  

a p p e a r s  t o  b e  a t  l e a s t  t h r e e  l a t e r a l  g l a b e l l a r  l o b e s  a n d  2p  l o b e  i s  

j o i n e d  t o  a  g e n a l  b u t t r e s s .  A n t e r i o r  p a r t  o f  f i x e d  c h e e k  q u i t e  

s t r o n g l y  o v e r h a n g s  a b a x i a l  c o n t i n u a t i o n  o f  t h e  p r e g l a b e l l a r  fu r r o w  

t h o u g h  t h i s  o v e r h a n g  i s  t o  som e e x t e n t  t h e  r e s u l t  o f  d e f o r m a t i o n .

F r e e  c h e e k  d e s c e n d s  v e r y  s t e e p l y  fr o m  f a c i a l  s u t u r e  b u t  a g a in  t h i s  c a n  

i n  p a r t  b e  a c c o u n t e d  f o r  b y  d e f o r m a t i o n .  P r e g l a b e l l a r  fu r r o w  i s  

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

o r i e n t e d  h o r i z o n t a l l y ,  t h e  a n t e r i o r  b o r d e r  i s  u p t u r n e d  a t  an a n g l e  o f  

a b o u t  f o r t y - f i v e  d e g r e e s .  T h o r a x  h a s  t h i r t e e n  s e g m e n t s ;  t h e  e x t r e m i t i e s  

o f  t h e  b e t t e r  p r e s e r v e d  a x i a l  r i n g s  t r e n d  fo n -r a r d s  a n d  t h e i r  a n t e r i o r  

c o r n e r s  a r e  so m ew h a t p o i n t e d .  I n  p o s t e r i o r  v ie w  t h e  p y g id iu m  h a s  a  

g e n e r a l l y  t r i a n g u l a r  a p p e a r a n c e ;  a x i s  h a s  a t  l e a s t  f i v e  r i n g s  an d  t a p e r s  

s h a r p l y  p o s t e r i o r l y .  P l e u r a l  r e g i o n  h a s  f i v e  p l e u r a l  f u r r o w s .

D ISCUSSIO N. £ .  h a d y a r d e n s i s  w a s  e s t a b l i s h e d  on  t h e  b a s i s  o f  tw o  

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

b e e n  r e f e r r e d  t o  t h e  s p e c i e s .  As f a r  a s  c a n  b e  d e t e r m in e d  fr o m  t h e  

h o l o t y p e ,  t h e  g e n e r a l  fo r m  o f  t h e  a n t e r i o r  p a r t  o f  t h e  f i x e d  c h e e k ,  

t h e  l a t e r a l  p o r t i o n s  o f  t h e  a x i a l  r i n g s ,  an d  t h e  p y g id iu m  a l l  s u g g e s t  

£ .  h a d y a r d e n s i s  i s  r e l a t e d  t o  £ .  f r o n t o s a , C a lym en e s p ,  n o v , ? ,  an d  

£ .  e x i m i a . B u t t h e  h o l o t y p e  i s  f o r  t h e  m o st  p a r t  v e r y  p o o r l y  p r e s e r v e d ,  

an d  i t  i s  i m p o s s i b l e  t o  b a s e  a  d i a g n o s i s  o f  t h e  s p e c i e s  on  t h i s  

s p e c im e n .

T he p a r a t y p e  i s  m uch b e t t e r  - p r e s e r v e d ,  b u t  i s  n o t  fr o m  t h e  t y p e  

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

t o  b e  a  s p e c i e s  w h ic h  i s  c l o s e l y  r e l a t e d  t o  C a ly m e n e  e x i m i a  s p .  n o v . , 

b u t  d i f f e r s  fr o m  t h a t  s p e c i e s  i n  h a v i n g  a  m ore p o s t e r i o r l y  s i t e d  e y e  an d  

e x s a g i t t a l l y  w id e r  ( a f t e r  a l l o w i n g  f o r  i t s  i n t e r n a l  m o u ld  c o n d i t i o n )  

p o s t e r i o r  b o r d e r  f u r r o w .  T h e s t r o n g l y  t a p e r i n g  n a t u r e  o f  t h e  p y g i d i a l  

a x i s  i n  t h e  p a r a t y p e  i s  l i k e  t h a t  o f  t h e  h o l o t y p e  o f  h a d y a r d e n s i s ,
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but o th e r ta x a  ( fo r  example Calymene sp . n o v .? )a lso  e x h ib it  t h i s  

fe a tu re . The p re se rv a tio n a l shortcom ings o f th e  ho lo type m i l i t a te  

ag a in s t fu r th e r  c lo se  comparison w ith  th e  para type  and i t  i s  not 

p o ss ib le  to  say w ith co n v ic tio n  th a t  th e  two specimens are  co n sp ec ific , 

£ . hadyardensis can only be made in to  a u se fu l taxonomic u n it  by th e  

c o lle c t io n  o f b e t t e r  p reserved  topotype m a te r ia l .  This i s  l ik e ly  

to  prove most d i f f i c u l t  and i t  may be b e s t to  regard  th e  sp ec ies  as a 

nomen dubium.

Calymene la e v is  L indstrüm , I 885 

P la te  9 , f ig s .  1 -7 ; P la te  10, f ig s .  1 -3 .

1885 Calymmene la e v is  n . ; LindstrBm , p . 68, p i .  I 6 , f ig s .  5-7.

? 1928 Calymmene la e v is  LDSTR.; Kummerow, p . 9.

1970 Calymene la e v is  LindstrBm, I 885 ; Schrank, p . I I 6 .

LECTOTYPE. Here d e s ig n a ted ; s l ig h t ly  damaged, com plete, e n ro lle d  

in d iv id u a l;  RM Ar633^; fig u red  LindstrBm I 885 , p i .  1 6 , f ig s .  5-7 and 

h e re in  P I . 9 , f ig s .  1 , 3 , 5-7.

TYPE STRATUM AND TYPE LOCALITY. S l i t e  Beds (= m iddle Wenlock), 

V R stergarn, Gotland.

ADDITIONAL MATERIAL. Three alm ost complete e n ro lle d  in d iv id u a ls ,  

RI4 Ar27233, RM Ar2723^a, RM Ar2723Ub; th re e  incom plete c ra n id ia ,  a l l  

SGU unnumbered, H. Hedstrom (2 7 ), 11 .6 .1920 .

DIAGNOSIS. Calymene w ith very  narrow c ra n id ia l  a x ia l  furrow . 

G lab e lla  (and i t s  lo b es) i s  d ep ressed , t ra n s v e rs e ly  and s a g i t t a l l y  i t  

forms p a r t  o f  a smoothly continuous cep h a lic  o u t l in e .  P a lp eb ra l lobes 

cen tred  o p p o site  a n te r io r  p a rt o f  lobe  2p.
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d e s c r i p t i o n ,  O u t l i n e  o f  c e p h a lo n  i s  s e m i c i r c u l a r ;  e n r o l l e d  

s p e c im e n s  a r e  r e m a r k a b ly  s p h e r i c a l .  G l a b e l l a  i s  a b o u t  1 . 1  t i m e s  a s  

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

m o st  a b a x i a l  o u t e r  s i d e  o f  l o b e  I p  t o  l o b e  2 p  b u t  b e t w e e n  f u r r o w  2 p  

an d  p r e g l a b e l l a r  fu r r o w  t h e y  a r e  s u b p a r a l l e l .  O c c i p i t a l  r i n g  f r a c t i o n a l l y  

n a r r o w e r  ( t r . )  t h a n  g l a b e l l a ,  u n i f o r m l y  l o n g  b e h in d  c e n t r a l  g l a b e l l a  

a r e a ,  q u i c k l y  s h o r t e n s  b e h in d  l o b e  I p  t o  a x i a l  f u r r o w ,  i n  p r o f i l e  i t  i s  

f l a t .  O c c i p i t a l  f u r r o w  a  n a r r o w , s h a l l o w ,  t r a n s v e r s e l y  d i r e c t e d  n i c k  

i n  t h e  m e d ia n  r e g i o n ,  d e e p e r  b u t  s t i l l  v e r y  n a r r o w  a b a x i a l l y .  S u b q u a d r a te  

l a t e r a l  l o b e  I p  i s  a b o u t  o n e  t h i r d  a s  w id e  a s  an d  o n e  t h i r d  a s  l o n g  a s  

g l a b e l l a ,  j o i n e d  t o  m e d ia n  l o b e  b y  a  n a r r o w  n e c k .  F u r ro w  I p  v e r y  

n a r r o w  b e t w e e n  I p  a n d  2p  l o b e s ,  b i f u r c a t e s  ad a x i a l l y  an d  w i t h i n  t h i s  

f o r k  t h e  m e d ia n  g l a b e l l a r  l o b e  i s  m o d e r a t e ly  s w o l l e n  (RM A r 2 7 2 3 ^ a )  o r  

i s  a u g m e n te d  w i t h  a  d i s c r e t e  i n t e r m e d i a t e  l o b e  ( h o l o t y p e ) .  L a t e r a l  

l o b e  2p  s u b c i r c u l a r  o r  so m ew h a t e l o n g a t e  ( o u t w a r d s  an d  f o r v r a r d s ) ,  a b o u t  

h a l f  t h e  s i z e  o f  l o b e  I p ,  c o n f i n e d  on i t s  i n n e r  s i d e  b y  a lm o s t  

i m p e r c e p t i b l e  d e p r e s s i o n .  S l i t - l i k e  f u r r o w  2p  t r e n d s  in w a r d s  an d  

m a r g i n a l l y  b a c k w a r d s .  L ob e 3p t r a n s v e r s e l y  e l o n g a t e ,  c o n f i n e d  a n t e r i o r l y  

b y  s h o r t  ( t r . ) ,  n a r r o w  3p  f u r r o w .  I n  f r o n t  o f  t h e  l a t t e r  a  f a i n t  s w e l l i n g  

i n d i c a t e s  Up l o b e ;  n o  Up f u r r o w .  F r o n t a l  l o b e  s u b r e c t a n g u l a r , a n t e r o 

l a t e r a l  c o r n e r  q u i t e  w e l l  r o u n d e d ,  a b o u t  t h r e e  a n d  a  h a l f  t i m e s  a s  w id e  

a s  l o n g ,  a n t e r i o r  m a r g in  v e r y  w e a k ly  c o n v e x  f o r w a r d s ,  p r o j e c t s  f r a c t i o n a l l y  

i n  f r o n t  o f  f i x e d  c h e e k ,  d r o p s  s t e e p l y  i n t o  p r e g l a b e l l a r  f u r r o w .  I n  p r o f i l e  

d o r s a l  s u r f a c e  o f  g l a b e l l a  i s  u n u s u a l l y  f l a t  b e t w e e n  o c c i p i t a l  fu r r o w  

a n d  fu r r o w  3 p ,  t h e r e a f t e r  o n l y  g e n t l y  c o n v e x  a n d  g e n t l y  s l o p i n g  d o im  t o  

a n t e r i o r  m a r g in  o f  f r o n t a l  l o b e .  B o th  t r a n s v e r s e l y  arid s a g i t t a l l y  t h e  

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

c e p h a lo n  a n d  i t  p r o t r u d e s  l i t t l e  a b o v e  t h e  f i x e d  c h e e k s .

A x i a l  fu r r o w  V -s h a p e d  i n  o u t l i n e  a r o u n d  o c c i p i t a l  r i n g ,  v e r y  

n a r r o w  a r o u n d  l o b e  I p ,  i s  i n t e r r u p t e d  a t  l o b e  2 p  w h e r e  t r u n c a t e  m a r g in  o f
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t h a t  l o b e  i s  j o i n e d  t o  f i x e d  c h e e k ,  b e t w e e n  f u r r o w  2 p  an d  p r e g l a b e l l a r  

fu r r o w  i t  i s  a g a in  a  n a r r o w  t r e n c h .  P r e g l a b e l l a r  fu r r o w  a b o u t  t h e  sam e  

o r  m a r g i n a l l y  w id e r  ( s a g .  & e x s . )  t h a n  a x i a l  f u r r o w ,  m o d e r a t e ly  d e e p ,  

a b r u p t l y  s l i a l l o w s  a b a x i a l l y  a t  f i x e d  c h e e k ,  a n t e r i o r  f a c e  s l o p e s  v e r y  

s t e e p l y  a n d  r u n s  s m o o t h ly  a t  i t s  u p p e r  s u r f a c e  i n t o  a n t e r i o r  b o r d e r .

L a t t e r  i s  m o d e r a t e ly  w id e  ( s a g . ) ,  i n  p r o f i l e  d o r s a l  s i d e  t u r n s  f a i r l y  

s h a r p l y  o v e r  an d  p a s s e s  i n t o  c o n v e x  o u t e r  s i d e  w h ic h  i s  o f  a b o u t  t h e  

sam e w i d t h .  A n t e r i o r  m a r g in  i s  w e a k ly  a r c u a t e  f o r w a r d s  a n d  u p w a r d s  i n  

d o r s a l  a n d  f r o n t a l  a s p e c t s ,  r e s p e c t i v e l y .  M ost d o r s a l  p o i n t  o f  a n t e r i o r  

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

D i s t a n c e  b e t w e e n  a x i a l  fu r r o w  a n d  f u lc r u m  a l o n g  p o s t e r i o r  m a r g in  i s  

a b o u t  o n e  q u a r t e r  t h e  w id t h  ( t r . )  o f  t h e  o c c i p i t a l  r i n g .  P o s t e r i o r  

b o r d e r  b e c o m e s  l e s s  c o n v e x  an d  w id e r  ( e x s . )  t o w a r d s  g e n a l  a n g l e .  P o s t e r i o r  

b o r d e r  fu r r o w  n a r r o w  an d  U - s h a p e d ,  f a d e s  o u t  b e f o r e  r e a c h i n g  f a c i a l  

s u t u r e ,  i s  n o t  q u i t e  a s  d e e p  a s  a x i a l  o r  p r e g l a b e l l a r  f u r r o w s .  S m o o th ,  

p o s t o c c u l a r  p a r t  o f  f i x e d  c h e e k  s l o p e s  p r o g r e s s i v e l y  m ore s t e e p l y  fro m  

a x i a l  f u r r o w  t o  g e n a l  a n g l e .  P a l p e b r a l  l o b e  i s  a  n a r r o w  ( t r . ) ,  v e r y  

g e n t l y  i n c l i n e d  c o n t i n u a t i o n  o f  t h e  f i x e d  c h e e k ,  i t s  o u t e r  m a r g in  i s  

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

p a r t  o f  2p  l o b e .  W id th  ( t r . ) o f  p r e o c c u l a r  f i x e d  c h e e k  a b o u t  t w i c e  t h e  

l e n g t h  ( s a g . )  o f  a n t e r i o r  b o r d e r ,  s l o p e s  w e a k ly  f o r w a r d s  an d  d o w n w a r d s .  

P o s t e r i o r  b r a n c h  o f  f a c i a l  s u t u r e  t r a n s v e r s e l y  d i r e c t e d  fr o m  e y e  l o b e ,  

c u r v e s  s t r o n g l y  b a c k w a r d s  t o  c r o s s  e x c e e d i n g l y  f a i n t  an d  s h a l l o w  l a t e r a l  

b o r d e r  ' f u r r o w * ,  t h e n  t u r n s  m ore s h a r p l y  b a c k w a r d  b e f o r e  f i n a l l y  

c u r v i n g  o u tw a r d s  t o  ru n  t o  j u n c t i o n  o f  p o s t e r i o r  an d  l a t e r a l  m a r g in s .  

A n t e r i o r  b r a n c h  a lm o s t  s t r a i g h t ,  t r e n d s  s l i g h t l y  in w a r d s  t o  a n t e r i o r  

m a r g in ,  c u r v e s  s h a r p l y  in w a r d s  fr o m  h e r e  t o  r o s t r a l  s u t u r e .

E y e  s o c l e  on  f r e e  c h e e k  i s  v e r y  n a r r o w ;  m a i n f i e l d  o f  f r e e  c h e e k  

s l o p e s  s t e e p l y  d ow nw ard  a n d  p a s s e s  a lm o s t  w i t h o u t  i n t e r r u p t i o n  i n t o  

l a t e r a l  b o r d e r  w h ic h  c u r v e s  s t r o n g l y  u n d e r  an d  in w a r d  t o  m e e t  s t r o n g l y  

r e  f l e x e d  d o u b l - i r e .
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R o s t r a l  s u t u r e  p a r a l l e l s  a n t e r i o r  m a r g in .  B o r d e r  s e c t o r  o f  

r o s t r a l  p l a t e  i s  g e n t l y  a r c h e d .  C o n n e c t i v e  s u t u r e  w e a k ly  c o n v e x  

a b a x i a l l y .  H y p o sto m e  (knovm  fro m  o n e  p a r t l y  e n r o l l e d  s p e c im e n  

(RM A r 2 7 2 3 U b ))  p r o v e d  e x t r e m e l y  d i f f i c u l t  t o  p r e p a r e  an d  p h o t o g r a p h .

I t  i s  s i m i l a r  t o  h y p o s t o m e s  o f  m any o t h e r  C a ly m en e  s p e c i e s .  A n t e r i o r  

l o b e  o f  m e d ia n  b o d y  b e a r s  a  v e r y  s t r o n g l y  d e v e l o p e d ,  v e n t r a l l y  p o i n t e d  

p r o j e c t i o n .  M a c u la e  s c a r c e l y  v i s i b l e  ( t h o u g h  i t  i s  a  s m a l l  s p e c i m e n ) .  

P o s t e r i o r  m a r g in  b i f i d .

T h o r a x  c o n t a i n s  t h i r t e e n  s e g m e n t s .  A x i a l  r i n g  w id e n s  s l i g h t l y  

fro m  m e d ia n  l i n e  ( s a g . )  t o  a x i a l  f u r r o w  ( e x s . )  w h e r e  i t s  o u t e r  m a r g in  

i s  r a t h e r  b l u n t  an d  a x e - s h a p e d .  O u t s id e  t h i s  b l u n t  e x t r e m i t y ,  t h e  a x i a l  

fu r r o w  i s  V -s h a p e d  i n  o u t l i n e ,  a t  t h e  a p e x  o f  t h e  V i t  r u n s  i n t o  t h e  

p l e u r a l  f u r r o w .  I n  l a t e r a l  p r o f i l e  a x i a l  r i n g  i s  f l a t  o r  a t  m o s t  v e r y  

g e n t l y  c o n v e x ,  a r t i c u l a t i n g  fu r r o w  i s  n a r r o w  an d  s h a l l o w  b u t  q u i t e  

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

a s  a x i a l  r i n g .  P l e u r a l  fu r r o w  n o t i c e a b l y  v e r y  n a r r o w  ( e x s . )  an d  r i l l e -  

l i k e  on  d o r s a l  s i d e  o f  p l e u r o n  ( i t s  c o u r s e  o n  a r t i c u l a t i n g  f a c e t  

o b s c u r e d  b y  o v e r l a p p i n g  s e g m e n t s ) .  A t f u lc r u m  p o s t e r i o r  an d  

a n t e r i o r  p l e u r a l  b a n d s  a r e  o f  e q u a l  h e i g h t  ( s e e  l a t e r a l  v i e w ) ,  a lm o s t  

e q u a l  l e n g t h  ( e x s . ) ,  an d  f l a t - t o p p e d .  P o s t e r i o r  m a r g in s  o f  p o s t e r i o r  

p l e u r a e  a r e  m ore a n g u la r  i n  o u t l i n e  t h a n  t h o s e  o f  a n t e r i o r  p l e u r a e .

A x is  o f  p y g id iu m  t a p e r s  g r a d u a l l y ,  h a s  s i x  a x i a l  r i n g s  an d  i s  f a i r l y  

c o n v e x  ( t r . ) .  F i r s t  f i v e  a x i a l  r i n g s  d e f i n e d  p o s t e r i o r l y  b y  a  c o m p le t e  

r i n g  f u r r o w ,  th o u g h  t h i r d  t o  f i f t h  f u r r o w s  a r e  p o o r l y  m a rk ed  m e d i a l l y .  

S i x t h  r i n g  fu r r o w  e f f a c e d  s a g i t t a l l y .  T e r m in a l  a x i a l  p i e c e  p o s t e r i o r l y  

r o u n d e d .  A x i a l  fu r r o w  V -s h a p e d  i n  o u t l i n e  b e s i d e  f i r s t  tw o  a x i a l  r i n g s .  

P l e u r a l  r e g i o n  f a l l s  s t e e p l y  fr o m  a x i s .  F i r s t  p l e u r a l  f u r r o w  m ore  

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

t h o u g h  on  a n o t h e r  s p e c im e n  (RM A r2723% a) t h e y  a r e  s l i g h t l y  s t r o n g e r .  

I n t e r p l e u r a l s  l a c k i n g  a d a x i a l l y ,  v e r y  f e e b l y  p r e s e n t  on  o u t e r  p a r t  o f
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p le u ra l  re g io n . P o s ta x ia l s e c to r  o f pygidium not s tro n g ly  p ro tru b e ra n t , 

f a l l s  alm ost v e r t i c a l ly  from te rm in a l a x ia l  p ie ce .

D orsal su rface  of cephalon appears alm ost com pletely smooth 

except fo r  a few s c a t te re d  sm all tu b e rc le s  on in n e r a n te r io r  p a r t  o f 

f ix ed  cheek, o u te r p a r ts  o f f r o n ta l  g la b e l la r  lobe and more p a r t ic u la r ly  

th e  d o rsa l su rface  o f a n te r io r  b o rd e r. On l a t e r a l  b o rder o f fre e  

cheek, bo rder s e c to r  o f r o s t r a l  p la te  and o u te r s id e  o f  a n te r io r  

bo rder th e  tu b e rc le s  become more e l i p t i c a l  in  shape and much more 

c lo se ly  spaced. Thorax la rg e ly  smooth except fo r  a few sm all tu b e rc le s  

on l a t e r a l  e x tre m itie s  and p o s te r io r  margins o f a x ia l  r in g s ,  and 

a n te r io r  and p o s te r io r  p le u ra l  bands. S c a tte re d  tu b e rc le s  on median 

p o s te r io r  p o rtio n  o f p y g id ia l ax is  and o u te r p a r t  o f  p le u ra l  reg io n . 

Inner p le u ra l  reg ion  lack s  tu b e r c le s .

DISCUSSION. This curious sp ec ie s  has not been re v ised  s in ce  i t  was 

founded in  I 885 . A ll o f th e  m a te r ia l f ig u red  h e re in  from th e  type 

lo c a l i ty  o f  VRstergarn was a lso  seen by LindstrBm. £ . la e v is  has 

se v e ra l unusual c h a ra c te rs , some o f which a re  unexpected in  a calymenid 

o f middle S ilu r ia n  age. E n ro lled  specimens a re  rem arkably s p h e r ic a l in  

appearance. This is  p a r t ly  on account o f  th e  r a th e r  f l a t ,  depressed  

n a tu re  o f th e  g la b e l la  which p ro je c ts  l i t t l e  above th e  fix ed  cheeks and 

in  f r o n ta l  view forms p a r t o f th e  evenly continuous d o rsa l o u tl in e  o f  

th e  cephalon; i t  i s  a lso  due to  th e  se m ic irc u la r  cep h a lic  o u t l in e ,  and 

th e  g e n e ra lly  smooth c u tic u la r  su rfa c e . There i s  no p a r t o f  th e  

cephalon , th o rax  o r pygidium which stands prom inently  out from th e  

r e s t  o f th e  exoske le ton . The narrow , sc a rc e ly  in c lin e d  p a lp e b ra l 

lo b e , alm ost t o t a l  la ck  o f  a l a t e r a l  border fu rrow , n o n - in f la te d  

ab ax ia l e x tre m itie s  to  th e  a x ia l  r in g s ,  and f la t- to p p e d  su rface  to  

th e  a d a x ia l , d o rsa l su rface  o f each p leuron a l l  add to  t h i s  e f f e c t .

Also ty p ic a l  o f  £ . la e v is  is  th e  V-shaped o u tl in e  o f th e  a x ia l  furrow 

o u ts id e  th e  b lu n t ,  axe-shaped ex trem ity  o f each a x ia l  r in g . Some of
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th e se  fe a tu re s  are  a lso  d isp layed  by C, s p e c ta b i l is  and £ , a q u a tica  

sp. nov.

E sp e c ia lly  n o tic e a b le  in  £ . la e v is  i s  th e  extrem ely narrow a x ia l 

furrow beside  th e  g la b e l la .  The narrowness o f th e  furrow  i s ,  in te r e s t in g ly ,  

rem in iscen t o f th a t  found in  Liocalymene Raymond, I 916 , a monotypic 

genus o f u n c e rta in  d e r iv a tio n  from th e  upper Llandovery o f  th e  c e n tra l  

and e a s te rn  U nited S ta te s .  O ther c h a rac te rs  such as th e  g en tle  tra n sv e rse  

and s a g i t t a l  convexity  o f  th e  depressed  g la b e l la ,  smooth ex o sk e le to n , 

form o f th e  a n te r io r  bo rder and th e  fix ed  cheek are  not una lik e  in  

£ . la e v is  and L. c l in to n i  (Vanuxem, I 8U2 ) .  In  L. c l in to n i  th e  a x ia l  

furrow b eside  th e  g la b e l la  (except most b a sa l p a r t  o f Ip  lobe and o c c ip i ta l  

r in g )  i s  simply a narrow s l i t ;  th e  l a t e r a l  g la b e l la r  and f r o n ta l  lobes 

very c lo se ly  approach ( i f  not touch) th e  fix ed  cheek, but th e  2p lobe 

i s  ap p aren tly  not jo in ed  as an in d iv id u a l s t ru c tu re  to  a genal b u t t r e s s  

(l-Thittington 1971, p . ^73, p i .  89 ) . In £ . la e v is  th e  second g la b e l la r  

lobe i s  d e f in i te ly  jo in e d  to  th e  fix ed  cheek though th e re  i s  only a 

very s l ig h t  ad ax ia l ex tension  o f th e  cheek a t t h i s  p o in t. I t  is  im portant 

to  d is tin g u is h  between whether th e  g la b e l la r  lobe is  coupled w ith o r 

merely in  co n tac t w ith th e  fix ed  cheek. The a n te r io r  corner o f  th e  

b a sa l lobe in  £ . la e v is  i s ,  in  some specim ens, touch ing  bu t not 

conjugate w ith  th e  fix ed  cheek, whereas th e  2p g la b e l la r  lobe i s  both 

touch ing  and conjugate (thougli i t  i s  not p o ss ib le  to  determ ine -  but 

i t  would seem u n lik e ly  -  whether th e  a x ia l  furrow passes under th i s  

s t r u c tu r e ) .

Apart from th e  apparent f a i lu r e  o f l a t e r a l  lobe 2p to  be jo in ed  to  

th e  fix ed  cheek, L. c l in to n i  i s  fu r th e r  d i f f e r e n t ia te d  from £ . la e v is  

by i t s  unique pygidium , in  which th e  p le u ra l  reg ion  has only one p le u ra l  

and no in te r p le u r a l  furrow s. The two sp ec ie s  a re  here  considered  

g e n e r ic a lly  d i s t in c t  but th e  Gotland m a te r ia l perhaps g ives a u se fu l 

c lue as to  th e  o r ig in  o f Liocalymeme. I f  a Calymene sp ec ies  s im ila r  to



-2 1 3 -
£ . la e v is  or £ . aq u a tica  sp . nov. (see  d iscu ss io n  o f th a t  sp ec ie s)  had 

e x is te d  in  l a te  Ordovician or e a r ly  S ilu r ia n  tim e s , i t  could have given 

r i s e  to  th e  North American genus by an effacem ent o f th e  p le u ra l  and 

in te r p le u r a l  furrows and narrow ing o f  th e  a x ia l  furrow o u ts id e  th e  Ip , 

3p and f r o n ta l  g la b e l la r  lo b e s .

A d iscu ss io n  o f £ . la e v is  w ith £ . a q u a tica  sp . nov. and 

£ . s p e c ta b i l i s  i s  given below,

OCCURRENCE. In a d d itio n  to  th e  type stra tum  and type lo c a l i ty :  

from th e  S l i t e  Beds a t Bunge socken FarBsund, G otland. £ . la e v is  

was reco rd ed , bu t not f ig u re d , from S ilu r ia n  B a ltic  e r r a t i c s  

(Kummerow, 1928, p. 9 ) .

Calymene a f f .  £ . la e v is  LindstrBm, l885 

P la te  lU , f ig s .  4-8 .

MATERIAL. Four incom plete c ra n id ia ,  RM Ar2T264, RM Ar2T266 -  268; 

one almost complete specimen and i t s  hypostome, RM Ar2?222.

OCCURRENCE. S l i t e  Beds from th e  Lokkrume Kanal and Eskelhem, 

G otland.

DISCUSSION. This m a te r ia l from th e  S l i t e  Beds re p re se n ts  a 

sp ec ies  s im ila r  t o ,  bu t alm ost c e r ta in ly  d i f f e r e n t  from, £ . la e v is .

The cranidium  is  d is tin g u ish e d  from th a t  o f £ . la e v is  through i t s  

co n sid erab ly  more convex (sag . & t r . )  g la b e l la  which has a le s s  sinuous 

more g rad u a lly  ta p e r in g  ( a n te r io r ly )  g la b e l la r  o u t l in e ,  and through 

i t s  w ider c ra n id ia l  a x ia l  furrow . I t  d i f f e r s  most obviously  from 

Calymene a q u a tica  sp . nov. in  i t s  g la b e l la  o u t l in e .
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The r o s t r a l  p la te  i s  ornamented w ith  f la t te n e d ,  rounded, s c a le 

l ik e  tu b e rc le s  over most o f i t s  o u te r  su rfa c e , but near th e  in n e r  arc  

o f  th e  border s e c to r  th e re  are  two p a r a l l e l  rows o f very f in e  p u s tu le s . 

The hypostome is  s im ila r  to  th a t  o f £ . l a e v i s ; i t  has a lo n g , s tro n g ly  

developed median sp ine two th i r d s  o f  th e  way along (s a g .)  th e  a n te r io r  

lobe . The maculae are  very weak, th e  p o s te r io r  sp ines a re  only 

m oderately long .

Through i t s  more sw ollen le s s  b e ll-sh a p e d  g la b e l la ,  and i t s  w ider 

a x ia l  furrow , £ . a f f .  la e v is  is  le ad in g  towards £ . s p e c ta b i l is  but 

A ngelin’s sp ec ies  has more p o s te r io r ly  s i tu a te d  p a lp eb ra l lobes and a 

low er, sh o r te r  ( s a g .)  a n te r io r  b o rd e r.

The form o f th e  a n te r io r  bo rder and more sw ollen g la b e l la  in  

£ . a f f .  la e v is  i s  s im ila r  to  th a t  o f  £ . n e o tu b e rcu la ta  Schrank, 1970 

(see l a t e r ) .  The l a t t e r  sp ec ies  d i f f e r s  m ainly in  i t s  narrow er a x ia l  

furrow -  e sp e c ia lly  around lobe Ip  -  and i t s  much more d i s t i n c t ,  

co a rse r g la b e l la r  tu b e rc le s ,  bu t £ . a f f .  la e v is  may re p re se n t a 

connection between th e  £ , la e v is  and £ . n e o tu b e rc u la ta /C . blum enbachii 

groups o f  sp e c ie s .

Calymene a q u a tic a  sp . nov.

P la te  10, f ig s .  4 -6 ; P la te  11, f ig s .  1 -9 .

DERIVATION OF THE NAME. From th e  L a tin , a q u a tic u s , l iv in g  in  

or near w a te r , a llu d in g  to  th e  occurrence o f th e  sp ec ies  in  th e  

W allstena K anal, th e  type  lo c a l i ty .

HOLOTYPE. A cranidium ; RM Ar27295; P I . 11, f i g s . 1 -4 .
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TYPE STRATUM AND TYPE LOCALITY. S l i t e  Beds (= middle W enlock), 

W allstena K anal, G otland.

addition; !  MATERIAL. Five c ra n id ia ,  RM Ar2T28U, RM Ar27289,

RM Ar27300 -  301, RM Ar27305; one cephalon RM Ar27303; one cephalon 

w ith  fou r a tta ch ed  th o ra c ic  segm ents, RM Ar27311; f iv e  damaged complete 

in d iv id u a ls ,  RM Ar27296 -  299, RM Ar27302.

DIFFERENTIAL DIAGNOSIS. Calymene s im ila r  to  £ . la e v is  LindstrBm, 

1885 , but d i f f e r in g  mainly through a deeper p re g la b e lla r  furrow  and 

corresponding ly  h igher a n te r io r  b o rd e r, a more s tro n g ly  b e ll-sh a p e d  

g la b e l la ,  a r e la t iv e ly  w ider cranidium , and a le s s  w ell d e fin ed  a n te r io r  

branch o f  Ip  furrow .

DISCUSSION. The S l i t e  Beds o f Gotland encompass a v a r ie ty  o f 

carbonate and marly l i th o f a c ie s  and a re  more g eo g rap h ica lly  w idespread 

than  any o th e r p a r t  o f th e  I s la n d 's  S i lu r ia n  su ccess io n . As a whole th e  

S l i t e  Beds a re  approxim ately coeval w ith  th e  m iddle Wenlock (Cocks 

e£ 1971 , f ig .  9 ) ,  but th e  age r e la t io n s  o f a l l  th e  c o n s ti tu e n t 

members i s  not y e t c le a r  (M artinsson 1962, p . 48 ). M artinsson (1962) 

found co n sid erab le  d iffe re n c e s  between th e  ostracode  faunas o f  th e se  

various members. The calymenid p o p u la tio n s  in  th e  S l i t e  Beds a re  o f th e  

£ . la e v is  ty p e , bu t they  show s u b s ta n t ia l  v a r ia t io n  and to  reg a rd  them 

as a l l  belonging  to  one sp ec ie s  would be an over -  s im p lif ic a t io n  o f  th e  

p ic tu re .  The type lo c a l i ty  fo r  £ . la e v is  ,VM,stergarn, i s  alm ost on th e  

w estern coast o f  th e  o u tc ro p ; th e  new sp ec ie s  e re c te d  here  has n o t been 

found a t VRstergarn and occurs in  l o c a l i t i e s  towards th e  e a s te rn  s id e  

o f  th e  I s la n d . The new sp ec ies  i s  probably  s l ig h t ly  younger in  age 

than £ . la e v is  (see  M artinsson 1967, p . 354 and p. 360).

In h is  d iscu ss io n  o f  £ . l a e v i s , LindstrBm (1885 , p . 6 9 ) concluded 

by m entioning a v a r ie ty  met w ith  a t  S l i t e  which had a more curved 

(in  o u tl in e )  g la b e l la  and a w ider cephalon . I t  i s  probable th a t
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LindstrBms v a r ie ty  i s  th e  same as £ . a q u a tica  sp . nov. The most 

co nstan t (though perhaps not th e  most obvious) d if fe re n c e  between 

£ . a q u a tica  and C_. la e v is  i s  th e  a n te r io r  b o rder which in  th e  former 

i s  h ig h e r , reach ing  above th e  a n te r io r  margin o f th e  f r o n ta l  g la b e l la r  

lo b e , whereas in  th e  l a t t e r  i t  does not (see  f r o n ta l  and l a t e r a l  

p r o f i l e s ) .  Linked to  t h i s  d if fe re n c e  th e  p re g le b a lla r  furrow  o f 

C_. aq u a tica  i s  much deeper, and in  most specimens appears s l ig h t ly  

lo n g er (s a g .)  than  in  C. l a e v i s . The g la b e l la r  o u tl in e  o f  th e  new 

sp ec ies  narrows more sh arp ly  a n te r io r ly  on account o f  th e  le s s  

su b rec tan g u la r g la b e l la  in  fro n t o f  lobe 2p, th u s  producing a more 

s tro n g ly  b e ll-sh a p e d  o u tlin e  than  in  £ . l a e v i s . A lso , in  a q u a tic a  th e  

cranidium  is  w ider r e la t iv e  to  th e  len g th  o f g la b e l la .  There i s  some 

v a r ia t io n  in  th e  d e f in i t io n  o f an in te rm ed ia te  lobe a t th e  in n e r end o f 

furrow Ip  in  £ . la e v is  (see  d e s c r ip t io n ) ,  b u t th e  a n te r io r  branch o f 

furrow Ip  is  always q u ite  sh arp ly  in c is e d . The a n te r io r  branch i s  

much weaker in  £ . a q u a tic a , and though th e  s id e  o f th e  g la b e l la  i s  

b road ly  convex p o s te r io r  to  t h i s  b ranch , th e re  i s  no in d iv id u a l 

in te rm ed ia te  lo b e . The o v e ra l l  in f l a t io n  o f th e  g la b e l la  v a r ie s  some

what in  £ . a q u a tic a ; i t  may be r a th e r  depressed  (as in  £ . l a e v i s ) 

o r more o fte n  i t  is  m oderately convex (sag . & t r . ) .  The d o rsa l su rface  

o f th e  a x ia l  r in g s  and p leu rae  in  some specimens o f £ . aq u a tica  

are  more rounded than  in  £ . l a e v i s .

£ . a q u a tica  has a g la b e l la r  o u tl in e  and l a t e r a l  furrow Ip  which 

seem c lo se r  than  those  o f  £ . la e v is  to th o se  found in  Liocalymene c l in to n i

OCCURRENCE. S l i t e  Beds, G otland, The sp ec ie s  i s  most abundant 

a t  th e  type lo c a l i ty  but I have a lso  seen specimens from Boge, S l i t e ,  

and Dalhem,
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Calymene s p e c ta b i l i s  A ngelin , 1854

P la te  12, f ig s .  1 -8 ; P la te  13, f i g s .  1-10; P la te  l 4 ,  f ig s .  1 -3 .

1854 Calymmene s p e c ta b i l i s . n . s p . ; A ngelin , p .28, p i .  19 , f ig .  5.

1885 Calymmene s p e c ta b i l i s  ANGELIN; LindstrBm, p. 66. 

non 1907 Calymmene s p e c ta b i l i s  ANG.; Schm idt, p . 55, p i .  3 , f ig s .  2-5 .

1970 Calymene s p e c ta b i l i s  ANGELIN, 1854; Schrank, p . 133, p i .  7 , 

f ig s .  3- 5 .

LECTOTYPE. D esignated Schrank 1970, p . 133; a damaged cephalon;

RM Ar6208; fig u red  Angelin 1854 (as p a r t  o f  a re c o n s tru c tio n )  p i ,  19, 

f ig .  5 , and Schrank 1970 p i .  7 , f ig s .  4 , 4a.

TYPE STRATUI4 AI'ID TYPE LOCALITY. ? K lin teb e rg  Limestone ( = upper 

Wenlock to  lower Ludlow), D jupvik, E k s ta , G otland, ( a f t e r  Schrank

1970 , p . 133).

MATERIAL. E ight c ra n id ia ,  RM Ar6205, RM Ar6207, RM Ar6208,

RI4 Ar27902, RM A r279H , RI'-l Ar27913, RM Ar27947, RM Ar27898; th re e  fre e  

cheeks, RM Ar27899 -  9OO, RI4 Ar27946; four p y g id ia , RM Ar6206, RM Ar27906, 

RI4 Ar27928, RM Ar31436; one poorly  p reserv ed  cephalon to g e th e r  w ith  i t s  

hypostome and se v e ra l th o ra c ic  segm ents, RM Ar46996a-d; one d is a r t ic u la te d  

specimen and i t s  hypostome, RM Ar46997a-b.

DIAGNOSIS. See Schrank 1970, p . 134.

DESCRIPTION. G lab e lla  about 1 .2  tim es as long as wide. R e la tiv e ly  

sm all, s u b c irc u la r  b a sa l lobe i s  le s s  th an  one th i r d  as wide as 

g la b e l la  and extends only a short, d is ta n c e  beyond lobe 2p. In  f ro n t 

o f l a t t e r  g la b e l la  i s  su b re c ta n g u la r  in  o u t l in e .  Furrow Ip  i s  deep 

a t a x ia l  furrow , runs inwards and backwards and d iv id es  in to  a n te r io r  

and p o s te r io r  branches between which th e re  i s  a d i s t i n c t ly  sw ollen 

in te rm e d ia te  lo b e . P o s te r io r  branch is  continued  towards narrow
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(sag . & e x s . ) ,  sh arp ly  in c ise d  o c c ip i ta l  furrow as a very  shallow  

d ep ress io n . S u b c ircu la r lobe 2p i s  p a p i l l a te  and jo in e d  to  genal 

b u t t r e s s  over a x ia l  furrow , sep a ra te d  from p o s te r io r ly  narrow ing 

median g la b e l la r  lobe by s l ig h t  furrow . T ran sv erse ly  e lo ngate  lobe 3p 

is  one th i r d  th e  s iz e  o f lobe 2p. Lobe and furrow  4p a lso  p re s e n t .

O utline  o f  f r o n ta l  g la b e l la r  lobe i s  su b re c ta n g u la r , i t s  a n te r io r  margin 

is  g en tly  convex forw ards. In  p r o f i le  su rface  o f g la b e l la  p ro je c ts  

w e ll above fix ed  cheek, assumes a h o r iz o n ta l  a t t i tu d e  from p o s te r io r  

margin o f  o c c ip i ta l  r in g  to  furrow  2p, descends g rad u a lly  from here  

to  a n te r io r  margin o f  f r o n ta l  lo b e .

A xial furrow deep and narrow around lobe Ip ,  is  s l ig h t ly  w ider 

next to  lobe 3p, bu t narrows again a t  s id e  o f f r o n ta l  lo b e . In fro n t 

o f lobe 2p th e  ab ax ia l w a ll o f a x ia l  furrow  is  v e r t i c a l  and i t s  upper 

margin meets th e  f l a t ,  fo n /a rd  and downward fac in g  p re o c cu la r  p a r t  o f 

th e  fix ed  cheek to  form a r ig h t-a n g le  in  tra n s v e rse  s e c t io n . P re g la b e lla r  

furrow m oderately deep, t r e n c h - l ik e ,  undercuts th e  f r o n ta l  lo b e , does 

no t con tinue a b a x ia lly  in to  l a t e r a l  b o rder furrow but runs p o s te r io r ly  

in to  a x ia l  furrow . A n te rio r bo rder i s  very sh o rt (sag . & e x s . ) ,  i t s  

upper su rface  tu rn s  q u ite  sh a rp ly  over and passes in to  th e  o u te r  fac in g  

s id e  which i s  consid erab ly  narrow er m ed ia lly  than  near f a c ia l  su tu re  

(see f r o n ta l  v iew ), and which in  p r o f i l e  continues th e  slope o f th e  

f r o n ta l  g la b e l la r  lo b e . Most d o rsa l p o in t o f  a n te r io r  b o rd e r does not 

reach as h igh  as low est p a r t  o f f r o n ta l  lobe (see  f r o n ta l  and l a t e r a l  

v iew s). A n te rio r margin very weakly arched forw ard.

P o sto cu la r p a r t  o f f ix ed  cheek very wide ( t r . )  -  about two and 

a h a l f  tim es as wide as i t  i s  long . P o s te r io r  bo rd er furrow  is  

c o n s ta n tly  narrow. P a lp eb ra l lobe c en tred  opposite  th e  p o s te r io r  p a r t  

o f lobe 2p, i t s  o u te r margin is  d i s t i n c t l y  p o in ted , slopes m oderately 

to  s te e p ly  inward and downward. P reo ccu la r p o rtio n  o f  fix ed  cheek 

very narrow ( t r . )  -  only about as wide as (o r even narrow er than) 

lobe 2p. P o s te r io r  and a n te r io r  branches o f f a c ia l  su tu re  a re  e s s e n t ia l ly
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as in  C. l a e v i s . Free cheek has very  narrow eye so c le ; a w ide, 

smooth in n e r re g io n ; very narrow , shallow  l a t e r a l  border furrow , 

and a broad l a t e r a l  b o rd er.

R o s tra l p la te  unkno^m. Hypostome considerab ly  w ider ( t r . )  than  

long ( s a g .) .  A n te rio r bo rder very narrow ( s a g .) ,  s l ig h t ly  re f le x e d  

v e n tra l ly  from a n te r io r  lobe . A n te rio r wing ra th e r  la rg e  w ith  deep, 

s l i t - l i k e  p i t  which tren d s  forwards and s l ig h t ly  inw ards. A n te rio r 

lobe a t l e a s t  th re e  tim es as long as p o s te r io r  lo b e , bears  a very  

s tro n g ly  developed p ro je c tio n . In  one specimen (RM Ar46996b) th i s  

p ro je c tio n  i s  h o o k -lik e , in  ano ther (RI'4 ArU699Tb) th e  p o s te r io r  s id e  

o f  the  p ro je c tio n  i s ,  i n i t i a l l y ,  much more g en tlv  in c lin e d  and longer 

(sa g .)  be fo re  s lo p in g  very s te e p ly  down to  th e  median furrow . The 

l a t t e r  i s  deeply im pressed near l a t e r a l  bo rder but alm ost la ck in g  in  

median re g io n . Maculae smooth, very weakly developed. P o s te r io r  

lobe very m ild ly  in f la te d  ( t r . ) ,  in  one specimen (RM Ar4699Tb)alm ost 

f l a t .  P o s te r io r  spine (RM ArU699Tb) exceedingly  sh o rt and narrow .

I s o la te d  th o ra c ic  segments (RM Ar4699Ta; RM Ar46996a) appear to  be 

l ik e  th o se  of £ . l a e v i s . For example in  th e  somewhat f la t- to p p e d  form 

o f  th e  p leu rae  in  which th e  a n te r io r  and p o s te r io r  p le u ra l  bands are  

o f equal h e ig h t,a n d  a lso  th e  V-shaped o u tlin e  o f th e  a x ia l  furrow  

o u ts id e  th e  b lu n t ex trem ity  o f each a x ia l  r in g .

Pygidium has e ig h t a x ia l  r in g s . A n te rio r f iv e  r in g s  confined  

p o s te r io r ly  by a complete r in g  furrow , though th i r d  to  f i f t h  r in g s  

r a th e r  weak s a g i t t a l l y ;  s ix th  and seventh  r in g  furrows only marked 

near a x ia l  furrow ; very f a in t  t r a c e  o f  e ig h th  r in g  furrow on rounded 

(bu t somewhat po in ted ) p o s ta x ia l  s e c to r .  In l a t e r a l  p r o f i l e  d o rsa l 

su rface  o f ax is  i s  g en tly  arched . P le u ra l  reg ion  s lopes s te e p ly  away 

from a x ia l  furrow , has s ix  p le u ra l  furrows th e  l a s t  one o f which forms 

th e  s id e  o f  th e  weakly p ro tru d in g  p o s ta x ia l  s e c to r .  I n te rp le u ra l  much 

weaker than  p le u ra l  fu rrow s, b e s t marked on o u te r  h a l f  o f p le u ra l
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re g io n , ex ce p tio n a lly  f a in t  or absent a d a x ia lly . P o s te r io r  face  o f  

p o s ta x ia l  s e c to r  i s  very s tee p ly  s lo p in g .

Small to  medium s ize d  tu b e rc le s  s c a t te re d  over much o f  g la b e l la ,  

p reoccu la i p a r t  o f fix ed  cheek and a n te r io r  b o rd e r. L a te ra l b o rder 

o f f re e  cheek ornamented w ith  lo n g e r, s c a le - l ik e  tu b e rc le s .  Outer 

p a r t  o f p y g id ia l p le u ra l  reg ion  densely  tu b e rc u la te ;  in n e r p a r t  le s s  so .

DISCUSSION. The Lectotype o f th i s  sp ec ies  has re c e n tly  been 

f ig u red  and i s  q u estionab ly  recorded  (Schrank 1970, p . 133, p i .  7 , 

f ig .  4) as coming from th e  K lin teb erg  Limestone a t E k sta , D jupvik, 

G otland. A ll th e  m ateria l I  have is  from th e  Hemse Beds (= low er and 

middle Ludlow), and most o f th i s  i s  from O stergarn  on th e  e a s te rn  

s id e  o f th e  Is la n d . Schrank (1970, p. I l6 )  has draim a t te n t io n  to  th e  

r e la t io n s h ip  between £ . s p e c ta b i l i s  and £ . la e v is  by combining them 

in  h is  sp ec ies  group number s ix . This group i s  c h a ra c te r iz e d  by 

an a n te r io r  border which is  r a th e r  low and has a s l ig h t ly  rounded 

upper edge which can be alm ost hidden by th e  p ro je c tin g  f r o n ta l  

g la b e l la r  lo b e . The o u te r  s id e  o f th e  a n te r io r  bo rd er i s  continuous 

w ith  th e  slope o f th e  g la b e l la r  o u tl in e  in  l a t e r a l  p r o f i l e .  Other 

c h a ra c te rs  which a l ly  th e  two sp ec ies  are  th e  p o in ted  o u te r margin 

o f th e  p a lp e b ra l lo b e ; th e  form o f th e  th o ra c ic  a x ia l  r in g s ,  p le u ra e , 

and a x ia l  furrow (see d e s c r ip t io n s ) ;  th e  f a i lu r e  o f  th e  p re g la b e lla r  

furrow to  be d i s t in c t ly  continued a b a x ia lly  in  fro n t o f  th e  fix ed  cheeks; 

th e  very narrow , weak l a t e r a l  bo rder furrow on th e  fre e  cheek; th e  r a th e r  

f l a t  m oderately s lo p in g  p reo ccu la r p a r t  o f th e  f ix e d  cheek; th e  

g e n e ra lly  subquadrate o u tlin e  o f th e  g la b e l la  in  f ro n t o f lobe 2p, and 

th e  tendency fo r  th e  l a t e r a l  margin o f th e  f r o n ta l  g la b e l la r  lobe 

to  tre n d  f r a c t io n a l ly  forwards and outw ards.

£ . s p e c ta b i l i s  d i f f e r s  from £ . la e v is  in  th e  fo llow ing  re s p e c ts :

The in te rm ed ia te  lobe a t  the  in n e r end o f  l a t e r a l  furrow Ip  i s  more 

swollen and d is c r e te  from th e  median g la b e l la r  lo b e , th e  c ra n id ia l
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a x ia l  furrow is  w ider and genal b u t t r e s s  b e t te r  developed, th e  p a lp eb ra l 

lobe i s  more p o s te r io r ly  s i te d  -  o p p osite  th e  p o s te r io r  p a r t  o f th e  

l a t e r a l  lobe 2p, th e  b a sa l ^ d a b e lla r  lobe is  r e l a t iv e ly  sm alle r and 

thus th e  c lc b e l la  somewhat le s s  b e ll-sh ap ed  in  o u t l in e ,  th e  g la b e l la  

and i t s  l a t e r a l  lobes are  more in f l a te d ,  th e  d o rsa l su rface  o f th e  

a n te r io r  bo rder i s  s h o r te r  ( s a g .) ,  end th e  pygidium has more a x ia l  

r in g s  and p le u ra l  furrow s. A fu r th e r  d iffe re n c e  i s  th a t  o f ab so lu te  

s iz e  -  a l l  th e  specimens o f sp e c ta b i l i s  a re  co n sid erab ly  la rg e r  than  

th ose  o f la e v is  and th i s  should be kep t in  mind when co n sid e rin g  th e  

d is t in c t io n s  between th e  two sp e c ie s .

Another fe a tu re  which i s  c h a r a c te r is t ic  o f £ . s p e c ta b i l i s  is  

th e  p reo ccu la r p a r t  o f th e  fix ed  cheek which is  r a th e r  narrow ( t r . )  -  

only about one q u a rte r  to  one f i f t h  as wide as th e  g la b e l la  a t  l a t e r a l  

lobe 2p (Schrank 1970, p . 13^).

The two fig u red  hypostomes are both from O stergarn  and each is  

a sso c ia te d  w ith  p a r ts  o f a cranidium  and th o rax  which a re  b e s t  r e fe r re d  

to  Ĉ. spe c t a b i l i s . The hypostomes agree in  g en era l morphology bu t th e  

form of th e  p ro je c tio n  on th e  a n te r io r  lobe i s  d i f f e r e n t  (see  d e s c r ip t io n ) .  

Also th e  p o s te r io r  lobe in  th e  one specimen (RM ArU699Tb) is  n o tic e ab ly  

more dep ressed . This suggests th e re  may be more than  one sp ec ies  

re p re sen ted  by th e se  two specim ens. The p o s te r io r  sp in es  a re  not 

p reserved  in  th e  one hypostome (RM Ark6996b) l u t  in  th e  o th e r  -  which 

has only one sp ine rem aining -  i t  i s  e x ce p tio n a lly  narrow ( t r . )  and 

sh o rt ( e x s . ) .  For such r e la t iv e ly  la rg e  specim ens, th e  maculae on 

both  hypostomes are  inconspicuous.

\-Jhen seen in  f ro n ta l  view th e  a n te r io r  bo rders o f s p e c ta b i l i s  

and Ĉ. b re v ic ep s (see below) a re  a l ik e  in  th a t  bo th  a re  much narrow er 

s a g i t t a l l y  than  a b a x ia lly , bu t in  d o rsa l view th e  border o f s p e c ta b i l i s 

i s  longer ( s a g . ) ,  and many o th e r d iffe re n c e s  d iv id e  th e  two sp ec ie s  

(compare d e s c r ip t io n s ) .
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I t  i s  worth n o tin g  th a t  Angelin (185^, p i .  19, fÎR . 5) g ives a 

most accu ra te  d e p ic tio n  o f th e  cranidium  o f  £ . s p e c ta b i l i s  in  h is  

re c o n s tru c tio n  o f th e  sp e c ie s .

OCCURREÏTCE. Apart from th e  type  s tra tum  and type lo c a l i t y ,  I  have 

seen specimens from th e  Ilemse Beds a t O ste rg arn , Fardliera, A rdre , 

and S o f Grogarnshuvud, G otland. LindstrOm (1685 , p . 68) a lso  

records th e  spec ies  from th e  Hemse Beds a t  P e te sv ik  and th e  Linda K lin t ,  

and a lso  from th e  "Burgsvik and G rBtlingbo san d sto n es" ; I  have been 

unable to  s u b s ta n tia te  th e  occurrence o f  s p e c ta b i l i s  a t th e se  l o c a l i t i e s .

K aljo ( 1970 , p. 15k) records £ , s p e c ta b i l i s  from th e  Kaugatuma 

and Ohesaare S tages (= approxim ately Do^-mtonian in  age; a f t e r  Cocks e t  a l . , 

1971 , f ig .  9 ) o f th e  E stonian  S i lu r ia n .  As recogn ised  by Schrank 

(1970) ,  Schm idt's  e a r l i e r  re fe ren ce  (see  synonymy) to  t h i s  sp ec ie s  is  

almost c e r ta in ly  in  e r ro r .  The g la b e l la  o f th e  sp ec ie s  f ig u re d  by 

Sclimidt i s  no t u n lik e  th a t  o f s p e c ta b i l is  but th e  eye i s  s l ig h t ly  more 

a n te r io r ly  p laced  and th e  a n te r io r  b o rder much more prom inent than  in  th e  

Gotland taxon . Moreover th e  E ston ian  m a te r ia l has a r a th e r  deep furrow 

in  fro n t o f th e  fixed  cheek. C_. conspicua Sclimidt, 189b, C_, ohhesaaren sis  

Schm idt, 189^ , and £ . la e v ig a ta  Schm idt, 1907 a re  a l l  sp ec ie s  from th e  

l a te  S i lu r ia n  o f E sto n ia  which aw ait re v is io n . I t  is  p robab le  th a t  th e  

c ra n id ia  Schmidt re fe r re d  to  s p e c ta b i l i s  belong to  one o f th e se  sp e c ie s .

Calymene tu b e rc u lo sa  Dalman, l827 

P la te  1 5 , f ig s .  1-11; P la te  I 6 , f ig s .  1-11;

P la te  1 7 , f ig s .  1 -7 ; P la te  I 8 , f ig s .  1 , 2 .

1827 Calymene Blurnenbachii. var oc, tu b e rc u lo sa ; Dalman, p . 227.

Aon 1848 Calymene tu b e rc u lo sa , S a l t e r ;  S a l te r ,  p . 3^2, p i .  7 , f ig s .  1-5

? 1854 Cali'/mmene tu b e rc u la ta . BRÜRN. ; A ngelin , p .29, p i .  19, f ig .  5d.

1885 Calymmene tu b e rcu lo sa  DALMAN; LindstrBm, p .66, p i .  I 6 , f ig .  8.
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? 1924 Calymene tu b e rc u lo sa  (Dalman); McLearn, p . l 6 l ,  p l . l 6 ,

f ig s .  3 ,4 .

1936 C_. tu b e rcu lo sa  Dalman; S h ir le y , p. 413.

1970 Calymene tu b e rc u lo sa  Dalman, l8 2 7 ; Schrank, p . 132, p i .  6 ,

f ig s .  6 , 7 , p i .  7 , f ig s .  1 , 2 .

1971 Calymene tu b e rc u lo sa  Dalman 1827; W h ittin g to n , n . 4 6 l.

NEOTYPE. Here d e s ig n a ted ; cephalon w ith th e  remains o f th re e  

th o ra c ic  segm ents; RM Ar6230; fig u red  LindstrBm I 885 , p i .  I 6 , f ig .  8 

and Schrank 1970, p i .  7 , f ig s .  1 , l a ,

TYPE STRATUM AND TYPE LOCALITY. Mulde Beds (= upper Wenlock -  

e l le s a e  to  lundgren i zo n es), D jupvik, E ksta , Gotland.

ADDITIONAL MATERIAL. More than  I 50 e x c e lle n tly  p reserved  

specim ens, many o f which are  com plete, e n ro lle d  in d iv id u a ls . The 

bu lk  o f th e  m a te r ia l i s  housed in  th e  R iksm useet, Stockholm.

DIAGNOSIS. Species o f Calymene w ith  sh o rt a n te r io r  b o rd e r, th e  

d o rsa l su rface  o f which is  f l a t  and narrow (sag . & e x s . ) ,  th e  o u te r  s id e  

o f which r o l l s  over in  th e  form o f a t i g h t ly  convex rim . In  f r o n ta l  

view r o s t r a l  su tu re  s tro n g ly  a rch ed , o u te r s id e  o f a n te r io r  bo rder 

uniform ly narrow. A baxial p o rtio n  o f a x ia l  r in g  i s  conspicuously  

in f la te d  in  th e  form o f a sh arp , p o in ted  node.

DESCRIPTION. G lab e lla  lo nger than  w ide, b e l l  shaped in  o u t l in e ,  

p ro je c ts  in  fro n t o f f ix e d  cheek. O c c ip ita l r in g  ra th e r  wide a t  median 

l i n e ,  narrows q u ite  sh arp ly  a b a x ia l ly , is  produced in to  sw ollen node 

a t  a x ia l  furrow , in  l a t e r a l  p r o f i le  i s  m oderately convex, s lopes 

g en tly  forward and downward. O c c ip ita l  furrow shallow est behind 

c e n tr a l  g la b e l la r  a re a , very deep p o s te r io r  to  lobe  Ip . L a tte r  i s  le s s  

than one th i r d  as wide as g la b e l la ,  bounded a d a x ia lly  by extrem ely 

shallow  furrow . L a te ra l furrow Ip  very  deep, s l ig h t ly  b ifu rc a te s  a t



median g la b e l la r  lobe bu t no conspicuous in te rm ed ia te  lobe  w ith in  

t h i s  fo rk . P a p i l la te  l a t e r a l  lobe 2p meets genal b u t t r e s s ,  confined 

a d a x ia lly  by f a i n t ,  narrow ( t r . )  d ep re ss io n . Furrow 2p tra n s v e rs e ly  

d ire c te d . Lobe 3p g en tly  in f l a t e d ,  runs do\m g la b e l la r  s id e . Furrow 3p 

weak. F ro n ta l lobe i s  r a th e r  sw o llen , has w e ll rounded a n te r o la t e r a l  

m argins, g e n tly  arched a n te r io r  m argin. G la b e lla r  p r o f i l e  (s a g .)  

approxim ately  h o r iz o n ta l from o c c ip i ta l  furrow  to  lobe 2p, m oderately 

v au lted  from here  to  f r o n ta l  lo b e , th e r e a f te r  descends s te e p ly  

(sometimes v e r t ic a l ly )  to  p re g la b e lla r  furrow .

A xial furrow verg'- deep beside  b a sa l g la b e l la r  lo b e , forms a 

tu n n e l under lobe 2p and genal b u t t r e s s , s t i l l  very deep nex t to  lobe 

3n. D is t in c t  a n te r io r  p i t  below p o s te r io r  p a r t  o f f r o n ta l  lobe . 

P re g la b e lla r  furrow  exceedingly  shallow  and c o n s ta n tly  narrow .

A n te rio r border i s  sim ple , low, t i g h t l y  convex and very sh o rt (sag . & 

e x s . ) ,  in  l a t e r a l  p r o f i le  d o rsa l su rface  is  r a th e r  f l a t  and r o l l s  

over in to  narrow , downward and backward fac in g  o u te r s id e . In  d o rsa l 

view a n te r io r  margin g en tly  convex fo rw ards, in  f r o n ta l  view s tro n g ly  

arched downwards.

P o s te r io r  bo rder furrow  d i s t i n c t ,  has much s tee p e r p o s te r io r  

s lo p e , w idest a t m id -leng th , ^ id th  o f f ix e d  cheek le s s  than  o c c ip i ta l  

r in g . Highly in c lin e d  p a lp e b ra l lobe cen tred  op p o site  g la b e l la r  lobe 

2p. Fixed cheek in  f ro n t o f p a lp e b ra l lobe descends s te e p ly . P o s te r io r  

branch o f f a c ia l  su tu re  runs a t f i r s t  t r a n s v e r s e ly  outw ard, b e fo re  

tu rn in g  sh a rp ly  backward to  c ro ss l a t e r a l  bo rder furrow , th en  f r a c t io n 

a l ly  more backward to  meet p o s te r io r  margin a t  acu te  a n g le ; a n te r io r  

branch curves forward and inward to  a n te r io r  margin then  tu rn s  sh arp ly  

inward to  jo in  connective and r o s t r a l  s u tu re s .  Free cheek bears  a 

wide eye so c le  which i s  'sep ara ted *  from main f i e ld  o f cheek by broad 

furrow . L a te ra l border furrow  w ell marked. L a te ra l  bo rd er very  w ide, 

narrows s l ig h t ly  p o s te r io r ly ,  much o f  i t  i s  v e n tr a l ly  fa c in g .
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R o s tra l su tu re  h ig h ly  arched. Connective su tu re  curves doimward 

and inw ard, more sh arp ly  inward when n earin g  in n e r a rc  o f bo rder 

s e c to r  o f r o s t r a l  p la te .  L a tte r  i s  shaped l ik e  an in v e rte d  U.

Hypostome i s  w ider than  long . A n te rio r margin convex fo n m rd .

A n te rio r border very  narrow (sag . & e x s .) ;  a n te r io r  bo rder furrow  

sca rc e ly  im pressed. Large a n te r io r  wing has s l i t - l i k e  p i t .  L a te ra l 

bo rder narrow ( t r . )  between a n te r io r  and p o s te r io r  w ings, broadens 

behind p o s te r io r  wing in to  f l a t ,  f in - l ik e  p ro je c tio n . P o s te r io r  margin 

b i f i d  and V-shaped. P o s te r io r  border furrow sh o rt ( t r . )  and shallow . 

A n te rio r lobe o f  median body augmented by a s to u t ,  su b co n ica l p ro - 

tru b e ran ce  which i s  s i te d  about tw o -th ird s  th e  len g th  from a n te r io r  

margin to  median furrow . The l a t t e r  i s  b e s t marked a b a x ia l ly ,  

connected to  two smooth h igh ly  in f l a te d  ( le s s  so on sm all specimens) 

ovate m aculae. C rescen t-shaped  p o s te r io r  lobe i s  about one th i r d  

len g th  o f  a n te r io r  lo b e .

Thorax co n ta in s  th i r t e e n  segm ents. A xial r in g s  more o r le s s  

uniform ly narrow (sag . & e x s . ) ,  produced in to  sh arp ly  p o in ted  node a t 

a x ia l  fu rrow , q u ite  w ell rounded in  se c tio n  ( s a g .) .  P le u ra l  furrow 

U-shaped, runs outward and forward onto a r t i c u la t in g  f a c e t ,  f in a l ly  

swings backwards and fades o u t. P o s te r io r  p le u ra l  band co n sid erab ly  

h ig h e r , w ider ( e x s . ) ,  and more convex than  a n te r io r  p le u ra l  band.

Pygidium about tw ice as wide as lo n g , in  d o rsa l view s u b tr ia n g u la r  

in  o u t l in e .  Axis has s ix  r in g s ,  each r in g  s l ig h t ly  sw ollen a t a x ia l  

furrow , sw e llin g s  become le s s  prom inent tow ards p o s te r io r  p a r t  o f 

a x is . D orsal su rfa c e  o f ax is  i s  g e n tly  convex ( t r . ) ,  s lopes q u ite  

s te e p ly  on s id e  o f l a t e r a l  a x ia l  sw e llin g s  doim to  a x ia l  furrow . F i r s t  

f iv e  r in g  furrows com plete, s ix th  incom plete. Short ( s a g . ) ,  p o s te r io r ly  

rounded te rm in a l a x ia l  p iece  sometimes shows t r a c e  o f seventh  r in g  furrow 

m ed ia lly . In n er p a r t  o f p le u ra l  reg io n  slopes s te e p ly , and o u te r  p a r t  

very s te e p ly  o r v e r t i c a l ly .  There a re  f iv e  d i s t in c t  p le u ra l  furrows 

which f a i l  to  reach  l a t e r a l  m argin. I n te rp le u ra l  furrows a re  poorly
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defined  and about as long as p le u ra is .  Two r id g e s , one e i th e r  s id e  

th e  a x is ,  run e x s a g i t ta l ly  backward and downward from a x ia l  furrow 

near s ix th  a x ia l  r in g ; th e  o u te r s id e s  o f th e se  rid g es  a re  v e r t i c a l ly  

in c lin e d  and form th e  s id es  o f  th e  p o s ta x ia l  s e c to r . P y g id ia l bo rder 

r o l le d  under, notched s a g i t t a l l y .  A xial furrow weakest around te rm in a l 

a x ia l  p ie c e .

G la b e lla , f ix ed  cheeks (exclud ing  furrow s) and a n te r io r  border 

have c lo se ly  spaced medium-sized tu b e rc le s  rang ing  down in  s iz e  to

f in e  g ran u le s . On border r o l l  o f f r e e  cheek and border s e c to r  o f

r o s t r a l  p la te  tu b e rc le s  are  more f l a t  topped. A ll around l a t e r a l  

margin o f f re e  cheek and in n e r arc o f b o rder se c to r  ( r o s t r a l  p la te )  

th e re  i s  a row o f  very f in e  g ra n u le s . S c a tte re d  f in e  tu b e rc le s  on 

hypostome. Much o f d o rsa l p a r t  o f  th o rax  ap p aren tly  smooth, though

some tu b e rc le s  on a n te r io r  p a r t  o f a x ia l  r in g s  and a x ia l  nodes. Granules

on a r t i c u la t in g  fa c e ts  o f  p le u ra e ; la rg e r  tu b e rc le s  on low er p a r ts  o f 

p o s te r io r ly  bounding rims o f  a r t i c u la t in g  fa c e ts  -  which a re  th e  a reas 

th a t  a re  in  co n tac t w ith l a t e r a l  margin o f cephalon during  en ro llm en t. 

Most o f pygidium covered w ith  sm all to  medium s ize d  tu b e rc le s .

ONTOGENY. More than  150 specimens o f t h i s  sp ec ie s  have been measured, 

From a p lo t  o f g la b e l la r  le n g th  (v a r ia te  B) a g a in s t g la b e l la r  w idth 

(v a r ia te  K^) gro\fth seems to  proceed is o m e tr ic a lly  in  th e se  two 

v a r iâ te s .  The sm a lle s t specimen measured has a g la b e l la r  le n g th  o f

2.4  mm and th e  la rg e s t  o f l4 .0  mm.

H olaspid  p e r io d : A ll o f th e  complete in d iv id u a ls  th a t  were

m easured, which inc ludes four specimens w ith  a g la b e l la r  le n g th  o f

2 .5  riim o r l e s s ,  have a f u l l  complement o f th i r t e e n  th o ra c ic  segments 

and a re  th e re fo re  h o la sp id es .

B lindness : Three specimens which have a g la b e l la r  le n g th

below 2.5  ram were ap p aren tly  b lin d . In  th e se  specimens th e  eye socle  

on th e  f ix e d  cheek i s  p a r t i c u la r ly  broad and i t s  d o rsa l su rfa ce  comes
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in to  co n tac t w ith  th e  o u te r margin o f th e  p a lp eb ra l lo b e , thus 

le av in g  no vo id  which could accommodate th e  v is u a l su rface  ( le n ses) 

o f th e  eye. One specimen w ith  a g la b e lla r  len g th  o f 2 .5  nim e x h ib its  a 

sm all opening between th e  eye so c le  and p a lp eb ra l lo b e . A ll cephala  

w ith  a g la b e l la r  len g th  g re a te r  than  2 .7  mm show a gap between th e  

p a lp eb ra l lobe and th e  eye s o c le . Calymene tu b e rc u lo sa  seems to  have 

been capable o f (d o rsa l)  s ig h t sometime a f te r  i t s  g la b e l la  was more 

than  2 .5  mm in  le n g th . As w ith  o th e r  calymenid sp e c ie s , th e  eye len ses  

have not been observed; th e  circum ocular su tu re  must have been 

p a r t ic u la r ly  e f f ic ie n t  in  re le a s in g  th e  v isu a l su rface  o f th e  eye.

Contact o f lobe 2p and genal b u t t r e s s ; Schrank (197C) dem onstrated 

th a t  in  ju v e n ile  c ra n id ia  o f c e r ta in  sp ec ie s  o f  Calymene th e  second 

l a t e r a l  lobe i s  not in  co n tac t w ith  th e  fix ed  cheek and th a t  they  

only meet l a t e r  in  ontogeny. The fo u r measured specimens w ith a 

g la b e l la r  len g th  o f below 2 .5  mm a3.1 lack  th i s  c o n ta c t, though they  

do show an in c ip ie n t  genal b u t t r e s s .  The sm a lle s t specimen observed 

w ith  2p lobe and b u t t r e s s  in  c o n tac t has a g la b e l la  2 .8  mm long . The 

la r g e s t  specimen recorded  w ithou t t h i s  co n tac t has a g la b e l la  3 .0  mm long . 

In between 2 .8  ram and 3.0 mm th e re  a re  sev e ra l specimens which only 

ju s t  have th e  second lobe touch ing  th e  genal b u t t r e s s .  I t  seems th a t  

i t  was during  t h i s  p e riod  o f gro^fth th a t  th i s  s t ru c tu re  was formed in  

£ , tu b e rc u lo sa .

In  summary, th e  sm a lle s t reco rded  specimen ( g la b e l la  2 .4  mm long) 

is  an h o la sp is  which was a lso  b lin d  and has no co n tac t between lobe 2p 

and th e  in c ip ie n t  genal b u t t r e s s .  A fte r  th e  g la b e l la  had reached a 

len g th  o f about 2 .5  mm, v is io n  was a t ta in e d . Between about 2 .8  mm and

3.0  mm th e  second g la b e l la r  lobe meets th e  genal b u t t r e s s .

Ornam entation : The tu b e rc le s  on th e  sm alle r ho lasp id es  are

r e la t iv e ly  la r g e r .
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Genal sp ines : C onsidering th a t  many o f th e  c ra n id ia  a re  ra th e r

sm all i t  i s  perhaps s u rp r is in g  not to  have observed any genal sp in e s , 

but most o f  th e se  specimens are  i s o la te d  in d iv id u a ls  which have been 

somewhat abraded, and t h i s  may account fo r t h e i r  absence. Some o f th e  

sm all c ra n id ia  do show th e  p o s te r io r  margin to  swing s l ig h t ly  

backwards n ear th e  genal angle,

DISCUSSION. Dalman d id  not f ig u re  th is  spec ies  when he e re c te d  i t  

in  1827 but from h is  d e sc r ip tio n  (e s p e c ia l ly  o f th e  a x ia l  r in g s )  

th e re  i s  no doubt as to  i t s  id e n t i ty .  Some o f Dalman's m a te r ia l from 

h is  "Cm Palaederna" paper is  now l o s t .  I am informed (Dr. V. Jaanusson , 

p e rs . comm.) th a t  th e  o r ig in a l  specim en(s) o f £ . tu b e rc u lo s a , which 

should be housed in  th e  P a le o n to lo g ic a l I n s t i tu te  o f Uppsala U n iv e rs ity , 

i s  amongst th o se  m iss in g , and I have d esigna ted  a neotype fo r  Dalman's 

taxon . Schrank (1970) claim s C. b rev icep s  Raymond, I 916 to  be synonymous 

w ith £ . tu b e rc u lo sa  Dalman, 1827, bu t I consider them to  be sep a ra te  

sp e c ie s . The d is t in g u is h in g  fe a tu re s  o f  tu b e rc u lo sa  a re  given in  th e  

d iag n o sis  and i t s  r e la t io n s h ip  to  b rev icen s  i s  d iscu ssed  below.

£ . tu b e rc u lo sa  i s  probably  th e  most common calymenid from Gotland. 

McLearn (1924) has recorded  i t  from th e  Ross Brook Formation and 

q u estio n ab ly  from th e  B eech h ill Formation o f A risa ig . Both th e se  groups 

o f s t r a t a  a re  o f Llandovery age (B erry & Boucot 1970). Although 

McLearn d e sc rib e s  th e  e x tre m itie s  o f  th e  th o ra c ic  a x ia l  r in g s  in  th e  

A risa ig  specimens as having prominent tu b e rc le s ,  i t  i s  not c le a r  from 

th e  f ig u re s  i f  th ey  a re  o f th e  same type as in  tu b e rc u lo sa , and h is  

m a te r ia l would b e n e f i t  from r e - i l l u s t r a t i o n .  McLearn's d e sc r ip tio n  

o f  th e  a n te r io r  border and p re g la b e l la r  furrow could apply to  th e  

Swedish tax o n , but a tim e span from th e  B eechh ill Formation (lower 

Llandovery) to  t ne Mulde Beds (upper Wenlock) is  su sp ic io u s ly  long fo r 

one sp ec ie s  o f  C alymene.
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Schrank (19T0) has d escribed  some specimens o f tu b e rc u lo sa  

from g la c ia l  e r r a t i c s  o f upper Wenlock age, and some from th e  Mulde 

Beds o f  G otland. E x tra  in form ation  on th e  Gotland m a te ria l i s  p re sen ted  

h e re in , e sp e c ia lly  w ith reg ard  to  th e  v e n tra l  morphology o f th e  

cranidium , hypostome and r o s t r a l  p la te .  The hypostome is  s im ila r  to  

many o th e r sp ec ies  o f Calymene in  having a p ro tuberance on th e  a n te r io r  

lo b e , but in  tu b e rc u lo sa  i t  i s  subcon ical r a th e r  than  ’hooked’ or 

s p in e - l ik e ,  and i t  is  p o s itio n e d  very fa r  down th e  a n te r io r  lobe -  

near to  th e  conspicuous maculae.

Specimens (SM A84000-OOT) c o lle c te d  by Dr. R.B. R ickards from th e  

very base o f th e  Wenlock Limestone o f Wenlock Edge have proved to  be 

th e  f i r s t  examples o f tu b e rc u lo sa  recorded from th e  B r i t is h  S i lu r ia n .  

They are  s l ig h t ly  younger in  age than  th e  Gotland m a te r ia l from th e  

Mulde Beds (see Cocks e£ f ig s ,  2 and 9)»

£ , m inim arginata Schrank, 1970, which was e re c te d  on specimens 

o b ta ined  from g la c ia l  boulders o f Ludlovian age, i s  s im ila r  to  

tu b e rc u lo sa  in  having a f a i r l y  sh o rt a n te r io r  b o rd e r. I t  d i f f e r s  from 

tu b e rc u losa r a in ly  through i t s  le s s  convex g la b e l la  ( s a g . ) ,  w ider 

p re g la b e l la r  furrow , and le s s  s tro n g ly  s lo p in g  ( t r . )  fix ed  cheeks 

(Schrank 1970, p .131).

OCCURRENCE. Mulde Beds (upper Wenlock) o f  Gotland -  e sp e c ia lly  

from Djupvik in  th e  p a r ish  o f E k sta . Ti-m fe e t above th e  base o f  th e  

Wenlock Lim estone, ta b u la r  lim estone l i th o f a c ie s  o f  the  n o n -ree f 

a re a , road se c tio n  between L o rg v ille  in  th e  Dale and Stanway, Wenlock 

Edge (N at. G rid. Ref. SO 5399 9275). N German g la c ia l  e r r a t i c s  o f 

upper Wenlock age. Q uestionably  from th e  Llandovery o f th e  A risa ig  

a re a . K aljo  (1970, p. 154) records a Calymene c f .  tu b e rc u lo sa  

from th e  Jaa n i S tage (= low er and m iddle Wenlock) o f E s to n ia .
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Calymene b rev iceps Raymond, I 916 

P la te  1 8 , f ig s .  3 -8 ; P la te  19, f ig s .  1 -7 .

1916 Cal:̂nnene b re v ic e p s , sp. nov. ; Raymond, p. 27, p i .  3 , f ig .  11.

1919 Calymene b rev iceps Raymond ; F o e rs te , p . 78, p i .  I 8 , f i g .  7.

1967 Calymene b rev iceps W eller; Cam pbell, pp. 27, 28.

1970 Calymene b rev iceps Raymond; Schrank, pp. I I 6 , 132.

1971 Cal}/mene b rev iceps Raymond; % i t t in g to n ,  p . 460, p i .  83,

f ig s .  1- 5 .

HOLOTYPE. A damaged, complete specimen; MCZ 640; f ig u red  Raymond 

1916 , p i .  3 , f ig .  11 and W hitting ton  1970, p i .  83, f ig s .  1 -5 .

TYPE STRATUM AND TYPE LOCALITY. Waldron Shale (= upper Wenlock 

in  a g e ) , Waldron, In d ian a , U.S.A.

MATERIAL. Twenty four specim ens, DJS/100-124, P resen ted  Mr. D. M ikulic

DIAGNOSIS. Species o f Calymene w ith  exceedingly  sh o rt (sag . & 

e x s .)  a n te r io r  border and r e la t iv e ly  lo n g , convex (s a g .)  g la b e l la .

G lab e lla  ( in  d o rsa l view) o ften  reaches in  f ro n t o f and obscures th e  

underly ing  a n te r io r  b o rd er. In  f r o n ta l  view r o s t r a l  su tu re  g en tly  

arched , o u te r  s id e  o f a n te r io r  bo rder widens s l ig h t ly  toward f a c ia l  

su tu re .

DISCUSSION. The holo type o f th i s  American sp ec ie s  has re c e n tly  

been d e sc rib e d , f ig u red  and d iscu ssed  (W hitting ton  1971). The cranidium  

o f  £ . b rev icep s  i s  o f  s im ila r  gross morphology to  th a t  o f  £ . tu b e rc u lo sa , 

both  sp ec ie s  a re  upper Wenlock in  age, and Schrank (l970) regarded  

b rev icep s  as a ju n io r  synonym o f tu b e rc u lo sa . W hittington  ( l9 7 l)  

noted  se v e ra l d if fe re n c e s  between th e  ho lo type o f Raymond's taxon 

and th e  specimens o f tu b e rc u lo sa  fig u red  by Schrank, and he p re fe rre d  

to  reg ard  them as d i s t in c t  sp ec ie s  pending evidence from more m a te r ia l
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of b re v ic e p s . Mr. D. M ikulic has k in d ly  sen t me some specimens from 

th e  Waldron Shale o f Waldron, In d ian a , which allow  b rev icep s  to  be 

more adequate ly  defined  and a t the same tim e re so lv e  th e  questio n  o f 

i t s  r e la t io n s h ip  to  tu b e rc u lo sa .

W hittington  considered  th e  holo type o f b rev iceps to  have a r e la t iv e ly  

longer g la b e l la ,  r e la t iv e ly  sm aller lobe 2p (compared to  lobe Ip ) and 

a sh o r te r  a n te r io r  bo rder than  in  th e  Swedish sp e c ie s . From th e  

c ra n id ia  I have examined th e  a n te r io r  border o f b rev icep s  i s  c o n s ta n tly  

and d i s t in c t ly  s h o r te r  than  in  tu b e rc u lo sa . This d if fe re n c e  alone 

i s  considered  s u f f ic ie n t  to  m ain ta in  them as sep a ra te  sp e c ie s . In 

d o rsa l view th e  a n te r io r  border o f tu b e rc u lo sa  i s  c le a r ly  v is ib le  

in  fro n t o f  th e  g la b e l la  as a narrow rim . The border o f b rev iceps 

i s  v is ib le  only between th e  f a c ia l  su tu re  and th e  ab ax ia l margin o f th e  

g la b e l la ;  t h i s  i s  not only  because th e  a n te r io r  bo rder i s  exceedingly  

s h o r t ,  bu t a lso  because th e  f r o n ta l  g la b e l la r  lobe i s  more sw ollen 

than  in  tu b e rc u lo sa  and overhangs th e  bo rder. Moreover, as seen in  

f r o n ta l  view th e  o u te r s id e  o f th e  a n te r io r  bo rder o f  b rev icep s  is  

weakly a rcu a te  and widens s l ig h t ly  from th e  median l in e  to  f a c ia l  

su tu re ; in  tu b e rc u lo sa  i t  i s  s tro n g ly  a rcu a te  and o f a uniform  w idth 

( sag . & e x s . ) .

L a te ra l lobe 2p is  s l ig h t ly  sm alle r in  some specimens o f  b rev iceps 

but t h i s  d is t in c t io n  i s  not co n stan t in  a l l  V'e c ra n id ia  examined. The 

f r o n ta l  lobe p ro je c ts  f a r th e r  in  f ro n t o f  th e  fix e d  cheeks in  th e  

American than  th e  Swedish sp e c ie s . Both ta x a  show n o d e-lik e  sw ellings 

on th e  l a t e r a l  p a r ts  o f th e  a x ia l  r in g s ,  bu t th e  evidence as y e t suggests 

th a t  in  b rev icep s  they  a re  not so conspicuously  p o in ted  as in  tu b e rc u lo sa  

(see  W hitting ton  1971, p . 46l and h e re , D JS/102). The r o s t r a l  su tu re  

o f  tu b e rc u lo sa  i s  more s tro n g ly  arched though bo th  sp ec ies  show q u ite  

a marked v a u ltin g  o f th e  in n e r arc  o f th e  border s e c to r .



- 2 3 2 -

W hittington  (l9 T l) d esc rib ed  th e  pygidium o f b rev icep s  as 

lack in g  in te r p le u r a l  furrows (though they  appear to  be very  f a in t ly  

suggested on some o f h is  i l l u s t r a t i o n s ) .  The p y g id ia  I have o f 

b rev icens a re  not w e ll p re se rv ed , bu t th i s  may be a fu r th e r  d if fe re n c e  

between th e  two sp e c ie s . The e x te rn a l ornam entation appears to  be 

g en e ra lly  s im ila r  in  b rev iceps and tu b e rc u lo sa .

The specimen re fe r re d  to  by V /liittington (1971, p . 46l) as Calymene 

c f .  b rev iceps from th e  Brownsport Formation (= l a t e  Wenlock) o f  

Tennessee, and suspected  by th a t  au thor to  be a sep a ra te  s p e c ie s ,  must 

now be regarded  as such. In  a d d itio n  to  th e  d is t in c t io n s  given by 

IV h itting ton , C_. c f . b rev iceps has a prom inent in te rm ed ia te  lobe in  th e  

fo rk  o f l a t e r a l  furrow Ip  and seems to  have a deeper o c c ip i ta l  furrow  

than  in  b re v ic e p s . The arch ing  and w idth o f th e  o u te r  s id e  o f  th e  a n te r io r  

border ( f r o n ta l  view) in  £ . c f .  b rev iceps i s  l ik e  th a t  o f  £ . b rev iceps 

(see W hitting ton  1971, p i .  83, f ig .  8 ) , but th e  len g th  o f  th e  d o rsa l 

s id e  o f  th e  a n te r io r  bo rder i s  more l ik e  th a t  o f £ . tu b e rc u lo sa .

The n a tu re  o f th e  a n te r io r  bo rder in  £ . c f .  b rev iceps seems to  be 

in te rm ed ia te  between th e  o th e r two sp ec ie s .

The cranidium  d escribed  by Lane (1972, p. 359, p i .  64, f ig s .  6 , 7) 

as Calymene sp . from s t r a t a  o f  probable upper Wenlock age from Greenland 

a lso  belongs in  th e  tu b e rc u lo sa  -  b rev iceps group. Lane d i f f e r e n t ia te d  

i t  from b rev icep s  on account o f  i t s  co arse r o rnam en tation , s u b p a ra lle l  

g la b e l la r  s id es  and more h ig h ly  convex (sa g .)  g la b e l la .  I t  a lso  has 

a t l e a s t  fo u r g la b e l la r  lobes (Lane, p. 359, p i .  64, f ig .  7a) a very  

rounded o u tl in e  to  th e  f r o n ta l  g la b e l la r  lobe and an embayment in  th e  

ab ax ia l w a ll o f th e  a x ia l  furrow in  f ro n t o f th e  genal b u t t r e s s  -  th u s  

fu r th e r  d is t in g u is h in g  i t  from b re v ic e p s . N evertheless  th e  very  sh o rt 

a n te r io r  b o rd e r , very s tro n g ly  p ro je c tin g  f r o n ta l  lobe and h ig h ly  convex 

g la b e l la  o f th e  Greenland cranidium  make a r e la t io n s h ip  c lo se r  to  

b rev icep s  than  to  tu b e rc u lo sa  probable  (see Lane, p i .  64, f ig s .  6a , 7 a ).

OCCURRENCE. Waldron Shale o f In d ia n a , U.S.A.
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Calymene in t e r j e c t a  Hawle & Corda, l84?

P la te  19, f ig s .  8 , 9 ; P la te  20, f ig s .  1 -9 ; P la te  21, f ig s .  1-11.

184T Calymene i n t e r j e c t a ; He.wle & Corda, p . 86.

1852 Calym. i n t e r j e c t a  C ord.; B arrande, p. 570, p i .  19, f ig s .  20, 21,

? p i .  4 3 , f ig s .  44, 45 .

1968 Calymene (Calymene) i n t e r j e e ta  i n t e r j e c ta  Hawle e t Corda, 1847; 

P i l l e t ,  p . 12, p i .  D, f ig s .  5 , 7 , 8 , ? p i .  F. f ig .  3 , non 

p la n ch e -te x te  1 , f ig s .  7 , 8 .

? 1968 Calymene i n t e r j e c t a  H. & C .; P r ib y l & Vanek, pp. 426, 427.

( l i s t e d  on ly ; specimens n o t examined).

1969 G ravicalymene in t e r j e c ta  Hawle & Corda 1847; A lb e r t i ,  pp. 4 l3 , 4l4

1970 Calymene in t e r j e c t  a ; Marek in  Homy & B a s tl ,  p . 179.

1971 Calymene i n t e r j e c t a ; W hitting ton  1971, p . 363.

1972 Calymene hornyi Vanek; Chlupac (p a rs ) , p . I 68 .

LECTOTYPE. D esignated Marek Horny & B as tl 1970, p. 309; in te rn a l  

mould o f an incom plete cranidium , NMP I t 340, CF 1217; f ig u red  Barrande 

1852 , p i .  1 9 , f ig .  21, and here P I. 21, f ig s .  9-11.

TYPE STRATUM AND TYPE LOCALITY. Lodenice Lim estone, Pragium 

(low er D evonian), Luzce, Bohemia.

PARALECTOTYPES. In te rn a l  mould o f  incom plete e n ro lle d  specim en,

NMP I t 339 , CF 1218 , f ig u red  Barrande I 852 , p i .  I 9 , f ig .  20, and here  

P I. 21, f ig .  7 ; in te r n a l  mould o f pygidium , NMP I t 876 , f ig u red

Barrande I 8 52 , p i .  43, f ig s .  44, 45.

ADDITIONAL MATERIAL. More th an  t h i r t y  specimens (c r a n id ia ,  p y g id ia  

and fre e  cheeks): NMW 7 2 .29G.165-172; I Ch 3943, I  Ch 3946-947, I Ch 3949, 

I Ch 39951-955, I Ch 3957; UUG p5762 (5 specim ens), UUG 5764 (6 s p e c im e n s )
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DIAGNOSIS. Species o f Calymene w ith sh o rt (s a g .)  a n te r io r  bo rder -  

d o rsa l s id e  o f which is  f l a t ,  tu rn s  sh arp ly  over a t a n te r io r  m argin, 

o u te r  s id e  descends s l ig h t ly  forward to  r o s t r a l  su tu re . In  f r o n ta l  

view r o s t r a l  su tu re  extrem ely b road ly  arched. G lab e lla  su b rec tan g u la r 

to  weakly b e ll-sh a p e d . In f la te d  f r o n ta l  lobe p ro je c ts  in  f ro n t o f 

f ix ed  cheek. Lobe Up p re se n t. P a lp eb ra l lobe c en tred  o p p o site  furrow 

2p.

DESCRIPTION. G lab e lla  i s  su b rec tan g u la r to  weakly b e ll-sh a p e d  in  

o u t l in e ,  about 1 .2  tim es as long  as w ide, p ro tru d es  in  fro n t o f fix ed  

cheek. O c c ip ita l r in g  about as wide as g la b e l la ,  g en tly  convex in  

p r o f i l e ,  narrows behind lobe Ip  to  a x ia l  furrow where i t  i s  about one 

th i r d  i t s  s a g i t t a l  le n g th . O c c ip ita l  furrow q u ite  sharp ly  in c is e d , 

deepest a b a x ia lly . Large, subquadrate l a t e r a l  lobe Ip  i s  s l ig h t ly  le s s  

than  one th i r d  as wide as g la b e l la  and q u ite  s tro n g ly  sw o llen , sep ara ted  

from median lobe by shallow  furrow . Furrow Ip  very  deep a b a x ia l ly , runs 

inwards and g en tly  backwards between f i r s t  two l a t e r a l  lo b e s , b ifu rc a te s  

a t median lobe and has sm all in te rm ed ia te  lobe w ith in  th i s  fo rk .

P a p i l la te  lobe 2p i s  t ra n s v e rse ly  e lo n g a te , confined  a d a x ia lly  by 

shallow  furrow , jo in e d  w ith somewhat po in ted  genal b u t t r e s s .  Furrow 2p 

tra n s v e rs e ly  d ire c te d . Lobe 3p bounded by d i s t i n c t l y  im pressed furrow  

3p. Very sm all lobe Up p re sen t low dovm on g la b e l la r  s id e . F ro n ta l 

lobe w ell in f l a t e d ,  has g en tly  convex a n te r io r  margin (in  d o rsa l v iew ), 

s l ig h t ly  undercut f r o n ta l ly  and l a t e r a l l y  by p re g la b e l la r  furrow .

Median lobe o f  g la b e l la  broadens co n sid erab ly  from o c c ip i ta l  furrow 

towards f r o n ta l  lo b e . In l a t e r a l  p r o f i le  su rface  o f  g la b e l la  s tands 

w ell above fix ed  cheek, i s  m ild ly  convex and slo p es  g e n tly  downwards 

between o c c ip i ta l  furrow and furrow 2p, descends very s te e p ly  on a n te r io r  

face  o f f r o n ta l  lo b e .
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AxieÜL furrow narrow around lobe Ip ,  only s l ig h t ly  w ider between 

furrow 2p and p re g la b e lla r  furrow , on some specimens a broad (e x s .)  

in f l a t io n  (? eye ridge) runs down a b ax ia l w a ll opposite  furrow  3p, 

most a n te r io r  p a r t  o f  ab ax ia l w all tre n d s  inwards a l i t t l e .  A n te rio r 

p i t  s i t e d  in  a x ia l  furrow below p o s te r io r  p a r t  o f  f r o n ta l  lo b e . 

P re g la b e lla r  furrow very narrow (sag . & e x s .)  and extrem ely shallow , 

i t s  a n te r io r  s id e  i s  h o r iz o n ta l  o r s lopes f r a c t io n a l ly  upwards to  pass 

smoothly in to  a n te r io r  b o rd e r. D orsal s id e  o f  a n te r io r  bo rder i s  only 

about one te n th  to  one th i r te e n th  as long (s a g .)  as g la b e l la ,  i t  tu rn s  

sh arp ly  through n in e ty  degrees a t a n te r io r  m argin , o u te r s ide  o f border 

f a l l s  s l ig h t ly  forwards to  r o s t r a l  s u tu re . A n te rio r margin weakly to  

m oderately convex forw ards. In  f r o n ta l  view r o s t r a l  su tu re  extrem ely 

b road ly  arched.

P o s te r io r  b o rder furrow m oderately wide ( e x s . ) ,  p o s te r io r  s id e  

more s te e p ly  s lo p in g  than  a n te r io r  s id e . P o s to c u la r  p a r t  o f  f ix ed  cheek 

i s  in c lin e d  g en tly  downwards from p a lp e b ra l lobe to  p o s te r io r  bo rder 

furrow (see  l a t e r a l  v iew ), a b a x ia lly  from p a lp e b ra l lobe i t  bends down 

very s te e p ly  towards genal angle (see  f r o n ta l  view ). P reo c u la r  p a r t  

o f f ix ed  cheek is  in c lin e d  very s te e p ly  forwards and downwards, in n e r 

a n te r io r  c o m er tu rn s  somewhat inw ards. Middle o f  p a lp e b ra l lobe is  

opp o site  ( t r . )  a n te r io r  margin o f 2p lobe o r 2p furrow . In  f r o n ta l  view 

fix ed  cheek between p a lp e b ra l lobe and genal b u t t r e s s  i s  m oderately 

convex. P o s te r io r  branch o f  f a c ia l  su tu re  runs tra n s v e rs e ly  fo r  a 

sh o rt d is ta n c e , then  tu rn s  sh arp ly  backwards to  c ro ss  l a t e r a l  border 

furrow where i t  swings more backwards b e fo re  bending s l ig h t ly  outwards 

to  meet p o s te r io r  m argin. A n te rio r branch runs forwards and inw ards.

Free cheek b ears  sm all eye s o c le . L a te ra l bo rd er furrow q u ite  

narrow and U-shaped. Broad l a t e r a l  bo rder r o l l s  over and under more 

s te e p ly  a n te r io r ly  than  p o s te r io r ly .

Hypostome and r o s t r a l  p la te  unknown.
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P y g id ia l ax is  has seven r in g s ,  in  l a t e r a l  p r o f i le  i s  g en tly  arched. 

Five o r s ix  r in g  furrows are complete and deepest a b a x ia lly ;  seven th  r in g  

furrow only marked m edially  on sh arp ly  rounded te rm in a l a x ia l  p ie c e .

A xial furrow weakest p o s te r io r ly .  P le u ra l  reg ion  slopes s te e p ly  o u t

wards from a x ia l  furrow , becomes v e r t i c a l  a b a x ia l ly , c u rls  under s l ig h t ly  

a t  l a t e r a l  m argin. Five p le u ra l  furrows are sh arp ly  im pressed and r e l 

a t iv e ly  s h o r t .  I n te rp le u ra l  furrows are  f a r  le s s  d i s t in c t  and much 

lo nger than  p le u ra l  furrows but do no t reach  l a t e r a l  m argin, th ey  are 

very weakly developed on in n e r p a r t  o f p le u ra l  re g io n , b e s t  marked a t 

a x ia l  furrow and d i s t a l l y .  P o s ta x ia l s e c to r  f a l l s  s te e p ly  from a x is ,  

l im ite d  e i th e r  s id e  median l in e  by two rid g es  (? a n te r io r  p le u ra l  bands 

o f s ix th  p leu rae ) which run backwards and downwards from ju n c tio n  o f

s ix th  r in g  furrow and a x ia l  furrow .

G la b e lla , a n te r io r  b o rd e r , fix ed  cheek and in n e r p a r t o f  free  

cheek have medium to  la rg e  -  s iz e d  rounded tu b e rc le s .  Small tu b e rc le s  

p re sen t in  p o s te r io r  bo rd er furrow and l a t e r a l  bo rder furrow . D orsal 

p a r t  o f l a t e r a l  bo rder has rounded medium-sized tu b e rc le s ,  on th e  lower 

p a r t  tu b e rc le s  are more o v a te . P y g id ia l ax is  and o u te r  p a r t  o f  p le u ra l  

reg ion  have sm a ll, c lo se ly  spaced tu b e rc le s  and g ran u les . On in n e r 

p a r t  o f  p le u ra l  reg ion  tu b e rc le s  are much more sca rc e .

Some specimens show a sm all sp ine l ik e  p ro je c tio n  on o u te r  p a r t  o f 

lobe 3p.

DISCUSSION. This taxon has been sy s te m a tic a lly  t r e a te d  by only 

one au tho r ( P i l l e t  I 968 ) s in ce  Barrande (1852) en larged  upon Hawle & 

C orda 's (18Ut) b r i e f  d e s c r ip tio n . The specimens fig u red  by Barrande

were o r ig in a ls  o f  Hawle and Corda (see Marek Horny & B a s tl 1970),

and one o f  th e se  has subsequen tly  been s e le c te d  as th e  le c to ty p e .

£ . i n t e r j e c t a  re p re se n ts  one o f  th e  few sp ec ie s  o f  th e  fam ily to  su rv ive  

in to  th e  Devonian, and p o ss ib ly  th e  l a s t  calymenid in  th e  Bohemian 

su ccess io n .
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Hawle and C orda 's o r ig in a l  m a te r ia l  i s  incom plete and in  th e  form 

o f  in te r n a l  moulds; e x tra  topotype specimens would be most u se fu l bu t 

th e  sp ec ie s  can s t i l l  be id e n t i f ie d  and f a i r l y  adequately  d e fin ed  on th e  

b a s is  o f  th e  le c to ty p e  and p a ra le c to ty p e  c ra n id ia . The th re e  c ra n id ia  

f ig u red  by P i l l e t  (1968) from th e  type s tra tu m  help  confirm  th a t  th e  

d ia g n o s tic  c h a rac te rs  shown by th e  types are  co n stan t fo r  th e  sp e c ie s .

The Lodenice Limestone i s  Pragium (low er Devonian) in  age; a d d itio n a l 

m a te r ia l assigned  here  to  i n t e r j e c t a  i s  from th e  P r id o l i  Formation 

(= upper S ilu r ia n )  and I have not seen any specimens re fe ra b le  to  th i s  

sp ec ie s  from th e  in te rv e n in g  Lochovium (= low est Devonian). The d is p a r i ty  

in  tim e between th e  P r id o li  and Pragium i s  no t in c o n s id e ra b le , bu t th e  

P r id o l i  c ra n id ia  show no s ig n if ic a n t  d iffe re n c e s  from th e  younger 

type m a te r ia l and I  have considered  them to  be c o n sp e c if ic . The type 

cranidium  has a very s l ig h t ly  convex a n te r io r  bo rder opposite  (e x s .)  th e  

a x ia l  furrow and a more d i s t in c t  in te rm e d ia te  lobe than th e  P r id o li  

c r a n id ia ,  b u t th i s  can be accounted fo r  by i t s  much la r g e r  s iz e .

Some v a r ia t io n  is  apparent ; Most specimens have a weakly arched

a n te r io r  margin (d o rsa l view) though in  o th e rs  i t  i s  alm ost s t r a ig h t  o r

i t  can be m oderately convex; th e  o u tl in e  o f  th e  f r o n ta l  g la b e l la r  lobe

i s  g en tly  convex forwards but i t  can be somewhat more b lu n t ; and the

sm all s p in e - l ik e  p ro je c tio n  on lobe 3p (as  in  NM7 72.29G.1T6) is  not p re se n t 

on a l l  c ra n id ia .

P i l l e t  (19615 1968) has e re c te d  th re e  subspecies o f £ . i n t e r j e c t a . 

two o f  which come from the uppermost S ilu r ia n  o f  N A frica  and th e  o th e r 

from th e  lower Devonian (Pragium) o f  Bohemia. £ . i n t e r j e c t a  a f r ic a n a  P i l l e t ,  

1961 , £ .  i n t e r j e c t a  h o lla rd i  P i l l e t ,  I 968 and £ . i n t e r j e c t a  vaneki P i l l e t ,  

1968 a l l  show an u n in te rru p ted  course to  th e  a x ia l  furrow , no p a p i l la te  

lobe 2p and no t r a c e  o f  an opposing genal b u t t r e s s .  As a consequence 

they  should  be removed from Calymene. A lb e rti  ( I 969) has p rev io u s ly  

a t t r ib u te d  i n t e r j e c t a  a f r ic a n a  and th e  nom inate subspecies to  G ravicalym ene. 

bu t th e  l a t t e r  assignm ent i s  c le a r ly  m istaken .
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The fo llow ing sp ec ies  have been d esc rib ed  ( P i l l e t  I 968 ) from th e  

upper S ilu r ia n  and lower Devonian o f  Europe and N. A frica : C_. r e p e r ta  

O e h le r t, 1889; £ . o e h le r t i  sp . n o v .; C, e rb en i sp . n o v .; £ . c a i l la u d i  

sp . n o v .; C. ? curv icauda R. & E. R ic h te r , 19^3; £. bu reau i sp . nov. 

and £ . peneaui sp . nov. The l a s t  two sp ec ie s  were r e fe r re d  to  a new 

subgenus, Paracalym ene. The s t r a t ig r a p h ic a l  and geograph ica l occurrence

o f  a l l  th e se  sp ec ie s  suggests th a t  th ey  may be r e la te d  to  £ . i n t e r j e c t a ,

y e t only £ . e rben i seems p o ssib ly  to  belong in  Calymene. £ . ? erben i 

i s  from th e  low er Devonian (Emsian) o f  Germany; in  th e  form o f  i t s  

g la b e l la ,  fix ed  cheek and p re g la b e lla r  a rea  i t  can be a l l i e d  w ith  

£ . i n t e r j e c t a , though a more d e ta i le d  comparison is  p rec luded  because o f

th e  poor p re se rv a tio n  o f th e  German taxon .

On th e  b a s is  o f  i t s  s h o r t ,  f l a t  a n te r io r  b o rd e r, £ . in t e r j e c t a  

can be p laced  in  Schrank 's (l9T 0)spec ies  group four which in c lu d es  

£ . tu b e rc u lo s a , C. b re v ic e p s , C. m inim arginata and £ . h ad y ard en s is .

However, i t  i s  more o f an open q u estio n  in  th i s  in s ta n c e  w hether 

th e  a n te r io r  bo rd er can be used as an in d ic a to r  o f  r e la t io n s h ip ,  as 

in t e r j e c t a  i s  w idely se p a ra te d , both  in  space and tim e , from th e  - o th e r 

sp e c ie s . Of th e s e , £ . b rev iceps i s  q u ite  d i f f e r e n t  from in t e r j e c t a  

and th e  d e ta i le d  morphology o f  hadyardensis i s  unknown. A s te e p ly  s lo p in g  

f r o n ta l  lobe and a g la b e l la  which p ro tru d es  w ell above th e  f ix e d  cheek 

are  common to  both tu b e rc u lo sa  and i n t e r j e c t a , and m inim arginata is  

s im ila r  to  th e  Bohemian sp ec ie s  in  i t s  f a i r ly  s t r a ig h t  a n te r io r  margin 

(d o rsa l view) and g en tly  a rcu a te  r o s t r a l  su tu re . £ . tu b e rc u lo sa  

d i f f e r s  from in te r j e c ta  by , amongst o th e r  th in g s ,  i t s  lack  o f  a Up lo b e , 

much more s tro n g ly  arched r o s t r a l  s u tu re ,  more p o s te r io r ly  p o s itio n e d  

ey e , no in te rm ed ia te  lo b e , sh a rp ly  p o in ted  nodes on th e  o c c ip i ta l  

r in g ,  and a t o t a l l y  d i f f e r e n t  pygidium. C. m inim arginata has a le s s  

in f l a te d  f r o n ta l  g la b e l la r  lobe which does not p ro je c t  in  fro n t o f  th e  

fix ed  cheek or overhang th e  p re g la b e l la r  furrow , no Up lo b e , a le s s
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s troR gly  s lo p in g  ( t r . )  p o s to cu la r p a r t  to  th e  fix ed  cheek and a 

d if f e r e n t  type o f ornam entation.

W hittington  (1971, p. U63) r e f e r r e d  to  th e  i l l u s t r a t i o n s  o f 

P i l l e t  ( 1968) and suggested  th a t  £ . i n t e r j e c t a  e x h ib its  th e  "beginning  

o f th e  development o f b u t t r e s s  3p" which i s  d ia g n o stic  o f Papi H i  calymene 

from th e  Ludlovian o f G otland. The broad in f l a t io n  on th e  o u te r  s id e  

o f th e  a x ia l  furrow is  in te rp re te d  h ere  as th e  remnant o f  an eye r id g e . 

There seems no th ing  in  th e  morphology o f  i n t e r j e c ta  to  s tro n g ly  

a s so c ia te  i t  w ith  th e  a b e rran t Swedish genus.

OCCURRENCE. Middle and upper P r id o l i  (upper S ilu r ia n )  and Pragium 

(low er Devonian) o f C zechoslovakia. In  ad d itio n  to  th e  Lodenice 

Limestone in t e r j e c t a  has been recorded  (P r ib y l & Vanek, I 968 ) from th e  

S livenec  and V inarice  Limestones which are  a lso  Pragium in  age; th i s  

m a te r ia l has not been d esc rib ed . Specimens o f £ . i n t e r j e c t a  have 

been re fe r re d  to  Calymene hornyi in  b io s t r a t ig r a p h ic a l  papers on th e  

Bohemian upper S ilu r ia n  (eg . Chlupac (p a r s ) 1972). £ . horny i i s  in  any

case a nomen nudum.

Barrande ( 1852 , p . 570) recorded  in t e r j e c t a  from th e  areas around 

T e tin , Dvorce, Luzce and Lodenice. I t  should be noted  th a t  th e  

p a ra lec to ty p e  pygidium (NMP I t 876) from th e  Dvorce -  Prokop Limestone 

(= Pragium) a t Dvorce shows a w id e r, more s tro n g ly  ta p e r in g  ax is  than  

th e  s t r a t ig r a p h ic a l ly  e a r l i e r  P r id o l i  m a te r ia l here assigned  to  

i n t e r j e c t a , as does th a t  pygidium fig u red  by P i l l e t  (1968 , p i .  F, 

f ig ,  3 ) from th e  Lodenice Lim estone.
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Cal:/mene p la n ic u rv a ta  S h ir le y , 1936 

P la te  22, f ig s .  1 -7 .

1865 Calymene Blurnenbachii, BRONGN, v a r. a , auctorum ; S a l t e r ,  

p i .  9, f ig s .  l a ,  b . non f ig s .  2 a , b.

1936 Calymene p la n ic u rv a ta  sp. n o v .; S h ir le y , p .U l2 , p i .  30, f ig s .  6 , 7 .

? 1938 Calymene p la n ic u rv a ta  S h ir le y ;  W hittard  p . 88.

1970 Calymene p la n ic u rv a ta  SHIRLEY, 1936; Schrank, p . I I 6 .

HOLOTYPE. Incom plete in te rn a l  mould o f  a cranidium ; GSM I 962U; 

f ig u red  S h ir le y  1936, p i . 30, f ig s .  6 , 7 and here  P I . 22, f ig s .  2 , 5 .

TYPE STRATUM AND TYPE LOCALITY. Bog Q u a r tz ite , Idwian S tage 

(Z ie g le r  e£ ad. I 968 , pp. 7U3-UU), Llandovery S e r ie s ,  Bog Mine, Shelve 

I n l i e r ,  S h ropsh ire .

ADDITIONAL MATERIAL. About a dozen is o la te d  c ra n id ia  and p y g id ia ,

DIAGNOSIS. G labella  i s  weakly b e ll-sh ap e d  to  s u b tr ia n g u la r  in  

o u t l in e . No in te rm ed ia te  lobe a t in n e r  end o f furrow Ip . F ro n ta l lobe 

q u ite  w ell rounded, s l ig h t ly  more th an  0 .6  tim es as wide as g la b e l la  

a t lobe  Ip , P re g la b e lla r  a rea  about a q u a rte r  as long as g la b e l la .  

P re g la b e lla r  furrow wide and m oderately shallow . A n te rio r bo rder 

g en tly  to  m oderately upturned ,

DESCRIPTION. Cephalon more th an  tw ice as wide as long . G lab e lla

1 .0  -  1 .1  tim es as wide as lo n g , weakly b e ll-sh a p e d  to  su b tr ia n g u la r  

in  o u t l in e .  O c c ip ita l r in g  w idest m ed ia lly , f le x e s  fonrards a b a x ia lly . 

O c c ip ita l  furrow deepest behind th e  la rg e ,  subquadrate Ip  lobe which 

is  s l ig h t ly  le s s  than  one th i r d  as wide as g la b e l la .  L a te ra l  furrow Ip 

curves inward and backward; th e re  i s  no in te rm ed ia te  lobe on th e  s id e  

o f c e n tr a l  a rea  o f  g la b e l la .  Lobe 2p i s  su b c irc u la r  or s l ig h t ly  

e lo n g ate  ( t r . ) ,  bounded a d a x ia lly  by shallow  furrow . Lobe 3p d i s t in c t ly
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sw ollen , perched on d o rs o la te ra l  g la b e l la r  su rfa c e . Some specimens 

show f a in t  in d ic a tio n  o f Up lobe . F ro n ta l lobe s l i ^ t l y  more than  

0 .6  tim es as wide as g la b e l la  a t lobe Ip ;  a n te r io r  margin o f f r o n ta l  

lobe w ell rounded in  o u t l in e ,  p ro je c ts  ju s t  in  f ro n t o f f ix e d  cheek, f a l l s  

s te e p ly  to  p re g la b e lla r  furrow ; s id e s  o f f r o n ta l  lobe tre n d  forward 

and inward.

A xial furrow ra th e r  deep around lobe Ip  and in  fro n t o f genal 

b u t t r e s s ,  i t s  o u te r w all i s  s te e p ly  in c lin e d  between furrow 2p and 

deep a n te r io r  p i t  which i s  s i te d  on in n e r s ide  o f a x ia l  furrow below 

p o s te r io r  p a r t  o f f ro n ta l  lobe . P re g la b e lla r  a rea  i s  about a q u a rte r  

as long as g la b e l la .  P re g la b e lla r  furrow ra th e r  wide (sag . & e x s .)  and 

shallow , p asses smoothly forwards in to  a n te r io r  bo rder which is  

g en tly  to  m oderately upturned . In  d o rsa l view a n te r io r  margin i s  

b road ly  a rc u a te .

P o s te r io r  bo rd er furrow i s  w idest (e x s .)  mid-way between a x ia l  

furrow and f a c ia l  s u tu re . P o s te r io r  branch o f f a c ia l  su tu re  runs 

outwcirds then  tu rn s  sh arp ly  backward to  l a t e r a l  b o rd e r where i t  bends 

more backward and f in a l ly  s l ig h t ly  outward to  p o s te r io r  m argin.

A n te rio r branch o f su tu re  runs forwards and f r a c t io n a l ly  inw ards.

P a lp eb ra l lobe cen tred  opp o site  furrow 2p.

Hypostome, r o s t r a l  p la te  and th o ra x  unlmoim. Axis o f pygidium 

is  q u ite  s tro n g ly  convex,has a t l e a s t  s ix  a x ia l  r in g s . A n te rio r th re e  

rin g s  a re  very s l ig h t ly  in f l a te d  n ea r a x ia l  furrow . Ring furrows are 

deepest a b a x ia lly . A xial furrow sh a llo w est behind sh arp ly  rounded 

te rm in a l a x ia l  p ie ce . P le u ra l  furrows are w ell marked; in te r p le u r a ls  

deepest d i s t a l l y ,  absen t on in n e r p a r t  o f  p le u ra l  reg ion .

Ornam entation unknown.
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DI3CUSSI0N. The above d e sc r ip tio n  i s  based on q u ite  w e ll p re se rv e d , 

but in te r n a l  mould specimens (H olotype, SM A5996U, DJS/14T, DJS/1U8 ).

E x tra  m a te r ia l o f t h i s  sp ec ies  has been c o lle c te d  from Round H i l l  

near Bog Mine, bu t as y e t no e x te rn a l mould i s  a t hand to  f a c i l i t a t e  

a d e ta i le d  comparison w ith  specimens o f th e  o th e r S ilu r ia n  ta x a  

described  h e re in , most o f  which have th e  c u t ic le  e x ta n t , £ , p la n ic u rv a ta  

i s  p robably  c lo se ly  r e la te d  to  £ . mimaspera Schrank, 1970 and £ . a f f ,  

mimasp^ ra  (o f  th e  p re se n t p a p e r ) , and to  a l e s s e r  e x te n t £ , aspera  

S h ir le y , 1936.

C. mimaspera can be d is tin g u ish e d  by i t s  s h o r te r  p re g la b e l la r  

a rea  (about one s ix th  as long  as th e  g la b e l la ) ,  s h o r te r  p re g la b e l la r  

furrow , convex (sa g .)  a n te r io r  b o rd e r, and w ider fix ed  cheek in  fro n t 

o f th e  p a lp e b ra l lo b e . A ll th e se  d iffe re n c e s  except th e  l a s t  a lso  

se p a ra te  £ . a f f .  mimaspera from p ia n ic u rv a ta , though a f f .  mimaspera 

is  above a l l  id e n t i f ie d  by i t s  w ider f r o n ta l  lobe which r e s u l t s  in  th e  

g la b e l la  ta k in g  on a su b rec tan g u la r appearance. The g la b e l la r  o u tl in e  

and narrow f r o n ta l  lobe o f p la n ic u rv a ta  are very s im ila r  to  th o se  o f 

th e  l a t e r  C_. a sp e ra , but amongst o th e r th in g s  a conspicuous i n t e r 

m ediate lobe a t th e  in n e r end o f furrow Ip  and a much s h o r te r  p re g la b e l la r  

a rea  serve  to  d i f f e r e n t ia te  th e  Wenlockian sp e c ie s .

A le s s  upturned a n te r io r  border and a shallow er p re g la b e l la r  furrow 

are th e  p r in c ip a l  d iffe re n c e s  o f £ . p la n ic u rv a ta  from th e  Llandovery 

ta x a  £ . f ro n to s a , £ . carlops and £ . subdiadem ata.

OCCURRENCE. Apart from th e  type horizon  and l o c a l i t y ,  S h ir le y  

(1936 , p . ^12) recorded  p la n ic u rv a ta  from Hope Q uarry, n ear M in ste rly . 

S h ro p sh ire . A g r a p to l i te  f in d  from s t r a t a  n ear th e  base o f Hope 

Quarry in d ic a te s  an Idwian age. (Z ie g le r  e t  1968, p . 7^^).

U h itta rd  (1938) l i s t e d  th e  sp ec ies  from th e  Pentamerus Beds and Purple 

Shale (idw ian to  T elychian) o f  S h ro p sh ire .
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Calymene c f . £ . mimaspera Schrank, 1970 

P la te  23, f ig s .  2 , 3, 7 -9 .

MATERIAL. RSM 1911.62.1689; BM It9 1 ^ 7 , BM UU297; BU 38, BU 247,

BU 554, BU 664 ( a l l  H o llc ro f t C o lin .) ,  BU 357 (K etley  C o lin .) .

OCCURRENCE. Wenlock Lim estone, Dudley.

DISCUSSION. £ . mimaspera was e s ta b lis h e d  on th e  b a s is  o f  m a te r ia l 

from G rap to lith e n g e s te in  g la c ia l  e r r a t i c s  o f  Wenlock to  lower Ludlow 

age from N Germany. I t  was d isc r im in a ted  from £ . a sp era  S h ir le y , 1936 

by i t s  much more weakly arched a n te r io r  m argin, w ider fix ed  cheek, th e  

absence o f an in te rm ed ia te  lobe a t th e  in n e r end o f furrow Ip ,  and a 

le s s  s tro n g ly  in c lin e d  fre e  cheek. A comparison o f S chrank 's  (1970, 

p i .  2 , f ig s .  4 -6 , p i .  3, f ig s .  3, 5-7) i l l u s t r a t i o n s  w ith  th o se  o f 

asp era  given here suggests th a t  mimaspera a lso  has a le s s  su b tr ia n g u la r  

cep h a lic  o u t l in e ,  a le s s  a n te r io r ly  p ro je c tin g  f r o n ta l  lo b e , a some

what more s to u t and convex (s a g .)  a n te r io r  b o rd e r, le s s  s te e p ly  descending 

( t r . )  fix ed  cheek and f in e r  g la b e l la r  tu b e rc le s .

In  th e  Wenlock Limestone o f Dudley th e re  i s  a sp ec ies  which more 

c lo se ly  resem bles C_. aspera  than  C_. blurnenbachii y e t d i f f e r s  from 

S h ir le y 's  taxon in  c e r ta in  c h a ra c te rs . These c h a rac te rs  are th e  same 

as some o f th o se  th a t  d is t in g u is h  mimaspera from aspera  -  th e  n a tu re  o f  

th e  a n te r io r  m argin, fix ed  cheek, g la b e l la r  o u t l in e ,  a n te r io r  b o rd e r , 

th e  absence o f an in te rm ed ia te  lobe -  and as fa r  as can be determ ined 

th e  unnamed Dudley sp ec ies  i s  n e a re r  to  mimaspera than  to  any o th e r 

Calymene . I t  appears to  d i f f e r  from mimaspera in  la ck in g  an in f la te d  

node on th e  o c c ip i ta l  r in g ,  having a s l ig h t ly  more p ro je c t in g  f r o n ta l  

g la b e l la r  lobe and a narrow er p o s te r io r  b o rder furrow (compare Schrank 

1970, p i .  2 , f ig .  4 ) , A comparison o f  th e  g la b e l la r  ornament o f  

mimaspera w ith  th a t  o f  th e  Dudley specimens i s  u n fo r tu n a te ly  p recluded  

by th e  su rface  ab rasion  o f th e  l a t t e r .  The d iffe re n c e s  o u tlin e d  a re
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not g rea t but I  h e s i ta te  to  assign  th e  Dudley m a te r ia l w ith  c e r ta in ty  

to  mimaspera u n t i l  th e  type m a te r ia l has been examined.

The specimens o f  £ . c f . mimaspera are  p reserv ed  in  a muddy 

lim estone or s h a le ,  not th e  ty p ic a l  h ig h ly  c r y s ta l l in e  Dudley Liraetone 

th a t  c h a r a c te r i s t i c a l ly  y ie ld s  £ . b lurnenbachii. Shaly in te r c a la t io n s  

are  p re sen t throughout much o f  the  Wenlock lim estone o f  th e  Dudley 

a rea  (Wrens West and Dudley C astle  H il l )  and th e re  may have been some 

fa c ie s  c o n tro l on th i s  sp e c ie s . I t  i s  a lso  worth n o tin g  th a t  sm all 

patches o f  Wenlock Shale and lower Ludlow Shale are  known to  outcrop  

in  t h i s  d i s t r i c t  (B u tle r 1939), and i t  i s  p o ss ib le  th a t  some o f  th e  o ld  

museum specimens la b e l le d  ’Wenlock Lim estone’ a re  in  fa c t  from th e se  o th e r 

two h o rizo n s .

Calymene sp . 1 

P la te  22, f ig s .  8 , 9.

MATERIAL. A damaged, complete specimen; BU l83  (H o llc ro f t C o lin .) .

OCCURRENCE. Wenlock Lim estone, Dudley.

DISCUSSION. A Wenlockian sp ec ie s  o f  Calymene was prepared from th e  

v e n tra l  s id e  in  o rd er to  show i t s  in te r n a l  morphology. The id e n t i ty  o f  th e  

sp ec ie s  i s  unkno^m as removal o f th e  sedim ent encasing  th e  d o rsa l s id e  o f  

th e  specimen would r e s u l t  in  fragm entation  o f th e  ex o sk e le to n , and th e  

a n te r io r  b o rder has been destroyed . The specimen i s  embedded in  a m atrix  

id e n t ic a l  to  th a t  in  which £ . c f . mimaspera occurs (see d iscu ss io n  o f  th a t  

sp e c ie s ) .  The hypostome i s  s im ila r  to  th a t  o f £ . blurnenbachii bu t does not 

have such a prom inent median sp ine on th e  a n te r io r  lo b e ; in  th i s  re sp e c t i t  

can be more c lo se ly  compared w ith  £ , tu b e rc u lo sa  Dalman.
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The c o n s tru c tio n  o f th e  a r t i c u la t io n  p rocesses o f  th e  th o ra c ic  

p le u ra e , th e  form o f th e  p le u ra l  doub lu re , s tops fo r  en ro llm en t, 

and apodemes are a l l  id e n t ic a l  to  th o se  desc rib ed  by Campbell (1967 , 

p . 26 ) in  £ . c la v ic u la  from s t r a t a  o f upper Wenlock/lovrer Ludlow age 

in  Oklahoma.

Calymene a f f .  C_. mimaspera Schrank, 1970 

P la te  2 3 , f ig s .  1 , k-6,

MATERIAL. One cranidium , DJS/lUU, c o lle c te d  David J .  S iv e te r  

and P. T u rner, 1971.

OCCURRLiJCE. Buildwas Beds (= low er Wenlock), c u tt in g  on th e  

e a s te rn  bank o f  H arley Brook, approxim ately 200 yards S o f ju n c tio n  

between H arley Brook and Merrishaw Brook, near Domas, Welsh B orderlands.

DESCRIPTION. Cranidium 2 .1  tim es as wide as long . G lab e lla  1 .2  

tim es as long  as w ide, su b rec tan g u la r in  o u tl in e . O c c ip ita l r in g  only 

one f i f t h  as long (sa g .)  as w ide, g en tly  convex in  p r o f i l e ,  in f la te d  

in to  sm all node a t a x ia l  furrow where i t  i s  flex ed  forw ards. Lobe Ip  

le s s  than  one th i r d  as wide as g la b e l la ;  furrow Ip  i s  deep, s l ig h t ly  

narrow er than a x ia l  furrow o u ts id e  lobe I p ,  curves inwards and 

p ro g re s s iv e ly  more backwards, g ives o f f  very sh o rt a n te r io r  branch 

around lobe 2p ; no in te rm ed ia te  lobe on s id e  o f median g la b e l la r  lo b e . 

Lobe 2p p a p i l l a t e ,  sep a ra ted  from median lobe by shallow  furrow . Lobe 3p 

s u b e l l ip t i c a l  in  d o rsa l view , runs down s id e  o f g la b e l la ;  furrow  3p 

very d i s t i n c t .  F ro n ta l lobe th re e -q u a r te r s  as wide as g la b e l la  a t  lobe 

Ip ,  a n te r o la te r a l  and a n te r io r  margins w ell rounded in  d o rsa l view , 

most a n te r io r  t i p  p ro je c ts  in  fro n t o f  f ix e d  cheek.

A xial furrow m oderately deep a t  o c c ip i ta l  r in g  and p o s te r io r  

margin o f  lobe Ip ,  i s  f a i r l y  wide and becomes p ro g re ss iv e ly  deeper around



l o b e  I p ,  r u n s  u n d e r  b r i d g e  o f  g e n a l  b u t t r e s s  an d  l o b e  2 p ,  fr o m  fu r r o w  

2 p  t o  p r e g l a b e l l a r  fu r r o w  i t  i s  a  d e e p ,  c o n s t a n t l y  w id e  t r e n c h .

A n t e r i o r  p i t  i n  b a s e  o f  fu r r o w  h a l f  w ay  a l o n g  t h e  s i d e  o f  f r o n t a l  l o b e .  

P r e g l a b e l l a r  fu r r o w  a b o u t  a s  w id e  m e d i a l l y  a s  a x i a l  f u r r o w  i n  f r o n t  o f  

l o b e  2 p ,  w id e n s  s l i g h t l y  a b a x i a l l y , i s  m o d e r a t e ly  d e e p ,  a n t e r i o r  s i d e  

s l o p e s  fo r v r a r d s  a n d  u p w a rd s a t  a b o u t  f o r t y  d e g r e e s .  A n t e r i o r  b o r d e r  

a b o u t  h a l f  a s  l o n g  ( s a g . )  a s  l o b e  I p ,  s l i g h t l y  s w o l l e n  o p p o s i t e  a x i a l  

f u r r o w ,  i n  l a t e r a l  p r o f i l e  d o r s a l  a n d  o u t e r  s i d e s  a r e  q u i t e  s t r o n g l y  

c o n v e x .  A n t e r i o r  m a r g in  a n d  r o s t r a l  s u t u r e  b r o a d l y  a r c h e d .

F ix e d  c h e e k  i s  a s  w id e  a s  n e c k  r i n g .  P o s t e r i o r  b o r d e r  f u r r o w  

l e n s - l i k e ,  w i d e s t  ( e x s . )  a t  m i d - l e n g t h .  P o s t e r i o r  b r a n c h  o f  f a c i a l  

s u t u r e  r u n s  o u tw a r d s  t h e n  b a c k w a r d s  t o  l a t e r a l  b o r d e r ,  t h e n  m ore b a c k 

w a r d s  r '-d f i n r J J y  v e r y  s l i g h t l y  o u tw a r d s  t o  p o s t e r i o r  m a r g in .  A n t e r i o r  

b r a n c h  c u r v e s  f o r w a r d s  an d  v e r y  g e n t l y  in w a r d s .  P a l p e b r a l  l o b e  

c e n t r e d  o p p o s i t e  a n t e r i o r  p a r t  o f  l o b e  2 p ,  a b o u t  a s  l o n g  a s  l o b e  2 p ,  

o u t e r  m a r g in  s l i g h t l y  p o i n t e d .  I n  t r a n s v e r s e  s e c t i o n ,  p r e o c u l a r  p a r t  

o f  f i x e d  c h e e k  an d  o u t e r  v e r t i c a l  w a l l  o f  a x i a l  fu r r o w  fo r m  a  r i g h t - a n g l e .  

F u r ro w  b e t w e e n  f i x e d  c h e e k  a n d  a n t e r i o r  b o r d e r  r u n s  o u tw a r d  a n d  

f r a c t i o n a l l y  f o r w a i l .

G l a b e l l a ,  i n n e r  p a r t  o f  f i x e d  c h e e k ,  a'"d a n t e r i o r  b o r d e r  c o v e r e d  

w i t h  r a t h e r  c l o s e l y  s p a c e d  f i n e  t u b e r c l e s  an d  g r a n u l e s .  On o u t e r  p a r t  o f  

f i x e d  c h e e k  an d  o c c i p i t a l  r i n g  t u b e r c l e s  muc] m ore s c a r c e .  D e e p e s t  

p a r t  o f  a l l  f u r r o w s  s m o o th .

D ISCUSSIO N. T h is  r e l a t i v e l y  l a r g e ,  w e l l  p r e s e r v e d  c r a n id iu m  

c l o s e l y  m a tc h e s  Ĉ . m im a s p e r a  a n d  u n l i k e  Ĉ . c f .  mim a s p e r a  a l s o  d i s p l a y s  

an  i n f l a t e d  n o d e  on  t h e  o c c i p i t a l  r i n g  a s  i n  t h e  II Germ an s p e c i e s .

P o i n t s  o f  d i s t i n c t i o n  fr o m  m im a s p e r a  i n c l u d e  a  r e l a t i v e l y  w id e r  f r o n t a l  

l o b e  -  w h ic h  g i v e s  t h e  g l a b e l l a  a  s u b r e c t a n g u l a r  a p p e a r a n c e ,  a  n a r r o w e r  

( t r . )  p r e o c c u l a r  p a r t  t o  t h e  f i x e d  c h e e k ,  a  t r e n c h - l i k e  a x i a l  f u r r o w  i n
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fro n t o f lobe 2p T,-dth a v e r t i c a l ly  in c lin e d  o u te r w a ll ,  and much f in e r  

ornam entation on th e  fix ed  cheek near th e  genal b u t t r e s s .  U n til a 

knowledge i s  gained o f th e  v a r ia t io n  in  th e  Welsh B orderland sp e c ie s , 

th e  s ig n if ic a n c e  o f th e se  d is t in c t io n s  remains unknown; they  would 

provide a b a s is  fo r  d iagnosing  a se p a ra te  spec ies  o f  th e  mimaspera 

type i f  proved to  be co nstan t throughout th e  Buildwas Beds p o p u la tio n . 

The a n te r io r  broders o f  £ . mimaspera, C. a f f .  m imaspera, and 

£ . c f .  mimaspera are  not f a r  removed from th a t  o f _C. n e o tu b e rcu la ta  

Schrank, 1970, but th e  l a t t e r  spec ies  can be im m ediately d is tin g u ish e d  

by i t s  very much narrow er c ra n id ia l  a x ia l  furrow , e sp e c ia l ly  around 

lobe Ip .

C a ly m en e  a s p e r a  S h i r l e y ,  1936 

P l a t e  24, f i g s .  1 -7 ; P l a t e  25, f i g s .  1-6 .

1936 Calymene aspera  sp . n o v .; S h ir le y ,  p. 4 l2 , p i .  30, f ig s .  8-10, 

p i .  31 , f ig .  5.

1954 C a ly m en e  ( £ . )  a s p e r a  S h i r l e y  1936; R. & E . R i c h t e r ,  p . 19.

1966 C alym e n e  a s p e r a  S h i r l e y ;  H a a s ,  p. 99.

1970 C a ly m en e  a s p e r a  S h i r l e y ,  1936; T o m c z y k o w a , pp. 71, 75, n o n  f ig .  5b.

1970 C a ly m en e  a s p e r a  SHIRLEY, 1936; S c h r a n k ,  pp. 115, 123, 125. ^

HOLOTYPE. Damaged complete specimen; BM It28659 ; f ig u red  S h ir le y  

1936 , p i .  30 , f ig s .  8-10, p i .  31 , f ig .  5 , and here  P I. 24, f i g s . 1 -3 , 6.

TYPE STRATUM AND TYPE LOCALITY. Wenlock Limestone (top  Wenlock 

S e r ie s ,  M. lu d en sis  zone), Dudley.

ADDITIONAL MATERIAL. Five complete specim ens, BM ln28651-653,

BM In28655, BM In28659.
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DIAGNOSIS. Cephalon s u b t r iangu lar in  o u t l in e .  G lab e lla  

s u b tr ia n g u la r  to  weakly b e ll-sh a p e d ; w ell rounded f ro n ta l  lobe is  

about tw o -th ird s  th e  w idth o f g la b e l la  a t lobe Ip ;  very d i s t in c t  

in te rm ed ia te  lobe . A n te rio r bo rder in c lin e d  g en tly  to  m oderately 

upwards. P re g la b e lla r  a rea  i s  about one seventh  as long as g la b e l la .  

A n te rio r margin (d o rsa l view) and r o s t r a l  su tu re  (v e n tra l  view) 

are q u ite  s tro n g ly  arched. P o s to c u la r  p a r t  o f  fix ed  cheek 0 .7  -  

0.75 as wide as o c c ip i ta l  r in g ,  s tro n g ly  bent downwards ( t r . ) .

DESCRIPTION. Cephalon s u b tr ia n g u la r  in  o u t l in e ,  about 1 .8  to

2 .0  tim es as wide as long . G lab e lla  i s  s u b tr ia n g u la r  to  b e ll-sh a p e d , 

about 1 .1  tim es as long as w ide, i t s  s id es  are  q u ite  s tro n g ly  convergent 

a n te r io r ly ,  p ro je c ts  w e ll in  fro n t o f and s tan d s prom inently  above th e  

fix e d  cheeks. O c c ip ita l r in g  s l i g h t ly  narrow er than  w idth o f  g la b e l la ,  

a t median l in e  i s  s l ig h t ly  lo n g er than  lobe 2p, narrows a b a x ia lly  and 

i s  f lex ed  forwards a t a x ia l  furrow where i t  i s  s l ig h t ly  in f l a te d .  

O c c ip ita l furrow m oderately deep and w id est m ed ia lly , very much deeper 

and narrow er d i s t a l l y .  Lobe Ip  su b rec tan g u la r. L a te ra l furrow Ip  is  

deepest and w idest a t a x ia l  furrow , narrow est between lobes Ip  and 2p, 

b ifu rc a te s  a d a x ia lly  in to  very d i s t in c t  a n te r io r  and p o s te r io r  b ranches. 

P o s te r io r  branch curves backwards then  inwards ; a n te r io r  branch i s  

more s t r a ig h t  and runs forwards and inw ards. A conspicuous in te rm ed ia te  

lobe i s  p re sen t w ith in  fork  o f  Ip  furrow . Lobe 2p i s  s u b c irc u la r  to  

subovate , more is o la te d  from median lobe th an  lobe Ip ,  q u ite  s tro n g ly  

convex ( t r .  & e x s .) .  Furrow 2p is  tra n s v e rs e ly  d ire c te d . Lobe 3p 

d i s t i n c t ly  in f l a te d ,  about as la rg e  as in te rm ed ia te  lobe bu t a l i t t l e  

more tra n s v e rs e ly  e lo n g a te , confined  a n te r io r ly  by w ell marked furrow 

3p. Weak lobe Up p re sen t on h o lo ty p e . S ides o f  f r o n ta l  lobe run 

fo n /a rd  and s l ig h t ly  inw ards, a n te r o la te r a l  margins w ell rounded, 

a n te r io r  margin f a i r l y  convex forwards and descends q u ite  s te e p ly  to  

p re g la b e l la r  furrow . F ro n ta l lobe is  weakly undercut by a x ia l  and 

p re g la b e l la r  furrows and i s  about tw o -th ird s  th e  w idth o f  th e  g la b e l la  a t 

_lqbe Ip .
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A xial furrow m oderately wide and deep o u ts id e  lobe Ip ,  is  s l ig h t ly  

w ider between furrow 2p and p re g la b e lla r  furrow . A n te rio r p i t  s i t e d  

below Up lo b e . P re g la b e lla r  furrow extrem ely shallow  and ra th e r  narrow 

(sag . & e x s .) .  P re g la b e lla r  a rea  f a i r ly  sh o rt -  about one seventh 

as long as g la b e l la ;  in  l a t e r a l  p ro f i le  d o rsa l s ide  o f a n te r io r  bo rd er 

p ro je c ts  forvrards and very gen tly  to  m oderately  upwards , i t s  o u te r  

s id e  descends s l ig h t ly  forwards to  r o s t r a l  s u tu re . In  d o rsa l view 

a n te r io r  margin is  s tro n g ly  arched forw ards.

P o s te r io r  bo rder furrow f a i r l y  shallow , m oderately wide ( e x s .) .  

P o s to cu la r p a r t  to  th e  fix ed  cheek i s  in c lin e d  g en tly  downwards from 

p a lp e b ra l lobe to  p o s te r io r  border furrow , f a l l s  very s te e p ly  from 

a x ia l  furrow to  genal an g le ; p re o c u la r  p a r t  descends very s te e p ly  

fo rw ards, i s  s l ig h t ly  w ider ( t r . )  than  p a lp e b ra l lobe which p ro je c ts  

q u ite  s te e p ly  upwards and i s  cen tred  opposite  th e  m iddle or a n te r io r  

p a r t o f lobe 2p. P o s te r io r  branch o f  f a c ia l  su tu re  tren d s  outwards and 

s l ig h t ly  backwards from eye lobe befo re  tu rn in g  sh arp ly  backwards to  run 

to  l a t e r a l  b o rd er on which i t  tu rn s  more backwards to  cut genal an g le ; 

a n te r io r  branch runs forwards and inwards to  a n te r io r  margin where i t  

tu rn s  a b ru p tly  inward on o u te r  s id e  o f  a n te r io r  bo rder to  connect 

w ith r o s t r a l  s u tu re .

Free cheek descends almost v e r t i c a l ly  from narrow eye so c le ; 

l a t e r a l  bo rd er furrow broad ly  U-shaped, weakest p o s te r io r ly ;  l a t e r a l  

bo rder c u r ls  over and under.

R o s tra l su tu re  and r o s t r a l  p la te  both q u ite  t ig h t ly  arched.

Thorax has th i r te e n  segments. Axis i s  very  s tro n g ly  v a u lte d  ( t r . ) ,  

each a x ia l  r in g  i s  o f  co n stan t w idth (sag . & e x s . ) ,  in f la te d  in to  weak 

node a t a x ia l  furrow where i t  i s  flex ed  s l ig h t ly  forw ards. P le u ra l 

furrow U -shaped, d iv id es  m oderately convex (e x s .)  p o s te r io r  p le u ra l  

band from s h o r te r  (e x s .)  a n te r io r  p le u ra l  band.
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In  d o rsa l view pygidium is  shaped l ik e  an iso sc e le s  t r i a n g le .

Axis i s  between 0 .4  and 0 .5  tim es th e  t o t a l  w id th , has seven a x ia l  

r in g s ,  i s  s tro n g ly  arched ( t r . ) .  Ring furrows w eakest m ed ia lly , 

seventh  r in g  furrow f a i l s  to  reach a x ia l  furrow. P le u ra l reg ion  

f a l l s  f i r s t  very s te e p ly , then  v e r t i c a l ly  away from a x ia l  furrow .

There are f iv e  w ell marked p le u ra l  furrows which f a i l  to  reach l a t e r a l  

m argin; in te rp le u ra ls  are  s l ig h t ly  lo n g e r, most d i s t in c t  d i s t a l l y ,  

very f a in t  a d a x ia lly  but are continuous to  a x ia l  furrow . Term inal 

a x ia l  p iece  somewhat rounded; p o s te r io r  margin o f p o s ta x ia l  s e c to r  

r a th e r  p o in ted  a t median l in e .

Ornament on in n e r , a n te r io r  p a r t  o f  fix ed  cheek c o n s is ts  o f c lo se ly  

spaced tu b e rc le s  o f many d i f f e r e n t  s iz e s ,  th e  la rg e r  ones o f which are 

o fte n  p e r fo ra te .  A n te rio r b o rd e r , ab ax ia l p a r t  o f  fix ed  cheek, free  

cheek, and o u te r p a r t  o f  p y g id ia l p le u ra l  reg ion  a l l  lack  th e  la rg e r  

tu b e rc le s  shown by th e  g la b e l la  and have t ig h t ly  s e t  medium and 

sm all tu b e rc le s .  A few tu b e rc le s  are  s c a t te re d  on th o rax  on th e  a x ia l  

r in g s  and p leu rae  w ith  n o tic e a b le  co n cen tra tio n  o f  la rg e r  tu b e rc le s  

on weakly in f la te d  a x ia l  nodes.

DISCUSSION. £ , asp era  i s  sym patric  vrith C_. blum enbachii a t 

Dudley though i s  f a r  le s s  abundant than  B ro n g n ia rt’s sp e c ie s . I t  d i f f e r s  

from blum enbachii in  i t s  lo n g e r , le s s  upturned a n te r io r  b o rd e r , sub

t r ia n g u la r  cep h a lic  o u tlin e ,m o re  s u b tr ia n g u la r  g la b e l la  w ith  a r e la t iv e ly  

narrow er f r o n ta l  lobe (compared w ith  g la b e l la r  w idth across lobe I p ) ,  

more s te e p ly  descending (e x s .)  p o s to c u la r  p a r t  to  th e  fix ed  cheek, 

more s tro n g ly  a rc u a te  a n te r io r  margin (d o rsa l view) and r o s t r a l  su tu re  

(v e n tra l  v iew ), and a more d is c r e te  in te rm ed ia te  lobe a t th e  ad ax ia l 

end o f furrow Ip .

The Wenlockian s t r a t a  a t Penylan Q uarry, C a rd iff  and th e  ad jacen t 

new road c u tt in g  have y ie ld e d  numerous in te r n a l  mould specimens o f  

Calymene which are  b e s t regarded  as c o n sp e c if ic , and a re  here  re fe r re d
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to  C_. a sp e ra . There is  v a r ia t io n  in  th e  in c l in a t io n  o f  th e  a n te r io r  

b o rd e r, and in  some c ra n id ia  i t  i s  more upturned than  in  asp era  

specimens from Dudley; th e  border o f th ese  c ra n id ia  th e re fo re  tren d s  

towards th a t  o f  C_, blum enbachii bu t in  a l l  th e  o th e r c h a rac te rs  given 

above which d is t in g u is h  aspera  from blum enbachii, th e  Welsh specimens 

are to  be compared w ith  a sp e ra .

A comparison o f Ĉ. aspera  w ith  C_. mimaspera Schrank. ,1970 i s  

given above under C_. c f . mimaspera.

S h ir le y  (1936, p . Ul3) noted th e  resem blance o f th e  h ig h ly  

arched a n te r io r  margin (v e n tra l  view) in  £ . a sp e ra  and £ . tu b e rc u lo sa  

and suggested  th a t  th e  two sp ec ies  were r e la te d .  One may add th a t  those  

specimens o f  asp era  th a t  have a weakly in c lin e d  a n te r io r  bo rder 

(e .g . BM In.28653) are not d is s im ila r  to  tu b e rc u lo sa  in  t h i s  c h a ra c te r ,  

except i t  i s  a l i t t l e  longer in  th e  Dudley sp e c ie s . I t  i s  u n q u estio n ab le , 

however, th a t  th e  two a re  s p e c i f ic a l ly  d i s t in c t  -  £ . tu b e rc u lo sa  

has a d if f e r e n t  o u tl in e  to  th e  cephalon, a n te r io r  margin and g la b e l la ,  

a cu te ly  po in ted  nodes on the  a x ia l  and o c c ip i ta l  r in g s ,  a much le s s  

convex ( t r . ) p y g id ia l a x is ,  d i s t a l ly  weaker in te r p le u r a l  fu rrow s, and 

th e  lack  o f an in te rm ed ia te  lobe . £ . aspera  seems to  occupy a some

what in te rm ed ia te  p o s itio n  between th e  tu b e rc u lo sa  group o f sp ec ie s  and 

those  cen tred  around b lum enbachii.

OCCURRENCE. Apart from th e  type lo c a l i t y ,  from th e  Wenlock S e rie s  

o f Penylan near C a rd if f .
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C a ly m en e  f a l c a t a  s p .  n o v .

P la te  2 6 , f ig s .  1- 6 ; P la te  27, f ig s .  1- 8 .

DERIVATION OF THE NAI ÎE. From  t h e  L a t i n ,  f  a l e  a t  u s , s i c k l e 

s h a p e d ,  r e f e r r i n g  t o  t h e  o u t l i n e  o f  t h e  a x i a l  fu r r o w  a r o u n d  l a t e r a l  

g l a b e l l a r  l o b e  I p .

HOLOTYPE. S lig h t ly  damaged complete specimen; RM Ar31438;

P I, 2 6 , f ig s .  1 -6 .

TYPE STRATUM AND TYPE LOCALITY. M u ld e B e d s  (=  u p p e r  W e n lo c k ) ,

F r S j e l ,  G o t la n d .

ADDITIONAL MATERIAL. Five com plete, bu t damaged specimens RM Ar2T339, 

RI4 Ar2T3 79- 380 , RM Ar47709, SGU HedstrBm* s sample no. 28; one incom plete 

cranid ium , RM Ar27376; one incom plete pygidium RM Ar27377.

DIAGNOSIS. G lab e lla  in  fro n t o f  lobe 2p is  su b rec tan g u la r in 

o u tl in e . A n te rio r margin o f f r o n ta l  lobe i s  s t r a ig h t  ( t r . ) .  A xial 

furrow s ick le -sh a p ed  around lobe Ip . P re g la b e lla r  a rea  f a i r l y  long -  

about one f i f t h  cs long rs  th e  g la b e l la .  D orsal su rface  o f a n te r io r  

border r e la t iv e ly  f l a t  in  l a t e r a l  p r o f i l e ,  m oderately in c lin e d , tu rn s  

sh arp ly  over ab a n te r io r  m argin.

DESCRIPT'K’N. Cephalon about tw ice as wide as lo n g , a n te r io r  margin 

o f cranidium  p /e je c t in g  a l i t t l e  beyond g en era l o u t l in e . G lab e lla  is  

b e ll-sh a p e d , 1 0 -  1 .1  tim es as wide as lo n g . O c c ip ita l r in g  g en tly  

convex, o f c o rs ia n t w idth behind c e n tr a l  g la b e l la r  a re a , narrows ra p id ly  

behind lobe Ip to  a x ia l  furrow where i t  i s  about h a l f  as wide as a t 

s a g i t t a l  l in e .  O c c ip ita l furrow V-shaped in  s e c t io n ,  m oderately 

deep m e d ia lly , very deep a d a x ia lly . Lobe Ip  i s  la rg e  and subquadrangular. 

Furrow Ip  w ic'est and deepest a b a x ia l ly , tre n d s  f i r s t l y  inwards and 

backwards, EDie sh arp ly  backwards around in n e r margin o f lobe Ip ,
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f in a l ly  curv ing  inwards a t  r ig h t  angles to  median l i n e ;  a sm all 

a n te r io r  branch runs forv-rards and inw ards. W ithin ad ax ia l fo rk  o f 

furrow Ip  th e  g la b e l la  i s  b road ly  in f la te d .  Lobe 2p sep a ra te d  from 

median lobe by shallow  furrow . In  f ro n t o f lobe 2p th e  g la b e l la r  

o u tlin e  narrows sh arp ly  and i s  markedly re c ta n g u la r . Lobe 3p i s  r a th e r  

sm all compared w ith  lobe 2p. Furrow 3p w ell marked. F ro n ta l lobe 

re c ta n g u la r  in  o u tlin e  -  ab ax ia l s id e s  e x s a g i t ta l ly  d ire c te d , a n te r io r  

margin s t r a ig h t  ( t r . )  and p ro je c ts  in  fro n t o f  fix ed  cheek, a n te ro 

l a t e r a l  corners sh arp ly  rounded. In  l a t e r a l  p r o f i le  d o rsa l su rface  

o f g la b e l la  p ro je c ts  w ell above fix e d  cheek, i t  i s  g en tly  convex 

upwards and approxim ately h o r iz o n ta l  between o c c ip i ta l  furrow and lobe 

3p where i t  begins to  descend, f in a l ly  f a l l in g  v e r t i c a l ly  on lower 

a n te r io r  face o f f r o n ta l  lo b e .

A xial furrow very shallow  and m oderately wide a t o c c ip i ta l  r in g ;  

around lobe Ip i t  i s  s ick le -sh a p ed  -  w idest a t  a p o in t ju s t  p o s te r io r  

to  h a l f  way along th e  s ide  o f lobe I p ,  narrows sh arp ly  a n te r io r ly  and 

p o s te r io r ly  from th i s  p o in t ,  has a smooth, downward and inward 

curv ing  o u te r  w a ll which f r a c t io n a l ly  undercuts d o rsa l su rface  o f  fix ed  

cheek; a x ia l  furrow i s  deep and w idest a t furrow 2p, from here to  

p re g la b e l la r  furrow i t  narrows s l i g h t l y ,  i t s  o u te r  w all s lopes 

doTOwards and inw ards. A n te rio r  p i t  s i tu a te d  half-w ay along th e  s id e  

o f  f r o n ta l  lo b e . P re g la b e lla r  a rea  about one f i f t h  as long  as g la b e l la .  

P re g la b e lla r  furrow s l ig h t ly  undercu ts f r o n ta l  lo b e . D orsal s id e  o f 

a n te r io r  bo rd er i s  m oderately up tu rned , r e l a t iv e ly  f l a t  in  l a t e r a l  

p r o f i l e ,  tu rn s  sh arp ly  over a t a n te r io r  margin in to  a mucn narrow er 

o u te r s id e  which descends s l ig h t ly  backwards to  r o s t r a l  s u tu re . A n te rio r 

margin f a i r l y  w ell arched in  d o rsa l view.

P o s to c r l^ r  p a r t  o f  f ix ed  cheek is  about 0 .8  -  0 .9  tim es as wide as 

o c c ip i ta l  r in g . P o s te r io r  bo rder furrow  qu ick ly  widens (e x s .)  from 

a x ia l  fu rrow , f a i l s  to  reach f a c ia l  s u tu re . In  l a t e r a l  p r o f i l e  p reo cu la r
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p a r t  o f  f i x e d  c h e e k  f a l l s  s t e e p l y  t o w a r d s  a n t e r i o r  b o r d e r ,  p o s t o c u l a r  

p a r t  i s  a  l i t t l e  l e s s  s t e e p l y  i n c l i n e d  t o  b o r d e r  f u r r o w .  F i x e d  c h e e k  

b e t w e e n  p a l p e b r a l  l o b e  an d  g e n a l  b u t t r e s s  i s  g e n t l y  c o n v e x  a n d  a b o u t  

h o r i z o n t a l .  P a l p e b r a l  l o b e  i s  r a t h e r  s m a l l  -  a b o u t  a s  l o n g  o r  

s l i g h t l y  s h o r t e r  t h a n  l o b e  2 p ,  c e n t r e d  o p p o s i t e  a n t e r i o r  p a r t  o f  l o b e  2 p .  

P o s t e r i o r  b r a n c h  o f  f a c i a l  s u t u r e  r u n s  o u tw a r d s  t h e n  b a c k w a r d s  t o  

l a t e r a l  b o r d e r ,  fr o m  h e r e  m ore b a c k w a r d s  a n d  s l i g h t l y  o u tw a r d s  t o  

g e n a l  a n g l e .  A n t e r i o r  b r a n c h  r u n s  f o r w a r d s  a n d  in w a r d s  t o  a n t e r i o r  

m a r g in ,  t h e n  t u r n s  s h a r p l y  in w a r d s  t o  m e e t  r o s t r a l  s u t u r e .  L a t e r a l  

b o r d e r  fu r r o w  on  f r e e  c h e e k  i s  b r o a d l y  U - s h a p e d .

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

p l a t e  a b o u t  t h r e e  t i m e s  a s  w id e  a s  l o n g .  A n t e r i o r  b o r d e r  o f  h y p o s to m e  

f l e x e d  v e n t r a l l y ;  a n t e r i o r  b o r d e r  fu r r o w  w e a k ly  im p r e s s e d  m e d i a l l y ,  

l a c k i n g  a b a x i a l l y .  A n t e r i o r  w in g s  l a r g e ,  a n t e r i o r  p i t s  d e e p .  L a t e r a l  

b o r d e r  t i g h t l y  r o l l e d  ( t r . ) ;  p o s t e r i o r  b o r d e r  m uch f l a t t e r  a n d  e x p a n d e d  

i n t o  tw o  b r o a d ,  m o d e r a t e ly  l o n g  s p i n e s .  A b a x i a l  s i d e s  o f  a n t e r i o r  

l o b e  a r e  s t e e p l y  i n c l i n e d  aw ay fr o m  s t o u t ,  s u b c i r c u l a r ,  c e n t r a l l y  

p o s i t i o n e d  p r o j e c t i o n ;  a n t e r i o r  p a r t  o f  a n t e r i o r  l o b e  i s  c o n c a v e  ( s a g . ) ,  

p o s t e r i o r  p a r t  g e n t l y  c o n v e x  a n d  s t e e p l y  s l o p i n g  t o  w ea k  m e d ia n  f u r r o w .  

M a c u la e  a r e  o v a t e ,  s m o o t h ,  w e a k ly  c o n v e x .  P o s t e r i o r  l o b e  i s  U - s h a p e d .

T h o r a x  c o m p o se d  o f  t h i r t e e n  s e g m e n t s .  A x is  n a r r o w s  g r a d u a l l y  

p o s t e r i o r l y .  A x i a l  r i n g s  f a i r l y  c o n v e x  ( s a g .  & e x s . ) ,  w e a k ly  i n f l a t e d  

a t  a x i a l  f u r r o w .  P o s t e r i o r  p l e u r a l  b a n d  q u i t e  s t r o n g l y  c o n v e x  i n  s e c t i o n ;  

p l e u r a l  fu r r o w  d e e p  a n d  U -s h a p e d  d o r s a l l y ,  b e c o m e s  V -s h a p e d  a n d  s l i t 

l i k e  n e a r  f l a t  p l e u r a l  f a c e t ;  a n t e r i o r  p l e u r a l  b a n d  i s  a s  c o n v e x  a s  

p o s t e r i o r  b a n d .

A x is  o f  p y g id iu m  q u i t e  s t r o n g l y  c o n v e x  ( t r . ) ,  h a s  s e v e n  t o  e i g h t  

a x i a l  r i n g s ,  a t  l e a s t  t h e  f i r s t  s i x  o f  w h ic h  a r e  c o n f i n e d  p o s t e r i o r l y  

b y  a  c o m p le t e  r i n g  f u r r o w .  A l l  r i n g  f u r r o w s  m ore w e a k ly  i m p r e s s e d  

m e d i a l l y ;  l a s t  r i n g  f u r r o w  f a i l s  t o  r e a c h  a x i a l  f u r r o w .  T e r m in a l  

a x i a l  p i e c e  b l u n t l y  r o u n d e d .  I n n e r  p a r t  o f  p l e u r a l  r e g i o n  s l o p e s  v e r y
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s t e e p l y  aw ay fro m  a x i a l  f u r r o w ,  o u t e r  p a r t  i s  v e r t i c a l l y  i n c l i n e d .

T h e r e  a r e  f i v e  d i s t i n c t l y  im p r e s s e d  p l e u r a l  f u r r o w s .  I n t e r p l e u r a l s  

a r e  b e s t  m a rk ed  d i s t a l l y ,  b eco m e m uch f a i n t e r  a d a x i a l l y .

O rnam en t on  g l a b e l l a  a n d  i n n e r  p a r t  o f  f i x e d  c h e e k  c o n s i s t s  o f  

v a r i o u s  s i z e d  t u b e r c l e s  r a n g in g  fro m  l a r g e  do\m t o  s m a l l  g r a n u l e s .

On o u t e r  p a r t  o f  f i x e d  c h e e k ,  f r e e  c h e e k  a n d  d o r s a l  s u r f a c e  o f  

a n t e r i o r  b o r d e r  t h e  l a r g e r  t u b e r c l e s  a r e  a b s e n t .  L a t e r a l  b o r d e r ,  o u t e r  

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

t u b e r c l e s  o f  a  r e l a t i v e l y  u n i f o r m  s i z e .  V e r y  f i n e  t u b e r c l e s  i n  l a t e r a l  

a n d  p o s t e r i o r  b o r d e r  f u r r o w s  a n d  on  h y p o s t o m e .  Much o f  t h o r a x  a p p a r e n t l y  

s m o o th  e x c e p t  f o r  a  fe w  s c a t t e r e d  t u b e r c l e s ;  a  s m a l l  c o n c e n t r a t i o n  o f  

t u b e r c l e s  on  a x i a l  r i n g s  n e a r  a x i a l  f u r r o w .  S m a l l  c l o s e l y  s p a c e d  

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

o f  a x i s .

DISCUSSIO N. £ .  f a l e a t a  i s  c l o s e l y  r e l a t e d  t o  C . a s p e r a  an d  

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

i m m e d i a t e ly  d i s t i n g u i s h e s  t h e  n ew  t a x o n  fr o m  o t h e r s  w i t h i n  t h i s  g r o u p  an d  

fro m  a l l  o t h e r  m em bers o f  t h e  g e n u s .  P a r t i c u l a r l y  u n u s u a l  i s  t h e  c r e s c e n t  

o r  s i c k l e - s h a p e d  fo r m  o f  t h e  a x i a l  f u r r o w  o u t s i d e  l o b e  I p ,  f r o m  w h ic h  

t h e  s p e c i e s  d e r i v e s  i t s  n a m e . T h is  s h a p e  m ay r e p r e s e n t  an  a t a v i s t i c  

t r a i t  a s  i t  i s  r e m i n i s c e n t  o f  t h a t  sh o im  b y  e a r l i e r  s p e c i e s  o f  

P h a r o s t o m a ,  t h o u g h  i n  £ .  f a l c a t a  t h e  fu r r o w  d o e s  n o t  h a v e  a  f l a t  

b a s e  an d  i s  m uch d e e p e r  t h a n  i n  t h e  d i s t a n t l y  r e l a t e d  O r d o v ic ia n  g e n u s .

OCCURRENCE. O n ly  know n fr o m  t h e  M u ld e B e d s  (=  u p p e r  W e n lo c k )  w h e r e  

i t  o c c u r s  w i t h  £ .  n e o t u b e r c u l a t a  an d  £ .  t u b e r c u l o s a ; p a r i s h e s  o f  

F r B j e l  ( t y p e  l o c a l i t y )  a n d  E k s t a  ( D j u p v i k ) .
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Calymene blum enbachii B ro n g n ia rt, 1Ô22 

P la te  28, f ig s .  1 -9 ; P la te  29, f ig s .  1 -8 ; P la te  30, f ig s .  1 -3 .

1822 Calymene b lum enbach ii; B ro n g n ia rt, p . 11, p i .  1 , f ig s .  lA-D.

1839 Calymene Blumenbachii B ro n g n ia rt; M urchison, p. 653, p i .  T, 

f ig s .  6 , T, non f ig .  5.

1852 Calym. Blumenbachi. B rongn.; B arrande, p . 566, p i .  5 , f ig .  8 

non p i .  1 9 , f ig .  10, p i .  43, f ig s .  46-48.

1852  C a ly m en e  B lu m e n b a c h i ( B r o n g . ) ;  McCoy ( p a r s ) in .  S e d g w ic k  &

M cC oy, p. 165 .

1865 Calymene B lum enbachii, B rongn.; S a l te r ,  p . 93, p i .  8 , f ig s .  7 , 8, 

10, 12- 1 6 , non f ig s .  9 , 11, p i .  9 , f ig s .  1 , 2.

1868 Calymene c e ra t op!̂  ANaalm a ; Woodward, p. 489, p i .  21, f ig .  1 , 

non f ig .  2.

non 1872 Calym. Blumenbachi B rongn.; B arrande, p. 36, p i .  l 4 ,  f ig .  33. 

non 1879 Calymene B lum enbachii, B ro n g n ia rt; N icholson & E th e rid g e , 

p . l4 0 , p i .  10, f ig s .  2-6. 

non 1906 Calymene blumenb a c h i , B ro n g n ia rt, 1822; Reed, p. 133, p i .  17, 

f ig s .  12, 13.

1933 Calymene blumenbach i BRONGNIART, l8 2 2 ; S h ir le y , p . 59, p i .  1 , 

f ig s .  1- 5 .

1936 Calymene l a t a sp . n o v .; S h ir le y , p . 4 l4 , p i .  30, f ig s .  11-13, 

p i .  3 1 , f ig s .  1 -4 . 

non 1957 Calymene (Calymene)blumenbachi blumenbachi B ro n g n ia rt, 1822; 

Tomczykowa, p . 135, p i .  3 , f ig s .  3 , 4.

1959 Calymene blum enbachii B ro n g n ia rt, 1822; V /hittington in  

Moore, p. 0452.

1970 Calymene blumenbachi b lum enbachi; Schrank, p . 135, p i .  9 , 

f ig s .  5 , 6.
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SYUTYPES. The two specimens m entioned by S h ir le y  (1933, p . 53) 

which formed th e  b a s is  fo r  B ro n g n ia r t 's  (l8 2 2 , p .11, p i .  1 , f ig s ,  lA-D) 

d e sc r ip tio n  and i l l u s t r a t i o n s ,  and which were housed in  th e  G eological 

L ab o ra to ries  o f th e  Sorbonne, P a r is .

The e n ro lle d  specimen d ep ic ted  by B rongniart on p i .  1 , f ig s .  lA ,

B was regarded  by S h ir le y  (1933, p . 53) as " th e  ty p e " . There i s  no 

p o in t in  form ally  d é s ig n â t:--g th is  specimen as th e  le c to ty p e , as i t  i s  

p o ss ib le  th a t  th e  type specimens a re  now l o s t .  S evera l a ttem pts have 

been made by th e  p re sen t au thor to  lo c a te  and examine B ro n g n ia r t 's  

o r ig in a l  m a te r ia l ,  but so f a r  th e se  have met w ith  no su ccess . F o rtu n a te ly  

one o f B ro n g n ia r t 's  specimens has been re f ig u re d  (S h ir le y , 1933, p l . l ,  

f ig s .  1 , 2) and th e  id e n t i ty  o f th e  sp ec ies  i s  not in  doubt.

TYPE STRATUM AND TYPE LOCALITY. W e n lo c k  L im e s t o n e  (=  t o p  W en lo c k  

S e r i e s ,  M. l u d e n s i s  z o n e ) ;  D u d le y ,

ADDITIONAL MTERIAL. A ll o f th e  maj or B r i t i s h  Museums have w e ll 

p reserv ed  m a te r ia l o f th i s  sp ec ie s  and th e re  i s  no attem pt here to  p rovide 

a comprehensive l i s t .  The t o t a l  number o f specimens must be in  excess o f 

2 0 0 .

DIAGNOSIS. S p e c i e s  o f  C a ly m en e w i t h  a  v e r y  s h o r t  ( s a g . ) ,  l o w ,  

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

s h a r p  e d g e ;  p r e g l a b e l l a r  fu r r o w  v e r y  s h o r t ,  m o d e r a t e ly  d e e p ;  s t r o n g l y  

i n f l a t e d  g l a b e l l a  p r o j e c t s  w e l l  a b o v e ,  an d  w e l l  i n  f r o n t  o f  f i x e d  c h e e k ;  

d i s t a l  p a r t  o f  i n t e r p l e u r a l  f u r r o w s  v e r y  d i s t i n c t ;  p o s t e r i o r  m a r g in s  o f  

h y p o s to m e  V - s h a p e d .

DESCRIPTION. Cephalon is  su b sem ic ircu la r in  o u t l in e ,  about tw ice 

as wide as long . G lab e lla  i s  weakly to  s tro n g ly  b e ll-sh ap e d  in  o u t l in e ,  

about 1 .0  to  1 .1  t in e s  as long as w ide, p ro je c ts  w ell in  f ro n t o f  fix ed  

cheeks. O c c ip ita l r in g  narrow er ( t r . )  than  g la b e l la ,  very g en tly  

convex in  p r o f i l e ,  in  d o rsa l view i s  lo n g e s t m ed ia lly  bu t sh o rten s
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g rad u a lly  a b a x ia lly  and f lex es  forwards a t a x ia l  furrow  where i t  i s

weakly in f la te d .  O c c ip ita l furrow m oderately long and not deeply

in c ise d  behind c e n tr a l  g la b e l la r  a re a , becomes s l i t - l i k e  a b a x ia lly .

Lobe Ip  i s  f a i r l y  la r g e ,  su bquad ra te , has q u ite  s tro n g ly  convex o u te r

m argin, is  s tro n g ly  sw ollen , sep a ra ted  from median lobe by very shallow

ex tension  o f  furrow Ip . The l a t t e r  i s  deep and w idest (e x s .)  a t  a x ia l

furrow , runs inwards and backwards between lobes Ip  and 2p , b ifu rc a te s

a d a x ia lly , lo n g er p o s te r io r  branch tu rn in g  f i r s t  backward then  inw ard,

a n te r io r  branch d ire c te d  forward and inward acro ss  in n e r s id e  o f lobe 2p.

Small in te rm ed ia te  lobe p resen t w ith in  fork  o f  furrow  Ip . Lobe 2p

ra th e r  sw ollen , t ra n s v e rse ly  e lo n g a te , p a p i l l a te .  Furrow 2p d ire c te d

tra n s v e rs e ly  or s l ig h t ly  forw ards. L a te ra l  lobe 3p lo n g est (e x s .)

d o rs a l ly , narrows as i t  runs down s id e  o f g la b e l la ,  confined  by d i s t in c t

though shallow  3p furrow which tre n d s  forw ards. Small Up lobe sometimes

p re se n t. L a te ra l s id es  o f s tro n g ly  in f l a te d  f r o n ta l  lobe are in c lin e d

v e r t i c a l ly  and d ire c te d  e x s a g i t t a l ly ,  a n te r o la te r a l  m argins a re  f a i r l y

sh arp ly  rounded, a n te r io r  o u tlin e  v a r ie s  from r e la t iv e ly  s tro n g ly  convex

forwards )GSM 19688) to  almost s t r a ig h t  (BU U13 H o llc ro f t C o lin .) .

7 3F ro n ta l lobs is  about /lO  to  /U as wide as g la b e l la  a t lobe Ip , In 

l a t e r a l  p r o f i le  d o rsa l su rface  o f g la b e l la  p ro je c ts  w e ll above fix ed  

cheek, i s  g en tly  convex between o c c ip i ta l  furrow and furrow  2p , f a l l s  

very s te e p ly  a t a n te r io r  face o f  f r o n ta l  lobe which is  undercut by 

p re g la b e l la r  furrow .

A xial furrow very shallow  a t o c c ip i ta l  r in g ,  narrow est a t base o f 

lobe I p ,  becomes p ro g re ss iv e ly  w ider ( t r . )  and much deeper from here to  

furrow Ip  where i t  i s  w id est; between genal b u t t r e s s  and p re g la b e lla r  

furrow i t  i s  a uniform ly narrow , deep tre n c h . A n te r io r  p i t  i s  below 

p o s te r io r  p a r t  o f  f r o n ta l  lo b e . P r e g la b e lla r  furrow very sh o rt 

(sag . & e x s . ) ,  m oderately deep. A n te rio r  bo rder i s  a very sh o rt ra is e d  

rim , in  l a t e r a l  "view in n e r s id e  curves v e r t i c a l ly  upwards and a l i t t l e  

inw ards, d o rsa l su rface  i s  q u ite  sh a rp ly  edged and does not reach  fa r  up
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a n te r io r  face o f f r o n ta l  lo b e , o u te r  s id e  descends very s te e p ly  to  

r o s t r a l  su tu re . Opposite a x ia l  furrow a n te r io r  bo rder i s  s l ig h t ly  sw ollen. 

A n te rio r margin g en tly  to  m oderately convex forwards in  d o rsa l view and 

upwards in  f r o n ta l  view.

P o s te r io r  bo rder becomes co n sid erab ly  w ider (e x s .)  and le s s  convex 

a b a x ia lly  from fulcrum . P o s te r io r  bo rder furrow w idest o p p o site  fulcrum .

In  l a t e r a l  p r o f i le  p o s to c r lr  r  p a r t  o f f ix e d  cheek i s  h o r iz o n ta l  or 

slopes (e x s .)  very g en tly  to  p o s te r io r  bo rder furrow , p re o c u la r  p a r t 

i s  r a th e r  narrow ( t r . ) ,  s lopes s te e p ly  downwards and forw ards. Furrow 

between fix e d  cheek and a n te r io r  bo rder i s  s l ig h t ly  lo n g er (e x s .)  and 

somewhat shallow er than p re g la b e l la r  fu rrow . In f r o n ta l  view fix ed  cheek 

a d a x ia lly  from p a lp eb ra l lobe is  m oderately  convex and slo p es  ( t r . ) 

m arg ina lly  downwards to  a x ia l  furrow . P a lp eb ra l lobe is  in c lin e d  q u i t e  

s te e p ly  upwards from a x ia l  furrow , i s  lo n g e r (e x s .)  than  lobe 2p but not 

as long  as lobe Ip ,  i t s  o u te r  margin i s  s l ig h t ly  p o in ted . P o s te r io r  

branch o f  su tu re  runs tra n s v e rse ly  from p a lp e b ra l lobe then  tu rn s  to  

run onto l a t e r a l  bo rder r ’:c re  i t  bends sh arp ly  backwards and f in a l ly  

s l ig h t ly  outwards to  b is e c t  l a t e r a l  and p o s te r io r  m argins. V isual 

su rface  o f eye i s  rcn ifo rm . In  d o rsa l view convex f ie e  cheek descends 

very s te e p ly  to  d i s t i n c t ,  U-shapcd l a t e r a l  b o rder furrow . L a te ra l  

bo rder tu rn s  sh arp ly  over and under; doublure re f le x e d .

R o stra l p la te  composed o f  bo rder a,nd doublure s e c to r s .  Border 

s e c to r  and r o s t r a l  su tu re  b road ly  a rched ; connective sutui’e a b a x ia lly  

convex. Hypostome about 1 .2  to  1 .3  tim es as wide as long (through 

p o s te r io r  s p in e ) . A n te rio r b o rder very narrow ; a n te r io r  b o rder furrow  

weak, only marked m ed ia lly . Deep p i t  in  la rg e  a n te r io r  wing. A n te rio r 

lobe o f  median body has a s to u t ,  c e n tr a l ly  p o s itio n e d  sp in e . A n te rio r  

p a r t  o f a n te r io r  lobe is  concave ( e x s . ) ,  p o s te r io r  p a r t  i s  m ild ly  

convex and slo p es  downwards from sp ine  to  very f a in t  median furrow .

Oval maculae a rc  very weakly convex and smooth. C rescent-shaped p o s te r io r
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l o b e  d e s c e n d s  p o s t e r i o r l y  t o  tw o  r e l a t i v e l y  s h o r t ,  f l a t  s p i n e s .  P o s t e r i o r  

m a r g in  V - s h a p e d .

T h o r a x  c o m p o se d  o f  t h i r t e e n  s e g m e n t s .  A x i a l  r i n g  f a i r l y  n a r r o w  

( s a g .  & e x s . ) ,  p r o d u c e d  i n t o  g e n t l y  i n f l a t e d  n o d e  a t  a x i a l  f u r r o w , i n  

l a t e r a l  p r o f i l e  w e a k ly  c o n v e x .  A r t i c u l a t i n g  h a l f  r i n g  f a i r l y  w id e  a n d  

s h a l l o w  m e d i a l l y ,  d e e p e r  an d  n a r r o w e r  ( e x s . )  a b a x i a l l y .  P o s t e r i o r  

p l e u r a l  b a n d  g r a d u a l l y  w id e n s  t o  t h e  f l a t  p l e u r a l  f a c e t  a r o u n d  w h ic h  i t  

fo r m s a  n a r r o w  b o u n d in g  r im . D o r s a l l y  t h e  p l e u r a l  fu r r o w  i s  r e l a t i v e l y  

w id e  ( e x s . ) ,  d e e p  a n d  U - s h a p e d ,  r e d u c e d  t o  a  r i l l e - l i k e  s l i t  on  p l e u r a l  

f a c e t .  A n t e r i o r  p l e u r a l  b a n d  t i g h t l y  c o n v e x  ( e x s . ) ,  n a r r o w e r  an d  

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

Pygidium is  s l ig h t ly  le s s  than  tw ice  as wide as long . Axis is  

between 0 .4  and 0 .5  tim es th e  w idth o f pygidium, reaches w e ll above 

p le u ra l  re g io n s , s tro n g ly  convex ( s a g . ) ,  norm ally has s ix  o r  seven a x ia l  

rin g s  though e x ce p tio n a lly  can have e ig h t .  F i r s t  s ix  a x ia l  r in g s  defined  

p o s te r io r ly  by complete r in g  furrows which are weakest m ed ia lly ; 

seventh r in g  furrow d iscon tinuous -  la ck in g  m edia lly  and a lso  f a i l s  to  

reach a x ia l  furrow. E ighth r in g  furrow  i s  concave forwards and confined  

to  m edial p a r t  o f rounded te rm in a l a x ia l  p ie ce . A xial furrow  c le a r ly  

im pressed , weakest p o s te r io r ly .  In n e r p a r t  o f p le u ra l  reg ion  f a l l s  

s te e p ly  from a x ia l  furrow , o u te r  p a r t  becomes v e r t i c a l ly  in c lin e d .

There are  f iv e  d i s t in c t ly  im pressed p le u ra l  furrows which a re  b e s t 

marked a t t h e i r  m id-length  and alm ost reach l a t e r a l  m argin. I n t e r 

p le u ra l  furrows are  f r a c t io n a l ly  lo n g e r than  p le u r a is ,  deepest d i s t a l l y ,  

become very f a in t  p rox im ally  though are  never com pletely e ffa ce d .

F if th  in te r p le u r a l  furrow runs on o u ts id e  o f an e x s a g i t ta l ly  d ire c te d  

rid g e  which probably  re p re se n ts  a n te r io r  p le u ra l  band o f  s ix th  p le u ra  

and confines (a b a x ia lly )  th e  p o s ta x ia l  s e c to r .  In s id e  th i s  rid g e  i s  a 

very shallow  furrow . In l a t e r a l  p r o f i l e  th e re  i s  a b reak  in  slope  

between te rm in a l a x ia l  p ieze  and p o s ta x ia l  s e c to r .  Border r o l l s  under 

a t l a t e r a l  m argin, i s  w idest ( t r . )  a n te r io r ly .
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Ornament on g la b e l la  and f ix e d  and free  cheek in s id e  p o s te r io r  

and l a t e r a l  bo rders  c o n s is ts  o f  tu b e rc le s  and p u s tu le s  o f  many d if f e r e n t  

s iz e s  which are  c lo se  to g e th e r . Abundance o f  tu b e rc le s  f a l l s  o f f  

towards fu rrow s; tu b e rc le s  absent in  deepest p a r t  o f  a x ia l  furrow , 

p re g la b e lla r  furrow , l a t e r a l  and p o s te r io r  bo rder furrows and o c c ip i ta l  

furrow . Tubercles a re  c lo se ly  packed and more uniform  in  s iz e  on o u te r  

s id e  o f a n te r io r  b o rd e r, l a t e r a l  b o rd e r , r o s t r a l  p l a t e ,  c e n tr a l  p a r t  o f  

p y g id ia l a x is ,  d i s t a l  p o s te r io r  m argins o f p le u ra e , o u te r  p le u ra l  

reg ion  and border r o l l  o f pygidium; on p o s te r io r  p a r t  o f  l a t e r a l  bo rder 

r o l l  tu b e rc le s  a re  more e lo n g a te ; on cep h a lic  and p y g id ia l bo rders  

tu b e rc le s  a re  more f la t te n e d . Much more w idely s c a t te re d  f in e  

tu b e rc le s  on th o ra x , except fo r  p le u r a l ,  a x ia l  and a r t i c u la t in g  furrow s. 

P le u ra l  fa c e ts  have f in e  g ran u le s . On in n e r p a r t  o f p y g id ia l p le u ra l  

reg ion  and ab ax ia l p a r t o f  p y g id ia l ax is tu b e rc le s  a re  s c a rc e . C losely  

spaced f in e  tu b e rc le s  and granules on hypostome except fo r  maculae.

DISCUSSION. Calymene blum enbachii was l a s t  d esc rib ed  in  1933 

(S h ir le y ) ,  though s ince  i t  was founded (l822) i t  has probably  been more 

freq u e n tly  c i te d  than  any o th e r calym enid. A f u l l  synonymy l i s t  would 

run th e  len g th  o f s e v e ra l pages and th e  one p re sen ted  here  i s  o f s e le c te d  

re fe re n c e s .

The c h a ra c te rs  which combine to  d is tin g u is h  th e  sp ec ie s  a re  given 

in  th e  d ia g n o s is ; o f p a r t ic u la r  no te  i s  th e  very  narrow , r a is e d ,  sh arp ly  

edged a n te r io r  b o rder and th e  h ig h ly  in f l a te d ,  a n te r io r ly  and d o rs a lly  

p ro je c t in g  g la b e l la .  There i s  v a r ia t io n  in  th e  o u tlin e  o f  th e  g la b e l la  

and p a r t ic u la r ly  in  th e  o u tlin e  o f  th e  f r o n ta l  lobe (noted  a lso  by 

S h ir le y ) . Four specimens o f approxim ately  equal s iz e  are  i l l u s t r a t e d  

here to  show th e  range o f t h i s  v a r ia t io n .  At one end o f th e  s e r ie s  

GSM 19688 shows a s tro n g ly  b e ll-sh a p e d  g la b e l la r  o u tl in e  w ith  a very 

rounded f r o n ta l  lo b e , a t th e  o th e r extreme BU 4l3 (H o llc ro f t C o lin .)  

has a weakly b e ll-sh a p e d  g la b e l la  and th e  f r o n ta l  lobe is  alm ost s t r a ig h t ,
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The syntype o f  B rongniart fig u red  by S h ir le y  (1933, p l . l ,  f ig s .  1 ,2) 

agrees b e s t w ith  BM 44213 and BU 283 (H o llc ro ft C o lin .) ,  two specimens 

in te rm ed ia te  in  g la b e l la r  morphology. A ll fou r specimens are n ear 

id e n t ic a l  in  o th e r fe a tu re s  and can only be regarded  as c o n sp e c if ic . 

Minor v a r ia t io n s  inc lude  th e  degree to  which th e  extreme p o s te r io r  

p a r t  o f th e  f a c ia l  su tu re  tu rn s  outward a t th e  genal a n g le , th e  presence 

o r absence o f a 4p lobe and th e  number o f p y g id ia l a x ia l  r in g s .

Calymene l a t a  S h ir le y , 1936 from th e  Wenlock Limestone o f  Dudley 

i s  here  considered  a ju n io r  synonym o f  £ . b lum enbachii. The c h a ra c te rs  

on which l a t a  was e s ta b lis h e d  were i t s  " la rg e  s iz e ,  r e l a t iv e ly  wide 

g la b e l la ,  and sh o rt upturned p re g la b e lla r  f ie ld "  (S h ir le y  1936, p . 415). 

The ho lo type o f l a t a  (SM A3325) i s  very la rg e  (g la b e l la r  w idth 24.0mm), 

but th e  len g th  to  w idth r a t io  o f i t s  g la b e l la  ( l : l )  and i t s  g la b e l la r  

o u tl in e  both come w ith in  th e  range o f v a r ia t io n  here  accorded to  

B rongniart*s sp e c ie s . The g la b e l la r  o u tl in e  f a l l s  towards th e  s tro n g ly  

b e ll-sh a p e d  end o f th e  s e r ie s  given above; evidence from o th e r  Dudley 

specimens o f  eq u iv a len t s iz e  suggests th i s  shape i s  c h a r a c te r i s t ic  o f 

la rg e  blum enbachii specim ens. The p re g la b e lla r  a rea  o f  th e  ho lo type o f 

£ . l a t a  i s  f r a c t io n a l ly  le s s  upturned than  th a t  o f ty p ic a l  blum enbachii 

c ra n id ia  b u t th i s  is  not taken  as s ig n i f ic a n t .  The ho lo type  shows a 

few o th e r d if fe re n c e s  from sm alle r in d iv id u a ls  -  such as a deeper, more 

V-shaped l a t e r a l  bo rder furrow , s l ig h t ly  co a rse r o rnam entation , and very 

much narrow er a x ia l  furrows around lobe Ip ,  b u t I  p re fe r  to  reg a rd  th ese  

as o n to g en e tic  r a th e r  tlw n in te r s p e c i f i c  d is t in c t io n s .  R. & E. R ich te r 

(1954 , p . 19 ) were o f  th e  same o p in ion . C e r ta in ly  th e  sm all specimen 

(SM A3322) o f  C. l a t a  f ig u red  by S h ir le y  (1936, p i .  30, f i g . 12) can in  

every  re sp ec t be compared w ith £ . b lum enbachii.

Calymene c e ra to p l ' 'ng W o o d w a r d ,I 868 from th e  Wenlocl: Limestone o f 

Dudley was e s ta b lis h e d  on th e  b a s is  o f  one specimen which appeared to  

have long horns p ro je c t in g  from th e  p a lp e b ra l lo b e s . This specimen was



- 2 6 3 -

subsequently  lo s t  t r a c e  o f but Dr. P. Lane (Univ. o f Keele) k in d ly  

inform ed me th a t  i t  i s  now housed in  th e  W ollaton H all N a tu ra l H is to ry  

Museum, Nottingham. The so -c a lle d  "eye peduncles" are  in  f a c t  th e  v e n tra l  

s id es  o f th e  l a t e r a l  bo rder o f a second cephalon which has tu rn e d  upside 

do-̂ -m and s lo t te d  in to  th e  f i r s t  specimen. C_. ceratop thalm a i s  in  a l l  

fe a tu re s  th e  same as blum enbachii and i s  th e re fo re  p laced  in  synonymy.

The two most c lo se ly  r e la te d  sp ec ies  to  blum enbachii a re  

£ . c la v ic u la  Campbell, 196T from s t r a t a  o f  p robable  upper Wenlock or 

lower Ludlow age in  Oklahoma, and C_. n e o tu b e rcu la ta  Schrank, 1 9 7 0  

from th e  upper Wenlock o f  G otland. Campbell recogn ised  th a t  

c la v ic u la and blum enbachii were s tro n g ly  a l l i e d  but d i f f e r e n t ia te d  

th e  American spec ies  on some eleven c h a ra c te rs . The more obvious o f  

th e se  inc lude  th e  c o a rse r  g la b e l la  ornam ent, le s s  s te e p ly  in c l in e d  

p a lp e b ra l lo b e s , deeper l a t e r a l  b o rder furrow and o c c ip i ta l  fu rrow , 

s l ig h t  p y g id ia l c in c tu re , s h o r te r  p le u ra l  and in te r p le u r a l  furrows -  

th e  l a t t e r  being  much le s s  pronounced, and th e  la rg e r  median sp ine  on 

th e  hypostome. One may add th a t  in  cla v ic u la  th e  margin o f th e  hypo

stome between th e  p o s te r io r  sp ines i s  U-shaped, C ontrary to  Campbell’s 

c la im , in  c la v ic u la  th e  p o s te r io r  sp ines o f  th e  hypostome appear 

r e l a t iv e ly  s h o r te r ,  and th e  o c c ip i ta l  r in g  r e l a t iv e ly  lo n g er than  in  

b lum enbachii. Although th e  d iffe ren c es  o u tlin e d  are  f a i r l y  numerous, 

many o f them concern f in e  d e t a i l ,  and th e  American and B r i t i s h  spec ies  

are  very c lo se ly  matched,

A comparison o f b lu menb a c h ii w ith  n e o tu b e rc u la ta  i s  given below.

Tomczykowa ( l 9 5 7 ,  p . 1 3 5 )  has recorded  C. blum enbachii blum enbachii 

and e re c te d  £ . blum enbachii hardens is  from th e  Wenlockian o f  th e  Holy 

Cross M ountains. Schrank ( 1 9 7 0 ,  p. 1 3 7 )  recogn ised  th a t  blum enbachii 

h a rd en sis  was founded on very sm all (? raeraspid) c r a n id ia ,  th a t  th e  

d ia g n o s tic  c h a rac te rs  o f th i s  subspecies ( e .g .  genal s p in e s , alm ost 

p a r a l l e l  s id ed  g la b e lla )  are shown by a l l  immature calym enid c ra n id ia ,  

and th a t  th e  specimens o f  b lumenbac h ii  h a rd en sis  may re p re se n t ju v e n ile



—264-

s tag es  o f th e  sp ec ies  Tomczykowa id e n t i f i e d  as blum enbachii b lum enbach ii. 

The P o lish  specimens have been f la t te n e d  and cannot be a c c u ra te ly  

compared w ith  th e  w e ll p reserv ed  topotype specimens o f b lum enbach ii, 

bu t th e  one h o la sp id  cranidium  fig u re d  (Tomczykowa 1957, p i .  3 , f ig .  3) 

seems to  have a much more s to u t ly  developed a n te r io r  b o rder than  in  th e  

B r i t is h  sp e c ie s . More s ig n if ic a n t ly  i t  i s  u n c e r ta in , from t h i s  f ig u r e ,  

w hether o r not th e  P o lish  sp ec ie s  has a genal b u t t r e s s  to  l a t e r a l  lobe 2p,

OCCURRENCE, S p e c im e n s  w h ic h  w i t h  c e r t a i n t y  ca n  b e  r e f e r r e d  t o  t h i s  

s p e c i e s  h a v e  b e e n  r e c o r d e d  b y  t h e  p r e s e n t  a u t h o r  o n l y  fr o m  t h e  W e n lo c k  

L im e s to n e  o f  t h e  S o u th  S t a f f o r d s h i r e  S i l u r i a n  i n l i e r s .

Calymene n e o tu b e rcu la ta  Schrank, 1 9 7 0  

P la te  3 1 ,  f ig s .  1 - 9 .

1885 Calymmene tu b e rc u la ta  BrDnNICH; LindstrBm p .63, p i .  I 6 , f ig .  9. 

1970 Calymene blumenbachi n e o tu b e rcu la ta  subsp. n . ; Schrank, p . 134 

p i .  8 , f ig s .  1- 5 , p i .  9 , f ig s .  1 -4 . (in c lu d es  a more complete 

synonymy l i s t ) .

HOLOTYPE. Well p reserv ed  incom plete cranidium ; MB Q.K. 1 .37 p .233; 

fig u red  Schrank 1970, p i .  8 , f ig s .  1 , l a .

TYPE STRATUM AND TYPE LOCALITY. S i lu r ia n ,  Gotland. F u rth e r 

p a r t ic u la r s  unknown ( a f t e r  Schrank 1970, p . 135).

ADDITIONAL MATERIAL. Twelve c r a n id ia ,  RM Ar6213-17, RM Ar27360,

RM Ar27364, RM Ar27458, RM A r3l440, RM Ar47825, RI4 Ar47848, RM Ar47852; 

fo u r p y g id ia , RM Ar27349, RM Ar27462-463, RM Ar3l439.

DIAGNOSIS. See Schrank 1970, p . 135.
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DESCRIPTION. See Schrank 1970, pp. 135-136.

DISCUSSION. Lindstr8m (1885) and o th e r e a r ly  Scandinavian au thors 

regarded  Calymene tu b e rc u la ta  (B rünnich, 1781) as a s e n io r  synonym o f  

C. blum enbachii. However, S h ir le y  (1933, p . 52) examined th e  type  

m a te r ia l o f tu b e rc u la ta  and concluded th a t  none o f  th e  calym enid specimens 

were w ell enough p reserved  to  be r e fe r re d  " to  any o f th e  sp ec ies  

recognised  as o ccu rrin g  a t Dudley, th e  type  lo c a l i t y " ,  and consequently  

" th e  name tu b e rc u la ta  fo r  any spec ies  o f  Calymene must be allovred to  

f a l l " .  At th e  same tim e S h ir le y  (1933, p .6 2 ) no ted  th a t  non-type 

m a te r ia l from S candinavia which had been r e fe r re d  to  tu b e rc u la ta  

showed d iffe re n c e s  from specimens o f  £ . blum enbachii B ro n g n ia rt.

Schrank (1970) has s ince  recogn ised  th e se  d iffe re n c e s  to  be c o n s ta n t, 

and e s ta b lis h e d  C, blum enbachii n e o tu b e rc u la ta .

£ . blum enbachii n e o tu b e rcu la ta  was d i f f e r e n t ia te d  from blum enbachii 

blum enbachii by i t s  s a g i t t a l l y  lo n g e r a n te r io r  b o rder which i s  more 

convex in  l a t e r a l  p r o f i le  and le s s  c lo se  to  th e  f r o n ta l  g la b e l la r  

lo b e , and i t s  Ip  lobe in  which th e  a n te r o la te r a l  co rner more c lo se ly  

approaches th e  fix ed  cheek. E x c e lle n tly  p reserved  m a te r ia l  o f  neo tu b er

c u la ta  fig u red  here  i s  id e n t ic a l  w ith  th e  h o lo ty p e , can be a cc u ra te ly  

compared w ith blum enbachii blum enbachii m a te r ia l from Dudley, and th e  

fo llow ing  p o in ts  o f d is t in c t io n  supplement those  given by Schrank: A

more in c ise d  o c c ip i ta l  furrow behind th e  median lo b e ; s l ig h t ly  more 

f la t te n e d  and le s s  s te e p ly  s lo p in g  p re o c u la r  p a r t  to  th e  fix e d  cheek; 

le s s  tra n s v e rse ly  convex, upstand ing  g la b e l la ,  th e  f r o n ta l  lobe o f  which 

i s  no t undercut by th e  p re g la b e l la r  furrow ; much weaker furrow between 

th e  fix ed  cheek and a n te r io r  b o rd e r. These d if fe re n c e s  are  considered 

s u f f ic ie n t  to  e le v a te  n e o tu b e rcu la ta  to  s p e c if ic  rank .

A sm all h o lap is  o f n e o tu b e rcu la ta  (RM Ar6213) shows a le s s  b e l l -  

shaped g la b e l la  and w ider a x ia l  furrow o u ts id e  lobe  Ip  than  in  more 

a d u lt c ra n id ia . In  th e  l a t t e r  re sp e c t th i s  sm all h o la sp is  i s  s im ila r  to
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blum enbach ii, but i t  c le a r ly  s t i l l  has a much b roader (s a g .)  convex 

a n te r io r  bo rder than  th e  E nglish  sp e c ie s . E v id en tly  in  bo th  

n eo tu b e rcu la ta  and blum enbachii th e  a x ia l  furrow  o u ts id e  lobe Ip  becomes 

narrow er during  ontogeny (see d iscu ss io n  o f b lum enbachii) , b u t th e re  

i s  no doubt th a t  in  'a v e ra g e ’ ( g la b e l la r  w idth around 10.0mm) s ized  

ad u lts  o f both  spec ies  i t  i s  narrow est in  n e o tu b e rcu la ta  (compare 

RM A r 2 T 3 6 ’r w ith  BU 4 l3 ) . The o u tlin e  o f  th e  f r o n ta l  g la b e l la r  lobe in  

n e o tu b e rcu la ta  v a r ie s  from m oderately  convex to  alm ost s t r a ig h t ,  as in  

blum enbachii (compare RM Ar3l43? w ith  RM Ar2T364).

Schrank (1970, p. 137, p i .  10, f ig .  5) d i f f e r e n t ia te d  an unnamed 

subspecies o f £ . blum enbachii on th e  b a s is  o f one cranidium  from th e  

Wenlockian o f E s to n ia ; in  i t s  synonymy he p laced  th e  m a te r ia l which 

Schmidt ( l8 9 4 , p .13, p l . l ,  f ig s .  1 -8 ; 1907, p . 53, p i .  3 , f ig s .  1 , lA) 

had re fe r re d  to  £ . tu b e rc u la ta  Brlinnich. The s ta tu s  o f  th i s  taxon cannot 

be fu l ly  assessed  u n t i l  th e  B a l tic  m a te r ia l  has been re v is e d , though 

i t  appears to  be c lo se r  to  neotubercu l a t a  than  b lum enbachii.

£ . c la v ic u la  Campbell, 19^7 is  d is tin g u ish e d  from n e o tu b e rcu la ta  

by i t s  s t r a ig h te r  a n te r io r  c r a n id ia l  m argin , s l ig h t ly  narrow er (sa g .)  

a n te r io r  bo rd er which i s  more sw ollen op p o site  th e  a x ia l  furrow , s a g i t t a l l y  

narrow er p re g la b e lla r  furrow , s h o r te r  and d i s t a l l y  weaker in te r p le u r a l  

fu rrow s, and s h o r te r  p le u ra l  furrows (see  Campbell 1967, p i .  9 , f ig s .  9 ,

1 2 ).

OCCURRENCE. Schrank gave th e  range o f  n e o tu b e rcu la ta  on Gotland 

as from th e  H ügklint Beds (= low er Wenlock) to  th e  Mulde Beds (= upper 

Wenlock). A ll th e  specimens I  have examined are  from th e  Mulde Beds 

in  th e  p a rish e s  o f E ksta  ( a t  D jupvik) and F r& je l, where i t  i s  accompanied 

by £ . tu b e rc u lo sa  Dalman, and £ . f a lc a ta  sp . n o v .. Also

recorded  from G ra p to lith e n g e s te in  e r r a t i c s  o f  N Germany.
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Calymene c f .  £ . n eo tuberc u la t a Schrank, 1970 

P la te  30, f ig s .  4-6.

I4ATERIAL. One incom plete cranidium  and i t s  c o u n te rp a r t,

GSM 103182- 183 .

OCCURRENCE. Lower L udlovian, sca rp  80 yards S . ,  30° W. o f 

B rynsylldy Farm, L lanw rst, D enbighshire.

DISCUSSION. This sp ec ies  shows a f f i n i t i e s  w ith  £ . blum enbachii 

and £ . n e o tu b e rc u la ta  though i t  a lso  shows some resem blance to  £ . lawsoni 

S h ir le y , I 962 (compare w ith  LE 589A). I t  d i f f e r s  most obviously  from 

lawsoni in  having a narrow er (e x s .)  p o s te r io r  bo rd er furrow , th e  lack  

o f a p a ire d  arrangem ent o f tu b e rc le s  on th e  median g la b e l la r  lo b e , and 

a very weak in f l a t io n  o f th e  a n te r io r  bo rder opposite  th e  fix e d  cheek.

The form o f  th e  a n te r io r  bo rder and th e  a x ia l  furrow around lobe Ip 

d is tin g u is h  th e  Welsh cranidium  from £ . blum enbachii specimens o f a 

s im ila r  s i z e ,  and p lace  i t  c lo se  to  £ . n eo tu b e rcu la ta  w ith  which i t  i s  

here  compared.

Calymene te n e ra  B arrande, I 852 

P la te  32, f ig s .  1 , 2 , 4 -8 , 10, 11.

1852 Calym. te n e r a  B a r r .;  B arrande, p . 574, p i .  19, f ig s .  26, 27. 

1970 Calymene? te n e ra  B arrande; Marek ^  Horny & B a s t l ,  p . 309.

1970 Calymene (Diacalymene) te n e ra  B arrande; Schrank, p . 126.

LECTOTYPE. D esignated Marek Horny & B a s tl 1970, p . 309; an 

incom plete cranidium  w ith  th e  c u t ic le  p a r t i a l l y  rem aining; NMP I t 346,

CE 1252; f ig u re d  Barrande I 852 , p i .  19, f ig .  26, and h ere  P I . 32. f ig s  

1 , 2 , 4 , 8.



—268-

type STRATUM AND TYPE LOCALITY. Kopanina Porm ation, horizon  

w ith  Cromus beaumonti (= lower Ludlow in  a g e ) , Ja ro v  (Dlouha h o r a ) , 

Bohemia.

PARALECTOTYPE. A poorly  p rese rv ed  pygidium; NIIP ItB ^T ; f ig u red  

Barrande I 8 52 , p i .  19, f ig .  27, and here  P I . 32, f ig s .  5, 6.

ADDITIONAL IUTERIAL. (A t h a n d ) . One p y g id i u m ,  NMP u n n u m b e r e d .

DIAGNOSIS. A xial furrow narrow around lobe Ip ,  about th re e  tim es 

as wide as th i s  a t lobe 3p. P re g la b e lla r  a rea  about ^ /5  as long  as 

g la b e l la ;  shallow  p re g la b e l la r  furrow about ^ /8  as long  as g la b e l la .  

A n te rio r b o rd e r m ild ly  convex (sag . & e x s .) .  Pygidium has s ix  sh o rt 

p le u ra l  fu rrow s, s l ig h t ly  lo n g er and extrem ely weak in te r p le u r a l s ,  

wide b o rd e r , a t l e a s t  n ine a x ia l  r in g s .

DESCRIPTION. G lab e lla  b e ll-sh a p e d  in  o u t l in e ,  about as wide as 

long . O c c ip tia l r in g  narrows a b a x ia lly ;  o c c ip i ta l  furrow  deepest behind 

l a t e r a l  lobe Ip . The l a t t e r  i s  l a r g e ,  subquadrate , one th i r d  as wide 

as g la b e l la ,  has a m oderately convex o u te r margin and p o in ted  a n te ro 

l a t e r a l  c o rn e r , i s  sep a ra ted  from median lobe by shallow  furrow .

L a te ra l furrow Ip  very narrow between f i r s t  two l a t e r a l  lo b e s , d ire c te d  

inwards and s l ig h t ly  backw ards, b ifu rc a te s  a t median lo b e , longer 

p o s te r io r  branch d ire c te d  more backw ards, a n te r io r  branch runs forwards 

and inwards across neck o f lobe 2p. Small in te rm e d ia te  lobe w ith in  

fork  o f furrow Ip . E longate lobe 2p tre n d s  outwards and s l ig h t ly  

fo rw ards, i s  jo in e d  a b a x ia lly  to  r a th e r  sm all genal b u t t r e s s  and i s  

independen tly  convex o f  median lo b e . Furrow 2p tra n s v e rs e ly  d ire c te d ,  

r a th e r  narrow and deep. G la b e lla r  o u tl in e  narrows sh arp ly  in  fro n t o f 

lobe 2p. L a te ra l  lobe 3p on d o r s o la te r a l  g la b e l la r  s u r fa c e , d ire c te d  

t r a n s v e r s e ly ,  q u ite  s tro n g ly  sw o llen , confined a n te r io r ly  by w e ll marked 

furrow 3p. No Up lobe in d ic a te d  on le c to ty p e . A n te ro la te ra l  corners o f
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f r o n t a l  l o b e  q u i t e  s h a r p l y  r o u n d e d ,  a n t e r i o r  m a r g in  m o d e r a t e ly  c o n v e x  

f o r w a r d s  a n d  p r o j e c t s  s l i g h t l y  i n  f r o n t  o f  f i x e d  c h e e k .  I n  l a t e r a l  

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

l o b e .  T he l a t t e r  i s  g e n t l y  c o n v e x  a n d  a n t e r i o r l y  f a l l s  p r o g r e s s i v e l y  

m ore s t e e p l y  t o  f r o n t a l  l o b e ,  t h e r e a f t e r  d e s c e n d i n g  v e r y  s t e e p l y  t o  

p r e g l a b e l l a r  f u r r o w .

A x i a l  fu r r o w  v e r y  n a r r o w  a r o u n d  l o b e  I p ,  much w id e r  a t  fu r r o w  

I p ,  b e t w e e n  fu r r o w  2p  a n d  p r e g l a b e l l a r  fu r r o w  i t  i s  w i d e s t  a n d  a b o u t  

t h r e e  t i m e s  a s  w id e  h e r e  a t  a t  l o b e  I p .  D e e p  a n t e r i o r  p i t  s i t e d  on  

i n n e r  s i d e  o f  b a s e  o f  a x i a l  fu r r o w  h a l f - w a y  a l o n g  t h e  s i d e  o f  f r o n t a l  

l o b e .  P r e g l a b e l l a r  fu r r o w  v e r y  s h a l l o w  a n d  r a t h e r  l o n g  ( s a g .  & e x s . ) ,  

r i s e s  v e r y  g e n t l y  t o  a n t e r i o r  b o r d e r .  A n t e r i o r  b o r d e r  d o e s  n o t  r e a c h  

a b o v e  b a s e  o f  f r o n t a l  l o b e ,  i s  m i l d l y  c o n v e x  ( s a g .  & e x s . )  a n d  w id e r  

o p p o s i t e  a x i a l  fu r r o w  t h a n  a t  m e d ia n  l i n e ;  o u t e r  s i d e  o f  b o r d e r  f a l l s  

d ow n w ard s an d  f o r w a r d s  t o  r o s t r a l  s u t u r e .  I n  d o r s a l  v ie w  a n t e r i o r

m a r g in  i s  w e a k ly  a r c u a t e ,  i n  f r o n t a l  v ie w  r o s t r a l  s u t u r e  i s  v e r y

w e a k ly  c o n v e x  u p w a r d s .  I n  l a t e r a l  p r o f i l e  p r e o c u l a r  p a r t  o f  f i x e d  

c h e e k  i s  s u b s t a n t i a l l y  m ore c o n v e x  a n d  s t e e p l y  s l o p i n g  t h a n  p o s t o c u l a r  

p a r t .  O u te r  p a r t  o f  f i x e d  c h e e k  a n d  p o s t e r i o r  b r a n c h  o f  f a c i a l  s u t u r e  

u n k n o w n . A n t e r i o r  b r a n c h  o f  f a c i a l  s u t u r e  t r e n d s  f o r i f a r d s  an d  v e r y  

s l i g h t l y  in w a r d s  t o  a n t e r i o r  m a r g in .

F r e e  c h e e k ,  r o s t r a l  p l a t e ,  h y p o s to m e  a n d  t h o r a x  u n k n o w n .

P y g id iu m  a b o u t  t w i c e  a s  w id e  a s  l o n g ,  i n  d o r s a l  v ie w  p o s t e r i o r

o u t l i n e  i s  r a t h e r  p o i n t e d  a t  m e d ia n  l i n e .  A x is  l e s s  t h a n  o n e  t h i r d  t h e

t o t a l  w i d t h ,  t a p e r s  g r a d u a l l y  p o s t e r i o r l y ,  i n  l a t e r a l  p r o f i l e  i t s  d o r s a l  

s u r f a c e  i s  b r o a d l y  a r c h e d .  T h e r e  a r e  a t  l e a s t  n i n e  a x i a l  r i n g s  a n d  a  

r a t h e r  s h a r p l y  r o u n d e d  t e r m i n a l  a x i a l  p i e c e .  R in g  f u r r o w s  s h a l l o w e s t  

s a g i t t a l l y ,  d e e p l y  i n c i s e d  n e a r  a x i a l  f u r r o w .  N in t h  r i n g  fu r r o w  a lm o s t  

c o m p l e t e l y  e f f a c e d  m e d i a l l y ,  a n d  d o e s  n o t  q u i t e  r e a c h  a x i a l  f u r r o w ;  

v e r y  f a i n t  t r a c e  o f  t e n t h  r i n g  f u r r o w  on  c e n t r a l  p a r t  o f  t e r m i n a l  a x i a l
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p ie ce , Side o f ax is  becomes p ro g re s s iv e ly  more s teep  p o s te r io r ly .

A xial furrow very shallow , n o tic e ab ly  expands in  w idth ( t r . ) behind 

seventh  r in g  furrow , i s  la ck in g  behind  te rm in a l a x ia l  p ie c e . P le u ra l  

reg ion  descends f a i r l y  s te e p ly  from a x ia l  furrow , becomes v e r t i c a l  then  

curves s l ig h t ly  under n ear l a t e r a l  m argin. S ix w e ll marked p le u ra l  

furrows f a l l  w ell sh o rt o f  l a t e r a l  m argin. I n te rp le u ra l  furrow s are  

only s l i g h t ly  lo n g er than  p le u ra is  and almost o b so le te . There is  a 

wide smooth border on o u te r  s id e  o f p le u ra l  re g io n . Weakly defined  

( a b a x ia lly )  p o s ta x ia l  s e c to r  i s  continuous ( in  l a t e r a l  p r o f i le )  w ith 

te rm in a l a x ia l  p ie c e , and f a l l s  n e a r ly  v e r t i c a l ly  to  p o s te r io r  margin.

Ornament o f  cranidium  unlcnown. O uter p a r t  o f p le u ra l  reg ion  of 

pygidium covered w ith  very sm all tu b e rc le s .

DISCUSSION, Calymene te n e ra  re p re se n ts  th e  e a r l i e s t  known Calymene 

from th e  Bohemian su ccession  and has not been re v ise d  s in ce  i t  was 

founded in  1852, though Marek ( in  Horny & B as tl 1970) has re c e n tly  

s e le c te d  a le c to ty p e  fo r  th e  sp ec ie s  from one o f Barrandes f ig u red  

specim ens. The sp ec ies  is  not common, and I have only th e  type  cranidium  

and two p y g id ia  a t hand, A Calymene cranidium  (DJS/129) c o lle c te d  by th e  

p re sen t au th o r from th e  Kopanina Formation i s  very s im ila r  to  th e  

le c to ty p e  o f t e n e r a , y e t d i f f e r s  in  having a concave o u tl in e  to  th e  

f r o n ta l  lobe and no in te rm ed ia te  lobe w ith in  th e  fork  o f  Ip  furrow ; 

consequently  th i s  cranidium  i s  here  only q uestionab ly  r e fe r re d  to  te n e r a , 

but may w e ll be assigned  w ith  c e r ta in ty  when th e  range o f v a r ia t io n  

o f Barrande's sp ec ie s  i s  knotm, I t  i s  assumed th a t  th e  is o la te d  

syntype (now p a ra le c to ty p e ) pygidium which Barrande i l l u s t r a t e d  under 

£ . te n e ra  does, in  f a c t ,  belong to  t h i s  s p e c ie s . The hypostome o f 

£ , te n e ra  i s  s a id  to  be unknown, bu t i t  is  p o ss ib le  th a t  th e  hypostome 

d esc rib ed  elsew here by me as Metacal?,nnene bay l e i ? (B arrande, 18^6) belongs 

to  £ , t e n e r a , as bo th  sp ec ie s  occur in  th e  Kopanina Form ation,
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C. te n e ra  i s  e a s i ly  d is tin g u ish e d  from th e  l a t e r  £ .  i n t e r j e c t a , 

th e  only o th e r named Bohemian Calymene, by i t s  longer p re g la b e l la r  

a re a , lo nger p re g la b e l la r  furrow , more convex a n te r io r  b o rd e r , and 

g re a te r  number o f a x ia l  r in g s  and p le u ra l  furrows on th e  pygidium.

Apart from th e  l a t t e r  c h a ra c te r ,  th e  pygidium o f  te n e ra  i s  n o tic e ab le  

fo r  i t s  a x is ,  which in  l a t e r a l  p r o f i l e  i s  b road ly  arched along  th e  

median l i n e .  This fe a tu re  has a lso  been observed in  C. s p e c ta b i l is  

and some specimens o f  £ . i n t e r j e c t a  and £ , te n ta c u la ta  campana.

The o v e ra ll  form o f  th e  pygidium in  £ . te n e ra  i s  perhaps c lo s e s t  to  

th a t  o f  £ . s p e c t a b i l i s , though in  d e ta i l  they  can be d is tin g u is h e d , 

and th e  c ra n id ia  o f th e  two sp ec ies  a re  very d i f f e r e n t .

£ . te n e ra  i s  probably  most c lo se ly  r e la te d  to  £ . te n ta c u la ta  

S chlo theim , 1820, and i t s  cranidium  alm ost f a l l s  w ith in  th e  range o f 

v a r ia t io n  accorded to  te n ta c u la ta  by Schrank (1970, p . 139), except 

i t  has a much narrow er a x ia l  furrow around l a t e r a l  lobe Ip . Of th e  

fou r main types o f  cranidium  d isce rn ed  in  te n ta c u la ta  (see  below ), 

th a t  o f  te n e ra  i s  in te rm ed ia te  between v a r ia n ts  1 and 2 , and appears 

c lo se s t  to  th e  cran- ’̂dium fig u red  by Schranli (1970) on p i .  11, f ig .  h.

The pygidium o f te n ta c u la ta  d i f f e r s  from th a t  o f  te n e ra  in  having 

only fiv e  p le u ra l  furrows and e ig h t a x ia l  r in g s ,  longer p le u ra l  furrow s, 

lo nger and a b a x ia lly  deeper in te r p le u r a l  fu rrow s, and no b o rd e r,

£ , te n ta c u la ta  campana subsp, nov, i s  im m ediately d i f f e r e n t ia te d  from 

te n e ra  by i t s  s a g i t t a l l y  s h o r te r  p re g la b e l la r  furrow .

The cranidium  o f  £ , n e o tu b e rcu la ta  has a s h o r te r  and deeper p re g la b e l la r  

furrow , a narrow er a x ia l  furrow in  f ro n t o f  lobe 2p , a more upstanding  

a n te r io r  bo rder and a le s s  convex ( t r ,  & e x s .)  p reo cu la r p a r t  to  th e  

f ix e d  cheek. £ , te n e ra  can be more c lo se ly  a l l i e d  to  te n ta c u la ta  than  

to  n e o tu b e rc u la ta ,

OCCURRENCE, Known only from th e  Kopanina Formation in  th e  v ic in i ty  

o f th e  type lo c a l i ty  (Dlouha h o r a ) , Bohemia.
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Calymene te n ta c u la ta  (Schlo theim , l820) campana subsp. nov.

P la te  33, F ig s . 1 -8 ; P la te  3^, f ig s .  1 -6 .

1909 Calymmene in te rm ed ia  L i n d s t r . ; Moberg & GrBnwall (p a r s ) ,  p . T l, 

p i .  3 , f ig s .  1 5 , 1 6 .

? 1970 C a ly ^ n e  sp . a f f . blumenbachi n eo tu b e rcu la ta  e t  t e n ta c u la ta ;

Schrank, p .138, p i .  9 , f ig .  7 , p i .  10, f ig s .  1-U.

DERIVATION OF THE NAME. From th e  l a t i n ,  campana, b e l l ,  r e f e r r in g  

to  th e  very s tro n g ly  b e ll-sh a p e d  o u tlin e  o f th e  g la b e l la .

HOLOTYPE. Complete cranidium ; RM Ar32803; P I. 33, f ig s .  3-6.

TYPE STRATUD4 AND TYPE LOCALITY. Loose block o f  upper S ilu r ia n  

age (no o ld e r th an  topmost W h itc l i f f ia n ) ,  Ramsasa d i s t r i c t ,  Scan ia.

I t  i s  unknown w hether th e  holotype o r ig in a te d  from th e  in  s i t u  upper 

S i lu r ia n  o f Scania  o r was tra n s p o r te d  in to  th e  d i s t r i c t  w ith in  a g la c ia l  

e r r a t i c  (see  o ccu rren ce ).

ADDITIONAL MATERIAL. S ix  c ra n id ia ,  RM Ar27767, RM Ar32801, Rîi Ar32803,

RI'l Ar32959 , RiM Ar32961- 9 6 2 ; seven p y g id ia , RM Ar32800, RM Ar32802, RM Ar32807, 

RM Ar32809 , RM Ar32950, RM Ar32952, RM Ar32958; one th o ra c ic  segment,

RM Ar3280U.

DIAGNOSIS. Subspecies o f  £ . te n ta c u la ta  w ith  very  s tro n g ly  b e l l 

shaped g la b e l la ;  conspicuously  sw ollen in te rm ed ia te  lobe a t ad ax ia l 

end o f  furrow Ip ;  w e ll d e fin ed  a n te r io r  branch to  furrow Ip ;  very narrow 

( t r . )  median lobe between th e  lo n g , deeply in c is e d  p o s te r io r  branches o f  

furrow Ip ;  lo n g , f a i r l y  convex (s a g .)  a n te r io r  b o rd er.

DESCRIPTION. Cranidium about tw ice as wide as long . G lab e lla  i s

1 .0  -  1 .1  tim es as wide as lo n g , very s tro n g ly  b e ll-sh a p e d , p ro je c ts  

in  fro n t o f  f ix ed  cheek. O c c ip ita l r in g  i s  w idest a t s a g i t t a l  l in e  and 

begins to  narrow im m ediately from here  to  o c c ip i ta l  furrow ; in  p ro f i le  i t



-2 7 3 -

i s  very weakly convex. O c c ip ita l furrow m oderately deep and wide 

a t median l i n e ,  i s  d ire c te d  outward and backward from h e re  to  a x ia l  

furrow ; behind lobe Ip  i t  i s  deep. Lobe Ip  is  l a r g e ,  subquadrangular in  

o u tlin e  and more than  one t h i r d  as wide as g la b e l la ,  connected to  

median lobe by very narrow (e x s .)  neck. Furrow Ip  very long  ( t r . ) ,  

deepest a b a x ia l ly , runs inwards and backwards and b ifu r c a te s  a t median 

lo b e ; deeply im pressed p o s te r io r  branch curves a l i t t l e  more backward 

then  sh arp ly  inw ard; a n te r io r  branch is  w e ll marked, runs inward then  

forward to  i s o la te  lobe 2p from median lo b e . Very d i s t in c t  in te rm ed ia te  

lobe a t a d ax ia l end o f furrow Ip . Lobe 2p e lo n g a te , d ire c te d  outward 

and s l ig h t ly  fo n /a rd  as i s  th e  deep l a t e r a l  furrow 2p. Lobe 3p about 

th e  same s iz e  as in te rm ed ia te  lo b e , t ra n s v e rse ly  e lo n g a te , prom inently  

sw ollen . Very sm all Up lobe and Up furrow a lso  p re se n t. F ro n ta l lobe 

very sh o rt ( s a g .)  -  about fo u r and a h a l f  tim es as wide as long  and 

only 0 .6  tim es as wide as g la b e l la  a t  lobe Ip ;  a n te r o la te r a l  margins 

rounded, a n te r io r  o u tl in e  i s  s t r a ig h t  ( t r . )  o r very g en tly  a rc u a te . 

Median lobe o f  g la b e l la  extrem ely narrow ( t r . )  a t  o c c ip i ta l  furrow , 

widens co n sid erab ly  a n te r io r ly .  In  l a t e r a l  p r o f i le  d o rsa l su rface  o f 

g la b e l la  p ro je c ts  m oderately  above fix e d  cheek, f a l l s  p ro g re ss iv e ly  

more s te e p ly  as i t  runs forward from lobe 2p to  p re g la b e l la r  furrow , 

though does not become v e r t i c a l ly  in c lin e d  on a n te r io r  face o f f r o n ta l  

lo b e .

A xial furrow very shallow  a t o c c ip i ta l  furrow , deep and m oderately 

wide o u ts id e  middle o f lobe I p ,  narrows a t a n te r o la te r a l  co rner o f lobe 

I p ,  w idest a t furrows Ip and 2p , narrows s l ig h t ly  from furrow  2p to  

a n te r io r  p i t  which i s  s i te d  ju s t  in  f ro n t o f  furrow Up. P re g la b e lla r  

furrow m oderately shallow , about as wide as a x ia l  furrow a t Up lo b e , 

f r a c t io n a l ly  undercu ts f r o n ta l  lo b e . Furrow between fix ed  cheek and 

a n te r io r  b o rd e r i s  o f  th e  same w idth as p re g la b e l la r  furrow  though 

s l ig h t ly  sh a llo w er, runs outward and backward. A n te rio r b o rder about
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t w i c e  a s  w id e  a s  p r e g l a b e l l a r  fu r r o w  a t  m e d ia n  l i n e ,  a b o u t  t h r e e  

t i m e s  a s  w id e  ( e x s . )  o p p o s i t e  a x i a l  fu r r o w  w h e r e  i t  i s  e x t e n d e d  

p o s t e r i o r l y ;  i n  s e c t i o n  ( s a g . )  i t  i s  f a i r l y  c o n v e x ,  an d  r o l l s  s m o o t h ly  

o v e r  fr o m  p r e g l a b e l l a r  fu r r o w  t o  i t s  o u t e r  s i d e  w h ic h  d e s c e n d s  s l i g h t l y  

fo r w a r d s  t o  r o s t r a l  s u t u r e .  I n  f r o n t a l  v ie w  t h e  l a t t e r  i s  a lm o s t  

s t r a i g h t .  I n  d o r s a l  v ie w  a n t e r i o r  m a r g in  i s  g e n t l y  a r c h e d .

P o s t o c u l a r  p a r t  o f  fix ed  cheek i s  about 0 .9  tim es as wide as 

o c c ip i ta l  r in g . P o s te r io r  bo rder furrow  w idest (e x s .)  half-w ay between 

a x ia l  furrow and f a c ia l  su tu re . P a lp e b ra l lobe i s  s l ig h t ly  lo n g e r 

(e x s .)  than  lobe 2p bu t no t as long as lobe Ip , c en tred  opposite  lobe 2p. 

In  f r o n ta l  view fix ed  cheek continues th e  s l ig h t ly  downward and inward 

slope  o f th e  p a lp eb ra l lobe towards th e  genal b u t t r e s s ;  p re o c u la r  

p a r t  o f f ix ed  cheek i s  a l i t t l e  f la t te n e d ,  in c lin e d  downwards and 

fo rw ards, p o s to cu la r  p a r t  le s s  s te e p ly  in c lin e d . P o s te r io r  branch o f 

f a c ia l  su tu re  runs outwards then  backwards to  l a t e r a l  bo rd er where i t  

tu rn s  more sh arp ly  backwards to  p o s te r io r  m argin; a n te r io r  branch 

tre n d s  forvrards and inw ards.

Pygidium about 1 .8  tim es as wide as long . Axis about one th i r d  as 

wide as pygidium , has e ig h t a x ia l  r in g s ,  and a b lu n tly  rounded te rm in a l 

a x ia l  p ie c e , in  s ec tio n  ( t r . ) i s  q u ite  s tro n g ly  convex and in  l a t e r a l  

p r o f i le  extrem ely  weakly arched ( s a g .) .  Each r in g  furrow i s  deepest 

a b a x ia l ly , e ig h th  r in g  furrow is  e ffaced  m ed ia lly . In n er p a r t  o f  p le u ra l  

reg ion  slopes s te e p ly  do-vmward, o u te r  p a r t  i s  v e r t i c a l ly  in c lin e d .

T h e r e  a r e  f i v e  d e e p l y  i n c i s e d  p l e u r a l  f u r r o w s  w h ic h  b e c o m e  s l i g h t l y  

w id e r  ( e x s . )  a b a x i a l l y  a n d  d o  n o t  q u i t e  r e a c h  l a t e r a l  m a r g in .  I n t e r 

p l e u r a l  f u r r o w s  s l i g h t l y  l o n g e r  t h a n  p l e u r a i s , r a t h e r  b r o a d  b u t  q u i t e  

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

in n e r m o s t  p a r t  o f  p l e u r a l  r e g i o n .  A x i a l  fu r r o w  s h a r p l y  im p r e s s e d  a l o n g  

t h e  s i d e s  o f  t h e  a x i s ,  a lm o s t  l a c k i n g  b e t w e e n  t e r m i n a l  a x i a l  p i e c e  an d  

p o s t a x i a l  s e c t o r .
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Ornament on g la b e l la ,  a n te r io r  b o rd e r , and fix ed  cheek in  fro n t 

o f  p o s te r io r  margin o f p a lp eb ra l lobe c o n s is ts  o f r a th e r  f in e ,  

f a i r l y  c lo se ly  spaced tu b e rc le s  and g ran u les . T ubercles become more 

w idely s c a t te re d  on ab ax ia l p a r t  o f f ix e d  cheek. A n te rio r slope o f 

p o s te r io r  b o rder furrow has a few f in e  tu b e rc le s .  C losely  spaced 

tu b e rc le s  on o u te r  p a r t  o f  p y g id ia l p le u ra l  reg ion  and c e n tr a l  p a r t  

o f a x is . L a te ra l  g la b e l la r ,  a x ia l  and p re g la b e l la r  furrows are  la ck in g  

in  ornament. Tubercles on th e  sm a lle s t specimen (RM Ar32961) are 

r e la t iv e ly  la rg e r .

DISCUSSION, The o v e ra ll  morphology o f  th e  cranidium  and pygidium , 

and th e  f in e  c ra n id ia l  tu b e rc le s  im m ediately id e n t i fy  t h i s  Swedish 

m a te r ia l w ith  £ . te n ta c u la ta  (S ch lo theim ). Schrank (l9T 0a, p . 575) 

has re c e n tly  r e h a b i l i ta te d  t h i s  sp ec ie s  which was founded on th e  b a s is  

o f  a cranidium  in  a B eyrich ienkalk  (Downtonian in  age) e r r a t i c  from 

N Germany; th e  holotype was re f ig u re d  (p i .  3, f ig .  2) to g e th e r  w ith 

o th e r m a te r ia l from th e  upper S ilu r ia n  o f th e  Leba 1 borehole  in  Pomerania 

th a t  was regarded  as n o n sp e c if ic . In  ano ther paper Schrank (1970, p . 138) 

assigned  rc.ny specimens from B eyrich ienkalk  e r r a t i c s  to  t e n ta c u la ta .

The u n a v a i la b i l i ty  o f s i t u  "topotype" m a te r ia l o f te n ta c u la ta  

r e s u l t s  in  a more a rb i t r a r y  l im i ta t io n  o f th e  m orphological v a r ia t io n  

o f  t h i s  ta x o n , than  i s  normal fo r  most Calymene sp e c ie s . Schrank 

adopted a wide in te r p r e ta t io n ,  th e  morphology o f  th e  specimens from th e  

Leba boreho le  and B eyrich ienkalk  e r r a t i c s  showing ap p rec iab le  v a r ia t io n ,  

e sp e c ia l ly  w ith  re sp ec t to  th e  p re g la b e l la r  a re a . Four main types o f 

p re g la b e l la r  a rea  were recogn ised  (Schrank 1970, p . 139):

1) A f a i r l y  f l a t  a n te r io r  bo rd er which runs smoothly p o s te r io r ly  

in to  th e  p re g la b e l la r  furrow.

2) A h ig h e r a n te r io r  bo rder which has a s l ig h t  edge a g a in s t th e  

p re g la b e l la r  furrow .

3) A r o l l - l i k e  a n te r io r  bo rder which l i e s  f a i r l y  c lo se  to  th e  g la b e ll ;
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h) A very h ig h , e re c t  a n te r io r  bo rder combined w ith  a very long 

p re g la b e l la r  furrow .

£ . te n ta c u la ta  campana i s  q u ite  d i s t in c t  from those  specimens o f 

te n ta c u la ta  i l l u s t r a t e d  by Schrank which have th e  f i r s t  o r fo u rth  type 

o f a n te r io r  b o rd er,an d  which them selves probably m erit sep a ra te  sub

s p e c if ic  rank from th e  nominate subspecies (see Schrank 1970, p i .  11, 

f ig .  6 , p i .  12, f ig .  3; 1970a, p i .  1 , p i .  2 , f ig s .  1 , 2 . ) .  Ç. te n ta c u la ta  

caiapana has a s im ila r  type o f p re g la b e l la r  a rea  to  th a t  o f th e  poorly  

p re serv ed  ho lo type o f C. te n ta c u la ta  t e n ta c u la ta , which corresponds to  

type th re e  above; a s l ig h t ly  b e t te r  p reserv ed  if German cranidium  o f 

t h i s  type was f ig u red  by Schrank (1970) on p i .  11, f ig .  1. The new sub

s p e c ie s , however, shows th e  fo llow ing  p o in ts  o f d is t in c t io n :  A much 

more s tro n g ly  b e ll-sh a p e d  g la b e l la ;  a co n sid erab ly  more sw ollen , d is c re te  

in te rm ed ia te  lobe a t  th e  ad ax ia l end o f  furrow Ip ; a b e t t e r  defined  

a n te r io r  branch to  furrow Ip ; a narrow er ( t r . ) median lobe between the  

lo n g , w e ll in c is e d  p o s te r io r  branches o f  furrow Ip .

There i s  minor v a r ia tio n  in  te n ta c u la ta  campana. The s in g le  

cranidium  from Gotland (RM Ar27767; see occurrence) shows s l ig h t  

d if fe re n c e s  from th e  Scanian c ra n id ia  -  in  having more s te e p ly  in c lin e d  

p a lp e b ra l lo b e s , a more s a g i t t a l l y  convex a n te r io r  bo rder and a m arg ina lly  

deeper p re g la b e l la r  furrow , bu t th ey  are a l l  t r e a te d  here as belonging  

to  th e  same taxon .

Schrank (1970, p i .  10, f ig s .  6 , 6a) has re f ig u re d  o r ig in a l  m a te r ia l 

o f  Calymene b ey eri R. & R. R ic h te r , 195^ from th e  ICBbbinghauser Beds o f  

th e  R hineland and p laced  i t  in  th e  synonymy o f £ . te n ta c u la ta . £ . b ey e ri 

i s  here  considered  a ju n io r  synonym of £ . te n ta c u la ta  te n ta c u la ta .

Calymene k o k b a ita le n s is  Maximova, I 968 and £ . weberi Maximova, I 968 

from th e  upper S i lu r ia n  and lower Devonian o f Kazakhstan are  c lo se ly  

r e la te d  to  £ . te n ta c u la ta  (Schrank 1970, p . lA o). Both spec ies  (e s p e c ia lly  

k o k b a ita le n s is ) show g re a t resem blance to  te n ta c u la ta  camnana in  th e  form
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of th e  g la b e l la ,  l a t e r a l  furrow Ip  and in te rm ed ia te  lo b e , b u t k o k b a ita 

le n s is  d i f f e r s  in  having a r e l a t iv e ly  lo n g er p re g la b e l la r  furrow and 

lo n g er p re g la b e l la r  a re a , and web e r i  has a s h o r te r ,  angu lar ( s a g . ) ,  

more up turned  a n te r io r  b o rd e r, and a notch in  th e  o u te r  w a ll o f th e  

a x ia l  furrow  opposite  furrow 2p.

The succession  and morphology o f c e r ta in  Calymene ta x a  on Gotland 

s u s ta in s  th e  suggestion  (Schrank 1970, p . 136) th a t  £ . te n ta c u la ta  

i s  on a l in e  o f descent from £ . neotubercu l a t a .  Of th e  c h a ra c te rs  

which serve  to  d i f f e r e n t ia te  th e se  two s p e c ie s , ornam entation i s  th e  

most c o n s ta n t, £ . t e n t a c u la ta  having g la b e l la r  tu b e rc le s  which are 

sm alle r and le s s  v a r ia b le  in  s iz e .

OCCURRENCE. A ll th e  Swedish specimens o f th i s  taxon a re  from 

S can ia  except one cranidium  (RM Ar2776?) which i s  from Gotland.

The l a t t e r  cranidium  i s  la b e l le d  as coming from th e  p a r is h  o f 

Sundre in  which both  th e  Hemra and Sundre Beds o u tc ro p ; th e se  a re  th e  

youngest suprem arine S ilu r ia n  d ep o sits  on Gotland and a re  both  

c o r re la te d  w ith  th e  upper W h itc lif f ia n  (Cocks e t  1967, f ig .  9 ) .

The Scanian m a te r ie l comes from lo o se  s lab s  o f a red  lim estone 

c o lle c te d  from th e  Ramsasa d i s t r i c t .  There i s  no la b e l  in fo rm ation  to  

in d ic a te  id io ther th e se  s lab s  ere  from th e  in  s i t u  upper S i lu r ia n  o f th i s  

a rea  o r i f  they  are  derived  from e? <~e-trhore. However, Moberg & GrBnwall 

( 1909) f ig u red  a £alymene from th e  Upper Oved RamsSsa Beds (= Do%mtonian 

in  age) which i s  here  regarded  as co n sp e c if ic  w ith  £ . te n ta c u la ta  campana, 

and th i s  suggests  th e  former a l te r n a t iv e  to  be more l ik e ly .  Concomitant 

b ey rich iacean  o stracodes in  th e  lim estone blocks inc lude  sp ec ie s  o f 

L o p h o c ten e lla , Neobey r i c h i a , H en p ie lla  and B e ro lin e lla  ( id e n t i f i e d  by 

David J .  S iv e te r ) . B e ro lin e l la  i s  nor found in  th e  supram arine sequence 

on Gotland and the  two named sp ec ie s  o f  t h i s  genus a re  from W German 

S i lu r ia n  e r r a t i c s  o f  p o st IV h itc lif f ia n  age (see  M artinsson , 1962,

pp. 253 , 254; 1967 , p . 376) .
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Calymene sp . 2

P la te  34, f ig s .  7-11.

MATERIAL. One in te rn a l  mould cranidium  and i t s  c o u n te rp a r t,

GSM RK3991-992; one e x te rn a l mould pygidium , GSM RK3987.

OCCURRENCE. Lower Ludlovian ( scan icus zone?), sm all quarry  390 yards N 

at57*^Efrom Graig -  bach , D enbighshire. (Nat. G rid. Ref. SH^C?.56l25).

DESCRIPTION. G lab e lla  b e ll-sh a p e d  in  o u tl in e . L a te ra l lobe Ip 

la rg e  and very w ide, i s  jo in e d  to  median lobe by very narrow ( e x s .) ,  

wide 'n e c k '. L a te ra l furrow Ip  i s  deeply in c is e d , b ifu rc a te s  ad ax ia lly  

and con fines a most conspicuous in te rm ed ia te  lo b e . Median lobe is  

extrem ely narrow ( t r . )  between th e  very long p o s te r io r  branches o f 

furrow Ip . A n te rio r branch o f  furrow  Ip  c le a r ly  d ivorces th e  e longate  

lobe 2p from th e  median lo b e . L a te ra l  furrow 2p i s  deep; lobe 3p is  

s tro n g ly  in f l a te d  and l ik e  th e  in te rm ed ia te  lobe is  s tre tc h e d  down th e  s ide  

o f th e  g la b e l la .  Furrow 3p q u ite  d i s t i n c t . Small 4p lobe and 4p furrow 

p re sen t low down on g la b e l la  s id e . F ro n ta l lobe p ro je c ts  in  fro n t o f 

fix ed  cheeky i t s  a n te r io r  o u tlin e  i s  concave forw ards.

A xia l furrow is  very deep, o u te r  w a ll i s  s l ig h t ly  concave 

im m ediately in  fro n t o f genal b u t t r e s s ,  opposite  lobe 4p o u te r  w all 

tre n d s  inw ards. P re g la b e lla r  furrow ver}"" deep. P o s te r io r  s id e  o f 

a n te r io r  b o rd e r runs s te e p ly  and smoothly upwards from p re g la b e lla r  

furrow , d o rsa l s id e  tu rn s  sh arp ly  over to  run downwards and backwards 

to  r o s t r a l  su tu re . Opposite a x ia l  furrow p o s te r io r  s id e  o f  a n te r io r  

bo rder is  q u ite  s tro n g ly  sw ollen .

P a lp e b ra l lobe cen tred  opposite  a n te r io r  margin o f  lobe 2p. As 

fa r  as can be determ ined ornament o f  g la b e l la ,  fix ed  cheek and a n te r io r  

bo rder c o n s is ts  o f  r a th e r  f in e  tu b e rc le s .
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DISCUSSION. This sp ec ies  can not be re a d ily  a l l i e d  w ith  any o th e r 

Calymene in  th e  B r i t is h  S i lu r ia n .  The Ip  lo b e . Ip  fu rrow , in te rm ed ia te  

lo b e , median lobe between Ip  fu rrow s, and a n te r io r  bo rder o p p osite  th e  

a x ia l  furrow are  more comparable w ith  th o se  in  th e  Russian and B a ltic  

s p e c ie s , _C. k o k b a i ta le n s is , C. w eb e ri, and £ . te n ta c u la ta  campana 

(see  d e sc r ip tio n  and p rev ious d is c u s s io n ) . The a n te r io r  b o rder o f 

Calymene sp . 2 is  not d is s im ila r  to  th a t  o f  £ . weberi (= C. a f f .  weberi 

o f Maximova, 1968; see Schrank 1970, p . 7 4 o ), but i t  i s  more upward 

and inw ardly curved in  th e  l a t t e r ,  which in  a d d itio n  does no t have a 

concave o u tlin e  to  th e  f r o n ta l  lo b e .

The Welsh sp ec ies  i s  p o ss ib ly  new, and re p re se n ts  an in te r e s t in g  

connection w ith  th e se  l a t e r  S i lu r ia n  and e a r ly  Devonian ta x a . An 

attem pt by the  p re sen t au tho r a t c o l le c t in g  a d d itio n a l m a te r ia l met 

w ith  no su ccess .

Calymene law soni S h ir le y , 1962 

P la te  35, f i g s . 1-10; P la te  36, f ig s .  1-11.

1954 Calymene Calymene bey e r i ?; R. & E. R ic h te r , p. 19, p i .  2, 

f ig s .  2 5 , 2 6 .

? i 960 Calymene c f . b ey e ri (R ic h te r ) ;  S q u ir r e l l  & T ucker, p . 177.

1962 Calymene sp . n o v .; W hitaker, pp. 345, 348, 350.

1962 Calymene law soni sp . nov. (nom, nudum) ;S h i r le y , p . 237.

? 1967 Calymene c f . b e y e ri R ic h te r ; Phipps & Reeve, p . 367.

1968 Calymene law so n i; Shergold & S h ir le y , p . 135.

1968 Calymene law soni S h ir le y  (nom. n u d .) ;  Haas, pp. 98 , 99, 

t e x t - f i g .  l 6e ,  l 6 f .
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SYNTYPES. Two in te rn a l  moulds o f  incom plete c ra n id ia ;  SMF l652a , 

fig u red  R. & E. R ich te r 1954, p i .  2 , f ig .  25, and SIMF l652b , f ig u red  

R. & E. R ic h te r  1954, p i .  2 , f ig .  26. O ther syntypes in c lude  th o se  

specimens on loan from Dr. J .H . McD. VJhitaker (Univ. o f L e ic e s te r)  

to  Dr. J .  S h ir le y  (see d iscu ss io n  and S h ir le y  1962, p . 237).

TYPE STRATUM AMD TYPE AREA. Leintw ardine S tag e , Ludlow S e r ie s ,  

Leintw ardine a re a  and Park Farm, S end o f  Wenlock Edge near th e  

R. Onny v a l le y ,  Welsh B orderland.

ADDITIONAL MATERIAL. About f i f t y  c ra n id ia ,  f i f t y  p y g id ia  and 

f i f t e e n  hypostom es. In  a d d itio n  th e re  are  numerous fragm ents and many 

is o la te d  th o ra c ic  segm ents. A ll o f th e  m a te r ia l i s  in  th e  form o f  

e i th e r  in te r n a l  or e x te rn a l moulds and comes from th e  L eintw ardine 

c o lle c tio n s  o f Dr. J.H . McD. W hitaker.

DIAGNOSIS. Species o f Calymene w ith  s t r a ig h t  ( t r . ) o r weakly 

convex o u tl in e  to  th e  a n te r io r  margin and th e  f r o n ta l  lobe ( in  d o rsa l 

view). Gently convex ( s a g .) ,  weakly in f l a te d  g la b e l la .  No d i s t in c t  

in te rm ed ia te  lobe a t in n e r end o f furrow Ip . Fixed cheek f a l l s  f a i r l y  

g en tly  (e x s .)  from p a lp eb ra l lo b e . P o s te r io r  bo rder furrow  wide (e x s .) .  

L inear (e x s .)  and p a ire d  ( t r . )  arrangem ent o f  la rg e  p e r fo ra te  tu b e rc le s  

on frontom edian g la b e l la r  lo b e , in n e r p a r t  o f  fix ed  cheek, and p y g id ia l 

a x is . S ix  to  seven a x ia l  r in g s ,  f iv e  p le u ra l  furrow s.

DESCRIPTION. Cephalon about two and one th i r d  tim es as wide as 

long . D orsal su rface  o f o c c ip i ta l  r in g  m oderately convex (sag . & e x s . ) ,  

f a l l s  very s te e p ly  in to  o c c ip i ta l  furrow , narrows q u ite  sh arp ly  behind 

Ip  l a t e r a l  lobe towards a x ia l  furrow . O c c ip ita l furrow V-shaped and 

q u ite  deeply in c is e d  across c e n tr a l  a rea  o f g la b e l la ,  becomes deeper and 

narrow er a b a x ia lly . G lab e lla  i s  b e ll-s h a p e d , s l ig h t ly  lo n g e r than  w ide, 

p ro je c ts  f r a c t io n a l ly  in  fro n t o f f ix e d  cheek; in  l a t e r a l  p r o f i le  i t  i s
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h o r iz o n ta l  from o c c ip i ta l  furrow to  furrow 2p , then  f a l l s  g en tly  to  

th e  a n te r io r  margin o f th e  f r o n ta l  lobe and f in a l ly  v e r t i c a l ly  in to  th e  

p re g la b e l la r  furrow . Width o f g la b e l la  a t Ip  lobes i s  about one and a 

h a l f  tim es th a t  across f r o n ta l  lobe .

Subquadrate lobe Ip i s  ju s t  le s s  than  one th i r d  as wide as g la b e l la ,  

s ep a ra ted  from median lobe by shallow  fu rrow , has a somewhat p o in ted  

a n te r o la t e r a l  co rn er. L a te ra l  furrow Ip  r a th e r  deep and very narrow 

between Ip  and 2p lo b e s , b ifu rc a te s  a t median lo b e , th e  p o s te r io r  branch 

tu rn in g  more backwards and f in a l ly  running t r a n s v e r s e ly , a sh o rt a n te r io r  

branch being  d ire c te d  forwards and inwards around in n e r neck o f  lobe 

2p. G lab e lla  sometimes g en tly  sw ollen w ith in  fo rk  o f furrow  Ip  but no 

d is c r e te  in te rm e d ia te  lobe p re se n t. Lobe 2p su b c irc u la r  o r e lo n g ate  

w ith  i t s  long ax is  tre n d in g  g en tly  forwards and outw ards. Furrow 2p 

runs inwards and s l ig h t ly  backwards. N ode-like lobe 3p i s  s l ig h t ly  

e lo n g ate  ( t r . ) ; furrow 3p d i s t i n c t .  Many specimens have a very sm all 

4p lobe and extrem ely weak 4p furrow . S ubrec tangu lar f r o n ta l  lobe i s  

th re e  and a h a l f  to  four tim es as wide as lo n g , a n te r io r  margin s t r a ig h t  

( t r . ) o r very  weakly convex forw ards.

A xial furrow very shallow  a t  o c c ip i ta l  r in g ,  i s  narrow est around 

p o s te r io r  parb o f  lobe Ip ,  deepest a t  furrows Ip  and 2p . Some specimens 

show very weak t r a c e  o f eye rid g e  on ab ax ia l s id e  o f a x ia l  furrow 

o pposite  furrow 3p. A n te rio r  p i t  s i t e d  in  a x ia l  furrow below o r ju s t  

a n te r io r  to  Up lo b e . P re g la b e lla r  furrow ra th e r  sh o rt (sag . & e x s . ) ,  

m oderately deep, i t s  a n te r io r  s lope  r i s e s  s te e p ly  ( le s s  so in  sm all 

specimens) to  convex or somewhat an gu lar (sa g .)  a n te r io r  b o rd er.

A n te rio r margin is  s t r a ig h t  ( t r . )  o r very weakly arched forw ards.

P o s te r io r  b o rder widens g rad u a lly  from a x ia l  furrow  to  fulcrum , 

expands (e x s .)  more qu ick ly  from fulcrum  to  f a c ia l  s u tu re . P o s te r io r  

bo rder furrow  ra p id ly  expandi in  w idth a b a x ia l ly , i s  very  wide half-w ay 

between a x ia l  furrow and g e n ii  an g le , does not q u ite  reach f a c ia l  s u tu re .
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a n te r io r  slope i s  much le s s  s te e p ly  in c lin e d  than  p o s te r io r  s lo p s , 

P ostociilu r p a r t  o f  f ix ed  cheek very g en tly  in c lin e d  between p a lp eb ra l 

lobe and p o s te r io r  border furrow ; p reo cu la r p a r t  o f cheek s l ig h t ly  

more s te e p ly  s lo p in g  and a l i t t l e  more convex. P a lp eb ra l lobe cen tred  

opposite  a n te r io r  margin o f  lobe 2p , i s  alm ost as long  as lobe Ip ,  

p ro je c ts  oubwp.rds and m oderately upwards from fix ed  cheek. P o s te r io r  

branch o f  f a c ia l  su tu re  runs outwards from p a lp eb ra l lobe b e fo re  tu rn in g  

p o s te r io r ly  to  cross l a t e r a l  bo rder furrow , then  tu rn s  sh arp ly  backwards 

to  genal ang le . A n te rio r branch tre n d s  fo n fards and inwards to  a n te r io r  

m argin.

Tree cheek boars narrow eye so c le , L aberal bo rder furrow  ra th e r  

b road , e s p e c ia l ly  a n te r io r ly ,  r i s e s  q u ite  sharp ly  to  l a t e r a l  bo rder 

which r o l l s  over and under to  meet re f le x e d  doublure.

Fragm entary r o s t r a l  p la te  is  o f  normal calymenid type composed o f 

border and doubluro s e c to r s .

Hypostome s l ig h t ly  w ider ( t r , ) than  long . Very narrow a n te r io r  

bo rder i s  f lex ed  v e n tra l ly .  A n te rio r bo rd er furrow  s c a rc e ly  im pressed , 

absent a b a x ia lly . A n te rio r wing has deeply in c ise d  p i t .  L a te ra l 

bo rder t i g h t ly  convex ( t r . ) .  Lateral, bo rder furrow q u ite  d i s t i n c t .  

P o s te r io r  b o rder e:ponded in to  two sh o rt sp in e s . P o s te r io r  border 

furrow sh arp ly  in c is e d  and tra n s v e rs e ly  d ire c te d . Median furrow  most 

d i s t in c t  where i t  merges w ith  l a t e r a l  border furrow , fades very  qu ick ly  

towards ovate  weakly convex m acula, ha rd ly  p e rc e p tib le  m ed ia lly . A n te rio r 

lobe th re e  and a h a l f  to  four tim es as long as p o s te r io r  lo b e , bears a 

very prom inent sp in e  n ear i t s  c e n tre . P o s te r io r  lobe c re sc en t-sh a p e d , 

i t s  s id es  are  long  (e x s .)  and drawn forwards to  a p o in t o p p o site  ( t r . )  

median sp in e .

Axis o f pfgidium  about one th i r d  t o t a l  w idth o f  pygidium , ta p e rs  

g rad u a lly  p o s t 3r i o r l y ,  i t s  s id e s  become more s te e p ly  in c l in e d  tow ards 

te rm in a l ax ia] p ie c e , i t  has s ix  to  seven a x ia l  r in g s . At l e a s t  f i r s t
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fou r r in g  furrows are  com plete, f i f t h  sometimes com plete, s ix th  and 

seventh  only p re sen t a b a x ia lly . A ll r in g  furrows most deeply in c ise d  

a t a x ia l  furrow . Term inal a x ia l  p iece  w ell rounded. A xial furrow 

weakest p o s te r io r ly .  There are  f iv e  w ell marked p le u ra l  furrows which 

a re  most s tro n g ly  im pressed a b a x ia lly  and f a l l  w e ll sh o rt o f  l a t e r a l  margin. 

In te rp le u ra l  furrows a re  very weak on in n e r h a l f  o f p le u ra l  re g io n , become 

more d i s t in c t  a b a id a lly ,  are lo n g er th an  p le u ra l  furrows and almost 

reach l a t e r a l  m argin. F if th  in te r p le u r a l  furrow forms s id e  o f p o s ta x ia l 

s e c to r  which is  lim ite d  e i th e r  s id e  median l in e  by a rid g e  which runs 

e x s a g i t ta l ly  from near ju n c tio n  o f s ix th  r in g  furrow and a x ia l  furrow. 

P le u ra l furrows more d i s t in c t ly  im pressed than  in te r p le u r a l s .

Except in  p re g la b e l la r  and a x ia l  furrows cranidium  i s  covered w ith 

sm all to  medium s iz e d  tu b e rc le s .  In  p o s te r io r  b o rder furrow  tu b e rc le s  

more w idely spaced. On frontom edian g la b e l la r  lobe th e re  a re  two 

p a r a l l e l  rows (e x s .)  o f  la r g e r ,  p e r fo ra te  tu b e rc le s  which show a p a ire d  

( t r . ) arraugm ent. Along each row th e  tu b e rc le s  are  in  approxim ately th e  

fo llow ing  p o s itio n s  : On o c c ip i ta l  r in g  one th i r d  of i t s  w idth ( t r . ) 

in  from a x ia l  furrow ; n ear in n e r neck o f lobe Ip ;  opp o site  ( t r . )  

p o s te r io r  margin o f lobe 2p; o p p osite  ad ax ia l p a r t  o f  furrow  2p; opposite  

ad ax ia l p a r t  o f  furrow  3p; op p o site  lobe Up. On one specimen (LE 589a) 

a fu r th e r  p e r fo ra tio n  i s  seen on o c c ip i ta l  r in g  e i th e r  s id e  th e  more 

c e n tr a l  p a i r ,  and a p o ss ib le  l in e a r  ( t r . ) arrangem ent o f p i t s  on p o s te r io r  

bo rder as f a r  as fulcrum . There i s  a t  l e a s t  one row (e x s .)  o f  four 

la rg e ,  p e r fo ra te  tu b e rc le s  on in n e r p a r t  o f fix ed  cheek running from 

a n te r io r  margin o f p o s te r io r  bo rder furrow to  a n te r io r  p a r t  o f  p a r t o f 

p a lp e b ra l lo b e ; p o ss ib ly  ano ther p a r a l l e l  row in  between th i s  one and 

a x ia l  furrow .

S c a tte re d  tu b e rc le s  p re sen t a l l  over free  cheek -  become more 

f la t te n e d  and s c a le - l ik e  on l a t e r a l  b o rd e r. In n e r p a r t  o f p y g id ia l 

p le u ra l  reg io n  alm ost devoid o f tu b e r c le s ,  o u te r p a r t  w ith  very  c lo se ly
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spaced sm all tu b e rc le s  and g ran u le s . Two p a r a l le l  rows (e x s .)  o f  p i t s  

on a x ia l  r in g s . P o ssib le  l in e a r  ( t r . ) arrangem ent o f p i t s  on p o s te r io r  

p le u ra l  bands o f  in n e r p le u ra l  reg io n .

On in te r n a l  moulds la rg e r  tu b e rc le s  on g la b e l la  and pygidium 

re p re se n te d  by sm all sp ikes o f  sedim ent which have i n f i l l e d  th e  canals 

in  th e  c u t ic le .  On some c a s ts  o f  p y g id ia  and c ra n id ia  la r g e r  tu b e rc le s  

are  rep re se n te d  only by p i t s  -  p robably  due to  ab rasion  o f  tu b e rc le  rim .

ONTOGENY, Mera sp id  p e r io d . Three c ra n id ia  have been recorded  

which may be m eraspides. The len g th  o f th e  g la b e l la  in  each i s  1.2mm 

(LE 287 / 5 ) ,  1.6mm (MJ 1.132) and 1.9mm (LE I 83/U ). A ll o f them are 

poorly  p reserv ed  in te r n a l  moulds though one (MJ 1.132) has a co u n te rp art 

e x te rn a l mould. The g la b e l la  in  each o f  th e  two sm alle r c ra n id ia  

i s  almost p a r a l l e l  s id ed  and th e re  are  a t l e a s t  th re e  l a t e r a l  lobes 

developed. The la rg e r  cranidium  (LE I 83 /U) has a g la b e l la  which i s  

more expanded ( t r . )  a t  lobe Ip . The two sm a lle s t c ra n id ia  both have a 

very long f ix ig c n a l sp in e ; th e  ab ax ia l p a r t  o f th e  f ix e d  cheek is  

destroyed  on th e  la r g e s t  specimen. A ll th re e  specimens f a i l  to  show th e  

second g la b e l la r  lobe in  co n tac t w ith  th e  fix ed  cheek though th e  la rg e s t  

specimen (LE I 83/U) appears to  have th e  beginnings o f  a genal b u t t r e s s .  

There is  a su ggestion  on th e  c a s t o f  th e  one e x te rn a l mould(MJ 1.132) th a t  

th e  p a ir in g  o f  th e  la rg e r  g la b e l la r  tu b e rc le s  i s  a lread y  p re se n t.

Contact o f  2p lobe and genal b u t t r e s s . Two c ra n id ia  (LE 287/1;

LE 289/ 7 ) , both  o f  which have a g la b e l la  2.9mm long , have th e  2p l a t e r a l  

lobe in  co n tac t w ith  a genal b u t t r e s s .  Both specimens are  c a s ts  o f 

e x te rn a l  moulds. There i s  one s te in k e rn  cranidium  (LE 287/ 2 ) w ith  a 

g la b e l la  2 . 3mm (estim ated ) long which shows a sm all genal b u t t r e s s  which 

may have been in  co n tac t w ith  lobe 2p. Taking in to  account th e  evidence 

from th e  c ra n id ia  which a re  p o ss ib ly  m erasp ides, i t  is  reasonab le  to  

assume th e  a x ia l  furrow was b rid g ed  a t  2p lobe when th e  g la b e l la  was 

somewhere between 2 .0  and 2 . 9mm long .
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Genal sp in e . One o f th e  above c ra n id ia  (LE 287/1 -  g la b e l la  

2.9nHn long) has th e  fix ed  cheek in ta c t  and shows no t r a c e  o f  th e  genal 

sp ine  th a t  i s  p re sen t on th e  p o s s ib le  m eraspides. The genal sp ine  is  

th e re fo re  l o s t  e a r l i e r  in  ontogeny th an  th a t  o f £ . p u e l la r is  (see 

ontogeny o f  th a t  s p e c ie s ) .

DISCUSSION. £ . lawsoni has been c i te d  in  p revious works as a nomen 

nudum, y e t a l l  th e  requirem ents to  make th i s  an a v a ila b le  name have been 

met. In  195^ R. & E. R ich te r f ig u re d  two poorly  p reserved  c ra n id ia  

o f  Calymene (£ . ) b ey e ri ? (= £ , law son i) from th e  Mocktree Shales 

(= Leintw ardinian in age) o f Park Farm a t th e  southern  end o f  Wenlock 

Edge; th e se  specimens were d i f f e r e n t ia te d  by th e  R ich ters  from t h e i r  

new sp ec ie s  Calymene (£ .)  b ey eri on se v e ra l c h a ra c te rs . S h ir le y  

(1962 , p . 237 ) l a t e r  made re fe re n ce  to  th e  R ich ters  p u b lic a tio n  and to  

£ . (£ . ) b e y e ri ? -  fo r  which he in tro d u ced  th e  new name o f law son i.

The date and au th o rsh ip  o f £ . law soni th e re fo re  stems from S h ir le y 's  

1962 p aper.

S h ir le y  d id  no t fo rm ally  d esig n a te  a h o lo ty p e , and th e  syntypes 

must be regarded  as th e  two c ra n id ia  c o lle c te d  by th e  R ic h te rs , to g e th e r  

w ith  those  specimens from th e  Leintw ardine a rea  which were m entioned 

by S h ir le y  (1952, p .237) and on loan  to  him from Dr. J .H . McD, W hitaker 

(Univ. o f L e ic e s te r ) . The r e s t r i c t i o n  o f a type  s tra tu m  (w ith in  th e  

Leintw ardine S tage) and type  lo c a l i t y  ( e i th e r  Park Farm or from th e  

Leintw ardine area) i s  dependent on th e  s e le c tio n  o f  a le c to ty p e  -  which 

i s  b e s t chosen from th e  b e t t e r  p re se rv ed  Leintw ardine m a te r ia l .  I t  i s  

hoped t h i s  process w i l l  be implemented by th e  au thor o f  th e  sp ec ies  a t 

some fu tu re  d a te .

The p re se n t au tho r has examined th e  two syntypes c o lle c te d  by th e  

R ich te rs  and i s  s a t i s f i e d  th ey  a re  ccx isp ^c ificw ith  th e  specimens a t t r ib u te d  

h e re in  to  £ . law so n i. The l a t t e r  m a te r ia l  i s  from th e  Leintw ardine 

c o lle c t io n s  o f  Dr. VJhitaker and forms th e  b a s is  fo r  th e  f i r s t  d e ta i le d  

account o f  th e  sp e c ie s .



-2 8 6 -

Haeis (1968 , p .99 ) was in  po ssess io n  o f  some law soni m a te r ia l  from 

th e  Leintw ardine a rea  and suggested  th e  B r i t is h  taxon may be a sub

sp ec ies  o f  £ . a r o t i a , h is  new sp ec ies  from th e  upper Ludlovian o f 

N W Turkey, Apart from th e  fa c t th a t  law soni has p r io r i t y  over a r o t i a , 

th e  two ta x a  are here regarded  as s p e c i f ic a l ly  d i s t i n c t .  In  £ . a r o t ia  

th e  a n te r io r  margin i s  s u b s ta n t ia l ly  more a rc u a te , th e  a n te r io r  border 

i s  r e l a t iv e ly  longer and le s s  s te e p ly  up tu rned , th e re  i s  a d is c r e te  

in te rm ed ia te  lobe a t th e  in n e r end o f  furrow Ip ,  th e  p o s te r io r  bo rd er 

furrow i s  much narrow er (e x s .)  and th e  ornam entation on th e  g la b e l la  

i s  d i f f e r e n t .

£ . orthoir.arg inata Schrank, 1970 from N German e r r a t i c s  o f  upper 

Wenlock to  lower Ludlow age s tro n g ly  resem bles law soni in  i t s  very 

b lu n t o r s t r a ig h t  ( t r . )  o u tl in e  to  th e  f r o n ta l  lobe  and a n te r io r  margin. 

A lso, Schrank (1970, p i .  6 , f ig .  5) qu estio n ab ly  assigned  a very  sm all 

cranidium  to  orthom argin a t a , and t h i s  cranidium  has a l in e a r  p a t te rn  o f 

la rg e  tu b e rc le s  on th e  fix ed  cheek, th e  same as in  law so n i. But th e re  

is  no su g g estio n  o f  th e  same type  o f  ornament on th e  g la b e l la  o f th i s  

specim en, o r  on a d u lt c ra n id ia  or p y g id ia  o f o rth o m arg in a ta . S chrank 's  

sp ec ies  d i f f e r s  fu r th e r  through i t s  more depressed  s l ig h t ly  s h o r te r  

g la b e l la ,  s l ig h t ly  w ider (sa g .)  p re g la b e l la r  furrow , le s s  v e r t i c a l ly  

d ire c te d  p o s te r io r  slope  to  th e  a n te r io r  b o rd e r , narrow er le s s  convex 

p y g id ia l ax is  and a g re a te r  number o f  r in g  furrows (e ig h t)  -  th e  p o s te r io r  

ones o f which are much more d i s t i n c t  than  th o se  o f  law so n i.

£ . mimaspera Schrank, 1970 i s  o f  th e  same age as o rthom arg inata  

and the  two sp ec ies  have been found to g e th e r  in  N German e r r a t i c s  

(Schrank 1970, p. 129). The c r a n id ia l  morphology and ornament o f  

mimasp era  is  q u ite  d i s t in c t  from th a t  o f  law so n i, but a t  l e a s t  one 

pygidium assigned  to  mimaspera shows a p a ir in g  o f  th e  la r g e r  tu b e rc le s  

on th e  p y g id ia l  ax is  (Schrank, p. 125, p i .  3 , f ig .  7 ) . On th e  b a s is  o f 

th i s  one specim en, mimaspera can be a l l i e d  w ith  law soni.
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£ . rieo in term edia  and £ . p u e l la r is  from th e  Ludlovian o f 

Gotland and B r ita in  a lso  show a p a ire d  (though much le s s  obvious) 

arrangem ent o f tu b e rc le s  on th e  p o s te r io r  p a r t  o f th e  median g la b e l la r  

lo b e . As p u e l la r is  i s  a sso c ia te d  w ith  law soni in  th e  B r i t is h  

Leintwardr.n:’an, i t  seems l ik e ly  th a t  p u e l la r is  and neo in term ed ia  

a re  c lo se  to  law so n i, d e sp ite  them being  e a s i ly  d is tin g u ish e d  from 

S h ir le y ’s sp ec ies  on many o th e r c h a ra c te rs .

However, th e  c lo se s t  sp ec ie s  to  l awsoni i s  £ . a f f .  law soni from 

th e  B r i t is h  E lto n ian  and th e  a v a ila b le  m a te r ia l o f th i s  sp ec ies  does 

not show any re g u la r  p a t te rn  o f  ornament on th e  g la b e l la  o r pygidium 

(see b e lo r ).

OCCURRENCE. £ . lawsoni i s  found most abundantly  in  th e  Higher 

Lower Leintw ardine beds o f th e  Leintw ardine a re a  where i t  forms p a r t  o f  

th e  fauna in h a b itin g  th e  s ix  submarine canyon-heads which tre n d  from th e  

s h e l f  margin in to  th e  b a s in . VJhitaker ( I 962) recorded  th e  sp ec ies  from 

th i s  h o riz o n , end i t  i s  a lso  p re se n t in  the  Upper Leintw ardine Beds o f  

th e  Leintw ardine a rea  -  though more r a r e ly  so .

Shergold  end S h ir le y  ( I 968 , p i . 15) reco rd  C. lawsoni  from th e  Upper 

Bringewood Beds, and Basal and High Upper Leintw ardine Beds o f  Wenlock 

Edge, th e  High Lower Leintw ardine Beds o f  th e  Ludlow a re a , and th e  Lower 

Bodenhem Bods and Basal Lower P erton  Beds o f  S. VJoolhope. M ate ria l from 

th e  Upper Leintw ardine Beds o f Wenlock Edge has been examined (Shergold 

and S h ir le y  C o lle c tio n , B r i t .  Mus. N at. H is t .)  and t h e i r  reco rd in g  o f  

£ . law soni a t t h i s  horizon  co rro b o ra ted . In  b io s t r a t ig r a p h ic a l  accounts 

o f th e  Welsh B orderland S i lu r ia n ,  S q u ir r e l l  and Tucker (196O) and Phipps 

and Reeve (196T) have made re fe re n ce  to  £ . c f .  b ey e ri from rocks o f m iddle 

Ludlovian age in  th e  VJoolhope, and Malvems and Abberley a re a s . These 

specimens have not been seen by th e  p re sen t au tho r bu t may re p re se n t £ . lairson'

£ . law soni and £ . p u e l la r i s  a re  th e  l a s t  calymenids in  th e  B r i t i s h  

su ccess io n .
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Calymene a f f .  £ . law soni S h ir le y , 1962 

P la te  37, f ig s .  1-5 .

MATERIAL. Two c ra n id ia ,  LM 2859, DJS/ll+5; one pygidium DJS/1U6 .

A ll th e  specimens were c o lle c te d  by Dr. J .  D aling\-m ter, Univ. of 

M anchester.

OCCURRENCE. Middle E lton  Beds, Ludlow S e r ie s ,  Upper M illich o p e , 

Wenlock Edge, S h ropsh ire .

DISCUSSION. This sp ec ie s  i s  very  c lo se  to  C_. law so n i. The 

m a te r ia l a t  hand shows th e  fo llow ing  d iffe re n c e s  from th e  L ein tw ard in ian  

sp e c ie s : The p o s te r io r  bo rder furrow  i s  sh o r te r  (e x s .)  and co n sid erab ly  

le s s  deeply im pressed; th e  a x ia l  furrow (cranidium ) is  much narrow er 

( t r . ) ;  th e  most a n te r io r  p a r t o f th e  fix ed  cheek descends s te e p ly  

fo ia fa rd s; th e re  is  no l in e a r  arrangem ent o f la rg e  tu b e rc le s  on th e  median 

g la b e l la r  lobe or p y g id ia l a x is ;  th e  p y g id ia l ax is  appears to  narrow 

more sh arp ly  p o s te r io r ly .

In  term s o f  c r a n id ia l  morphology £ . a f f .  lawsoni i s  a more l ik e ly  

an ces to r o f  l awson i than  any o th e r sp e c ie s . Shergold and S h ir le y  (1968 , 

p . 135 ) reco rd  a Calymene c f . b lu menbachi from th e  Lower E lton  Beds, 

upper Middle Elton Bods and Lower Bringewood Beds o f Wenlock Edge which 

may re p re se n t the  same sp ec ies  as f ig u re d  h e re .

Ca.'ymene neo in term edia  R. &. E. R ic h te r , 195^

P la te  37, f ig p . 6-11; P la te  38 , f ig s .  1-10; P la te  39, f ig s .  1-h, 6 , 7.

1885 Cal'mmene in te rm ed ia  n . ; LindstrBm , p . 71, p i .  15, f ig s .  8-12 , 

nor f ig s .  5“7 .

? 1894 Cakynmene in te rm ed ia  L in d s t r . ;  Schm idt, p. I 6 , p i .  2 , f ig s .  2 , 3 

no 1 f ig .  1 .

1901 C a.ymmene in te rm ed ia LDM. ; LindstrBm, p. U8 , p i .  3 , f ig s .  6 , 7.
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non 1909 Calymmene in te rm e d ia ; Moberg & GrBnwall, p i .  3 , f ig s .  15, I 6 . 

non 1917 Calymene in te rm e d ia , LindstrBm; Reed dui G ard iner, p . I 68 . 

non 1920 Calymene in te rm e d ia ; G ard iner, pp. 207, 2 l8 .

1921 Calymmene in te rm ed ia  L in d s t r . ;  Hede, pp. 6I ,  99 (p a r s ) ,?  pp. 58 , 

5 9 , 6 0 , non pp. 6 8 , 69 .

1933 Calymene in te rm ed ia  LindstrBm, 1885; S h ir le y , p i .  1 , f ig .  I 6 . 

non 1937 Calymene in te rm ed ia  LindstrBm; S traw , p . U52 .

195k Calymene (Calymene) neo in term ed ia  n .n . ; R. & E ,  R ic h te r , p . 19» 

non 1955 Calymene in te rm ed ia  LindstrBm; Lawson, p . 112 . 

non 1959 Calymene neo in term edia  (R. & E .  R ic h te r ) ;  Walmsley, p . 51^. 

non i 960 Calymene neo in term edia  (R. & E .  R ic h te r ) ; S q u ir r e l l  & Tucker, 

p . 177.

? i 960 Calymene neo in term edia  (R. & E .  R ic h te r ) ;  R egnell in  R egnell & 

Hede, p. 30. non p. 31.

i 960 Calymene neo in term edia  Rud. & E .  R ic h te r ; Hede, in  R egnell & 

Hede p . 82, non pp. 8 0 , 8l , 83. 

non 1962 Calymene neo in term edia  R. & E .  R ic h te r ; W hitaker, p . I 6 0 . 

non 1963 Calymene neo in term edia  (R. & E .  R ic h te r ) ;  H olland , Lawson & 

Walmsley, pp. 117, I I 8 , 126, IH5 , IU7 , p i .  6 , f ig s .  U, 7.

1968 Calymene neo in term edia  R. & E. R ic h te r ; H aas, p . 9 8 , t e x t - f i g s .  

16c , d.

? 1967 Calynene neo in term edia  R. & E .  R ic h te r ; Phipps & Reeve, p. 367. 

non 1968 Calymene neo in term edia  ; S h ir le y  & Shergo ld , p .135.

? 1970 £ . n eo in te rm ed ia ; K a ljo , p . 15^.

1970 C. pompeck.ji KUMMEROW, 1928; S c h r a n k ,  p . 120, p i .  1 , f ig .  k,

? f i g .  6 , non f ig .  5 , p i .  2 , f ig s .  1 -3 , ? f ig .  7. 

non 1971 Calymene n eo in te rm ed ia ; Cave & VJhite, pp. 248, 252, 253. 

non 1971 Calymene neo in term ed ia  R. & E. R ic h te r ; Shaw, p. 36I .



-2 9 0 -

HOLOTYPE. A damaged complete specimen which is  p a r t i a l l y  

e n ro lle d ; RÎ l Ar6225; f ig u red  LindstrBm I 885 , p i .  15, f ig s .  11, 12, 

a lso  S h ir le y  1933, p i .  1 , f ig .  I 6 , a lso  Schrank 1970, p i .  1 , f i g .  4 

and here P I. 37, f ig .  9.

TYPE STRATUM AND TYPE LOCALITY. Hemse Beds, P e te sv ik , p a r ish  o f 

H ablingbo, G otland,

M artinsson (1962 , p. 54) l i s t s  an ostracode  fauna o f  C raspedobolbina 

p e rc u rre n s , £ . ro b u sta  and Am phitoxotis cu rv a ta  from P e tes  in  th e  p a rish  

o f  H ablingbo; t h i s  fauna i s  c h a r a c te r i s t ic  o f  th e  o ld e r ,  south  w estern  

p a r t  o f  th e  Hemse Beds. Hede (in  R egnell and Hede I 96O, p . 82, Loc.

44) records a conconcom itant g r a p to l i te  fauna o f  Monograptus chim aera 

and M. n i l s s o n i . The s t r a t a  a t th e  type lo c a l i ty  is  th e re fo re  o f  lower 

Ludlow age (see  M artinsson 1967, p. 36o).

ADDITIONAL MATERIAL. N in e ty -fiv e  specim ens, e ig h ty  o f  which are 

complete (though o fte n  damaged) in d iv id u a ls :  RM A r62l8-220, RM Ar6228,

RM Ar27079-083, RM Ar27104, RM A r2 7 l4 l- l4 9 , RM Ar27153-154, RM Ar27157,

RM Ar27159, RIl Ar47788-794, RM Ar47796-798, RM Ar47800-803, RM Ar4784o- 

844, RM Ar47856-857, BM 58676 , BM 43690 (2 specim ens), BM I t  9l45 

(2 specim ens), RSM 1967 . 58. 117.

DIAGNOSIS. C ephalic o u tlin e  bow-shaped. P re g la b e lla r  a rea  long 

and m oderately up turned . O uter p a r t  o f  p o s te r io r  border furrow narrow , 

and in  se c tio n  l ik e  an open-V. P a lp eb ra l lobe m oderately up tu rned .

Width o f cranidium  in  fro n t o f p a lp e b ra l lobes about 1 .9  tim es as wide as 

g la b e l la  a t  lobe 2p. Free cheek descends in  evenly convex fash ion  from 

eye so c le  to  l a t e r a l  bo rder furrow . Thorax has th i r te e n  segm ents.

DESCRIPTION. Cephalon about tw ice as wide as lo n g , in  gen era l 

shaped l ik e  a bow w ith a n te r io r  margin o f cranidium  sometimes p ro je c tin g  

beyond g en era l o u t l in e .  G la b e lla  su b trap ezo id a l to  weakly b e ll-sh ap ed  

in  o u t l in e ,  about 1 ,2  tim es as long  as wide and about equal in
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v id th  to  p o s to c u la r  p a r t  o f  f ix ed  cheek. O c c ip ita l r in g  about equal 

to  o r s l ig h t ly  le s s  them w idth o f  g la b e l la ,  weakly convex in  p r o f i le  

and f a l l s  gen tly  to  o c c ip i ta l  furrow , in  d o rsa l view narrows ra th e r  

sh arp ly  behind  basal, lobes to  a x ia l  furrow . L a te ra l lobe Ip  ju s t  le s s  

than  one t h i r d  as wide as g la b e l la ,  sep a ra ted  from median lobe by very 

shallow  d ep ress io n . L a te ra l furrow Ip  deep, f a i r l y  narrow and almost 

tra n s v e rs e ly  d ire c te d  between lobes Ip  and 2p , i s  d ire c te d  more backwards 

on reach in g  c e n tr a l  g la b e l la r  a rea . No in te rm ed ia te  lobe p re se n t. 

E longate ( t r . ) o r su b c irc u la r  l a t e r a l  lobe 2p i s  jo in ed  a b a x ia lly  to  

genal b u t t r e s s  and confined a d a x ia lly  by shallow  furrow . L a te ra l 

furrow 2p tra n s v e rse ly  d ire c te d . Small lobe 3p runs down s id e  o f 

g la b e l la  in to  a x ia l  furrow . Weak Up lobe very ra re ly  p re se n t. F ro n ta l 

lobe about 0 .7  tim es as wide as g la b e l la  a t lobe Ip ,p r o je c ts  in  fro n t o f 

fix ed  cheek, in  d o rsa l view has w e ll rounded a n te r o la te r a l  m argins and a 

r a th e r  b lu n t to  weakly arched a n te r io r  margin which f a l l s  s te e p ly  t o ,  

and i s  sh a rp ly  undercut by , p re g la b e lla r  furrow . In  p r o f i le  g la b e l la  

reaches w e ll above fix ed  cheek; d o rsa l su rface  i s  h o r iz o n ta l  to  lobe 3p.

A xial furrow very  shallow  o u ts id e  o c c ip i ta l  r in g ,  becomes very 

much deeper besid e  lobes Ip  and 3p. A n te rio r p i t  s i t e d  on in n e r s id e  

o f  a x ia l  furrow below s ide  o f  f r o n ta l  g la b e l la r  lo b e . P re g la b e lla r  

furrow is  very wide. P re g la b e lla r  a rea  i s  s h o v e l- l ik e , a n te r io r  s id e  

o f p re g la b e lla r  furrow slopes forwards and m oderately upwards to  th e  

d o rs a l ,  uppermost edge o f a n te r io r  b o rd e r. The l a t t e r  tu rn s  sharp ly  

over and passes in to  o u te r  s ide  o f  a n te r io r  bo rder which runs downwards 

and very s l ig h t ly  backwards to  r o s t r a l  s u tu re . In l a t e r a l  p r o f i le  

d o rsa l su rface  o f a n te r io r  bo rd er reaches as high as h a l f  way up a n te r io r  

face o f  f r o n ta l  lo b e . A n te rio r margin i s  w ell rounded in  d o rsa l view.

P o s te r io r  bo rder widens g rad u a lly  between a x ia l  furrow  and fulcrum , 

expands more ra p id ly  from fulcrum  to  f a c ia l  su tu re  due to  backward 

f le x u re  o f p o s te r io r  m argin. P o s te r io r  bo rder furrow r e la t iv e ly  narrow
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(e x s .)  and in  se c tio n  i s  shaped l ik e  an open V, i t s  a n te r io r  s id e  is  

w ider and le s s  s te e p ly  s lo p in g  than  th e  p o s te r io r ,  i t  p inches out 

a b a x ia lly  w e ll b e fo re  f a c ia l  su tu re . H ighest p o in t o f  f ix ed  cheek i s  

o p p o site  lobe 2p , from here p re o c u la r  p a r t  o f cheek descends s te e p ly  

fon'Tards , and p o s to cu la r p a r t  somewhat le s s  s te e p ly  backwards to  

p o s te r io r  bo rd er furrow . P a lp eb ra l lobe is  la rg e  -  a t l e a s t  as long 

(e x s .)  as lobe I p ,  in  f ro n ta l  view i t  i s  continuous w ith  th e  upward 

and outw ardly d ire c te d  slope o f th e  fix ed  cheek, i t s  o u te r margin is  

b road ly  a rcu a te  o r sometimes s l ig h t ly  p o in ted . P o s to c u la r  p a r t  of 

fix ed  cheek i s  r a th e r  wide ( t r . )  and narrow ( e x s .) .  P o s te r io r  branch 

o f f a c ia l  su tu re  d ire c te d  tra n s v e rse ly  from eye lobe fo r  a sh o rt 

d is ta n ce  b e fo re  tu rn in g  g en tly  backwards to  run onto  l a t e r a l  border 

where i t  swings backwards (and in  some specimens s l ig h t ly  outwards) to  

b is e c t  genal ang le . A n te rio r branch o f  su tu re  runs forwards and 

f r a c t io n a l ly  inwards to  a n te r io r  m argin; i t  tu rn s  sh a rp ly  inwards 

acro ss  a n te r io r  face o f bo rd er to  meet r o s t r a l  su tu re .

Void fo r v is u a l  su rface  o f eye is la rg e  and ren ifo rm . Eye socle  

i s  r a th e r  broad and sep a ra ted  from main f i e ld  o f f re e  cheek by marked 

b reak  in  slope  and shallow  furrow . Between shallow  l a t e r a l  border 

furrow and eye so c le  th e  cheek i s  s te e p ly  s lo p in g  and m oderately 

convex ( t r . ) .  L a te ra l  bo rder furrow  con tinues a n te r io r ly  in  fro n t o f 

f ix e d  cheek and runs in to  p re g la b e l la r  fu rrow , p o s te r io r ly  i t  fades on 

approaching f a c ia l  su tu re . D orsal s id e  o f l a t e r a l  b o rd e r r o l l s  over 

and under in to  v e n tra l  s id e  which i s  b ro ad est a t r o s t r a l  p la te  and 

g rad u a lly  narrows towards genal ang le .

R o s tra l su tu re  approxim ately p a r a l le l s  a n te r io r  m argin; connective 

su tu re s  a re  s t r a ig h t  o r very weakly a b a x ia lly  convex, and q u ite  s tro n g ly  

convergen t; in n e r  arc  o f  b o rder s e c to r  bends downwards and backwards more 

sh arp ly  n ear connective s u tu re , i t s  o u tl in e  matches th a t  o f  p o s ta x ia l  ' 

o f pygidium - thus en su ring  t ig h t  f i t  du ring  en ro llm en t. Border s e c to r
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o f r o s t r a l  p la te  i s  about 2 .7  tim es as wide ( t r . )  as long .

Hypostome w ider ( t r . ) than  long . A n te rio r margin g en tly  convex forw ards. 

Narrow a n te r io r  b o rder re f le x e d  v e n tr a l ly ;  a n te r io r  b o rder furrow weaie, 

only d efined  between a n te r io r  w ings. A n te rio r lobe o f  median body 

bears  a prom inent v e n tra l ly  d ire c te d  p ro je c tio n  which i s  s i t e d  on 

median l in e  tw o -th ird s  o f  th e  d is ta n ce  from a n te r io r  margin to  median 

furrow . A n te rio r p a r t  o f  a n te r io r  lobe i s  s a g i t t a l l y  concave and t r a n s 

v e rse ly  convex. Median furrow i s  w e ll marked between l a t e r a l  border 

and s l ig h t ly  sw ollen , oval-shaped  m aculae, co n sid erab ly  weaker between 

th e  maculae. C rescent shaped p o s te r io r  lobe is  m oderately convex (sag .

& t r . ) ,  confined  by weak l a t e r a l  and p o s te r io r  bo rder furrow s. P o s te r io r  

margin is  b i f i d  as p o s te r io r  bo rd er i s  extended in to  two r e la t iv e ly  

s h o r t ,  f l a t  sp in e s . L a te ra l b o rder much narrow er ( t r . ) and more convex 

than  p o s te r io r  b o rd e r.

Thorax con ta in s th i r t e e n  segm ents. Axis i s  s tro n g ly  arched  ( t r . ) ,  

ta p e r s  very g rad u a lly  p o s te r io r ly .  A xial r in g  q u ite  s tro n g ly  convex 

s a g i t t a l l y ,  becomes le s s  convex and w ider (exs . )  a t  shallow  a x ia l  furrow 

bu t i s  no t sw ollen . A r tic u la t in g  furrow deepest a b a x ia lly . A r t ic u la t in g  

h a l f - r in g  r i s e s  sh arp ly  from a r t i c u la t in g  furrow , is  m oderately convex 

( s ag . )  and a t l e a s t  two th i r d s  as long  as a x ia l  r in g . P leu rae  r a th e r  

long  ( t r . ) and narrow . P o s te r io r  p le u ra l  band about tw ice  as wide and 

h ig h e r than  a n te r io r  p le u ra l  band, in  p r o f i le  q u ite  s tro n g ly  convex, 

narrows a d a x ia lly  to  form narrow , bounding rim  to  p le u ra l  f a c e t .  P le u ra l 

furrow  sharp].y in c is e d , deepest a t  fu lcrum , shallow s tow ards a x ia l  furrow 

and on p le u ra l  fa c e t .  P o s te r io r  o u tl in e  o f p le u ra l  fa c e t more rounded 

in  a n te r io r  ihan p o s te r io r  p le u ra e .

Pygidium is  sm all. Axis much le s s  convex ( t r . ) than  th o ra c ic  a x is ,  

co n ta in s  s ix  a x ia l  r in g s  and a m inu te , p o s te r io r ly  rounded te rm in a l 

a x ia l  p ie c e . At l e a s t  f i r s t  fo u r a x ia l  r in g s  a re  d efined  p o s te r io r ly  

by a com plete r in g  furrow , a l l  r in g  furrows a re  deepest n ear a x ia l  furrow. 

P le u ra l  re /;io n  slo p es  very s te e p ly  away from a x ia l  furrow , con tain s
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f iv e  p le u ra l  furrows which fade ra p id ly  on reach ing  p y g id ia l c in c tu re , 

and f iv e  in te r p le u r a l  furrows which a re  very weak a d a x ia lly  bu t become 

more d i s t in c t  toward l a t e r a l  m argin. F if th  in te r p le u r a l  furrow  forms 

s ide  o f  p o s ta x ia l  s e c to r  which does not p ro tru d e  p o s te r io r ly ,  b u t f a l l s  

v e r t i c a l ly  from te rm in a l a x ia l  p ie c e .

G la b e lla , d o rsa l su rface  o f a n te r io r  bo rder and in n e r p a r t  o f 

f ix ed  cheek are  covered w ith  la rg e  (up to  about 0 ,5  mm in  d iam eter) 

w idely spaced tu b e rc le s  n e a r ly  a l l  o f  which are  p e r fo ra te .  There is  

a p a ir in g  o f some o f th e se  la rg e r  tu b e rc le s  on p o s te r io r  p a r t  o f median 

g la b e l la r  lobe: th e re  i s  one tu b e rc le  e i th e r  s id e  th e  median l in e  n ear 

th e  in n e r  neck o f  lobe I p ,  and one tu b e rc le  opp o site  ( t r . )  p o s te r io r  

margin o f lobe 2p. S c a tte re d  in  between th e  la rg e r  tu b e rc le s  a re  a few 

sm alle r tu b e rc le s .  A ll cep h a lic  furrows smooth except fo r  an o ccas io n a l 

very f in e  p u s tu le . O uter p a r t  o f f ix ed  cheek and free  cheek between 

eye socle  and l a t e r a l  b o rder furrow co n ta in  only a few very w idely 

spaced sm all tu b e rc le s .  L a te ra l b o rd e r , o u te r s ide  o f  a n te r io r  bo rder 

and r o s t r a l  p la te  covered w ith  c lo se ly -sp a c e d , f la t- to p p e d  tu b e rc le s  

which are  o f  medium-size and rounded on r o s t r a l  p la te  bu t become 

sm alle r and a l i t t l e  more e lo n g ate  tow ards genal ang le . A xial r in g  

o f  th o rax  has a row ( t r . )  o f  l a r g e ,  p e r fo ra te  tu b e rc le s  (as on g la b e lla )  

which continue onto d o rsa l su rface  o f p o s te r io r  p le u ra l  band. O therwise 

th o rax  ap p aren tly  la rg e ly  devoid o f  ornament except fo r  very f in e  

p u s tu le s  on p le u ra l  f a c e ts ,  and very  sm all tu b e rc le s  on most d i s t a l  

p a r ts  o f  p o s te r io r  p le u ra l  bands. Innerm ost p a r t  o f  p y g id ia l p le u ra l  

reg ion  smooth, o u te r  p a r t  o f  p le u ra l  re g io n , p o s ta x ia l  s e c to r  and c e n tr a l  

p a r t  o f ax is  covered w ith  p u s tu le s  and sm all to  medium s iz e d  tu b e rc le s  

which are  c lo se  to g e th e r .
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ontogeny. More than  n in e ty  specimens o f  Ĉ , neoin term edia  

have been measured; th e  sm a lle s t specimen has a g la b e l la r  le n g th  o f

3 .1  mm and th e  la rg e s t  specimen o f  1 0 .8  mm.

H olaspid  p e r io d . E ighty-one complete in d iv id u a ls  a re  a t  hand and 

a l l  o f th e se  have th i r te e n  th o ra c ic  segm ents. Inc luded  w ith in  th ese  

e ig h ty  one specimens are  th e  two sm a lle s t in d iv id u a ls  measured -  which 

have g la b e l la r  len g th s  o f 3.1 mm (RM Ari+T789) and 3.2 mm (RM ArU78U2), 

There are  no m eraspides p re sen t in  th e  sample.

V is io n . The sm a lle s t specimen w ith  th e  fre e  cheek in  p lace  and 

th e  p a lp e b ra l lobe in ta c t  (RM Ar^78^2 -  g la b e l la r  len g th  o f  3 .2  ram) 

a lread y  shows a w ide, ren iform  vo id  which accommodated th e  v is u a l  

su rface  o f  th e  eye ( c f .  £ . tu b e rc u lo sa ) .

C ontact o f  2p lobe and genal b u t t r e s s . A ll o f th e  specimens examined 

have th e  2p lobe in  co n tac t w ith  a genal b u t t r e s s .

Genal s p in e s . None o f th e  specimens show a d i s t in c t  genal spine 

though , as in  jC. tu b e rc u lo sa , some o f th e  sm alle r c ra n id ia  (w ith a 

g la b e l la  s h o r te r  than  about U.5  mm) have th e  p o s te r io r  margin flex ed  

very  s l ig h t ly  backwards n ear th e  f a c ia l  su tu re  which in d ic a te s  th e  

sp ine has not long d isappeared .

Gro^vrth o f g la b e l la  and p re g la b e l la r  a re a . A p lo t  o f g la b e l la r  

le n g th  (v a r ia te  B) a g a in s t g la b e l la r  w idth (K^) suggests a r e c t i l i n e a r  

r e la t io n s h ip  e x is t s  between th e se  two v a r iâ te s  during  th e  h o la sp id  

p e rio d  o f  groirth . In  c o n tr a s t ,  th e  p re g la b e lla r  a rea  ( v a r ia te  D) appears 

to  become r e la t iv e ly  longer in  comparison w ith  th e  len g th  o f  th e  g la b e l la  

during  ontogeny. In  specimens w ith  a g la b e l la r  len g th  o f about 4 .0  mm 

th e  p re g la b e l la r  a rea  i s  about a q u a r te r  as lo n g , in  specimens w ith a 

g la b e l la r  len g th  o f about 8.5 mm th e  p re g la b e lla r  a re a  i s  about a 

t h i r d  as long .
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DISCUSSION. The synonymy l i s t  in d ic a te s  th e  ex ten t to  which 

£ . neoin term edia  has been re fe r re d  to  by p a la e o n to lo g is ts  and 

b io s tra t ig ra p h e rs  during th e  l a s t  n in e ty  y e a rs . But w ith th e  exception  

o f Gchrank (19T0) th e re  has been no f u l l  re v is io n  o f th e  s p e c ie s , and 

during th e  l a s t  seventy years only two au thors (S h irle y  1933, p i .  1 , 

f ig .  l6 ;  Schrank 1970, p i .  1 , f ig .  U, p i .  2 , f ig s .  1-3) have fig u red  

m a te ria l from G otland. The conclusions from t h i s  study a re  based on 

an exam ination o f more than  n in e ty  specim ens, about h a l f  o f  which are 

knoim to  have come from th e  type  lo c a l i ty .

R. & E. R ich te r (1954, p . 19) recogn ised  th a t  £ . in te rm ed ia  

LindstrBm, I 885 was a ju n io r  prim ary homonym ( o f £ . in te rm ed ia  

M ünster, l84o = E ncrinurus v a r io la r i s  (M ünster)) fo r  which th ey  e re c te d  

th e  new name o f neo in te rm ed ia . At th e  same tim e th e  R ich te rs  designa ted  

one o f LindstrBm 's f ig u red  specimens as th e  ty p e . In  h is  re v is io n  

Schrank contended th a t  £ . neo in term edia  R .& E. R ich te r was a ju n io r  synonym 

o f  Calymene pompec k ji  Kummerow, 1928, th e  l a t t e r  spec ies  be ing  founded 

on one sm all specimen from a g la c ia l  e r r a t i c .  Kummerow (1928 , p . 9) 

b e liev ed  t h i s  e r r a t i c  to  have been d erived  from th e  B eyrich ienkalk ,though  

Schrank considered  a middle Ludlow horizon  w ith in  th e  G ra p to lith e n g e s te in  

to  be more l ik e ly .

£ . pompec k ji  i s  in  some re sp e c ts  s im ila r  to  £ . neo in te rm ed ia , 

in  p a r t ic u la r  both  have a lo n g , sco o p -lik e  p re g la b e lla r  a re a , bu t th e re  

are  a t l e a s t  f iv e  d if fe re n c e s  which le ad  me to  regard  them as sep a ra te  

sp e c ie s , and th ey  may belong to  se p a ra te  genera.

1 ) The holotype o f pompec k ji  has a g la b e l la  which i s  4 .4  ram long y e t 

has no papi H a t  e -b u t t r e s s  s tru c tu re  a t  lobe 2p. Schrank accounted fo r 

th e  absence o f t h i s  fe a tu re  by th e  fa c t  th a t  th e  holotype was a ju v e n ile  

in d iv id u a l (see  ontogeny o f  £ . tu b e rc u lo sa  h e re in ) .  However a l l  o f th e  

neo in term edia  specimens I  have seen from G otland have th i s  s tru c tu re  

f u l ly  developed, and th i s  in c lu d es  th i r t e e n  specimens w ith  a g la b e l la
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s h o r te r  than  k,h mm (see t e x t - f i g .  2 ) ,  th e  sm alles t (RM Ar4TT89) 

being  3 .1  mm long. Measurements taken  on Ĉ. tu b e rc u lo sa  and Ĉ. p u e l la r is  

in d ic a te  th a t  th e  genal b u t t r e s s  and 2p lobe meet in  th e se  sp ec ies  

when th e  g la b e l la  i s  between 2 ,8  ram to  3 .0  mm lo n g , and 2.U to  2 .8  ram 

lo n g ,re s p e c t iv e ly . In law soni th e  lobe and b u ttr e s s  meet when 

th e  g la b e l la  i s  somewhere between 2 .0  and 2 .9  mm long . U nless th e  

development o f t h i s  s tru c tu re  i s  in  a s ta t e  o f a r r e s t  in  pompeck.ji, i t  

i s  u n lik e ly  th a t  i t  is  synonymous w ith  neo in term ed ia . Moreover u n less  

pompeck.ji i s  a sp ec ies  which develops th e  s t ru c tu re  com paratively  l a t e  

in  ontogeny, i t s  assignm ent to  Calymene i s  s e r io u s ly  challenged .

2) The a n te r io r  t i p  o f th e  p re g la b e l la r  a rea  i s  m issing  in  pompeck.ji, 

bu t both th e  a c tu a l and e stim ated  measurements o f  i t s  le n g th  are  

s u b s ta n t ia l ly  g re a te r  than  those  o f  neo in term edia  specimens o f  eq u iv a len t 

s iz e  (see  t e x t - f i g . 3 ) .

3) The a n te r io r  margin o f  th e  cranidium  in  pompeck.ji seems to  be 

converging m ed ia lly  in  a U o r V-shape r a th e r  th e  more rounded o u tlin e  

o f n eo in te rm ed ia .

4) Compared w ith  neo in term ed ia  (e s p e c ia lly  sm all specimens) th e  

o u tlin e  o f  th e  g la b e l la  in  pompeck.ji i s  much more s tro n g ly  b e ll-s h a p e d , 

th e  f r o n ta l  lobe being  narrow er r e la t iv e  to  the  g la b e l la r  w idth a t Ip  

lobes (see  t e x t - f i g .A  ) «

5) The a n te r io r  branches o f  th e  f a c ia l  su tu re  in  pompeck.ji are

w ider a p a rt r e la t iv e  to  th e  w idth o f  th e  g la b e l la  a t lobe 2p ( t e x t - f i g .  5 ) ,

The second and th e  l a s t  o f th e se  d is t in c t io n s  p lace  C_, pompeck.ji 

c lo se r  to  Ĉ. p u e l la r is  but th e se  two sp ec ie s  c le a r ly  d i f f e r  in  th e  

number o f  th o ra c ic  segments (Kummerow recorded  th i r te e n  in  pompeck.ji ; 

p u e l la r is  has tw e lv e ) , and th e  development o f  th e  p a p i l la te - b u t t r e s s  

s t r u c tu r e .  The p re sen t evidence suggests  pompeck.ji i s  a l l i e d  w ith  th e  

th re e  n o n -b u ttre ssed  sp ec ies  from th e  P o lish  Ludlovian which Tomczykowa 

(1970) ass igned  to  Spathacalymene T illm an , I 96O. These ta x a  w il l  be 

d iscu ssed  more fu l ly  e lsew here.
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£ . neo in term edia  is  most c lo se ly  r e la te d  to  C_. p u e l la r i s  and 

p a tu s t r i a  sp . nov; and an account o f th e  d iffe re n c e s  between th e se  

sp ec ies  i s  given below. The p a ir in g  o f  th e  g la b e l la r  tu b e rc le s  in 

neo in term edia  is  fa r  le s s  d i s t in c t  and le s s  continuous a n te r io r ly  than  

in  £ . lawsoni S h ir le y , 1962 bu t i t  suggests some degree o f r e la t io n s h ip  

between th e  two sp e c ie s . An in te r e s t in g  fe a tu re  o f neo in term edia  

and p u e l la r i s  is  th e  p a lp e b ra l lo b e , which even in  la rg e  ho lasp id es  is  

r a th e r  long  (e x s .)  -  o ften  having a g re a te r  len g th  than  l a t e r a l  lobe Ip .

In  complete c o n tra s t i s  th e  very sm all p a lp eb ra l lobe o f  £ . f ro n to s a .

OCCURRENCE. Ĉ. neo in term edia  has fo r  many years been regarded  

as an index f o s s i l  fo r  s t r a t a  o f Upper L eintw ardine age in  B r i ta in ,  y e t 

th e  type  s tra tu m  on Gotland i s  lower Ludlow in  age. A ll th e  specimens 

I  have examined from th e  B r i t i s h  L ein tw ard in ian  can be assigned  to  

p u e l la r is  and not £ . neo in term edia  (see d iscu ss io n  o f p u e l la r is  below ).

Of th e  n in e ty  fiv e  specimens here  r e fe r re d  to  n eo in te rm ed ia , a l l  except 

two are  from G otland. About h a l f  th e  Gotland specimens a re  known to  have 

come from th e  type lo c a l i ty  o f P e te sv ik ; a l l  th e  o th e r specimens except 

one are  more g e n e ra lly  la b e l le d  -  such as " S i lu r ia n ,  Gotland" or "Hablingbo 

(? p a r ish  o f ) ,  Gotland" -  though p re s e rv a tio n a l and l i th o lo g ic a l  

c r i t e r i a  s tro n g ly  suggest th ey  a lso  come from th e  Ilemse Beds a t o r in  th e  

v ic in i ty  o f  P e te sv ik . The one specimen (Rïi Ar2T10U) here r e f e r r e d  to  

neo in term ed ia  which i s  s p e c i f ic a l ly  la b e l le d  as not coming from P e te sv ik , 

i s  from th e  Hemse Beds a t Havdhem. The p a r ish  o f  Havdhem con ta in s s t r a t a  

be longing  to  both  th e  Ilemse and Eke Beds. This specimens i s  in  a box 

to g e th e r  w ith  th re e  specimens o f  £ .  p u e l la r i s  bu t th e  d i f f e r in g  p re s e r 

v a tio n  o f  bo th  sp ec ies  suggests th ey  came from sep a ra te  l o c a l i t i e s  o r 

h o riz o n s .

In  th e  B r i t i s h  Museum th e re  a re  two specimens (both  on th e  same 

s lab  -  BM It91^5) which car w ith c e r ta in ty  be assigned  to  n eo in te rm ed ia ; 

th ey  a re  given as coming fiom th e  Uenlock Limestone o f  th e  Malverns and
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th e re  is  l i t t l e  reason to  doubt th e  la b e l  in fo rm atio n . The occurrence 

o f neo in term ed ia  a t t h i s  horizon  in  B r ita in  was somewhat d is tu rb in g  

u n t i l  th e  d is t in c t io n  between neo in term edia  and p u e l la r is  became 

e v id en t. The Malverns specimens a re  only s l ig h t ly  o ld e r  than  specimens 

from th e  type lo c a l i ty .  In  the  Royal S c o ttish  Museum, Edinburgh th e re  is  

a specimen (R3M 19^1* 58. 117) o f C_. neo in term edia  which i s  la b e l le d  

as coming from D udley,but th e  c u r a to r ia l  h is to ry  o f t h i s  specimen 

leav es  much to  be d e s ired  and in  a l l  re sp ec ts  i t  i s  a ty p ic a l  Gotland 

example.

R egnell (iji R egnell & Hede I960 , pp. 30, 31) l i s t s  neo in te rm ed ia
II

from th e  Colonus Beds (= lower Ludlow) and d iv is io n  1 o f  th e  Oved- 

Ramsasa Beds o f Scania  (? = upper p a r t  o f Hemse Beds on G otland; see 

M artinsson 1967, pp. 371, 372, t e x t - f i g .  3 ). I  have not examined 

m a te r ia l from th e  former horizon  bu t specimens from K lin ta  (RlVI Ar32767, 

Rli Ar32773, Ri4 Ar32778), which I assume to  be from th e  l a t t e r  ho rizon  

(see  R egnell I 96O, p. 30 ), can be a t t r ib u te d  to  £ . p u e l l a r i s .

Schrank (1970, p i .  2 , f ig .  l )  has f ig u red  m a te r ia l o f n e o in te r 

media from g la c ia l  e r r a t i c s  o f th e  G ra p to lith e n g e s te in .

Schmidt (189U, p. I 6 , p i .  2 , f ig s .  1-3) recorded  th e  sp ec ie s  from 

Zone K o f  th e  B a ltic  upper S ilu r ia n  and K aljo  (1970, p. 15^) from th e  

Kaugatuma Beds (= Downtonian in  age; Cocks e£ 1971, f ig .  9) o f 

E s to n ia . Schm idt’s m a te r ia l needs re v is io n , K a ljo ’s m a te r ia l to  be 

form ally  d esc rib ed .

In  summary, th e  p re sen t au th o r has recorded  neoin term edia  from 

th e  Hemse Beds (p o ss ib ly  r e s t r i c t e d  to  th e  lower p a r t)  on G otland and 

th e  Wenlock Limestone o f th e  M alverns.



-3 0 0 -

Calymene p u e l la r is  Reed, 1920 

P la te  39, f ig .  5; P la te  Uo, f ig s .  1 -7 ;
P la te  Ul, f ig s .  1 -9 ; P la te  42, f ig s .  2 , 5.

1848 Calymene tu b e rc u lo s a , S a l te r ;  S a l te r  (p a r s ) p . 342.

1849 Calymene tu b e rc u lo s a ; S a l te r  (p a r s ) ,  p . 8 , p i .  8 , f ig s .  8 , 8*

(GSM 19690) ,  non p i .  8 , f ig s .  1-7.

1851 Calymene tu b e rc u lo sa  ( S a l t ) ; McCoy (p a r s ) in  Sedgwick & McCoy, p . I 67 . 

1873 Calymene tu b e rc u lo sa . S a l te r ;  S a l te r ,  p. I 66 .

1917 Calymene in te rm ed ia  LindstrBm; Reed G ard iner, p . I 68 .

1920 Calymene in te rm ed ia  ;G ard iner, pp. 207, 218.

1920 Calymene p a p i l l a t a . v a r . nov. p u e l l a r i s ; Reed in  G ard iner, pp. 207, 

218 , 221, unnumbered t e x t - f i g .  on bottom  l e f t  s id e  o f  p. 221 

(holo type -  SM A3320).

1933 Calymene p a p i l l a t a  v a r . p u e l la r i s  REED, 1921; S h ir le y , p . 63, 

p i .  1 , f ig .  15 (ho lo type o f £ . p u e l l a r i s ) .

1937 Calymene in te rm ed ia  LindstrBm ; S traw , p . 452.

1955 Calymene in te rm ed ia  LindstrBm; Lawson, p . 112.

1959 Calymene neo in term edia  (R. & E. R ic h te r ) ;  Walmsley, p . 5 l4 .

1960 Calymene neo in term ed ia  (R. & E. R ic h te r ) ;  S q u ir r e l l  & Tucker, p . 177. 

i 960 Calymene neo in term ed ia  ( R. & E. R ic h te r ) ;  R egnell R egnell &

Hede, p. 31.

i 960 Calymene neo in term ed ia  Rud. & E. R ic h te r ; Hede iri R egnell &

Hede, pp. 80, 8 1 , 83, non p . 82.

1962 Calymene neo in term edia  R. & E. R ic h te r ; U h ita k e r, p . I 60 .

1963 Calymene neo in term ed ia  (R. & E. R ic h te r ; H olland , Lawson &

Walmsley, pp. 117, I I 8 , 126, 145, 147, p i .  6 , f ig s .  4 , 7 .

? 1967 Calymene neo in term edia  R. &. E. R ic h te r ; Phipps & Reeve, p . 367.

1968 Calymene n eo in te rm ed ia ; S h ir le y  & Shergo ld , p. 135.

1971 Calymene n eo in te rm ed ia ; Cave & V/hite, pp. 248, 252, 253.

1971 Calymene n e o in te rn e d ia  R. & E. R ic h te r ; Shaw, p. 361.
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HOLOTYPE. A damaged in te rn a l  mould o f a complete specimen;

SM A3320; f ig u red  Reed iii G ardiner 1920, unnumbered t e x t - f i g .  on

bottom  l e f t  hand s id e  o f p . 221, a lso  S h ir le y  1933, p i .  1 , f i g .  15, 

and here P I. 42, f ig s .  2 , 5.

TYPE STRATUM AND TYPE LOCALITY. Middle L udlovian , quarry  one

t h i r d  o f a m ile ENE o f  Longhope Church, May H i l l ,  G lo u c e s te rsh ire ,

(= L o c a lity  M24 o f  G ardiner 1920).

I t  i s  probable th e  holo type came from th e  Lower Longhope Beds 

(= Upper L ein tw ard in ian  in  ag e).

ADDITIONAL MATERIAL. More than  seventy  specim ens, s ix te e n  o f 

which are  com plete. The fo llow ing  specimens are  from G otland:

RM Ar2TOT6-OT8, RM Ar27103, RM Ar27105-27124, RM Ar27126-128, RM Ar27137, 

RM Ar27139, RM Ar47785-787, RM Ar47795.

The fo llow ing  specimens are  from S cania: RM Ar32767, RM AR32778,

RM Ar32773.

The B r i t i s h  m a te r ia l com prises th e  a u th o r’s o\m c o l le c t io n s ,  

to g e th e r  w ith  specimens from th e  Sedgwick Museum, G eological Survey, 

Birmingham U n iv e rs ity  ( J .  Lawson C o l l . ) ,  B r i t i s h  Museum, and from 

Mr. R. Marsh (Norwood T echn ical C o lleg e).

DIAGNOSIS. P re g la b e lla r  a rea  long  and f a i r l y  s tro n g ly  up turned . 

Outer p a r t  o f p o s te r io r  bo rder furrow  is  wide and f l a t  bottom ed. 

P a lp eb ra l lobe about h o r iz o n ta l .  Width o f  cranidium  in  f ro n t o f  p a l

p e b ra l lobes about 1 .9  tim es as wide as g la b e l la  a t lobe 2p. Free cheek 

between eye so c le  and l a t e r a l  b o rder furrow  i s  an gu lar in  se c tio n  ( t r . ) .  

Thorax has tw elve segments.

DESCRIPTION. £ . p u e l la r is  i s  s iim ila r to  £ , neo in term ed ia  which 

has been d esc rib ed  in  f u l l .  The two s jjec ies  are  compared below.
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ONTOGENY .

H olaspid p e r io d . Seventeen o f th e  specimens examined (in c lu d in g  

th e  holo type) a re  com plete, though o fte n  damaged. A ll o f th e se  have 

only tw elve th o ra c ic  segments -  which must th e re fo re  be regarded  as 

th e  normal complement fo r  h o lasp id es  o f th e  sp ec ie s . The observed 

range fo r  th e  g la b e l la r  len g th  (v a r ia te  B) in  th e  complete specimens 

i s  from 4.2 mm (RM Ar2Tll4) to  7 .6  mm (RM Ar27126).

T h e f o l l o w i n g  s p e c im e n s  w i t h  t w e l v e  s e g m e n t s  com e fr o m  G o t la n d :

RM Ar27076-077, RM Ar27103, RM A r27l05-106, RM A r27H 4, RM Ar27126-128,

RI4 Ar27137, RM Ar47787. Most o f th e se  are  w ell p reserv ed  and have th e  

c u t ic le  rem aining.

The fo llow ing  specimens w ith tw elve segments are  from B r i ta in :

SM A3320 (h o lo ty p e ), BM It577  -  from th e  Ludlow A n tic lin e , GSM I 9688- 69O 

-  from th e  Usk I n l i e r ,  GSM TMcKH 64 -  from th e  Lake D i s t r i c t .  This 

m a te r ia l i s  not as w ell p reserved  as th e  Gotland exam ples, and a l l  th e  

specimens a re  in te r n a l  moulds. GSM I 9688- 69O are  o r ig in a ls  o f  S a l te r  

(1849 -  see synonymy).

C ontact o f  2p lobe and genal b u t t r e s s . A ll specimens w ith  th e  

c u t ic le  rem aining and a l l  c a s ts  o f e x te rn a l moulds show th e  second 

g la b e l la r  lobe in  co n tac t w ith  a genal b u t t r e s s .  The sm a lle s t specimen 

amongst t h i s  m a te r ia l has a g la b e l la  2 .8  mm long (RM Ar27115).

The in te r n a l  moulds in  th e  sample do n o t ,  n a tu r a l ly ,  have th e  

a x ia l  furrow fu l ly  b ridged  though a l l  o f them show a p a p i l la te  2p lobe

and th e  remains o f a genal b u t t r e s s .  This inc ludes th e  fo llow ing  th re e

specimens which have a g la b e l la  sh o r te r  than  2 .8  ram: DJS/136 (2 .3  mm),

BM unnumbered (2 .4  ram) and DJS/54 (2 .6  ram). I t  i s  im possib le  to  determ ine 

w hether th e  p a p i l la te  -  b u t t r e s s  s t ru c tu re  in  each o f  th e se  c ra n id ia  

was f u l ly  developed o r n o t, though in  a t l e a s t  one o f them (BM unnumbered)

th e  genal b u t t r e s s  appears to  be only in c ip ie n t .
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In  p u e l la r is  th e  2p lobe seems to  make co n tac t w ith  th e  genal 

b u t t r e s s  when th e  g la b e l la  i s  between about 2 .4  and 2 .8  mm lo n g , though 

e x tra  specimens are  needed fo r a more p re c ise  d e te rm in a tio n . From th e  

p re sen t m a te r ia l i t  is  not p o ss ib le  to  say w hether th e  specimens w ith 

a g la b e l la r  len g th  w ith in  t h i s  range a re  ho lasp id es  o r m erasp ides.

Genal s p in e . A few B r i t i s h  p u e l la r i s  specimens show a d i s t in c t  

genal sp in e . This fe a tu re  i s  not unexpected in  very sm all specimens 

( fo r  example BM unnumbered -  g la b e l la  2 .4  mm lo n g ) , bu t two c ra n id ia  

(BM I t  576b; Î41) w ith  g la b e lla e  3.7 mm and 4 .4  mm (es tim a ted ) long s t i l l  

r e ta in  a sp ine  on th e  fix e d  cheek. I t  i s  unknovm to  what ex ten t th i s  

a p p lie s  to  o th e r specimens w ith in  t h i s  s iz e  -  range , bu t i t  seems u n lik e ly  

th a t  in d iv id u a ls  w ith  a g la b e l la  in  th e  reg ion  o f  4 .0  mm long can be 

any th ing  o th e r than  h o la sp id e s . I t  i s  a c h a r a c te r i s t ic  o f  p u e l la r is  

c ra n id ia  th a t  th e  p o s te r io r  margin does not swing markedly forwards 

n ear th e  genal angle as in  ad u lts  o f  most Calymene sp e c ie s . In s te ad

th e  d i s t a l  co rner o f th e  fix ed  cheek i s  o ften  drawn backwards -  which

supports  th e  id ea  th a t  £ . p u e l la r is  lo ses  i t s  genal sp ine com paratively  

l a t e  in  ontogeny.

The sm alle r o f th e  above two c ra n id ia  (BM I t  576b) has th e  2p lobe 

firm ly  jo in e d  to  a genal b u t t r e s s ;  th e  la rg e r  one i s  a s te in k e rn .

DISCUSSION. £ . p u e l la r i s  was e re c te d  on th e  b a s is  o f  one specimen. 

Reed b e lie v e d  th a t  p u e l la r is  was c lo se ly  r e la te d  to  L indtrüm ’s species  

from th e  m iddle Ludlow o f  G otland, £ . p a p i l l a ta  (= P ap illica ly m en e  

p a p i l l a t a ) .  S h ir le y  (1933, p. 63) re fu te d  th i s  claim  and suggested  

p u e l la r i s  "should  be p laced  w ith  o r n ear to  £ . in te rm ed ia" LindstrBm 

(= £ . neo in term ed ia  R. & E. R ich te r ) ,  bu t thought th e re  was "no 

j u s t i f i c a t i o n  fo r  r a is in g  a new sp ec ies  or v a r ie ty " .

Though th e  holo type o f  p u e l la r is  i s  an in te r n a l  mould and badly  

damaged, i t  i s  complete and s u f f ic ie n t  remains o f th e  th o ra x , p re g la b e l la r

a rea  and f ix e d  cheek to  id e n t i f y  th e  sp e c ie s . Reed (1920, p . 207) a lso
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recorded  £ . in te rm ed ia  from th e  type lo c a l i ty  of p u e l l a r i s ; th e se  

specimens (SM A368l4-8l5) are e x ta n t ,  w ell p re se rv ed , and regarded here 

as co n sp e c if ic  w ith p u e l l a r i s . Good m a te r ia l o f p u e l la r is  i s  a lso  

a v a ila b le  from Gotland.

I t  i s  p a r t ic u la r ly  u n fo rtu n a te  th a t  Reed’s sp ec ies  has not been 

r e h a b i l i t a te d  p r io r  to  th e  p re sen t s tu d y . There i s  no doubt th a t  what 

many au thors have recorded  as £ . neo in term edia  in  rocks o f  L ein tw ardin ian  

age throughout th e  Welsh B orderlands and elsew here i s  in  fa c t  £ . p u e l l a r i s . 

The two sp ec ie s  are  indeed s im i la r ,  and neo in term edia  alm ost c e r ta in ly  

gave r i s e  to  p u e l l a r i s , bu t they  can be c o n s is te n tly  sep a ra ted  on th e  

b a s is  o f  se v e ra l c ra n id ia l  and th o ra c ic  c h a ra c te rs . These a re :

1) Number o f th o ra c ic  segm ents. £ . neo in term edia  has th i r t e e n .

I t  was Reed’s opinion th a t  th e  ho lo type  o f  p u e l la r is  had only tw elve , 

though S h ir le y  ( 1 9 3 3 ,  p. 6 3 ) s a id  th i r t e e n .  I can f in d  only tw elve ,

and th i s  number i s  confirm ed by o th e r  Welsh B orderland and Gotland specimens 

o f p u e l la r i s  (see ontogeny and compare RM Ar2T126 w ith  BM I t9 l4 5 ) .

2 ) The p o s te r io r  bo rder furrow  o f  p u e l la r is  i s  very  much w ider 

( e x s . ) ,  and more tre n c h - l ik e  th an  th a t  o f n eo in te rm ed ia , e sp e c ia lly

a b a x ia lly  from th e  fulcrum  where th e  furrow is  as wide as o r w ider than  

th e  d o rsa l su rface  o f th e  fix ed  cheek. The s id es  o f th i s  furrow in  p u e l la r is  

a re  s te e p e r ,  and th e  base more f la t te n e d  (compare RM Ar32T6T w ith RM ArUTT^T 

or RM Ar2T126 w ith  BM 43690).

3 ) In  p u e l la r is  th e  p o s te r io r  margin o f th e  fix ed  cheek swings 

more backwards n ear th e  f a c ia l  s u tu re ,  th e  d i s t a l  corner o f th e  fix ed  

cheek i s  drawn more p o s te r io r ly ,  and th e  genal sp ine is  probably lo s t  

r e l a t iv e ly  l a t e r  in  ontogeny (see  ontogeny).

4) In  p u e l la r is  th e  main p a r t  o f  th e  fre e  cheek between th e  eye 

so c le  and l a t e r a l  bo rder furrow is  co n sid erab ly  more angu lar in  se c tio n  

( t r . ) .  This a n g u la r ity  i s  o fte n  con tinued  onto th e  a n te r io r  p a r t o f  th e  

fix ed  cheek a t  th e  f a c ia l  s u tu re . In  neo in term edia  th e  fre e  cheek descends 

in  an evenly convex fash ion  from th e  eye so c le  to  l a t e r a l  border furrow .
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5) The a n te r io r  branches o f th e  f a c ia l  su tu re  in  p u e l la r i s  a re  

w ider a p a r t r e la t iv e  to  th e  w idth o f  th e  g la b e l la  a t  lobe 2p. (see  

t e x t - f i g . 5 ) .

6) The p re g la b e l la r  a rea  in  p u e l la r is  i s  more s tro n g ly  upturned .

T) The p a lp e b ra l lobe o f p u e l la r is  i s  more h o r iz o n ta l ly  in c lin e d .

Many p u e l la r i s  c ra n id ia  have a r e la t iv e ly  longer p re g la b e l la r  a re a  than  

th o se  o f neo in term edia  ( t e x t - f i g . 3 ) but th i s  does no t seem to  be a 

co n stan t d is t in c t io n  between th e  two sp e c ie s . A lso , th e  len g th  o f  th e  

p re g la b e l la r  a rea  and th e  g la b e l la r  len g th  appear to  be more h ig h ly  

c o r re la te d  during  ontogeny in  neo in term edia  than  in  p u e l l a r i s , bu t 

th i s  may sim ply r e f l e c t  th e  b e t t e r  p re s e rv a tio n a l and geog raph ica l 

homogeneity o f th e  neo in term edia  sample. The same a p p lie s  to  a p lo t  o f 

g la b e l la r  w idth a g a in s t g la b e l la r  len g th  in  th e  two sp ec ie s  ( t e x t -  

f ig s .2 ,6  ) .

S a l te r  (1849) was th e  f i r s t  to  f ig u re  a specimen o f p u e l la r i s  

( GSM 19690) -  from th e  Ludlovian o f  the  Usk I n l i e r .  Because o f i t s  

lo n g , scooped p re g la b e lla r  a rea  he assigned  i t  to  Calymene tu b e rc u lo sa  

S a l te r ,  l848 non Dalman 1827 (= £ . nodulosa S h ir le y , 1933).

£ . p u e l la r i s  and C. neo in term edia  are  not considered  by th e  p re sen t 

au thor to  be a l l i e d  to  n o d u losa ; th e  s im ila r i ty  in  t h e i r  p re g la b e l la r  

areas i s  thought to  be th e  r e s u l t  o f  p a ra l le l is m .

Although both sp ec ies  have only tw elve th o ra c ic  segm ents, C. p u e l la r is  

i s  q u ite  d i s t in c t  from £ . f ro n to sa  LindstrBm, I 885 from th e  Upper 

Llandovery o f G otland. The two sp ec ie s  are no t c lo se ly  r e la te d .

OCCURRENCE. £ . p u e l la r i s  is  w idely  d is t r ib u te d  -  o ccu rrin g  

throughout th e  Welsh B orderland , th e  Lake D i s t r i c t ,  Gotland and Scania 

in  rocks o f  middle Ludlow age.

1 ) Welsh B orderland and th e  Lake D is t r i c t  :

a) Usk I n l i e r .  Walmsley (1959) recorded  neo in term edia  from th e  

Lower Llangibby Beds (= Upper L e in tw ard in ian ). Specimens c o lle c te d
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from t h i s  horizon  by th e  p re sen t au tho r and some in  th e  G eological 

Survey are  a l l  re fe ra b le  to  p u e l l a r i s .

b) B ui1 th . Straw (1937) reco rds in te rm ed ia  from th e  Chonetoidea 

g ray i Beds (= Upper L e in tw ard in ian ). The only Calymene specimen 

(m i) exariiined from rocks o f Upper Leintw ardine age in  th i s  a rea  i s  

re fe ra b le  to  p u e l l a r i s .

c )  May H i l l .  L aw son  (1955) r e c o r d e d  i n t e r m e d i a  fr o m  t h e  U p p er  

B l a i s d o n  B e d s ,  L ow er an d  U p p er  L o n g h o p e  B e d s ,  M a t e r i a l  e x a m in e d

(J .  Lawson C olin , Birmingham U n iv e rs ity ) from th e  Lower Longhope Beds 

(= Upper L ein tw ard in ian ) can be assigned  to  p u e l l a r i s . I t  is  probable 

th i s  i s  th e  type s tra tu m .

d) Woolhope, S q u ir r e l l  and Tucker (l96o) l i s t  neo in term edia  

from th e  Lower and Upper Bodenham Beds, One specimen o f p u e l la r is

h a s  b e e n  c o l l e c t e d  fro m  t h e  U p p er  B od en ham  B e d s (=  U p p er  L e i n t w a r d i n i a n ) .

e) Malverns and A bberleys. The Wenlock Limestone o f th e  Malverns 

has y ie ld e d  two specimens o f C_, neo in te rm ed ia  (BM I t9 l4 5 ;  see previous 

d is c u s s io n ) . I  have no t examined any Ludlovian calym enids from th i s  

a rea  b u t Phipps & Reeve (1967)reco rd  £ . neoin term edia  from th e  Mocktree 

Shale Member, Woodbury Shale Member, and W h itc liffe  Flags Member .

f)  Ludlow A n tic lin e  and L ein tw ard ine. H olland , Lawson and Walmsley 

(1963 ) and W iitaker (1962) reco rd  £ . neo in term ed ia  from th e  Upper 

Leintw ardine Beds, and V/liitaker (1962) from h is  Higher Lower Leintw ardine 

Beds. Specimens o f p u e l la r is  have been c o lle c te d  from th e  Upper L e in t

wardine Beds in  both  a re a s .

g) Wenlock Edge. Shergold and S h ir le y  (1968 , p . 135) l i s t

£ . neo in te rm ed ia  from th e i r  High Upper Leintw ardine Beds and Basal 

Upper L eintw ardine Beds, and (P la te  15) from t h e i r  Basal Upper L e in t

w ardine Beds. I  have examined m a te r ia l o f p u e l la r is  from th e  High Upper 

L eintw ardine Beds.
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2) G otland.

a) From th e  Hemse Beds a t :  Alva K anal; Vanges Kan a l  ; B urs;

Burs K anal; Rone Kanal v id  V e s te r la u s ; Visne myr, Fardhem; ? P e te sv ik .

A ll o f th e se  l o c a l i t i e s  except th e  l a s t  two are  in  th e  S and S E 

p a r ts  o f th e  Hemse Beds which have y ie ld e d  an o straco d e  fauna of 

N eoheyrich ia la u e n s is  £ . s c is s a  and S le ia  e q u e s t r i s . (M artinsson 

1967 , p . 354). This fauna c h a ra c te r iz e s  th e  youngest p a r t  o f  th e  Hemse 

Beds and i s  c o r re la te d  (M artinsson 1967, p . 36o) w ith  th e  B r i t i s h  

L ein tw ard in ian .

The p a r is h  o f  Fardhem is  s i tu a te d  in  th e  F c e n tr a l  p a r t  o f th e  

Hemse Beds. T his seems to  l i e  in  th e  Hammariella p u lc h r iv e la ta  -  

N eoheyrich ia nutans zone o f M artinsson (1967) which he c o r re la te d  w ith 

th e  upper Bringewoodian, However some l o c a l i t i e s  in  th e  a re a  N and N W 

o f  Hemse -  which encompasses a p a r t  o f th e  p a r ish  o f Fardhem -  have 

y ie ld e d  an o s traco d e  fauna w ith elem ents from younger b e d s , in c lu d in g  

la u e n s is . (see  M artinsson , 1962 , p . 54). The p u e l la r i s  specimens 

from Fardhem may th e re fo re  be younger in  age than  Upper Bringewoodian.

Four specimens (RM Ar477ô5 -  787, RM Ar47795) re fe ra b le  to  p u e l la r is  

are  la b e l le d  as coming from P e te sv ik  (= lower p a r t  o f Hemse Beds).

Three specimens (RM Ar27103, RM Ar27105 -  IO6 ) come from Havdhem. 

Both th e  Hemse and Eke Beds are  p re sen t in  th i s  p a r is h .

b) From th e  Eke Beds a t :  Lau backar (RÎ1 Ar27137) and Eke, Alvskogs 

(RM Ar27126). The Eke Beds are  c o r re la te d  w ith  th e  Upper L ein tw ard in ian  

and Lower W h itc lif f ia n  (M artinsson 1967, p . 36o),

3) S can ia .

Three specimens from K lin ta  (RM Ar32767, RM Ar32773, RM Ar32778) 

which have no horizon  in fo rm ation  bu t may come from d iv is io n  1 o f th e
ti
Oved -  Ramsasa Beds (see  R egnell I 96O, pp. 3 0 ,  3 1  and occurrence o f  

C, neo in term ed ia  ) .
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Calymene p a tu s t r i a  sp . nov.

P la te  42, f ig s .  1 , 3, 4 , 6 , T; P la te  43, f ig s .  1 -8 .

1885 Calymmene in te rm ed ia  n . ; LindstrBm, p. 71, p i .  15 , f ig s .  5~7.

DERIVATION OF THE NAME. From th e  L a tin , p a tu lu s , sp re a d -o u t, 

and s t r i a ,  furrow , r e f e r r in g  to  th e  form o f th e  l a t e r a l  b o rd e r furrow 

o f th e  f re e  cheek.

HOLOTYPE. An alm ost complete specimen which i s  e n ro lle d ; RM Ar47855; 

P I. 42, f ig s .  1 , 3, 4 , 6 , 7.

TYPE STRATUM AND TYPE LOCALITY. Lower p a r t  o f  th e  Hemse Beds (= 

low er L u d lo v ian ), P e te sv ik , p a r ish  o f  H ablingbo, G otland.

ADDITIONAL I4ATERIAL. Five com plete, bu t damaged specim ens,

RM Ar6222 ( f ig u re d  LindstrBm I 885 , p i .  15, f ig .  5 ) ,  RM Ar27150-151,

RM Ar47858, RM Ar47797; one incom plete cephalon w ith th e  rem ains of 

s e v e ra l  th o ra c ic  segm ents, RM Ar27152; one incom plete cran id ium ,

RM Ar6221 ( f ig u re d  LindstrBm I 885 , p i .  15, f ig s .  6 , 7 ) .

DIAGNOSIS. C ephalic o u tlin e  su b re c ta n g u la r . P re g la b e lla r  a rea  

alm ost v e r t i c a l ly  up turned . P re g la b e lla r  furrow very deep. Adaxial 

p a r t o f  f ix e d  cheek q u ite  s tro n g ly  v au lted  ( e x s .) ;  a n te r io r  p a r t  o f 

f ix e d  cheek s l ig h t ly  overhanging. P a lp eb ra l lobe h o r iz o n ta l .  L a te ra l 

b o rder furrow and v e n tra l  s id e  o f l a t e r a l  bo rd er exceed ing ly  wide.

Thorax hen th i r t e e n  segm ents.

DISCUSSION. £ . p a tu s t r i a  i s  most c lo se ly  r e la te d  to  £ . n eo in te rm ed ia . 

The l a t t e r  sp ec ie s  has been d e sc rib ed  a t  le n g th  above and comment 

here w i l l  be confined  to  a comparison o f th e  two ta x a . LindstrBm (1885) 

no ted  a v a r ie ty  o f  £ . neo in te rm ed ia  (= £ . in te rm ed ia  LindstrBm, I 885) 

which d if f e r e d  from th e  ty p ic a l  form in  th e  n a tu re  o f i t s  p re g la b e lla r  

a re a  and f re e  cheek. Two o f L indstrB m 's o r ig in a ls  (RM Ar6221-222) o f th i s
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v a r ie ty  are  e x tan t and s ix  o th e r specimens have been found in  th e  

Riksmuseet C o lle c tio n s , These specimens re p re sen t a very  in te r e s t in g  

and, in  some c h a rac te rs  q u ite  unique sp ec ies  o f Calymene which is  here 

form ally  d is tin g u ish e d  from neo in te rm ed ia . The new sp ec ies  d i f f e r s  

from neo in term ed ia  in  th e  fo llow ing  re s p e c ts :

1) The shape o f th e  cephalon i s  s u b s ta n t ia l ly  more re c ta n g u la r .

2) The o c c ip i ta l  r in g  f a l l s  more s te e p ly  in to  th e  o c c ip i ta l  furrow,

3) The p re g la b e lla r  furrow  is  very much deeper, i t s  a n te r io r  slope 

r i s in g  alm ost v e r t i c a l ly  be fo re  p ass in g  in to  th e  d o rsa l su rfa ce  o f  th e  

a n te r io r  bo rd er which n e a r ly  reaches above th e  f r o n ta l  g la b e l la r  lobe 

(see l a t e r a l  and f r o n ta l  v iew s).

4) In d o rsa l view th e  a n te r io r  margin o f  th e  cranidium  i s  almost 

s t r a ig h t  ( t r .  ) o r a t  most very wealily convex forw ards; i t  does not 

p ro je c t beyond th e  g en era l cep h a lic  o u tl in e .

5) The f ix e d  cheek slopes (e x s .)  more s te e p ly  from th e  p a lp eb ra l

lobe to  th e  p o s te r io r  bo rder furrow , and very  much more s te e p ly  along

th e  a n te r io r  branch o f th e  f a c ia l  su tu re  to  s l ig h t ly  overhang th e  

ad ax ia l co n tin u a tio n  o f th e  l a t e r a l  border furrow . Thus in  l a t e r a l  

view th e  p r o f i le  o f  th e  f ix e d  cheek i s  more s tro n g ly  v a u lte d .

6) In  f r o n ta l  view th e  p a lp e b ra l lobe i s  h o r iz o n ta lly  d isposed ; 

i t  does, no t continue the  outward and m oderately upward s lo p e  o f the  

in n e r p a r t  o f th e  fix ed  cheek as in  neo in te rm ed ia .

T) The free  cheek between th e  eye socle  and th e  l a t e r a l  b o rder is  

more s te e p ly  in c lin e d  and r e la t iv e ly  narrow er. The l a t e r a l  bo rder 

furrow i s  e x tra o rd in a r i ly  wide and a n te r io r ly  is  g u t te r - l ik e  -  th e  

l a t e r a l  margin becoming p ro g re s s iv e ly  more upturned  tow ards th e  f a c ia l  

s u tu re . In  d o rsa l view th e re  i s  no c le a r  d iv is io n  or break in  slope 

between th e  l a t e r a l  bo rder furrow and l a t e r a l  b o rd e r. The o u te r  p a r t 

o f  th e  b o rder does not r o l l  smoothly over and under (as in  neo in te rm ed ia ) 

bu t i s  a very narrow edge which tu rn s  sh arp ly  through l 80 degrees to
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p a s s  i n t o  t h e  v e n t r a l  s i d e  o f  t h e  b o r d e r .

8 )  T h e v e n t r a l  s i d e  o f  t h e  l a t e r a l  b o r d e r  i s  c o n s i d e r a b l y  w id e r  

( t r . )  a n d  t h e  b o r d e r  s e c t o r  o f  t h e  r o s t r a l  p l a t e  v e r y  m uch l o n g e r  

( s a g . ) .

T h e r e m a r k a b le  fo rm  o f  t h e  f r e e  c h e e k  i n  £ .  p a t u s t r i a  i s  u n l i k e  

t h a t  o f  a n y  o t h e r  m em ber o f  t h e  f a m i l y  an d  im m e d i a t e ly  d i s t i n g u i s h e s  

t h e  s p e c i e s .  I t s  o c c u r r e n c e  a t  P e t e s v i k  a n d  i t s  u n q u e s t i o n a b l e  

l i k e n e s s  t o  C.  n e o i n t e r m e d i a  s u g g e s t  t h e  p o s s i b i l i t y  o f  a  m o s t  u n u s u a l  

t y p e  o f  d im o r p h is m . T h e r e  i s  n o  s i z e  d i f f e r e n c e  b e t w e e n  t h o s e  s p e c im e n s  

a s s i g n e d  t o  p a t u s t r i a  an d  t h o s e  o f  n e o i n t e r m e d i a . an d  n o  m o r p h o l o g i c a l l y  

i n t e r m e d i a t e  fo r m s  h a v e  b e e n  fo u n d  b e t w e e n  t h e  tw o  s p e c i e s .  I n  t h e  

a v a i l a b l e  s a m p le s  o f  t h e  tw o  s p e c i e s ,  £ .  n e o i n t e r m e d i a  i s  i n  t h e  

m a j o r i t y  b y  a b o u t  t w e l v e  t o  o n e .

T h e fo r m  o f  t h e  p o s t e r i o r  b o r d e r  fu r r o w  i n  p a t u s t r i a  i s  l i k e  t h a t  

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

l o b e  i s  t h e  sam e a s  i n  p u e l l a r i s . T h e s e  t h r e e  s p e c i e s  fo rm  a  c o m p a c t  

g r o u p  i n  d e p o s i t s  o f  l a t e s t  W en lo c k  t o  m id d le  L u d lo v ia n  a g e  i n  B r i t a i n ,  

G o t la n d  a n d  S c a n i a .

OCCURRENCE, O n ly  Icnown fro m  t h e  lo w e r  H em se B e d s  (=  lo w e r  L u d l o v i a n ) , 

P a r i s h  o f  H a b l in g b o ,  G o t la n d .
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PROBOSCIDEAII TRENDS IIJ CALYMCIIID TRILOBITES FROM THE ORDOVICIAN

AIID SILURIAN OF il U EUROPE, THE UNITED STATES AND B E ASIA.

In  a number o f t r i l o b i t e  genera th e  cranidium  o r some p a r t  th e re o f  

e x h ib its  a lo n g , though o ften  v a ria b ly  developed, a n te r io r  p ro je c t io n . 

This w i l l  be re fe r re d  to  here by th e  g en era l name o f  a p ro b o sc is . Thus 

in  th e  Calmoniidae D elo, 1935 th i s  fe a tu re  i s  m an ifested  by S ch izo sty lu s  

Delo, 1935 , Probolops D elo, 1935 and Paracalm onia S tru v e , 1958; in  th e  

Raphiophoridae A ngelin , 1854 by Raphiophorus A ngelin , 1854, Ampyx 

Dalman, 1827 and Lonchodomas A ngelin , 1854. The Calyraenidae a re  perhaps 

one o f th e  more conserva tive  t r i l o b i t e  g roups, y e t w ith in  t h i s  fam ily  

a t  l e a s t  seven p h y le tic  l in e s  e x iiib it a s im ila r  t re n d . In  each lin eag e  

th e  most conspicuous development o f  th i s  tre n d  i s  shoT-m by th e  fo llow ing 

sp ec ie s  :

1 ) Calymene nodulosa S h ir le y , 1933 from th e  Wenlock S h a le , 

C yrtograptus lundgren i Zone, o f th e  Welsh B orderlands. This i s  here  

r e fe r re d  to  a new genus.

2 ) Spathacalymene n a su ta  (U lr ic h , 1879) from th e  Osgood Form ation, 

Osgood, R ipley County, In d ia n a , U.S.A. In  t h e i r  c o r re la t io n  c h a rt o f 

North American S i lu r ia n  ro ck s . Berry & Boucot (l970) reg a rd  th e  Osgood 

Formation o f sou thern  In d ian a  as be ing  o f Upper Llandovery (C^-C^ zones) 

age.

3 ) Spathacalymene flex u o sa  Tomczykowa, 1970 from th e  zones o f  

C ucullograp tus aversus and S aetograp tus le in tw a rd in e n s is , Upper M ielnik 

Beds (L ud lov ian ), M ielnik and T erespol b o re h o le s , Poland, This is  here 

r e f e r r e d  to  ano ther new genus.

4) Thelecalymene mammillata (H a ll, I 861) from th e  E lg in  Shaly Lime

stone Member, Maquoketa S h a le , Iowa, U.S.A. W hitting ton  (1971, p . 132) 

regarded  th e  E lg in  Member as be ing  o f Upper O rdovician Richmond, o r  

p o ss ib ly  s l ig h t ly  o ld e r ,  age.
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5) Pharostoma foveolatum  (T B rnquist, 1884) from th e  middle 

O rdovician K ullsberg  Lim estone, D alarna, Sweden.

6 ) Reedocalymene expansa Y i, 195T from th e  O rdovician (Caradocian) 

of Fenhsiang a re a , Ichang, Hupei p ro v in ce , Y angtze-Gorge, China.

7) Calymenesun t in g i  (Sun, 1931) from th e  O rdovician N eich ia  

group o f Sh ih tzupu , Kweichou, China. The H eichia Fauna i s  regarded  by 

Kobayashi (1951, p. 56) as p a r t ly  L lan v irn , but m ostly e a r ly  L lan d e ilo , 

in  age.

The presence o f a p robosc is  in  v a rious calymenid genera has been 

th e  su b je c t o f comment by o th e r p a la e o n to lo g is ts  (Kobayashi 1951, I960;

Reed 1917; T illm an I 96O; Tomczykowa 1970; W hittington  1971); here  an 

attem pt i s  made to  d iscu ss  th e  form o f t h i s  fe a tu re  in  a l l  th e se  examples 

and to  t r a c e ,  in  some o f them, i t s  o r ig in s . A d e ta i le d  taxonomic 

d iscu ss io n  w i l l  be given to  th e  S i lu r ia n  sp ec ies  in  th e  sy stem atic  p a r t 

o f th i s  ch ap te r and some o f th e  o th e r ta x a  m entioned, fo r  example

foveolatum  and G ravicalymene c a p ito v a ta  sp. n o v ., w i l l  be d e a lt  w ith 

more f u l ly  elsew here.

TERMINOLOGY. The term inology employed i s  la rg e ly  th a t  used in  th e  

T re a tis e  o f  In v e r te b ra te  Palaeonto logy  (Moore 1959, pp. 0 117 -  0 126).

When th e  p re g la b e l la r  a rea  is  d iv id ed  in to  a (p o s te r io r )  p re g la b e l la r  

furrow and a n te r io r  bo rder by a sharp  break in  slope ( 'r i d g e '  o f  S h ir le y , 

1936 , p . 390) ,  such as is  seen in  sp ec ies  o f  Diacalym ene, th e re  i s  l i t t l e  

d i f f i c u l ty  in  th e  use and l im its  o f  th e se  term s. Where th e  p re g la b e l la r  

furrow passes forwards and upwards on i t s  a n te r io r  s id e  w ithou t a sudden, 

angu lar b reak  in  s lo p e , th e re  i s  a problem in  d e fin in g  e x ac tly  where th i s  

s id e  o f  th e  furrow ends and th e  a n te r io r  bo rder b eg in s . However, calymenids 

o ften  la ck  tu b e rc u la r  ornament (which is  p re sen t on th e  r e s t  o f th e  

cranidium ) in  th e  p re g la b e l la r  furrow , and I have used th i s  as a guide 

to  th e  d iv is io n  between th i s  furrow and th e  a n te r io r  b o rd e r. The term
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MEASUREMENTS TAKEN ON CRANIDIUM OF 
Tap i n o c a l y m e n e  v o l s o r i f o r m a  

TEXT- fig 8 A

Tap inoca ly m e n e  vulp e c u la  
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Tapinocalymene nodulosa 

TEX T- f ig .  8 C



- 313-

p r e g l a b e l l a r  f i e l d  d o e s  n o t  a p p ly  t o  a n y  o f  t h e  e x a m p le s  c o n s i d e r e d  

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

fu r r o w  fro m  a n t e r i o r  b o r d e r  f u r r o w .  T h e g l a b e l l a  i s  t a k e n  t o  i n c l u d e  

t h e  o c c i p i t a l  r i n g  u n l e s s  s t a t e d  o t h e r w i s e .  T he t e r m s  ’ d o u b lu r e  s e c t o r ’ 

an d  ’b o r d e r  s e c t o r ’ , u s e d  f o r  t h e  i n n e r  a n d  o u t e r  p o r t i o n s  r e s p e c t i v e l y  

o f  t h e  r o s t r a l  p l a t e ,  an d  ’ c i n c t u r e ’ , u s e d  f o r  t h e  p e r i p h e r a l  i m p r e s s i o n  

on  t h e  p l e u r a l  r e g i o n  o f  t h e  p y g d id iu m  w h ic h  m ark s t h e  p o s i t i o n  o f  t h e  

c e p h a l i c  l a t e r a l  b o r d e r  d u r in g  e n r o l l m e n t ,  a r e  a l l  t a k e n  fr o m  C a m p b e ll  

(1967).

MEASUREI4ENTS. See T e x t- f ig s . 8A -  8C fo r  measurements taken  on 

th e  cranidium  o f  Tapinocalym ene; d e f in i t io n s  o f th e se  are  given in  the  

f i r s t  p a r t o f th i s  t h e s i s .  Measurements taken  on th e  pygidium , hypostc^c 

and r o s t r a l  p la te  are  th e  same as th o se  i l l u s t r a t e d  and d efin ed  in  

th e  f i r s t  p a r t  o f  th i s  th e s i s .

MORPHOLOGY AND EVOLUTION OF THE PROBOSCIS IN :

l )  T a p in o c a ly m e n e  g e n .  n o v .

In  1933 S h ir le y  (p . 53) e re c te d  th e  new s p e c if ic  name o f  nodulosa 

fo r Calymene tu b e rc u lo sa  o f  S a l t e r ,  l8U8. That th i s  sp ec ie s  was d i s t in c t  

from Ĉ. tu b e rc u lo sa  Dalman, 1827 was f i r s t  recorded  by LindstrBm (1885 , 

p . 66). Kegel (1927 , pp. 618- 1 9 , t e x t - f i g .  2f) p laced  Ĉ. tu b e rc u lo sa  

S a l te r  non Dalman in  h is  subgenus Diacalymene because o f  i t s  deep 

p re g la b e lla r  furrow and prom inent a n te r io r  m argin. S h ir le y  l a t e r  (1936, 

p. 393) emended th e  concept o f Diacalymene and ra is e d  i t  to  g en eric  rank , 

bu t excluded nodulosa because i t  lacked  th e  " rid g e  on th e  p re g la b e l la r  

f ie ld "  -  a d ia g n o stic  c h a ra c te r  w ell shown by th e  type s p e c ie s , D. diademat a  

(B eyrich , 1846). Although nodulosa is  not a Diacalym ene, I would 

suggest th a t  i t  l i e s  a t th e  end o f an e v o lu tio n a ry  s e r ie s  which arose 

from th a t  genus. This l in e  c o n s is ts  o f th re e  sp e c ie s , two o f which are 

new, and is  here  r e fe r re d  to  a new genus, Tapinocalym ene.



TEXT-FIG, 1. O u tlines of c ra n id ia ,  d o rsa l and l e f t  l a t e r a l  views of 

sp ec ie s  w ith in  Tapinocalvnene gen. nov. A ll f ig u re s  a re  x 2.

1A-D, T. nodulosa (S h ir le y , 1933), based on A212/1, Wenlock 

S h a le , B urring ton , H e re fo rd sh ire , See P la te  1, f i g s .  1, 3, 5y 6 , 

1C-D, T. nodulosa (S h ir le y , 1933), based on GSM Zs103, Wenlock 

S hale , D olyhir, R adnorshire. See P la te  3 , f i g s .  6 , 10, 11.

1E-F, T. nodulosa (S h irle y , 1933), based on 0^4 Zs195, Wenlock 

S hale , D olyhir, R adnorsh ire . See P la te  3 , f i g s .  1, 4 , 7 .

1G-H, T. vu lpecu la  sp . n o v ., based on th e  h o lo ty p e , DJS/XB,

Wenlock Shale, roadside  q u a rry , q u a r te r  of a m ile n o rth  of L e tto n , 

n ear th e  Wigmore R o lls  a re a , H e re fo rd sh ire , Welsh B orderland,

See P la te  7 , f ig s .  1, 2, 12.

11-1, T. vo lso rifo rm a sp . nov. based on th e  ho lo ty p e , G34 Zs63, 

probably from th e  shale  band near th e  base of th e  D olyhir 

Lim estone, low est Wenlock S e r ie s ,  D olyhir, R adnorsh ire . See 

P la te  5, f i g s ,  1-4.
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In  o rd e r o f m orphological p ro g re ss io n , th e  assigned  sp ec ie s  to  

Tapinocalymene comprise :

a) T. v o lsoriform a sp. nov. from a sh a le  band w ith in  th e  lower 

Wenlockian D olyhir Lim estone, ? C yrtograptus c en trifu g u s  o r C yrtograptus 

m urchisoni Zones, D olyhir q u a r r ie s ,  R adnorshire.

b) T. vu lpecu la  sp. nov. from th e  Wenlock S h a le , probably

£ . lu n d g ren i Zone, sm all d isused  quarry  n o rth  o f L e tto n , n ear th e  Wigmore 

R o lls  a re a , H e re fo rd sh ire .

c) T. nodulosa (S h ir le y , 1933) which occurs most abundantly  in  th e  

Wenlock S h a le , £ . lundgren i Zone, B u rrin g to n , H ere fo rd sh ire .

During i t s  e v o lu tio n , Tapinocalymene e x h ib its  two main changes in  

i t s  p re g la b e l la r  a rea  -  an in c re a se  in  le n g th , and a more marked 

a l te r a t io n  in  i t s  morphology. The o v e ra ll  tre n d  is  from th e  m oderately 

lo n g , rid g ed  p re g la b e l la r  a rea  o f T. v o lso rifo rm a , through an in t e r 

m ediate sp ec ie s  T. v u lp e cu la , to  th e  lo n g e r, sco o p -lik e  p ro bosc is  o f 

T. n o d u losa . The in c re a se  in  le n g th  i s  accompanied by a decrease  in  

prominence o f th e  rid g e  s e p a ra tin g  a n te r io r  b o rder from p re g la b e l la r  

furrow , a s a g i t t a l  len g th en in g  o f t h i s  furrow , and a sh o rten in g  o f th e  

b o rder i t s e l f  (T e x t- f ig . l ) .  The rid g e  d isappears  in  T. no d u lo sa , b u t 

th i s  sp ec ie s  shows in t r a s p e c i f i c  v a r ia t io n  and in  some specimens from 

D olyhir a r e l i c t  o f th e  a n c e s tra l  c h a ra c te r  can be d isce rn ed  (see 

T e x t- f ig s .  1C -  i f ) .  This is  taken  as evidence o f th e  p o s tu la te d  

d escen t. Thus in  Tapinocalymene th e  a n te r io r  bo rder i s  regarded  as a 

p ro g re ss iv e  ev o lu tio n a ry  c h a ra c te r .

Tapinocalymene i s  thought to  have o r ig in a te d  from Diacalymene 

because o f th e  s im i la r i ty  o f T. v o lso rifo rm a , i t s  m orpholog ically  most 

p r im itiv e  and s t r a t ig r a p h ic a l ly  e a r l i e s t  s p e c ie s , w ith members o f th a t  

genus.

Apart from being  much, lo n g e r , th e  b a s ic  form o f th e  p robosc is  in  

T. nodulosa i s  g en e ra lly  th e  same as th e  p re g la b e l la r  a rea  o f  many 

Calymene sp e c ie s . I f ,  as seems l i k e l y ,  Diacalymene gave r i s e  to



TEXT-FIG, 2 . O utline of c ra n id iu n , d o rsa l and r ig h t  l a t e r a l  views 

of Diacalymene a l lp o r t ia n a  ( S a l te r ,  1865), x 2 , based on th e  h o lo ty p e ,

DM 58904, Wenlock Limestone, Dudley, W o rceste rsh ire ,

TEXT-FIG, 3 , O u tlines of c ra n id ia , d o rsa l and r ig h t  l a t e r a l  views of 

Spathacalymene n asu ta  (U lr ich , 1379) and Diacalymene vomdesi (F o e rs te , 

1807).

3A-B, S. n a su ta  (U lr ich , 1079), x 1, based on USî^l 170363, quarry  

0 ,0  of a m ile due e a s t  o f Napoleon, In d ian a , U,8.A; f i g ,  3k i s  

a f t e r  T illm an , I960, p i ,  I I 6 , f i g .  0 . See P la te  0 , f i g s .  1-3, 5. 

3C-D, D. VO)<des i  (F o e rs te , 1037), based on th e  ho lo type , C lin ton  

group ( sensu F o e r s te ) . ? A lle n ’ s Quarry, C e n tre v il le , Ohio, U.S.A; 

a f t e r  F o e rs te  1007, P la te  0 , f i g s ,  12, 13, M agn ifica tion  of 

f ig u re s  unknown, but a re  equal to  F o e rs te ’s o r ig in a ls .  F igure  

3D i s  a s a g i t t a l  p r o f i l e .

TEXT-FIG, 4 . O u tlines of c ra n id ia , d o rsa l and r ig h t  l a t e r a l  views of 

sp ec ie s  w ith in  Palacalymene gen. nov,

4A-B, P. f lex u o sa  (Tomczykowa, 1970), based on th e  h o lo ty p e , IG. 

1169. 11. 7 , S. le in tw a rd in e n s is  Zone, Ludlovian, M ielnik boreho le , 

Poland, a f t e r  Tomczykowa, 1970, p i .  2 , f i g ,  5a, p, 74, t e x t - f i g ,  4d, 

4C-D, P. linm uata  (Tomczykowa, 1970), based on th e  h o lo ty p e , IG, 

1169. 11. 5, Ç. hem iaversus Zone, M ielnik boreho le , Poland; a f t e r  

Tomczykowa, 1970, p i .  4, f i g ,  9a, p . 74, t e x t - f i g ,  4g,
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Calymene (see V Jhittington 1971, p . ^57, t e x t - f i g .  1 ) ,  and we have th e  

l a t t e r  genus p re sen t in  Llandovery s t r a t a  ( fo r  example C_. p la n ic u rv a ta  

S h ir le y , 1936 and C. f ro n to sa  LindstrBm, 1885) , then  sp ec ies  w ith  a 

non-ridged  type  o f a n te r io r  bo rder appear to  have developed from 

Diacalymene a t l e a s t  tw ice in  i t s  h is to ry .

2 ) Spathacalymene T illm an , I 96O

The p robosc is  o f  S, n a su ta  has an in v e rte d  U-shaped o u t l in e ,  and i s  

composed o f a long a n te r io r  b o rd e r, th e  s id es  o f  which s l i g h t ly  d iverge 

p o s te r io r ly  and th e  d o rsa l su rface  o f  which slopes downwards p o s te r io r ly  

to  meet a s a g i t t a l l y  narrow , deep, t r e n c h - l ik e  p re g la b e l la r  furrow 

(see  T e x t- f ig s .  3A-B and P I. 8 ) .  Tomczykowa (1970, p . 73) b e lie v ed  th e  

p ro b o sc is  in  Ŝ . n asu ta  to  be th e  r e s u l t  o f an "expansion o f  th e  f r o n ta l  

(= p re g la b e lla r )  a re a " . I  am in c lin e d  to  th e  view o f T illm an who 

regarded  i t  as be ing  formed by a p ro lo n g a tio n  o f th e  a n te r io r  b o rd e r.

T illm an d id  not suggest any p o ss ib le  o r ig in s  fo r  h is  monotypic genus, 

b u t ,  a lthough g re a t ly  extended in  le n g th , th e  form o f i t s  p ro b o sc is  c lo se ly  

agrees w ith  th e  p re g la b e lla r  a rea  o f Diacalymene. Except fo r  i t s  much 

deeper p re g la b e l la r  furrow , in  s a g i t t a l  p r o f i l e  th e  cranidium  o f  

T. n a su ta  i s  not u n lik e  specimens o f  D̂. c ra ssa  S h ir le y , 1936 from th e  

Rhuddanian (low er Llandovery) o f  W ales, a Diacalymene w ith  a m oderately 

long a n te r io r  b o rd e r. O ther c r a n id ia l  fe a tu re s  are  a lso  s im ila r  -  a 

r e l a t iv e ly  convex (both tra n s v e rs e ly  and s a g i t t a l l y )  high g la b e l la ,  

th e  f r o n ta l  lobe o f which slopes s te e p ly  downwards reach ing  in to  th e  

p re g la b e l la r  furrow . The in n e r ,  a n te r io r  corner o f  th e  f ix e d  cheek in  

n a su ta  i s  r a th e r  p o in ted  and overhangs th e  most a n te r io r  p a r t  o f th e  

l a t e r a l  bo rder furrow  (P l. 8 , f ig .  3 ) . This c h a ra c te r  has a lso  been 

observed in  D. c ra s sa  and o th e r sp ec ie s  o f Diacalymene.

I t  i s  th e re fo re  worthy o f no te  th a t  Diacalymene sp . a f f .  D. co n sim ilis  

(Cooper, 1930 ) and Diacalymene sp . have been recorded  from th e  L landoveriai 

p a r t  o f  th e  White Head Form ation, Perce Region, Quebec (Lesperance iji
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Ayrton e t  1969, p. Ut8 , ta b le  5 ) ,  and D. sch u ch e rti (Twenhofel, 1928) 

from th e  J u p i te r  Formation (upper Llandovery) o f A n tic o s ti  I s la n d  

(Bolton 1972, p l .  9 , f ig s .  3 , 9 ) . These records b ear w itn ess  to  th e  

ex is ten c e  o f Diacalymene in  N America during  lower S ilu r ia n  tim es .

Even more p e r t in e n t  i s  th e  un rev ised  American sp ec ies  Calymene vogdesi 

F o e rs te , 1887. From th e  i l l u s t r a t i o n s  and d e sc r ip tio n s  o f  F o e rs te  

(1885, pp. 109-12, p l .  8 , ? f ig .  21+, f ig .  25; 1887, pp. 95-98, p l .  8, 

f ig s .  12-16; 1893, p . 526 , p l .  25, ? f ig .  2U, f ig .  25, p l .  27, f ig s .

12- 1 5 ) t h i s  sp ec ies  is  b e s t  r e fe r re d  to  Diacalymene and, in c id e n ta l ly  

i s  rem arkably c lo se  to  c r a s s a , e sp e c ia lly  in  i t s  w ell rounded f r o n ta l  

lobe and long a n te r io r  b o rd er. The type specimen o f  vogdesi appears 

to  come from th e  C lin ton  Group (sensu F o e rs te ) ,  ? A lle n ’s Q uarry, 

C e n t r e v i l le ,  Ohio (F o ers te  I 885 , p . 7^; 1887, p. 98; 1893, p . 527, 

p l .  2 5 , f ig .  2 5 , p l .  2 7 , f i g s .  12, 13 ). F oerste  (1923, p. Ul) l a t e r  

used th e  name Brass f i e ld  fo r  th e  s t r a t a  he form erly inc luded  in  h is  

s e r ie s  o f  papers on th e  C lin to n  Group o f  Ohio, and he (1919, p. 393) 

regarded  vogdesi as a " ty p ica l. B ra s s f ie ld  sp e c ie s" . ’B rassfie ld *  

as used by F o ers te  can inc lude  beds o f  Middle to  Upper Llandovery 

(B^ -  Cg brachiopod zones) age ( a f t e r  Berry & Boucot 1970, p . 127). 

S ig n i f ic a n t ly ,  F o ers te  (l8 9 3 , p. 527) a lso  records vogdesi from 

Hanover, In d ia n a , th e  same S ta te  th a t  has provided a l l  known specimens 

o f  th e  upper Llandovery spec ies  , Ŝ . n a su ta .

W hitting ton  ( 197I ,  p. U5 7 , t e x t - f i g .  1 , p . 1+59) suggested  th a t  

Spathacalymene was derived  from Calymene; i t  i s  advocated here  th a t  i t  

descended d i r e c t ly  from Diacalymene. The ev o lu tio n  o f Spathacalymene 

from Diacalymene involves th e  development o f a rid g ed  p ro b o sc is  w ith  a 

very long a n te r io r  b o rd e r , from a rid g ed  p re g la b e l la r  a rea  w ith  only a 

m oderately  long  a n te r io r  b o rd e r. The a n te r io r  border and p re g la b e l la r  

a re a  o f  . vogdesi a re ,  r e s p e c t iv e ly ,  ju s t  g re a te r  than  one f i f t h  and 

one q u a r te r  as long  as th e  g la b e l la  (measured from F o e rs te , 1893, p l .  27, 

f ig .  12 -  th e  holo type) ; in  S_. n a su ta  th e se  p ro p o rtio n s  are  about th re e
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q u a rte rs  and four f i f t h s  (measured from USNM 170363). I f  t h i s  lin e a g e  is 

accep ted , compared to  th e  tre n d  p o s tu la te d  in  Tapinocalym ene, th e  

ev o lu tio n  o f th e  p robosc is  here invo lves much le s s  change in  morphology 

and a co n sid erab ly  g re a te r  in c re a se  in  le n g th , from an ces to r to  

des Cendant.

3) Palacalym ene gen. nov.

Palacalymene flex u o sa  (Tomczykowa, 1 9 7 0 ) , Palacalymene l in g u a ta  

(Tomczykowa, 1 9 7 0 )  and Palacalymene b re v is  (Tomczykowa, 1 9 7 0 )  from th e  

middle Ludlovian o f  Poland a l l  e x h ib it  a p robosc is  which i s  from le s s  

than  one h a l f  (P. b r e v is ) to  about tw o -th ird s  (P. l in g u a ta ) as long 

as th e  g la b e l la ,  though th e se  len g th s  can vary somewhat w ith in  a s in g le  

sp ec ie s  (Tomczykowa, 1 9 7 0 ,  pp. 79, 83 ). Measurements taken  d i r e c t ly  

from Tomczykowa's p la te s  a lso  in d ic a te  th a t  th e se  p ro p o rtio n s  do not 

in c lude  th e  o c c ip i ta l  r in g  as p a r t  o f  th e  g la b e l la .  The p ro b o sc is  o f 

Palacalymene is  produced forvmrds and weakly to  s tro n g ly  upwards, but 

i t  is  debatab le  as to  which p a r t  o f th e  cranidium  is  re sp o n s ib le  fo r  i t s  

form ation . As Tomczykowa recogn ised  i t  i s  d i f f i c u l t  to  d is t in g u is h  th e  

d iv is io n  between p re g la b e l la r  furrow and a n te r io r  b o rd e r , though she 

d esc rib ed  t h i s  furrow  as "wide and shallow " in  P. l in g u a ta .

I n  a l l  t h r e e  s p e c i e s  o f  P a l a c a l y m e n e , r a t h e r  c o a r s e  t u b e r c l e s  a r e  

p r e s e n t  on  t h e  p r o b o s c i s  a lm o s t  up  t o  t h e  a n t e r i o r  m a r g in  o f  t h e  

f r o n t a l  g l a b e l l a r  l o b e  ( s e e  T om czyk ow a 1 9 7 0 ,  p l .  1 ,  f i g .  7 a ,  p l .  2 ,  

f i g s .  5 a ,  6 a ,  7 a ,  p l .  3 ,  f i g .  l 6 a ,  p l .  U , f i g s .  7 a ,  9 a ) .  As c a ly m e n id s  

n o r m a l ly  l a c k  ( o r  a t  t h e  m o s t  h a v e  o n l y  v e r y  f i n e ,  s p a r s e l y  d i s t r i b u t e d )  

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

a n t e r i o r  b o r d e r  ( s e e  T . n o d u l o s a , P l .  h, f i g .  1 ,  P l .  5 ,  f i g s .  1 ,  5 ,  6  

a n d  T . m a m m illa ta  i n  W h i t t i n g t o n  1 9 7 1 ,  p l .  1 ,  f i g s .  U , 5 ,  7 ) ,  t h i s  

s u g g e s t s  t h e  l a t t e r  f e a t u r e  fo r m s  t h e  p r o b o s c i s  i n  t h e  P o l i s h  s p e c i e s .  

T h e p r e g l a b e l l a r  f u r r o w  w o u ld  t h e n  b e  l i m i t e d  t o  a  v e r y  n a r r o w  s t r i p  i n  

f r o n t  o f  t h e  g l a b e l l a ,  an d  t h e  p r e s e n c e  o f  s u c h  a  s t r i p  i s  i n d i c a t e d  on
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som e o f  T o m c z y k o w a 's  i l l u s t r a t i o n s  ( p l .  5, f i g s .  1 0 a ,  1 0 b ,  1 2 b ) .

The d e riv a tio n  o f Palacalymene remains u n c e r ta in , but th e  lack  

o f a p a p i l la te  -  b u ttr e s s  s tru c tu re  in  t h i s  genus and th e  n a tu re  o f 

i t s  g la b e l la  and lo b a tio n  in d ic a te  th a t  i t  i s  most c lo se ly  r e la te d  

to  G ravicalym ene, Thelecalymene and F lexicalym ene. The n a tu re  o f 

th e  development o f th e  p roboscis  in  th e  new genus i s  obviously  

dependent on w hich, i f  any, o f th e se  genera provided th e  a n c e s tra l  

s to ck . A d e r iv a tio n  from Flexicalym ene would req u ire  th e  l e a s t  

a l t e r a t io n  in  th e  p re g la b e lla r  a re a  from a n ces to r to  descendant.

h) Thel e calymene W h ittin g to n , 1971

T. mammillata (H a ll, l8 6 l)  has a p ro bosc is  about h a l f  as long as i t s  

g la b e l la  and i s  composed o f a s a g i t t a l l y  long ,shallow  p re g la b e lla r  

furrow and a g en tly  s lo p in g  a n te r io r  bo rder (p re g la b e lla r  f i e l d  o f 

W hitting ton  1971, p. 134). The a n te r io r  bo rd er and p re g la b e lla r  

furrow are  o f about equal s a g i t t a l  len g th  (measured from I 'Jh ittin g to n , 

p l .  1 , f ig s .  4 , 5, p l .  2 , f ig .  l )  , and th e  a n te r io r  margin o f  th e  

p robosc is  i s  w ell rounded in  o u tl in e .

The g la b e l la  o f Thel e calym ene, w ith  th e  excep tion  o f  i t s  

unusual p a p i l la te  f r o n ta l  g la b e l la r  lo b e , i s  very s im ila r  to  th a t  o f 

G ravicalym ene, and a lthough  th e  p re g la b e l la r  areas o f  both genera are 

g e n e ra lly  u n a l ik e , th e  boss on th e  p ro bosc is  o f  Thel e calymene i s  

s tro n g ly  rem in iscen t o f  th e  pronounced r id g in g  in  th e  same p o s i t io n  

(o pposite  th e  a x ia l  furrow) in  many G ravicalymene sp ec ies  (iV hittington 

1971, p . 130). Consequently th e  b e l i e f  (iV hitting ton  1971) th a t  

Thelecalymene i s  most c lo se ly  r e la te d  to  G ravicalymene is  shared  by th e  

p re sen t au th o r. G ravicalymene is  re p re se n te d  in  il America in  contempo

raneous and o ld e r rocks to  th o se  y ie ld in g  Thelecalymene (see Ross 1967). 

Of m a te r ia l  I  have s tu d ie d  from NW Europe a new taxon from th e  middle 

O rdovician O gygiocaris Shale (d iv is io n  4a*  3) o f  th e  Oslo Region shows a 

c lo se  resem blance in  s e v e ra l c h a ra c te rs  to  T. m am m illata, and as much



TEXT-FIG. 5. O utlines of c r a n id ia ,  d o rsa l  and l e f t  l a t e r a l  views of 

Thelecalymene mammillata (K a il ,  1B61) and Gravicalymene sp. nov. A ll  

f ig u re s  a re  x 2 c

5A-B, T. mammillata (H a ll ,  IB6 1 ) ,  based on MCZ. B672/2, E lg in  

Shaley Limestone Member, Maquoketa Shale , 0.25 m iles south-w est 

of G raf, Dubuque County, Iowa; a f t e r  W hitting ton , 1971, p l .  1, 

f i g s .  2 , 4 =

5C-D, Gravicalymene sp. n o v . , based on a c a s t  of the  e x te r n a l  

mould of ho lo type , H40 9 IO6 I ,  O cvziocaris  Shale, Muggerudkleiva, 

E iker-Sandsvaer d i s t r i c t  of the  Oslo Region, Norway. F igure  5D 

i s  a s a g i t t a l  p r o f i l e .

TEXT-FIGo 6 , O utlines of c r a n id ia ,  d o rsa l  and r ig h t  l a t e r a l  views of 

Pharostoma foveolatum (T d rn a u is t . 1Q34) and Pharostoma s im ile  Thorslund,

1940.
6A-B, P. foveo la tun  x 1, based on I PU Ar4&9, K ullsberg  Limestone, 

Dalarna, Sweden.

6 C-D, P. s i m i l e , x 2, based on I PU Ar2468, T56 , Lower Chasmops Lime

s tone , Tvdren, Sëdermanland, Sweden.

TEXT-FIG, 7o O utlines of c r a n id ia ,  d o rsa l  views of Pie e do calymene expanse 

Yi, 1957, Reedocalymene expanse v a r  b rev ica  Yi, 1957 ar.d Calymenesun t i n g i

(Sun, 1931) .

7A, R. expanse, x 1 .5 , based on one of th e  o r ig in a l  syn types , Ordo

v ic ia n  of th e  Fenhsiang a re a ,  Ichang, Hupei province , China; a f t e r  

Yi, 1957, p l .  1, f i g .  1b.

7B, R. expanse v a r .  b re v ic a . x 2, based on one of th e  o r ig i n a l  syn

ty p e s ,  same horizon  and l o c a l i t y  as f o r  f i g ,  7A; a f t e r  Yi, 1957, 

p l .  1, f i g .  2b.

7C, Ç. t i n g i . X 1 .5 , based on syntype i n  Geol. Surv. China, middle 

Ordovician H iechia group, Shihtzupu, Kweichou, China; a f t e r  Sun,

1931, p l .  3, f i g .  9 f .

7D, G. t i n p i . x 2, based on syntype in  Geol. Surv. China, same horizon  

and l o c a l i t y  as f i g ,  7C; a f t e r  Sun, 1931, p l .  3 , f i g .  9d.
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as any o th e r  Graviealymene spec ies  serves  to  in d ic a te  th e  c lose  

r e l a t io n s h ip  o f  th e  two genera. P a r t i c u l a r  fe a tu re s  common to  

both T. m am illa ta  and G. c a p i to v a ta  sp. nov. inc lude a somewhat 

sh o r t  g l a b e l l a ,  very la rg e  b a sa l  g la b e l l a r  lo b e s , th e  remnant of 

an eye r idge  on th e  abax ia l  margin o f  th e  a x ia l  furrow, and a s l i g h t  

overhang o f  th e  a n te r io r  p a r t  o f th e  f ix ed  cheek over the  border 

furrow (T e x t- f ig .  5 ).

I f  Thelecalymene was derived  from Gravicalymene, to  account fo r  

the  d i s s i m i l a r i t y  in  t h e i r  p r e g la b e l l a r  areas an ev o lu tionary  t r e n d  

invo lv in g  th e  lo s s  o f  th e  r idge  sep a ra t in g  a n te r io r  border from 

p r e g la b e l l a r  furrow, and a leng then ing  o f  t h i s  furrow would be 

necessa ry . This t re n d  i s  comparable to  th e  sequence from 

T. vo lso rifo rm a  to  T. vu lpecu la  and i t  appears one has a s im i la r  type  o f  

e v o lu tio n  in  th e  p re g la b e l l a r  a rea  o f  both b u t t r e s s e d  and n o n -b u ttre ssed  

calymenids (compare T e x t - f ig s .  5A-D with T e x t - f ig s .  lA-B and I I - I J ) .

5) Pharostoma Hawle & Corda, 1847.

The proboscis  o f  P. foveolatum (T ürnqu is t ,  l88U) i s  la r g e ly  formed 

by a s a g i t t a l l y  and t r a n s v e r s e ly  convex p re g la b e l l a r  f i e l d  which can 

be up to  h a l f  as long as the  g l a b e l l a ;  i t s  a n te r io r  margin i s  s t ro n g ly  

arched as in  T. mammillata. P. foveolatum probably descended from 

Pharostoma s im ile  Thorslund, 19^0 from the  Lower Chasmops Limestone of 

SBdermanland, Sweden -  a spec ies  which has many c r a n id ia l  c h a ra c te rs  the 

same as in  th e  younger K ullsberg  Limestone taxon , and with a p r e g la b e l l a r  

f i e l d  o f  s im i la r  morphology but only about a q u a r te r  as long a t  i t s  

g l a b e l l a  (T e x t- f ig .  6 ) .  In  t h i s  t r e n d ,  and a lso  t h a t  o f  Spathacalymene, 

th e  amount o f  s t r u c t u r a l  change in  th e  p r e g la b e l l a r  a rea  from an ces to r  

to  descendant i s  minimal; only an in c rease  in  the  leng th  o f  e x i s t in g  

m orphological fe a tu re s  i s  involved .
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6) and T) Reedocalymene Kobayashi, 1951 and Calymenesun 

Kobayashi, 1951.

Reedocalymene and Calymenesun, two c lo se ly  r e l a t e d  n o n -b u tt re s sed  

genera , both have a very long p ro b o sc is .  In  the  type spec ies  o f  

Reedocalymene, R. u n ico rn is  (Reed, 1917) from th e  Ordovician, ? L lanvirn  

(see Dean 1967, p. 23) o f  Pu-p iao , Yunnan, i t  i s  a t  l e a s t  tw ice th e  

len g th  o f  th e  g la b e l l a  (measured from Reed 1917, p l .  8, f i g s .  10, 10a),  

and may be longer as th e  extreme a n te r io r  margin o f  Reed's specimen 

seems to  be m issing. In th e  s t r a t i g r a p h i c a l l y  younger R. expansa 

Yi, 1957 from th e  Caradocian o f  the  Yangtze -  Gorge, China, th e  

p roboscis  can reach up to  about four tim es as long as th e  g la b e l l a  

(measured from Yi 1957, p l .  1 , f ig .  l b ;  see T e x t- f ig .  7A). In  both  

th e se  spec ies  o f  Reedocalymene th e  p roboscis  i s  s p a tu l a t e - l i k e  in  

o u t l i n e ,  comprising a broad p o s te r io r  i n f l a t i o n  which i s  followed 

a n te r io r ly  by a narrow medial r id g e .  Calymenesun t i n g i  (Sun, 1931) from 

the  O rdovician, ? L lan d e i lo ,  o f  China a lso  has th e  p o s te r io r  p a r t  o f  

i t s  p r e g la b e l l a r  a rea  b roadly  sw ollen , bu t th e  o u t l in e  o f  which ta p e r s  

more sh arp ly  a n te r io r ly  than in  Reedocalymene, and i t  i s  then extended 

in  th e  form of a long narrow spine  (see Sun 1931, p. 29, p l .  3, f i g s .  

9 a -9 f ;  Sheng 1958, p. 201, p l .  7 , f i g .  4a; h e re in  T e x t - f ig s .  7C, 7B).

From e x i s t in g  i l l u s t r a t i o n s  and d e s c r ip t io n s ,  i t  i s  d i f f i c u l t  to  

assess  which p a r t  o f  th e  cranidium gives r i s e  to  th e  p robosc is  in  

Reedocalymene and Calymenesun. The in f l a t e d  a rea  immediately in  f ro n t  

o f  th e  g la b e l l a  in  both  th e se  genera i s  s im i la r  to  th e  p r e g la b e l l a r  

f i e l d  o f  Pharostoma or Neseuretus (N eseu re t in u s ) , bu t i t  can only be 

regarded  as a t ru e  p r e g la b e l l a r  f i e l d  i f  i t  i s  confined p o s te r io r ly  by 

a p r e g la b e l l a r  furrow, and a n te r io r ly  by an a n te r io r  border furrow.

Both genera have a p r e g la b e l l a r  furrow, but I am u n ce r ta in  as to  whether 

they  have a d e f in i t e  a n te r io r  border furrow. Kobayashi (1951, p. 44) 

desc ribed  th e  p r e g la b e l l a r  a rea  o f  £ .  t i n g i  as being  " in te r ru p te d  by
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a shallow concavity  through th e  marginal border" which may in  f a c t  

re p re se n t  a very weak a n te r io r  border furrow. I f  t h i s  i s  so then 

most o f  th e  p roboscis  in  Calymenesun i s  formed by a very long a n te r io r  

bo rder  which l i e s  in  f ro n t  o f  the  border furrow. There i s  no mention 

o f an a n te r io r  border furrow in  d e sc r ip t io n s  o f  Reedocalymene, though 

th e re  appears to  be a shallow depress ion  in  f ro n t  o f  th e  p o s te r io r ly  

s i t e d  i n f l a t i o n  in  some of th e  specimens (see Yi 1957, p l .  1, f i g s .  l a ,  

l b . ) ;  t h i s  would mean th e  p roboscis  was a lso  formed in  t h i s  genus 

e s s e n t i a l l y  by an extended a n te r io r  bo rder. However as th e re  i s  no 

d i s t i n c t  a n te r io r  border furrow in e i t h e r  Reedocalymene o r Calymenesun, 

i t  i s  perhaps b e s t  to  regard  th e  p robosc is  in  each o f  th e se  genera as being 

formed by a long undivided p r e g la b e l l a r  a re a ,  the  a n te r io r  border and 

p r e g la b e l l a r  f i e l d  o f  which are coalesced  in  the  same fash ion  as th a t  

proposed fo r  species  o f  Neseuretus (N eseu re tu s) by N h it ta rd  ( 196O, p. 143).

T h e r e  c a n  b e  n o  d o u b t  t h a t  b o t h  R e e d o c a ly m e n e  an d  C a ly m e n e su n  

a r e  c l o s e l y  r e l a t e d  t o  N e s e u r e t u s  H i c k s ,  1873, fro m  w h ic h  t h e y  p r o b a b ly  

d e s c e n d e d ,  a n d  s p e c i e s  o f  w h ic h  a r e  p r e s e n t  i n  t h e  L l a n v ir n  o f  C h in a  

a n d  p o s s i b l e  L l a n d e i l o  o r  e a r l y  C a r a d o c  o f  t h e  H im a la y a s  ( s e e  K o b a y a s h i  

1951 , p .  5 6 , a n d  i 960 , p .  43; D ean  I 9 67 , p p . 20-21).

THE FUNCTION OF A PROBOSCIS

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

s e r v e d  a  v a r i e t y  o f  f u n c t i o n s .  I n  m o s t  o f  t h e  g e n e r a  t h e  p r o j e c t i o n  

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

t o  a  n ew  m ode o f  l i f e  o r  e c o l o g i c a l  n i c h e .

T i l lm a n  (196O, p .  893) s u g g e s t e d  t h a t  an  " a n t e r i o r  p r o c e s s " ,  s u c h  

a s  t h a t  o f  S .̂ n a s u t a , may h a v e  a c t e d  a s  a  c o u n t e r w e i g h t  t o  k e e p  t h e  

p o s t e r i o r  p a r t  o f  t h e  b o d y  o f f  t h e  s e a  b o t t o m  d u r in g  f e e d i n g ,  o r  w h e r e  

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

s t a b i l i t y .  A l t e r n a t i v e l y  t h e  p r o b o s c i s  o f  n a s u t a  m ay h a v e  h e l p e d  s t r e a m 

l i n e  t h e  t r i l o b i t e  f o r  i n c r e a s e d  s p e e d  o f  m o v e m e n t.
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The s h o v e l- l ik e  proboscis  o f  T. nodulosa appears id e a l ly  shaped 

to  func tion  as a scoop -  perhaps fo r  d is tu rb in g  loose  sediment in  search  

o f  food, o r  t o  f a c i l i t a t e  shallow burrowing, fo r  i t  i s  reasonab le  to  

assume th a t  t h i s  spec ies  had a benthonic  h a b i t .  There are a t  l e a s t  

two o the r  p o s s ib le  uses: I t  may have been an ad ap ta t io n  fo r  ploughing

as ide  the  s u p e r f i c i a l  mud during  locomotion. Secondly, th e  long 

broad probosc is  would have added to  th e  su rface  a rea  o f  th e  t r i l o b i t e ,  

and t h i s  in c re a se  would have been a d i s t i n c t  advantage in  p rev en tin g  i t  

s in k in g  in to  a s o f t  and unconso lidated  s u b s t r a t e ,  which seems l i k e l y  

to  have been p re sen t  in  the  Wenlock Shale environment.

I t  i s  noteworthy th a t  in  th e  Wenlock Shale o f  Burrington one 

finds  Dalmanites a sso c ia te d  with T. nodulosa , and in  th e  Wenlock 

Shale of Rushbury near Wenlock Edge they  are  a lso  accompanied by 

Raphiophorus. A ll th ese  sympatric ta x a  have a n te r io r  p r o je c t io n s ,  

though they a re  v a r ia b ly  developed and almost c e r t a in ly  had d i f f e r e n t  

fu n c t io n s .

THE TAXONOMIC SIGNIFICANCE OF A PROBOSCIS IN CALYMENIDS

The d is c r im in a t io n  o f th e  d i f f e r e n t  t ren d s  o u t l in e d  above i s  

h e lp fu l  in  th e  i n t e r p r e t a t i o n  o f  calymenid phylogeny. The examples 

given demonstrate th e  p o te n t i a l  o f  s ev e ra l  calymenids to  develop a 

fe a tu re  which should be given c a r e fu l  eva lu a tio n  in  c l a s s i f i c a t i o n .  

Considered in  i s o l a t i o n ,  th e  amount o f  inform ation concerning phylogeny 

t h a t  th e  p robosc is  can provide may be low, and o th e r  c h a rac te rs  prove 

more r e l i a b l e  as in d ic a to r s  o f  descen t. S u p e r f ic ia l  s i m i l a r i t i e s  o f  the  

p robosc is  in  d i f f e r e n t  spec ies  may induce groupings which cut across  

n a tu ra l  p h y le t ic  l i n e s .

In  1970 Tomczykowa p laced  T. nodu losa , P. b r e v i s , P. l in g u a ta  

and 2" f lexuosa  a l l  in  Spathacalymene. Although n a su ta  and 

T. nodulosa both have a long p ro b o sc is ,  th e  morphology o f  each p ro je c t io n  

is  completely d i f f e r e n t  (compare P l .  4, f i g .  7, with P l .  8, f i g .  l ) , and
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I b e l ie v e  t h a t  th e se  two spec ies  rep re se n t  th e  end members o f  two 

sep a ra te  l i n e a g e s , each o f  which evolved i t s  proboscis  in  a d i f f e r e n t  

way (as o u t l in e d  above).

Likewise, a p a r t  from sometimes having a s im ila r  o u t l in e  in  d o rsa l  

view (compare T e x t - f ig s .  3A and 4c) ,  th e  s t r u c tu r e  of th e  proboscis  in 

members o f  Palacalymene i s  q u ite  d i s t i n c t  from th a t  o f  S_. n a s u ta , 

in  ad d i t io n  t o  which many o th e r  f e a tu re s  sep a ra te  th e  P o l ish  and 

American s p e c ie s ,  and they  are  not regarded  here  as congeneric .

In curving forwards and upwards and having no r idge  d iv id in g  

a n te r io r  border from p r e g la b e l l a r  furrow, th e  proboscis  in  Palacalymene, 

p a r t i c u l a r l y  in  £ .  f le x u o s a , i s  not u n like  t h a t  o f  T. nodulosa 

(compare t e x t - f i g s .  IB and 4B). Other ch a rac te rs  are comparable in  th e  

B r i t i s h  and P o lish  s p e c ie s ,  bu t they  are  a lso  not regarded as congeneric 

(see generic  d iscu ss io n  below ), and t h e i r  s im i l a r i t y  i s  thought to  be 

the  r e s u l t  o f  convergence.

I t  i s  arguable  whether th e  p roboscis  o f  th e  spec ies  nasu ta  i s  

s u f f i c i e n t  to  j u s t i f y  i t s  sep a ra t io n  from Diacalymene a t  the  generic  lev e l ,  

A case could be made fo r  regard ing  th e  American taxon as a subgenus o f  

Diacalymene c h a ra c te r iz e d  by a very long a n te r io r  border.  A fte r  a l l ,  

the  d i f f e r e n c e  between n a su ta  and members o f  Diacalymene i s  roughly 

e q u iva len t to  t h a t  between P. foveolatum and members o f  Pharostoma, 

and foveolatum has not been sep a ra ted  even a t  th e  subgeneric  l e v e l .

SYSTEMATIC PALAEONTOLOGY 

Family CALYMENIDAE Milne Edwards, l840 

Subfamily CALYMENINAE Milne Edwards, l840 

Genus TAPIN00ALYMENE gen. nov.

DERIVATION OF THE NAME. From  t h e  G r ee k  t a p e i n o s , h u m b le ,  a l l u d i n g  

t o  t h e  n a t u r e  o f  t h e  g l a b e l l a  w h ic h  i s  su n k  f a i r l y  lo w  an d  i s  s h o r t  i n  

r e l a t i o n  t o  t h e  f i x e d  c h e e k s .



-3 2 4 -

TYPE SPECIES. Calymene nodulosa S h i r le y ,  1933, p . 53, p l .  1 ,  

f i g s .  6-10; from th e  Wenlock Shale , B urring ton , H ere fo rd sh ire .

OTHER S P E C IE S . T. v o ls oriform a sp . n o v .;  T. vu lpecu la  sp , nov,

DIAGNOSIS. P r e g la b e l la r  a rea  r e l a t i v e l y  long , though v a r ia b ly  

developed. In  d o rsa l  view, g la b e l la  does not p ro trude  in  f ro n t  o f  f ixed  

cheek, more o f ten  than not l i e s  w ell behind i t ;  in  l a t e r a l  view, d o rsa l  

su rface  o f  g la b e l l a  stands only ju s t  above f ixed  cheek, i s  sometimes below 

f ix e d  cheek a n t e r io r ly .  L a te ra l  lobe 2p i s  b ridged  across  a x ia l  furrow 

to  a genal b u t t r e s s .  P a lp eb ra l  lobes a re  from tw ice to  2 .5  tim es as wide 

( t r . )  ap a r t  as w idth o f  g la b e l la  a t  2p l a t e r a l  lo b es .  Hypostome has 

moderate to  prominent v e n t r a l ly  d i r e c te d  p ro je c t io n  on a n te r io r  lobe ; 

maculae are la rg e  and ovate ; p o s te r io r  bo rder  i s  expanded in to  f l a t , 

moderately long sp in e s .  P y g id ia l  ax is  almost f l a t  ( t r . ) ;  in n e r  

p le u r a l  reg ion  slopes  g en tly  a b a x ia l ly ;  i n t e r p l e u r a l  furrows are 

weak or o b so le te .  Small to  medium s iz e d  tu b e rc le s  uniform ly d i s t r ib u te d  

on g l a b e l l a ;  a n te r io r  ad ax ia l  p a r t  o f  f ix ed  cheek and o f ten  a n te r io r  

border have much l a r g e r  tu b e rc le s .

DISCUSSION. Since 1936 many authors  have followed S h i r l e y 's  th e s i s  

t h a t  specimens showing a r idged  or 'th ickened* a n te r io r  border and a 

p a p i l l a t e  2p l a t e r a l  g l a b e l l a r  lobe jo in e d  to  an a d a x ia l ly  p ro je c t in g  

genal b u t t r e s s  should be p laced  in  Diacalymene; and th a t  those  spec ies  

with t h i s  b r idge  across  the  a x ia l  furrow but w ithout th e  r id g ed  

p r e g la b e l l a r  a rea  should be p laced  in  Calymene. This c l a s s i f i c a t i o n  

i s  fo r  th e  most p a r t  employed by th e  p re sen t  au thor but i t  was found 

d i f f i c u l t  to  use when conside ring  T. n odu losa , 2* v o lsorifo rm a and 

T. v u lp e cu la . A ll th r e e  spec ies  have th e  a x ia l  furrow b ridged  a t  2p 

l a t e r a l  lo b e ,  but v o ls oriform a and v u lpecu la  possess a Diacalymene 

type o f  a n te r io r  b o rd e r ,  w h ils t  nodulosa d isp lay s  a type  d iag n o s t ic  o f  

Calymene. However, th e se  th re e  spec ies  a l l  have in  common a number
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of d i s t i n c t  c h a rac te rs  which weigh h eav ily  ag a in s t  p lac in g  nodulosa 

in  a sep a ra te  genus, and which d i f f e r  and enable t h e i r  s ep a ra t io n  

from both Diacalymene and Calymene.

The a n te r io r  border in  Tapinocalymene i s  evolving q u i te  r a p id ly ,  

and i s  u se fu l  fo r  s p e c i f ic  d is c r im in a t io n ,  bu t not fo r  d iagnosing the  

genus. The former un ify ing  ro le  of th e  a n te r io r  border as a more s ta b le  

generic  c h a ra c te r  (as in  Diacalymene) i s  now adopted by o th e r  morphological 

f e a tu re s .  None o f the  fe a tu re s  in  th e  d iagnosis  o f  Tapinocalymene i s  

completely exc lus ive  to  the  genus, bu t in  p a r t i c u l a r  a sh o r t  and low 

g l a b e l l a ,  w idely sep a ra ted  p a lp eb ra l  lo b e s ,  and a d i s t i n c t  s ty le  o f  

c r a n id ia l  ornamentation a l l  combine t o  sep a ra te  Tapinocalymene from o ther 

p a p i l l a t e  -  b u t t r e s s e d  genera. The form o f  th e  g la b e l la  in  T. nodulosa 

i s  unusual fo r  a calymenid o f  ( p a r t i c u l a r ly  middle) S i lu r ia n  age because, 

in  c o n t r a s t ,  in c reased  i n f l a t i o n  and p ro je c t io n  o f  the  g la b e l la  above 

and beyond the  f ix ed  cheek was a theme p rev a len t  in  calymenid evo lu tion  

during t h i s  time (see S h ir le y  1936, p. 388). The ex is tence  o f  two 

o th e r  spec ies  in  the  Wenlockian o f  th e  Welsh Borderlands w ith th e  same 

type o f  g la b e l l a  and o v e ra l l  morphology i s  taken as s i g n i f i c a n t ,  and t h i s  

group o f  sp ec ie s  i s  s u f f i c i e n t l y  d i s t i n c t  t o  be deemed worthy o f formal 

re c o g n i t io n .

Tapinocalymene d i f f e r s  from Diacalymene in  th e  fo llow ing ways.

In d o rsa l  view the  g la b e l la  does not reach in  f ro n t  o f  and more o f ten  than 

not l i e s  behind the  f ix ed  cheek; in  l a t e r a l  view th e  g la b e l l a r  p r o f i l e  

i s  lower in  r e l a t i o n  to  th e  he ig h t o f  th e  f ix e d  cheek -  e s p e c ia l ly  

a n te r io r ly  where i t  sometimes assumes a p o s i t io n  below th e  cheek. The 

Diacalymene spec ies  I  have examined(for example D, diadem ata , D. drummuck- 

e n s i s , D. c r a s s a ) a l l  show a more d o rs a l ly  p ro tru d in g  g la b e l l a  which ju t s  

(o f te n  prom inently) beyond th e  f ix e d  cheek. The p a lp eb ra l  lobes of 

Tapinocalymene are  wider apar t  (v a r i a t e  J^) compared to  th e  width o f  the  

g la b e l l a  a t  lobes 2p (v a r ia te  K^); measured specimens range from twice 

to  2.5  times as wide in  Tapinocalymene, but from only 1.4  t o  twice as
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D i a c a l y m e n e  ( j ) . c r a s s a ^  D .  d r u m m u c k e n s i s  
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<t S p a t h a c a l y m e n e  

I I T a p i n o c a l y m e n e

NUMBER 

OF SPECIMENS

1 514 1-6 1-7 1-8 1 - 9  2 - 0  2 1 2 - 2  2 3 2 - 4  2 - 5
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TO LENGTH OF G L A B E L L A  EXCLUDING O C C I P I T A L  RING ( B y )

TEXT- fig.10
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w id e  i n  D ia c a ly m e n e  ( s e e  T e x t - f i g .  9 ) .  T he r e l a t i v e l y  g r e a t  w id t h  

s e p a r a t i n g  t h e  p a l p e b r a l  l o b e s  i n  m em bers o f  T a p in o c a ly m e n e  a p p e a r s  

t y p i c a l  o f  t h e  w h o le  e x o s k e l e t o n  o f  2 *  n o d u l o s a , t h e  o n l y  m em ber o f  

t h e  g e n u s  o f  w h ic h  t h e r e  a r e  c o m p le t e  i n d i v i d u a l s  e x t a n t ,  b u t  t h i s  v a r i a t e  

( j )  w as c h o s e n  f o r  c o m p a r is o n  a s  i t  w a s t h e  o n e  m o s t  o f t e n  a v a i l a b l e  

f o r  m e a s u r e m e n t .  T h e i n n e r ,  a n t e r i o r  c o r n e r  o f  t h e  f i x e d  c h e e k  o f  

T a p in o c a ly m e n e  h a s  a  m ore r o u n d e d  o u t l i n e  i n  d o r s a l  v ie w  t h a n  i n  n e a r l y  

a l l  s p e c i e s  o f  D ia c a ly m e n e  w h e r e  i t  i s  so m ew h a t p o i n t e d  a n d  p r o j e c t s  

s l i g h t l y  fo n -r a r d s  an d  in w a r d s .  An e x c e p t i o n  t o  t h i s  d i s t i n c t i o n  i s  

D. g i b b e r o s a  s p .  n o v .  fr o m  t h e  L la n d o v e r y  o f  N orw ay  w h ic h  h a s  b e e n  

d e s c r i b e d  b y  me e l s e w h e r e ;  n e v e r t h e l e s s  t h e  g l a b e l l a r  m o r p h o lo g y  o f  

g i b b e r o s a  i s  t o t a l l y  d i f f e r e n t  t o  t h a t  o f  T a p in o c a ly m e n e  s p e c i e s  a n d  

t h i s  f e a t u r e  a lo n e  g e n e r i c a l l y  s e p a r a t e s  t h e  N o r w e g ia n  t a x o n ,  w h ic h  i s  

n o t  c o n s i d e r e d  t o  b e  o n e  o f  t h e  D ia c a ly m e n e  s p e c i e s  t h a t  a r e  c l o s e  t o  

m em bers o f  t h e  new  g e n u s .  O th e r  f e a t u r e s  c h a r a c t e r i s t i c  o f  ( b u t  n o t  

t o t a l l y  p e c u l i a r  t o )  T a p in o c a ly m e n e  i n c l u d e  t h e  i n t e r p l e u r a l  f u r r o w s ,  

a x i s ,  a n d  i n n e r  p l e u r a l  r e g i o n  o f  i t s  p y g id iu m  w h ic h  a r e ,  r e s p e c t i v e l y ,  

e x t r e m e l y  w ea k  ( P l .  U , f i g s .  3 ,  ^ , 6 ;  P l .  3 ,  f i g .  5 ) »  o n l y  v e r y  s l i g h t l y  

c o n v e x  ( t r . ) ( P l .  U , f i g .  6 ;  P l .  2 ,  f i g .  2 ) ,  a n d  g e n t l y  d e s c e n d i n g  

a b a x i a l l y  ( P l .  5 ,  f i g .  6 ) .  E x a m p le s  o f  D ia c a ly m e n e  w h ic h  sh o w  som e o f  

t h e s e  t r a i t s  i n c l u d e  D. d ia d e m a t a  B e y r i c h ,  l8 U 6  ( r a t h e r  w eak  i n t e r -  

p l e u r a l s ) ,  an d  D. g i b b e r o s a  ( a l m o s t  f l a t  ( t r . ) a x i s  a n d  g e n t l y  d e s c e n d i n g  

i n n e r  p l e u r a l  r e g i o n ) .

S p e c i e s  o f  T a p in o c a ly m e n e  a n d  t h o s e  s p e c i e s  o f  D ia c a ly m e n e  I  h a v e  

e x a m in e d  w h ic h  h a v e  t h e i r  c u t i c l e  e x t a n t  a l l  sh o w  a  s i m i l a r  t y p e  o f  

g l a b e l l a r  o r n a m e n t a t io n  -  t h a t  i s  r e l a t i v e l y  f i n e  t o  m edium  s i z e d  

t u b e r c l e s  w h ic h  a r e  u n i f o r m l y  d i s t r i b u t e d  an d  f a i r l y  c l o s e l y  s p a c e d .

B u t ,  w i t h  t h e  e x c e p t i o n  o f  D . a l l p o r t i a n a  ( S a l t e r ,  I 8 65 ) ,  i n  D ia c a ly m e n e  

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

c h e e k  ( e s p e c i a l l y  a n t e r i o r l y ) ,  an d  g e n a l  b u t t r e s s .  D . a l l p o r t i a n a  

i s  c l o s e l y  r e l a t e d  t o  T a p in o c a ly m e a <; t a x a  b u t  may b e  d i s t i n g u i s h e d  b y  i t s
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h igher g la b e l l a  which i s  longer than  i t s  f ix e d  cheeks, (see Text- 

f ig .  2 ) .

The hypostome o f  Tapinocalymene has more swollen maculae than 

those  in  th e  known hypostomes o f  Diacalymene. The hypostomes o f  

T. vu lpecu la  and T. nodulosa both show a prominent s p in e - l ik e  p ro je c t io n  

on th e  a n te r io r  lo b e , whereas th e  only known hypostome o f  vo lso rifo rm a  

appears to  have a gen tly  i n f l a t e d  s u b c irc u la r  r a i s e d  a rea  which i s  

l ik e  t h a t  o f  Diacalymene sp ec ie s .

Nearly a l l  Calymene spec ies  d i f f e r  from those  o f  Tapinocalymene 

in  having a more d o rs a l ly  and a n te r io r ly  p ro je c t in g  g la b e l l a ,  g l a b e l l a r  

tu b e rc le s  which a re  more v a r ia b le  and o f ten  l a r g e r  in  s i z e ,  more narrowly 

sepa ra ted  p a lp eb ra l  lobes , a s te e p e r  s lope  to  the  inne r  p le u r a l  reg ion  

of the  pygidium, a more convex ( t r . )  p y g id ia l  a x i s ,  and b e t t e r  defined  

in t e r p l e u r a l  furrows -  p a r t i c u l a r l y  d i s t a l l y .  A ll th e se  d i s t in c t io n s  

apply and are  most obvious when comparing members o f  Tapinocalymene 

with the  Wenlock Limestone spec ies  blumenbachii B rongn ia r t ,  1822 and 

C. a spera  S h i r le y ,  1936.

Some of the  f e a tu re s  c h a r a c t e r i s t i c  of Tapinocalymene are  

occas io n a lly  ex h ib i te d  by spec ies  o f  Calymene -  fo r  example C_, tu b e rc u lo sa  

Dalman, 1827 from th e  Wenlock S e r ie s  o f  Gotland and England has a 

moderately f l a t  ( t r . )  p y g id ia l  a x i s ,  and in  C_. t e n e r a  B arrande, 1852 from the  

lower Ludlow o f  Bohemia th e  i n t e r p l e u r a l  furrows are almost o b so le te  -  bu t 

the  combined group o f  fe a tu re s  which d is t in g u is h  th e  new genus are a l l  

p re sen t only in  T. v o lso r ifo rm a , T. v u lp e c u la , and T. nodu losa .

_C. neoin term edia  R. & E. R ic h te r ,  195^ from th e  Ludlovian of 

Gotland has been compared (Schrank, 1970, p. 122; W hittington  1971, 

p. 463) with T. nodulosa because o f  th e  s im i l a r i t y  o f  t h e i r  long , scoop

l ik e  p r e g la b e l l a r  a rea .  This spec ie s  has been d iscussed  in  d e t a i l  by 

me elsewhere and on account of i t s  g l a b e l l a r  morphology in  r e l a t i o n  to  

i t s  f ix ed  cheek, and th e  s ty le  o f  i t s  c r a n id ia l  ornament, i t  i s  not 

regarded as congeneric with nodulosa. R ather,  neoin term edia  i s  considered
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t o  b e  c l o s e l y  r e l a t e d  t o  £ .  p e u l l a r i s  R e e d ,  1 9 2 0 ,  C_. la w s  on  i  S h i r l e y ,

1962  an d  2 * p a t u s t r i a  s p .  n o v .

C_. p u e l l a r i s  a l s o  sh o w s  a  r e s e m b la n c e  t o  n o d u l o s a , an d  o f  a l l  t h e  

C a ly m e n e  s p e c i e s  h a s  a  p r e g l a b e l l a r  a r e a  m o s t  l i k e  t h a t  o f  t h e  

s t r a t i g r a p h i c a l l y  e a r l i e r  W e n lo c k  t a x o n ;  b u t  t h i s  r e s e m b la n c e  i s  t h o u g h t  

t o  b e  t h e  r e s u l t  o f  p a r a l l e l i s m ,  a n d  £ .  p u e l l a r i s  a  s p e c i e s  fr o m  y e t  

a n o t h e r  c a ly m e n id  g e n u s  w h ic h  h a s  i n d e p e n d e n t l y  a c q u i r e d  a  l o n g  

p r e g l a b e l l a r  a r e a .  £ .  p u e l l a r i s  i s  d i s t i n g u i s h e d  g e n e r i c a l l y  fro m  

T . n o d u lo s a  b y  t h e  sam e c h a r a c t e r s  a s  t h o s e  w h ic h  d i f f e r e n t i a t e  

jC. n e o i n t e r m e d i a .

D ia c a l y m e n e , C a ly m en e  an d  T a p in o c a ly m e n e  a l l  sh ow  a  d i s c r e t e  

i n f l a t i o n  on  t h e  a n t e r i o r  l o b e  o f  t h e  h y p o s t o m e .  T h e m o s t  e x t r e m e  

fo r m  o f  t h i s  i n f l a t i o n  -  an  a n t e r o v e n t r a l l y  d i r e c t e d  s p i n e - l i k e  

p r o j e c t i o n  -  i s  know n t o  o c c u r  i n  b o t h  T a p in o c a ly m e n e  (T . n o d u l o s a ) 

a n d  C a ly m en e  ( f o r  e x a m p le  i n  Ç.  l a w s o n i ) , b u t  h a s  n o t  y e t  b e e n  o b s e r v e d  

i n  s p e c i e s  o f  D ia c a l y m e n e .

T om czyk ow a  ( 1 9 7 0 ,  p .  7 0 )  h a s  r e f e r r e d  n o d u lo s a  t o  S p a t h a c a ly m e n e  

T i l l m a n ,  I 96O , w h ic h  w a s p r e v i o u s l y  m o n o t y p i c ,  th o u g h  s h e  r e c o g n i s e d  

t h a t  t h e  B r i t i s h  S p e c i e s  (a n d  a l s o  f o u r  o t h e r  s p e c i e s  fro m  E u r o p e  t h a t  

s h e  a s s i g n e d  t o  S p a t h a c a ly m e n e ) d i f f e r e d  i n  c e r t a i n  r e s p e c t s  fr o m  

S_. n a s u t a . A f t e r  e x a m in in g  t h e  t y p e  an d  o t h e r  m a t e r i a l  o f  n a s u t a ,

I  am c o n v in c e d  t h a t  n o d u l o s a  d o e s  n o t  b e l o n g  i n  t h e  A m e r ic a n  g e n u s .

T om czyk ow a  g a v e  t h e  f o l l o w i n g  r e v i s e d  d i a g n o s i s  f o r  S p a t h a c a ly m e n e ; 

" G l a b e l l a  b e l l - s h a p e d ,  v a r i a b l y  d e v e l o p e d  U - s h a p e d  s p a t u l a t e  p r o c e s s  

p r o j e c t s  fr o m  t h e  f r o n t a l  p a r t  o f  t h e  c r a n id iu m .  O c u la r  c h e e k s  h i g h . 

R o str u m  l a r g e .  T h i r t e e n  t h o r a c i c  s e g m e n t s .  P y g id iu m  w i t h  f i v e  t o  s e v e n  

a x i a l  r i n g s , f o u r  p l e u r a l  f u r r o w s , i n t e r p l e u r a l  f u r r o w s  f a i n t  o r  

o b s o l e t e ,  b o r d e r  a n t e r i o r l y  w id e " .  T h e p r e s e n c e  o f  a  " s p a t u l a t e  p r o c e s s "  

i n  n o d u l o s a  w a s w i t h o u t  d o u b t  t h e  m a in  r e a s o n  w hy i t  w a s  a t t r i b u t e d  t o  

S p a t h a c a ly m e n e , b u t  t h e  u s e  o f  t h i s  f e a t u r e  a s  a  b a s i s  f o r  c o m b in in g  

n o d u l o s a  an d  n a s u t a  i n  t h e  sam e g e n u s  i s  h e r e  r e g a r d e d  a s  u n so u n d
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(see above, "The taxonomic s ig n if ic a n c e  . . . "  e t c . ) .  Some o f  th e  

d i f f e re n c e s  between these  two species  have been given p re v io u s ly ;

2- n a su ta  i s  f u r th e r  d is t in g u ish ed  from nodulosa by having a very 

convex (sag . & t r . )  g la b e l la  which p ro je c ts  beyond and w ell above 

i t s  f ix e d  cheeks, more narrowly separa ted  p a lp eb ra l  lo b e s ,  a more 

V-shaped r o s t r a l  s u tu re ,  a po in ted  in n e r  a n te r io r  corner to  i t s  

f ix ed  cheek, a r e l a t i v e l y  narrower p le u ra l  reg ion  to  i t s  tho rax  and 

pygidium, and by lack in g  coarse tu b e rc le s  on th e  inner p a r t  o f i t s  

f ix ed  cheek (compare P is .  4-7 with P l .  8).

Where e q u iv a len t  ex o sk e le ta l  m a te r ia l  o f  T. vu lpecu la  and 

T. vo ls  o r i  forma i s  a v a i la b le  fo r  comparison w ith  t h a t  o f  S_, n a s u ta , 

they are  seen to  be d is t in g u ish ed  from th e  American species  by the  

same c h a ra c te rs  as those  which d is t in g u is h  nodulosa . Many o f  th ese  

ch a rac te rs  are  in co rp o ra ted  in  th e  generic  diagnoses o f  Tapinocalymene.

Pap iH icalym ene  S h i r le y ,  1936 from the  Ludlovian o f  Gotland has 

a very advanced type  of genal b u t t r e s s in g  and p a p i l l a t io n  o f  the  

l a t e r a l  g l a b e l l a r  lobes which e a s i ly  d i f f e r e n t i a t e  i t  from Tapinocalymene.

OCCURRENCE. From near th e  base to  near th e  top  o f  th e  Wenlock 

S e r ie s ,  (p o ss ib ly  2* c en tr ifu g u s  o r £ .  murchisoni zones o f  th e  

2 . lundgren i o r  Tierhaps the  M. ludens is  Zone), in  th e  Welsh Borderlands 

and Wales.

Tapinocalymene v o lsoriform a sp. nov.

P la te  1; P la te  2 , f i g s .  1 -7 , 9 , 10; T e x t - f ig s .  I I - J .

1918 Calymene blumenbachii B rongn ia r t;  Reed ^n Garwood & Goodyear, p. 19.

DERIVATION OF THE NAME. Popular L a t in ,  vo lsorium , th e  stone o f  an 

arch w ith  i t s  s id es  in c l in e d  towards each o th e r ,  and forma, shape, 

r e f e r r in g  t o  th e  o u t l in e  o f  the  a n t e r io r  border in  d o rsa l  view.
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HOLOTYPE. An almost complete cranidium; GSM Zs63, Garwood 

C o lle c t io n ;  PI. 1, f ig s .  1-h,

TYPE STRATUM AND TYPE AREA. Uenlock S e r ie s ,  th e  th in  sha le  band 

included  w ith in  th e  Dolyhir Limestone near i t s  b a se ,  Dolyhir Q u a rr ie s ,  

near Old Radnor, Radnorshire (see Garwood & Goodyear 1918» p . l 8 , 

p i .  7 ).

Specimens o f  t h i s  s p e c ie s ,  in c lu d in g  the  h o lo ty p e , in  th e  Garwood 

C o llec t io n  o f  th e  Geol. Surv. Mus. have no p re c ise  l o c a l i t y  o r  

( p a r t i c u la r ly )  s tra tum  inform ation  o th e r  than "D olyh ir" , but a p a r t  from 

the  Pre-Cambrian, only th e  D olyhir Limestone and a small pa tch  o f  

Wenlock Shale are loi own to  outcrop in  t h i s  a rea .  The Uenlock Shale 

a t  Dolyhir i s  l i t h o l o g i c a l l y  d i f f e r e n t  to  th e  m atrix  surrounding the  

T. v o lsorifo rm a specimens and i s  known to  y ie ld  a d i f f e r e n t  sp ec ie s  o f  

Tapinocalymene (see d iscu ss io n  o f  T. nodulosa) . This m atrix  i s  a lso  

unlike th e  mass o f  pure c r y s t a l l i n e  Dolyhir Limestone though Garwood 

& Goodyear (19I 8 , p. I 8 ) reco rd  a sha le  band inc luded  in  th e  Limestone 

near i t s  b a se ,  and t h e i r  d e sc r ip t io n  o f  t h i s  band i s  ap p l ic ab le  t o  th e  

Geol. Surv. Mus. m a te r ia l .  The proposal th a t  t h i s  horizon provided  

Garwood & Goodyear's specimens o f  T. vo lsorifo rm a i s  supported by the  

p resen t  a u th o r 's  c o l le c t io n  o f  a poorly  p reserved  cranidium (DJS/82) 

o f  th e  sp ec ie s  from th e  shale  band a t  one o f  t h e i r  l o c a l i t i e s  -  on th e  

north  s id e  o f  th e  o ld  ra ilw ay t r a c k ,  so u th -e as t  o f  t h e i r  quarry  'E '

(Nat. Grid. Ref. SO 2U1O 5823).

No exact type l o c a l i t y  i s  designa ted  as th e  shale  band outcrops 

in  s e v e ra l  q u a rr ie s  in th e  Dolyhir a rea  and i t  i s  not known which one 

fu rn ished  th e  ho lo type .

The age o f  th e  Nash Scar Limestone, l a t e r a l  equ iva len t o f  th e  

Dolyhir Limestone, i s  given by Cocks, Holland, Rickards and S trachan 

(1971 , p. 109 , f i g .  2 ) to  inc lude  th e  Ĉ. c e n t r i f u g u s , £ .  murchisoni 

and p a r t  o f  th e  M. r ic c a r to n e n s is  g r a p to l i t e  zones o f  th e  lowermost
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W e n lo c k  S e r i e s ,  H o w e v e r ,  t h e y  e q u a t e  t h e  u p p e r  an d  lo w e r  a g e  l i m i t s  

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

u n c e r t a i n t y ,  a n d  Z e i g l e r ,  C o ck s a n d  M cK errow  ( I 968 , p .  730) h a v e  

p r e v i o u s l y  s u g g e s t e d  t h a t  p a r t  o f  t h e  N a sh  S c a r  L im e s to n e  c o u ld  

p o s s i b l y  b e  a s  o l d  a s  U p p er  L la n d o v e r y  (O ^ ) .  T h e s h a l e  b a n d  n e a r  

t h e  b a s e  o f  t h e  D o l y h i r  L im e s t o n e  i s  t h e r e f o r e  t e n t a t i v e l y  r e g a r d e d  

a s  c e n t r i f u g u s  o r  m u r c h is o n i  Z on e i n  a g e .

ADDITIONAL M T E R IA L . A t l e a s t  t h r e e  i n c o m p l e t e  c r a n i d i a ,

GSM Zs62, GSM Z19983, LM 285O; one incomplete cranidium and i t s  l e f t  

f re e  cheek, GSM Zs65; one incomplete cephalon and i t s  r o s t r a l  p la te  

GSM Zs58; seven incomplete py g id ia  GSM Zs22, GSM Zs2U, GSM Zs57,

GSM Zs59” 61, GSM Zs6^; one incomplete hypostome GSM ZI9696 . Numerous 

o th e r  fragments o f  c r a n id ia ,  pyg id ia  and th o ra c ic  segments are p resen t  

in  th e  Garwood C o l le c t io n ,  Geol. Surv. Mus.

DIAGNOSIS, P r e g l a b e l l a r  a r e a  a b o u t  o n e  t h i r d  a s  l o n g  a s  g l a b e l l a .  

P r e g l a b e l l a r  fu r r o w  n a r r o w ,  a b o u t  o n e  s i x t h  a s  l o n g  ( s a g . )  a s  p r e g l a b e l l a r  

a r e a .  A n t e r i o r  b o r d e r  r e l a t i v e l y  l o n g ,  i t  s l o p e s  g e n t l y  u p w a rd s  an d  

f o r w a r d s  fro m  t h e  m ore s t e e p l y  i n c l i n e d  a n t e r i o r  s i d e  o f  p r e g l a b e l l a r  

f u r r o w .  H y p o sto m e  w i t h  m o d e r a t e ly  i n f l a t e d ,  s u b c i r c u l a r  p r o j e c t i o n  on  

a n t e r i o r  l o b e  o f  m e d ia n  b o d y ,

DESCRIPTION. G l a b e l l a  l o n g e r  t h a n  w i d e ,  o u t l i n e  s u b - t r a p e z o i d a l  t o  

b e l l - s h a p e d ,  i s  n o t  l o n g e r  t h a n  f i x e d  c h e e k s  an d  p r o t r u d e s  m o d e r a t e ly  a b o v e  

th e m  i n  l a t e r a l  p r o f i l e .  O c c i p i t a l  r i n g  f r a c t i o n a l l y  w id e r  t h a n  g l a b e l l a ,  

s l i g h t l y  c o n v e x  ( s a g . )  an d  l o n g e s t  m e d i a l l y ,  n a r r o w s  a b a x i a l l y ,  i n f l a t e d  

i n t o  s m a l l  n o d e  a t  a x i a l  f u r r o w .  O c c i p i t a l  fu r r o w  d e e p e s t  a n d  n a r r o w e s t  

b e h in d  l a t e r a l  g l a b e l l a r  l o b e  I p .  L ob e I p  h a s  a n t e r o l a t e r a l  a b a x i a l  c o r n e r  

m ore s h a r p l y  a n g le d  t h a n  p o s t e r o l a t e r a l ,  i s  p a r t l y  d i v o r c e d  fr o m  c e n t r a l  

g l a b e l l a r  l o b e  b y  v e r y  s h a l l o w  f u r r o ; r  c o n n e c t i n g  f u r r o w  I p  w i t h  o c c i p i t a l  

f u r r o w .
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Furrow Ip deep near a x ia l  furrow, runs inwards and moderately 

backwards then  b i f u r c a te s ;  p o s te r io r  branch t re n d s  more backwards, f i n a l l y  

tu rn in g  inwards more a t  r ig h t  angles to  median l i n e ;  a n te r io r  branch tre n d s  

forwards and inwards to  meet p o s te r io r  co n tin u a tio n  of furrow 2p. Small 

in f l a t i o n  independant of c e n t r a l  g la b e l la r  a rea  w ith in  fo rk  o f  furrow 

Ip .  Lobe 2p jo ined  to  genal b u t t r e s s .  Elongate ( t r . )  lobe 3p defined  

a n te r io r ly  by sho rt  ( t r . ) ,  sharp furrow 3p. F ro n ta l  lobe has b lu n t ly  

rounded o u t l in e ,  f a l l s  s te e p ly  to  p re g la b e l l a r  furrow.

Axial furrow deep and f a i r l y  narrow around lobe In ,  runs under 

lobe 2p and genal b u t t r e s s ,  i s  w idest opposite  ( t r . ) lobe 3p and f r o n ta l  

lo b e .  A n te r io r  p i t  p o s i t io n e d  a n te r io r  to  furrow 3p. P re g la b e l la r  

furrow i s  moderately deep and narrow ( s a g . ) ,  expands (e x s .)  a t  a n te ro 

l a t e r a l  corner o f  f r o n ta l  lo b e ,  narrows again  and i s  con tinued , forwards 

and outwards between f ixed  cheek and a n te r io r  border in to  deep l a t e r a l  

border furrow; s te e p ly  s lop ing  a n te r io r  s id e  o f  p r e g la b e l l a r  furrow meets 

a n te r io r  border a t  marked change o f s lope . A n te r io r  border about one 

q u a r te r  (LM 2850) to  about th re e  te n th s  (holotype) as long as g la b e l l a ,  

d o rsa l  su rface  i s  very g en tly  convex ( s a g . ) ,  s lop ing  forwards and s l i g h t l y  

upwards to  moderately arched ( t r . )  a n te r io r  margin. In  l a t e r a l  p r o f i l e  

th e  l a t t e r  r i s e s  above a n te r io r  p a r t  o f  f r o n ta l  lobe . Outer p a r t  o f  

a n te r io r  border s lopes downwards and backwards to  r o s t r a l  su tu re .

Morphology of f ix ed  cheek and course o f  f a c i a l  su tu re  as in  

T. nodulosa . Width between p a lp eb ra l  lobes a t  l e a s t  tw ice as wide as 

across  g la b e l l a  a t  l a t e r a l  g l a b e l l a r  lobes  2p ; m id-point of p a lp eb ra l  

lobe  opposite  a n te r io r  p a r t  or margin o f  lobe  2p; le n g th  (e x s .)  o f  

p a lp eb ra l  lobe  about equal to  lobe 2p. Narrow eye socle  on f r e e  cheek. 

Inner p a r t  o f  f ree  cheek s lopes  s te e p ly  to  U-shaped l a t e r a l  bo rder furrow; 

ju n c t io n  o f  border furrow w ith  l a t e r a l  border i s  more angular ( t r . )  

than  with in n e r  p a r t  o f  cheek. L a te ra l  border r o l l e d  under v e n t r a l ly .

R o s tra l  su tu re  and border s e c to r  o f  r o s t r a l  p l a te  imper

f e c t ly  p reserved  but s im i la r  t o  T. nodulosa as f a r  as can be
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d e t e r m in e d  ( P l .  1 ,  f i g .  8 ) .  H y p o sto m e  h a s  s u b - c i r c u l a r  i n f l a t i o n  

on a n t e r i o r  l o b e  o f  m e d ia n  b o d y .  O v a l  m a c u la  s m o o th ;  m e d ia n  fu r r o w  

v e r y  f a i n t .  P o s t e r i o r  b o r d e r  e x p a n d e d  i n t o  tw o  p o s t e r i o r  s p i n e s  

( P I .  2 ,  f i g .  6 ) .

I s o l a t e d  an d  f r a g m e n t a r y  t h o r a c i c  s e g m e n t s  ( n o t  f i g u r e d )  h a v e  

a x i a l  r i n g s  i n f l a t e d  n e a r  a x i a l  f u r r o w .  A x i s  o f  p y g id iu m  o n l y  g e n t l y  

c o n v e x  ( t r . ) ,  h a s  a t  l e a s t  s e v e n  a x i a l  r i n g s  p l u s  t e r m i n a l  a x i a l  p i e c e .  

E a c h  a x i a l  r i n g  i s  w i d e s t  an d  e a c h  r i n g  f u r r o w  s h a l l o w e s t  m e d i a l l y .

O u te r  p a r t  o f  p o s t e r i o r  a x i a l  r i n g s  b e n d  s l i g h t l y  b a c k w a r d s .  S e v e n t h  

r i n g  fu r r o w  d o e s  n o t  r e a c h  a x i a l  fu r r o w  ; v e r y  f a i n t  t r a c e  o f  e i g h t h  

fu r r o w  c o n f i n e d  t o  c e n t r a l  p a r t  o f  t e r m i n a l  a x i a l  p i e c e  ( P l .  1 ,  

f i g .  9 ,  P l .  2 ,  f i g .  7 ) .  I n n e r  p a r t  o f  p l e u r a l  r e g i o n  g e n t l y  c o n v e x ,  

o u t e r  p a r t  b e n t  d ow n w ard s m ore  s t r o n g l y  t o  l a t e r a l  m a r g in .  F i v e  

p l e u r a l  f u r r o w s ,  b e s t  m ark ed  i n  t h e i r  i n n e r  h a l f ,  d i v i d e  a  w id e r  

a n t e r i o r  fr o m  n a r r o w e r  p o s t e r i o r  p l e u r a l  b a n d . I n t e r p l e u r a l  f u r r o w s  

m uch w e a k e r  t h a n  p l e u r a i s .

G l a b e l l a ,  o u t e r  p a r t  o f  f i x e d  c h e e k  an d  f r e e  c h e e k  h a v e  n u m er o u s  

s m a l l  t o  m e d iu m - s iz e d  t u b e r c l e s .  I n n e r  p a r t  o f  f i x e d  c h e e k  ( e s p e c i a l l y  

a n t e r i o r l y ) ,  g e n a l  b u t t r e s s  an d  a n t e r i o r  b o r d e r  h a v e  much l a r g e r  t u b e r 

c l e s ,  m any o f  w h ic h  a r e  p e r f o r a t e .  D e e p e s t  p a r t s  o f  g l a b e l l a r  a n d  

p r e g l a b e l l a r  f u r r o w s  l a c k  t u b e r c l e s  ; l a t e r a l  a n d  p o s t e r i o r  b o r d e r  

f u r r o w s  h a v e  s c a t t e r e d  t u b e r c l e s .  P y g i d i a l  o r n a m e n t ,  a s  f a r  a s  c a n  b e  

d e t e r m in e d ,  s i m i l a r  t o  o u t e r  p a r t  o f  f i x e d  c h e e k .

D ISCUSSIO N. Som e v a r i a t i o n  i s  p r e s e n t  i n  t h e  a n t e r o l a t e r a l  c o r n e r s  

o f  t h e  f r o n t a l  l o b e ,  d e p t h  o f  p r e g l a b e l l a r  f u r r o w  a n d  l e n g t h  o f  

a n t e r i o r  b o r d e r  t o  g l a b e l l a .  C om p ared  t o  t h e  h o l o t y p e  a  s p e c im e n  fro m  

o u t s i d e  t h e  t y p e  a r e a  (LM 2 8 5 0 ,  P l .  2 ,  f i g s .  1 ,  3 )  sh o w s t h e s e  c h a r a c t e r s  

t o  b e  r e s p e c t i v e l y  m ore r o u n d e d  i n  o u t l i n e ,  l e s s  d e e p ,  a n d  r e l a t i v e l y  

s h o r t e r .  A s s p e c im e n s  fro m  D o l y h i r  a r e  s e e n  t o  v a r y  i n  a  l ik e - m a n n e r  

( f o r  e x a m p le  GSM Z s 5 8 ,  P l .  1 ,  f i g s .  6 - 8 ,  P l .  2 ,  f i g .  1 0 ,  i n  t h e  f i r s t
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two o f th e se  c h a r a c te r s ) ,  th e  v a r i a t io n  i s  w ith in  t h a t  here  allowed 

to  t h i s  spec ies  and not s u f f i c i e n t  to  serve as a b a s is  fo r  fu r th e r  

s e p a ra t io n .

T. vo lso rifo rm a  d i f f e r s  from T. vu lpecu la  most obviously  by i t s  

much s h o r te r  p r e g la b e l l a r  furrow, longer  a n te r io r  b o rd e r ,  and narrower 

( t r . )  a x ia l  furrow a n te r io r  to  l a t e r a l  g l a b e l l a r  lobe 2p. The 

hypostome o f vo lso rifo rm a has an i n f l a t e d  ra is e d  a rea  on th e  

a n te r io r  lobe which seems d i f f e r e n t  t o  th e  w ell developed p ro je c t io n s  

p resen t  in  T. vu lpecu la  and T. nodu losa , though t h i s  d i s t i n c t i o n  must 

be confirmed by b e t t e r  p reserved  m a te r ia l  o f  v o lso r ifo rm a . I f  t h i s  

d if fe re n c e  can be more firm ly  e s ta b l i s h e d ,  i t  suggests  a more 

conspicuous p ro je c t io n  was developed l a t e r  in  th e  p h y le t ic  s e r i e s .

OCCURRENCE. Only recorded  in  s i t u  from th e  type  s tra tum  o f  th e  

type a re a ,  but one w a te r - t ra n sp o r te d  specimen (LM 2850) was c o l le c te d  

from a stream  bed near E nglish  b r id g e ,  Shrewsbury. The spec ies  may 

th e re fo re  have had a g re a te r  geograph ica l and s t r a t i g r a p h i c a l  range 

than lowermost Wenlock S e rie s  o f  th e  Old Radnor I n l i e r .

Tapinocalymene c f .  T. vo lso rifo rm a  sp. nov.

P la te  2, f ig s .  8 , 11.

MATERIAL. Two in d iv id u a ls  -  one , a d i s t o r t e d ,  incomplete e x te rn a l  

mould o f  a cephalon p lus  i t s  c o u n te rp a r t ,  DJS/89  a -b ,  th e  o th e r ,  a 

poorly  p rese rved  in t e r n a l  mould o f  an incomplete cranidium , DJS/9 0 . 

C o llec ted  by Mr. C.N. Rodgers, U n iv e rs i ty  o f  Birmingham.

OCCURRENCE. Wenlock S h a le ,  c u t t in g  on th e  no rth  s id e  o f  a bend in  

th e  Ai+89 road between Horderley and Plowden, southern  s id e  o f  th e  Long 

f-tynd, Shropsh ire  (Nat. Grid. Ref. SO U02S75)» G ra p to l i te s  c o l le c te d  

from t h i s  l o c a l i t y  are  not s u f f i c i e n t  t o  provide an exact Zone fo r  the
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h o r i z o n  b u t  a r e  i d e n t i f i e d  b y  D r . I .  S t r a c h a n ,  U n i v e r s i t y  o f  B irm in g h a m  

a s  M. f l e m i n g i i  o f  " p o s t  r i c c a r t o n e n s i s  Z on e"  a g e  ( p e r s .  comm, w i t h  

M r. C .N . R o d g e r s ) .

D ISCUSSIO N. T he g l a b e l l a r  o r n a m e n t a t io n  o f  t h i s  s p e c i e s ,  a s  s e e n  

o n  a  c a s t  o f  an  e x t e r n a l  m o u ld , c l e a r l y  i d e n t i f i e s  i t  w i t h  m em bers o f  

T a p in o c a ly m e n e  g e n .  n o v .  I n  p a r t i c u l a r  t h e  l o n g  ( s a g . )  a n t e r i o r  

b o r d e r  p u t s  i t  c l o s e s t  t o  T . v o l s o r i f o r m a , b u t  a  m ore d e f i n i t e  

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

T h e s i g n i f i c a n c e  o f  t h e s e  s p e c im e n s  l i e s  i n  t h e  p o s s i b i l i t y  t h a t  

T . v o l s o r i f o r m a , o r  a  s p e c i e s  c l o s e  t o  i t ,  e x i s t e d  o u t s i d e  t h e  t y p e  

a r e a  a t  a  l a t e r  d a t e .

Tapinocalymene vu lpecu la  sp . nov.

P la te  3; T e x t - f ig s .  IG-H.

DERIVATION OF THE NAME. L a t in ,  d im inutive of v u lp e s , fox, 

a l lu d in g  to  th e  appearance o f  th e  hypostome when viewed with the  

p o s te r io r  sp ines  in  an a n te r io r  p o s i t io n ,  suggesting  a fo x 's  head.

HOLOTYPE. An incomplete cranidium; DJS/U8, c o l le c te d  

Derek J .  S iv e te r  1971; P l .  3, f i g s .  1 ,  2, 12.

TYPE STRATUM Aim TYPE LOCALITY. Wenlock Shale , small d isused  

quarry on th e  w estern  s ide  o f  th e  road from Letton to  Walford, a q u a r te r  

o f  a mile n o r th  o f  L e tto n ,  nea r  th e  Wigmore Rolls  a re a ,  Welsh Border

land  (Nat. Grid. Ref. SO 3790 7080). G ra p to l i te s  (SM A8U000-009,

SM A8O387- 39I )  c o l le c te d  from t h i s  l o c a l i t y  have been ass igned  by 

Dr. R.B. R ickards , Sedgwick Museum, Cambridge, to  M. f lem in g ii  

( S a l t e r ) ,  and "probably  belong to  th e  lundgren i Zone"(pers. comm.).
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ADDITIONAL MTERIAL. Three incomplete c r a n id ia ,  DJS/T5-TT; 

two p y g id ia ,  one almost complete with exoskeleton  rem aining, DJS/T9» 

th e  o th e r  a complete i n te r n a l  mould, DJS/8O; one incomplete i n te r n a l  

mould o f  a hypostome and i t s  c o u n te rp a r t ,  DJS/T8. Numerous o th e r  

fragmentary c r a n id ia ,  py g id ia  and th o ra c ic  segments.

DIAGNOSIS. P re g la b e l la r  a rea  about two f i f t h s  as long as 

g la b e l la .  P re g la b e l la r  furrow about as long ( sa g .)  as a n te r io r  border 

and h a l f  as long as p r e g la b e l l a r  a re a .  Marked break in  slope where 

a n te r io r  s ide  o f  furrow meets p o s te r io r  margin o f  border.

DESCRIPTION. G labe lla  s h o r te r  than  f ix ed  cheek, s l i g h t l y  

longer  than wide. O c c ip i ta l  r in g  g en tly  convex and w idest a t  median 

l i n e ,  narrows a b ax ia l ly  and i s  m ild ly  i n f l a t e d  near  a x ia l  furrow. 

O c c ip i ta l  furrow widest and t r a n s v e r s e ly  d i re c te d  across p o s te r io r  

p a r t  o f  c e n t r a l  g l a b e l l a r  lo b e ,  becomes deeper swinging backwards behind 

l a t e r a l  g la b e l la r  lobe Ip . L a te ra l  lobe Ip  i s  about o n e - th i rd  as wide 

as g la b e l la .  L a te ra l  g l a b e l l a r  furrow Ip  deep and narrow between lobes 

Ip  and 2p, then b i f u r c a te s  in to  p o s te r io r  and s l i g h t l y  s h o r te r  a n te r io r  

branch. P o s te r io r  branch con tinues  f u r th e r  inwards and more backwards 

befo re  dying o u t;  shallow , broad ( t r a n s . )  depress ion  connects t h i s  

branch to  o c c ip i t a l  furrow. A n te r io r  branch runs forwards and inwards 

around lobe 2p. Small in te rm ed ia te  lobe p re sen t  between th e se  branches. 

L a te ra l  lobe 2p connected to  a d a x ia l ly  p ro je c t in g  genal b u t t r e s s .  Small 

lobe 3p perched on d o r s o la te r a l  su rface  o f  g l a b e l l a ,  bounded a n te r io r ly  

by sh o r t  ( t r . )  furrow 3p. F ro n ta l  lobe has w ell rounded a n t e r o l a t e r a l  

corners  and s l i g h t l y  convex fonrards  a n te r io r  margin which f a l l s  v e r t 

i c a l l y  to  p r e g la b e l l a r  furrow.

Axial furrow a t  l e a s t  tw ice  as wide a t  lobe 3p and f r o n ta l  lobe than  

around furrow Ip .  A n te r io r  p i t  s i t u a t e d  in  a x ia l  furrow below l a t e r a l  

g l a b e l l a r  furrow 3p. P r e g la b e l la r  furrow deep, U-shaped ( s a g . ) ,  about 

as long as a n te r io r  border bu t shortens  (e x s .)  a b a x ia l ly  where f ixed
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cheek approaches a n te r io r  b o rd e r;  a n t e r io r  s ide  of furrow i s  about 

v e r t i c a l  and meets p o s te r io r  p a r t  o f  a n te r io r  border in  a sharp break 

o f  s lo p e ,  bo rder then  continues forwards and upwards a t  l e s s  s teep  

angle u n t i l  swinging over v e n t r a l ly  a t  a n te r io r  margin to  s lope to  

r o s t r a l  su tu re  (P l.  3, f ig .  2 ) .  A n te r io r  border o f  about constan t 

len g th  a b ax ia l ly  from median l i n e  u n t i l  opposite  (e x s .)  a x ia l  

furrow, t h e r e a f t e r  narrowing towards f a c i a l  su tu re .  In l a t e r a l  

p r o f i l e  a n te r io r  margin i s  about l e v e l  with o r  j u s t  above h e ig h t  

o f  f r o n ta l  lo b e ;  in  d o rsa l  view i t  i s  gen tly  arched forwards.

From p a lp e b ra l  lobe f ix ed  cheek i s  more d o rs a l ly  convex and 

s lopes  (ex s .)  more s te e p ly  to  ab ax ia l  c o n tin u a tio n  o f  p r e g la b e l l a r  

furrow than  to  p o s te r io r  border furrow. In n e r ,  a n te r io r  co rner of 

f ix ed  cheek w ell rounded in  d o rsa l  view. Mid-point o f  p a lp e b ra l  lobe 

l i e s  opposite  a n te r io r  p a r t  o f  2p lo b e .  P o s te r io r  branch o f  f a c i a l  

su tu re  runs outwards from p a lp eb ra l  lo b e ,  then sweeps backwards 

towards l a t e r a l  border furrow, course t h e r e a f t e r  unknown.

A n te r io r  branch i s  a b a x ia l ly  convex, runs forwards and inwards to  

a n te r io r  margin.

R o s tra l  p la te  unknown. A n te r io r  border of hypostome sh arp ly  

f lex ed  v e n t r a l ly ;  a n te r io r  border furrow weakly de fin ed . Deep p i t  

in  la rg e  a n te r io r  wing. Between a n t e r io r  and p o s t e r io r  wings l a t e r a l  

margin i s  embayed but a lso  s l i g h t l y  convex a b a x ia l ly .  L a te ra l  

border convex ( t r . ) ,  narrows towards p o s te r io r  wing; l a t e r a l  

b o rder furrow deepest oppos ite  ( t r . ) middle o f  a n t e r i o r  lo b e ,  shallow

e s t  opposite  macula, w ider and m oderately  deep a t  p o s t e r io r  wing. 

P o s te r io r  bo rder f l a t t e n e d ,  extended in to  two lo n g ,  po in ted  sp ines ;  

p o s te r io r  border furrow sh o r t  ( t r . )  and sh arp ly  in c is e d  a t 

ju n c t io n  o f  two sp in es .  Median body d iv ided  in to  two unequal 

( s a g .)  lobes by median furrow. The l a t t e r  i s  besv marked a t ,  and
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runs from a n te r io r  p a r t  o f  l a t e r a l  border furrow to  sw ollen , oval

shaped macula; i t s  p o s te r io r ly  convex course between maculae is  

i n d i s t i n c t .  A n te r io r  lobe bears  prom inent, a n te ro v e n tr a l ly  d i re c te d  

median p ro je c t io n ;  in  p r o f i l e  (sag .)  a n te r io r  s ide  o f  t h i s  lobe i s  

concave upwards, p o s te r io r  s id e  i s  gen tly  convex. P o s te r io r  lobe 

o f  median body i s  c rescen t-shaped . (P l .  3, f i g s .  3, l l ) .

P y g id ia l  ax is  has s ix  complete, one incomplete a x ia l  r in g s ;  

each r in g  very g en tly  convex ( t r .  & s a g . ) .  A n te r io r  s ix  r in g  

furrows shallow est a t  c e n t r a l  o n e - th i rd  o f  t h e i r  len g th  ( t r . ) ,  deepen 

quickly  in  o u te r  o n e - th i rd  to  a x ia l  furrow ; very f a in t  seventh 

r in g  furrow does not reach a x ia l  furrow. The l a t t e r  i s  weakest 

around te rm in a l  a x ia l  p iece .  Inner p le u ra l  reg ion  slopes very gen tly  

to  c in c tu r e ,  t h e r e a f t e r  more s te e p ly  to  l a t e r a l  margin. Five 

p le u ra l  furrows run outwards and backwards to  c in c tu r e ,  apparen tly  

absent from here  to  l a t e r a l  margin though t h i s  p a r t  o f  pygidium i s  

im p e rfec tly  p reserved . I n te r p le u r a l  furrows extremely f a i n t ,  b e s t  

seen near a x ia l  furrow, not marked on i n t e r n a l  mould (compare P l .  3, 

f i g .  h w ith  P l. 3, f i g .  5).

C r a n i d i a l  t u b e r c l e s  n o t  w e l l  p r e s e r v e d ,  b u t  o f  sam e p a t t e r n  a s  

T . n o d u l o s a  a n d  T . v o l s o r i f o r m a . U h o le  v e n t r a l  s u r f a c e  o f  h y p o s to m e  

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

m a c u la e  a lm o s t  c o m p l e t e l y  n o n - p u s t u l a t e .  S m a l l  t o  m ed ium  s i z e d  

t u b e r c l e s  s c a t t e r e d  a l l  o v e r  p y g id iu m  e x c e p t  d e e p e s t  p a r t  o f  a x i a l ,  r i n g ,  

a n d  p l e u r a l  f u r r o w s .

DISC U SSIO N . T h e d i f f e r e n c e s  o f  T . v u l p e c u l a  fr o m  T . n o d u lo s a  an d  

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

OCCURREI'ICE. Known o n l y  fro m  u h e  t y p e  s t r a t u m  a n d  t y p e  l o c a l i t y .
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Tapinocalymerie nodulosa ( S h i r le y ,  1933)

P la te s  U-T; T e x t - f ig s .  lA-F

1839 Calymene Blumenbachii B ro n g n ia r t ; Murchison (p a r s ) ,  p. 653, 

p l .  7 , f i g .  5 (GSM 6588) ,  non f i g s .  6 , 7.

1848 Calymene tu b e rc u lo s a , S a l t e r ;  S a l t e r ,  p. 3^2, p l .  7 , f ig s .

1 , l a  (GSM 19642), 2 ,  3, 5, ? f i g .  4.

1849 Cal:>Tnene tu b e rcu lo sa  S a l t e r ;  S a l t e r ,  p. 1 , p l .  8 , f i g s .  1 , 2 

(GSM 19642), 3- 5 , 7 , ? f i g .  6 , non f ig s .  8 , 8* (GSM 19690) .

non 1851 Calymene tu b e rc u lo sa  ( S a l t . ) ;  McCoy in  Sedgwick & McCoy, p. l6 7 . 

1854 Calymene tu b e rc u lo s a , S a l t e r ;  Murchison, p l .  I 8 , f i g .  11.

1865 Calymene tu b e rc u lo s a , S a l t e r ;  S a l t e r ,  p. 91, p l .  8 , f i g s .  1 , 2 & 

3 (GSM 19642), 4, 5 (GSM 19646), 6.

1873 Calymene tu b e rc u lo s a , S a l t e r ;  S a l t e r  (p a r s ) ,  p . 133. 

non 1873 Calymene tu b e rc u lo s a , S a l t e r ;  S a l t e r ,  p. I 66 .

1885 Calymene tu b e rc u lo sa  o f  S a l t e r ;  LindstrBm, p. 66.

1918 Calymene Blumenbachii B rongn ia rt;  Reed? Garwood & Goodyear,

p. 20.

1925 Calymene tu b e rc u lo sa  SALT.; Warburg, p. 158.

1927 Calymene (Piacalymene) tu b e rc u lo sa  S a l t e r ;  Kegel, pp. 6I 8 ,

620 , t e x t - f i g .  2 f .

1933 Calymene nodulosa nom. n o v .;  S h i r le y ,  p. 53, p l .  1 , f i g s .  6-11, 

1936 Calymene nodulosa S h i r le y ;  S h i r le y ,  pp. 388, 390, 393, 399, 400, 

t e x t - f i g .  1. ( p a r s ) ,  t e x t - f i g .  2. (p a r s ) .

? 1953 Calymene nodulosa S h i r le y ;  W illiam s, pp. 199, 200.

1970 Calymene nodulosa S h i r le y ,  1933; Schrank, pp. 115, 122, 123.

1970 Spathacalymene nodulosa (S h ir ley )  ; Tomczykowa, pp. 6 3 , 70,

7 2 , t e x t - f i g s .  4k, 5f.

1971 Calymene nodulosa S h ir le y  1933; W h itt in g to n , p. 463.
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HOLOTYPE, A near ly  complete in d iv id u a l  (minus i t s  p r e g la b e l l a r  

a r e a ) , with the  c u t i c l e  removed from th e  abax ia l  p a r t  o f  th e  cheeks and 

p le u r a l  region of th e  th o rax ;  GSM 19642; f ig u red  S a l t e r  l8 4 8 , p l .  T, 

f i g s .  1 ,  l a  and 1849 p l .  8, f ig s .  1 ,  2 , a lso  S h ir ley  1933, p l .  1, 

f i g s .  6 -  10, a lso  h e re in  P l .  5, f i g s .  1 - 3 .

TYPE STRATUM AND TYPE LOCALITY. Wenlock S ha le , B urring ton , 

H erefo rdsh ire .  The exact l o c a l i t y  a t  Burrington where th e  holotype 

came from is  unknown and a recen t  study o f  th e  g r a p to l i t e s  (Holland, 

Rickards & Warren, 1969, p. 677, t e x t - f i g .  4) has shown t h a t  outcrops 

o f  Wenlock Shale in  the  Burrington d i s t r i c t  f a l l  w ith in  both  the  

£ .  lundgreni and M. ludensis  Zones. The la n es id e  exposure 460 yards 

NNE o f  Burrington Church ( l o c a l i t y  6 l o f  H olland, Lawson and Walmsley 

1963 , pp. 132 , 1 36 , 163) l i e s  w ith in  th e  lu d en s is  zone; exposures in  the  

s id es  o f  the  sunken la n e s ,  230 yards S o f  th e  church ( l o c a l i t y  91 o f 

Holland e t  a l .  1963, p. l64) belong to  th e  lundgreni Zone. I  have 

c o l le c te d  t h i s  spec ies  from th e  l a t t e r  l o c a l i t y  bu t th e  p o s s i b i l i t y  

cannot be dism issed th a t  e x tan t  museum specimens, inc lud ing  the  

h o lo ty p e ,  have been obta ined  from lu d e n s is  Zone s t r a t a .

ADDITIONAL MATERIAL. More than  f i f t e e n  incomplete c r a n id ia  and 

p y g id ia ,  s ev e ra l  (more than  6) n e a r ly  complete in d iv id u a ls .  Five 

hypostomes. There i s  m a te r ia l  o f  t h i s  spec ies  in  th e  B r i t i s h  Museum, 

G eological Survey Museum, N ationa l Museum o f  Wales, Hunterian Museum, 

and Ludlow Museum.

DIAGNOSIS. P r e g la b e l la r  a rea  i s  from about two f i f t h s  t o  one h a l f  

as long as g la b e l l a ,  i s  d i r e c te d  forwards and p ro g re s s iv e ly  more s tee p ly  

upwards. P r e g la b e l la r  furrow about th re e  f i f t h s  to  th re e  q u a r te rs  as long 

as p r e g la b e l l a r  a re a ;  t r a n s i t i o n  between s te e p  a n te r io r  s id e  o f  t h i s  furrow 

and narrow (sag. & e x s .)  a n te r io r  bo rder  c h a ra c te r iz e d  by gradual break in  

s lo p e .  Hypostome w ith  prominent median node on a n te r io r  lobe and 

conspicuous ovate maculae.
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DESCRIPTION. Cranidium about tw ice  as wide as long ( s a g . ) .

G labella  i s  longer than  wide, with a t rap ez iu m -lik e  to  b e l l - sh a p e d  o u t l in e ;  

in  l a t e r a l  p r o f i l e  i t s  d o rsa l su rface  i s  above f ix ed  cheek a t  l a t e r a l  

g la b e l la r  lobe I p ,  though i s  equal t o  or can assume a h e ig h t  below 

f ixed  cheek a t about l a t e r a l  g l a b e l l a r  furrow 2p (P l.  4 , f i g .  6 ) .

O cc ip i ta l  r in g  about one q u a r te r  as long (sag .)  as wide, j u s t  g re a te r  

than one q u a r te r  as long as and s l i g h t l y  wider than g la b e l la ;  i t  i s  

longest m edially  then  narrows and swings forwards l a t e r a l l y  towards 

p o s te r o la t e r a l  co rner o f  Ip  lobe where i t  i s  swollen in to  a node.

O c c ip i ta l  furrow w idest and shallow est m ed ia lly , narrows and deepens 

ab ax ia l ly  towards a x ia l  furrow, has a more s te e p ly  in c l in e d  p o s te r io r  

than a n te r io r  slope ( s a g . ) .  L a te ra l  g l a b e l l a r  lobe Ip about one t h i r d  as 

wide as g la b e l la .  Abaxial p a r t  o f  Ip  furrow deep, d iv ides  a d a x ia l ly  in to  

two branches; p o s te r io r  branch runs inwards and o b liq u e ly  backwards, 

shallows before tu rn in g  f i n a l l y  towards median l i n e ;  weaker a n te r io r  

branch d i re c te d  forward and inward, no t reaching  as f a r  a d a x ia l ly  as 

p o s te r io r  branch. Shallow ex tens ion  o f  p o s te r io r  branch connects 

with o c c ip i t a l  furrow to  sep a ra te  Ip  lobe from frontomedian lobe.

Small, but d e f in i t e  supplementary lobe l i e s  w ith in  fork  o f  furrow Ip . 

L a te ra l  lobe 2p is  p a p i l l a t e ,  jo in e d  to  a d a x ia l ly  d i re c te d  genal b u t t r e s s .  

L a te ra l  furrow 2p d i re c te d  inward and s l i g h t l y  backward, i s  continued 

as sharp ly  f lexed  shallow depress ion  which meets a n te r io r  branch o f 

furrow I p ,  thus s e m i- i s o la t in g  lobe 2p. L a te ra l  lobe 3p much sm aller 

than  2p, s l i g h t ly  e longated  ( t r . ) ,  s i t e d  on d o r s o la te r a l  g l a b e l l a r  

su rface .  Furrow 3p d i re c te d  a t  about r i g h t  angles to  median l i n e .

Poss ib le  4p furrow, which i s  not observed d o r s a l ly ,  i s  expressed 

v e n t r a l ly  as a r id g e  jo in ed  to  o u te r ,  p o s te r io r  end o f  r id g e  which 

re p re se n ts  furrow 3p (P l.  7, f ig s .  2 ,  8 ) .  F ro n ta l  lobe b lu n t ly  

rounded in  o u t l i n e , f a l l s  s te e p ly  to  p r e g la b e l l a r  furrow.
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Axial furrow deep, s te e p -s id e d  and most narrow around lobe Ip ,  

shallows running under bridge  o f lobe 2p and genal b u t t r e s s ,  widens 

( t r . )  g r e a t ly  a n te r io r  to  t h i s ,  fanning out markedly on reach ing  

p r e g la b e l l a r  furrow. A n te r io r  p i t  i s  deep, s i tu a te d  very low down on 

ad ax ia l  s ide  o f  a x ia l  furrow j u s t  a n te r io r  to  furrow 3p. A n te r io r  p i t  

rep re sen ted  v e n t r a l ly  by a b o ss ,  th e  inner a n te r io r  slope o f  which i s  

hollowed fo r  re c ep tio n  o f  a n te r io r  wing process o f  hypostome (P l .  7, 

f i g s .  2 , 8). Some specimens show v e s t ig e  of eye r idge  running down abax ia l  

s ide  and across  ( t r . )  base of a x ia l  furrow opposite  l a t e r a l  furrow 3p 

(P l.  6 ,  f i g .  3, P l .  7 , f i g .  4 ) .  In d o rsa l  view a n te r io r  margin of 

p re g la b e l l a r  a rea  i s  moderately to  s tro n g ly  convex forwards, in  l a t e r a l  

p r o f i l e  i t  i s  r a i s e d  f r a c t io n a l ly  above f r o n ta l  g l a b e l l a r  lo b e ,  in 

f r o n ta l  view i t  i s  sometimes s l i g h t l y  swollen upwards opposite  a x ia l  

furrow (P l.  6, f i g .  8 ). Long (sag. & e x s .)  p r e g la b e l l a r  furrow passes 

smoothly forwards and p ro g re s s iv e ly  more upwards on i t s  a n te r io r  slope 

in to  s h o r t ,  convex upwards (sag .)  a n te r io r  bo rd e r .  Outer p a r t  of 

a n te r io r  bo rder s lopes  downwards and s l i g h t l y  backwards to  r o s t r a l  su tu re .

P o s te r io r  border of cranidium m arg ina lly  in c rease s  width (exs .)  

from a x ia l  furrow to  fulcrum a b a x ia l ly  from which i t  expands more 

qu ick ly  u n t i l  narrowing s l i g h t l y  near f a c i a l  s u tu re ;  convexity  (ex s .)  

o f  border decreases  towards f a c i a l  su tu re .  P o s te r io r  border furrow 

w idest a t  about m id - leng th , has a l e s s  s te e p ly  in c l in e d  a n te r io r  than 

p o s te r io r  s lo p e ,  both s lopes  become more g en tly  in c l in e d  a b a x ia l ly .  

P o s to cu la r  p a r t  o f  f ix ed  cheek slopes  moderately downwards t o  border 

furrow; p re o c u la r  p a r t  p ro je c ts  beyond f r o n ta l  lo b e ,  i s  v e r t i c a l  or 

s l i g h t l y  overhangs ab ax ia l  co n tin u a tio n  o f  p re g la b e l l a r  furrow.

Mid-point o f  p a lp eb ra l  lobe is  opposite  l a t e r a l  lobe 2p, i n i t i a l l y  i t  

continues s lope o f  f ixed  cheek then  a b ax ia l ly  has a more h o r iz o n ta l  

a t t i t u d e .  P o s te r io r  branch o f  f a c i a l  su tu re  runs f i r s t l y  outwards and 

s l i g h t l y  backwards before  swinging in  broad curve to  l a t e r a l  border 

and f i n a l l y  tu rn in g  sharp ly  p o s te r io r ly  to  meet p o s te r io r  margin;
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a n t e r i o r  b r a n c h e s  a r e  a b a x i a l l y  c o n v e x ,  s l i g h t l y  c o n v e r g e n t .  F r e e  

c h e e k  s l o p e s  s t e e p l y  t o  U -s h a p e d  l a t e r a l  b o r d e r  f u r r o w .  D o u b lu r e  o f  

f r e e  c h e e k  s h a r p l y  r e f l e x e d  u p w a rd s  a n d  o u tw a r d s  fro m  l a t e r a l  b o r d e r .

R o stra l  p la te  composed o f  o u te r  bo rder s e c to r  and inner doublure 

s e c to r ;  bo rder s e c to r  from two f i f t h s  to  one h a l f  as long ( sa g .)  as 

wide, about th re e  times as long as o u te r  p a r t  o f  a n te r io r  bo rder .

R o s tra l  su tu re  moderately arched , a b a x ia l ly  i t  i s  s l i g h t l y  convergent 

towards a n t e r io r  margin o f cranidium. Connective su tu res  gen tly  

convex ou tw ards , converge p o s te r io r ly  towards angular ju n c t io n  of 

border and doublure s e c to r s .  Inner arc o f  border s e c to r  about p a r a l l e l  

to  r o s t r a l  s u tu r e ,  marked by a s l i g h t  r id g e ,  i s  wider than embayment o f  

a n te r io r  margin of hypostome (P l .  T, f i g .  3 ) . Hypostome i s  wider 

across  i t s  a n te r io r  wings than  long ( s a g . ) .  In v e n t ra l  view 

a n te r io r  margin i s  b road ly  convex forwards. A n te r io r  border i s  f lexed  

v e n t r a l ly ;  a n te r io r  border furrow shallow and narrowest m ed ia lly ,  becoming 

wider l a t e r a l l y  near deep p i t  o f  a n te r io r  wing. L a te ra l  margin s l i g h t l y  

convex a b a x ia l ly  between a n te r io r  and p o s te r io r  wings ; l a t e r a l  border 

narrows ( t r . ) p o s t e r io r ly ;  l a t e r a l  border furrow deepest opposite  ( t r . ) 

spur o f  a n t e r io r  lobe . P o s te r io r  border f l a t t e n e d ,  p ro je c t in g  in to  two 

sp in es .  F a in t ,  convex backwards median furrow connects two conspicuous, 

ovate maculae. A n te r io r  lobe o f  median body about two and a q u a r te r  to  

two and a h a l f  tim es as long as p o s te r io r  lo b e ;  a hook-like  p ro je c t io n  

i s  d i re c te d  a n te ro v e n t r a l ly  from cen tre  o f  a n t e r io r  lobe . P o s te r io r  

lobe i s  c re scen t-shaped .

Thorax c h a r a c t e r i s t i c a l l y  broad ( t r . ) ;  a n t e r io r  p a r t  o f  ax is  le s s  

wide than p le u r a l  reg ion . Axis has 13 r in g s ,  each i s  o f  about constan t 

width (sag. & e x s . ) ,  f l a t  t o  g en tly  convex in  l a t e r a l  p r o f i l e ,  f lexed  

forwards a b a x ia l ly  and swollen in to  a node a t  a x ia l  furrow. P o s te r io r  

band of each pleuron  h igher than a n t e r i o r ,  moderately  convex ( e x s . ) ,  

foriiis p o s t e r io r  rim to  a r t i c u l a t i n g  f a c e t .  P le u ra l  furrow moderately deep 

and U-shaped a t  fulcrum , becomes le s s  w ell marked a b a x ia l ly ,  dying out on
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a r t i c u la t in g  fa c e t. Many specimens show a kink in  th e  d i s t a l ,  p o s te r io r  

margins o f  th o ra c ic  p le u ra e ; i t  i s  most obvious and more d o rs a lly  

p o s itio n e d  on p o s te r io r  p le u ra e , becomes su ccess iv e ly  low er on a n te r io r  

p le u ra e , and is  continued  p o s te r io r ly  as a c in c tu re  on th e  pygidium 

(P l. 4 , f ig s .  3, 5, 6; P l. 5, f ig s .  4 -6 ) .

Pygidium about two and a h a l f  tim es as wide as long . Axis i s  a t 

most very gen tly  convex ( t r . )  and much le s s  arched than  th o ra x , con tains 

s ix  d i s t i n c t  and one in d is t in c t  a x ia l  r in g s  and te rm in a l a x ia l  p ie c e . 

Each r in g  i s  almost f l a t  ( s a g .) ;  a n te r io r  rin g s  s l ig h t ly  in f la te d  

a t  a x ia l  furrow though not flex ed  forwards as in  th o rax . Ring furrows 

sh allo w est m ed ia lly , become deeper towards a x ia l  furrow;. L a tte r  is  

b e s t marked a n te r io r ly ,  becomes weaker p o s te r io r ly ,  sc a rc e ly  p re sen t 

around te rm in a l a x ia l  p ie c e . Inner p le u ra l  reg ion  slopes g en tly  ( t r . ) 

to  c in c tu re ,  th e r e a f te r  much more s te e p ly  to  l a t e r a l  m argin. P le u ra l 

reg ion  norm ally has f iv e  d i s t in c t  p le u ra l  furrows to  th e  c in c tu re ,  

a b a x ia lly  from which they  fade m arkedly; one specimen (P l. 5 , f ig s .  T,

9 , 10) has tra c e  o f a s ix th  p le u ra l  furrow . In te r p le u r a l  furrows 

f a in t .  P o s ta x ia l s e c to r  f a l l s  alm ost v e r t i c a l ly  from te rm in a l a x ia l  

p ie ce .

Small to  medium s ize d  tu b e rc le s  are  evenly  d is t r ib u te d  on g la b e l la ;  

much la rg e r  ones p re sen t on genal b u t t r e s s ,  a n te r io r  ad ax ia l p a r t  of 

f ix ed  cheek, and sometimes a n te r io r  b o rd e r. P re g la b e lla r  and a x ia l  

furrows la c k  tu b e rc le s .  A baxial nodes o f o c c ip i ta l  and a x ia l  r in g s  have 

c o n ce n tra tio n  o f about 30 to  50 tu b e rc le s .  Medium s iz e d , c lo se ly  spaced 

tu b e rc le s  on border s e c to r  o f r o s t r a l  p la te  and l a t e r a l  b o rd er o f  cheek. 

S c a tte re d  tu b e rc le s  found on hypostome, th o rax  and pygidium. Ilypostomal 

maculae and deepest p a r t  o f furrows (p le u ra l ,  a x ia l ,  a r t ic u la t in g )  lack  

o rnam entation . Many tu b e rc le s  a re  p re fo ra te ,  canals connect th ese  

openings to  v e n tra l  s id e  o f exoske le ton .
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DISCUSSIOW. Recent c o l le c t in g  has provided  much new in fo rm ation  on 

th is  sp e c ie s . I t  is  u n fo rtu n a te  th a t  th e  holo type does not have i t s  

p re g la b e lla r  a rea  p re s e n t ,  as th i s  i s  im portant fo r  s p e c if ic  d isc r im in a tio n  

w ith in  th e  genus, bu t specimens used by S h ir le y  in  h is  d e sc r ip tio n  

(GSM 19644, GSM 19646), and o th e rs  from B u rrin g to n , d isp la y  th i s  

c h a ra c te r  w e ll. V aria tio n  is  p re sen t in  th e  amount o f  upcurving o f th e  

p re g la b e lla r  a rea  and th e  degree o f  im pression o f c in c tu re  and in t e r 

p le u ra l  furrow s on th e  pygidium , though th e  l a t t e r  are  never very s tro n g ly  

developed and may be almost com pletely ab sen t. The la r g e s t  cranidium  

examined (P l. 4 , f ig .  7 , P l . 5, f ig .  8) is  th e  only specimen to  have a 

g la b e l la  about equal in  len g th  w ith  th e  f ix e d  cheek.

Some c ra n id ia  from calcareous co n cre tio n s  w ith in  th e  Wenlock Shale 

a t D olyhir (see  GSM 195, P l. 6 , f ig s .  1 , 4 , 7) are most in te r e s t in g  

because t h e i r  a n te r io r  bo rder i s  more sw o llen , and p re g la b e l la r  furrow  thus 

r e la t iv e ly  s h o r te r ,  than  in  ty p ic a l  specimens from B urring ton . They 

th e re fo re  approach T. v u lpecu la  sp . n o v ., but a re  regarded  c lo se r  to  

T. nodulosa because they  lack  th e  more d i s t i n c t , sudden b reak  in  slope 

between p re g la b e l la r  furrow and a n te r io r  bo rd er th a t  i s  d ia g n o s tic  o f th e  

new s p e c ie s . The c ra n id ia  w ith th e  more sw ollen border may re p re se n t a 

sep a ra te  subspec ies  o f  n o d u losa , bu t th e  a n te r io r  bo rder o f  o th e r specimens 

from D olyhir i s  very s im ila r  to  th a t  in  B urrington  m a te r ia l ,  and p rev en ts  

constan t d isc r im in a tio n  o f  th i s  c h a ra c te r  between th e  two a l lo p a t r ic  

p o p u la tio n s  (compare P l. 6 , f ig s .  6 , 10, 11, w ith  P l. 4 , f ig s .  1 , 3, 5 , 6 ).

I have t r i e d  to  se p a ra te  th e  ta x a  a t u seab le , d i s t in c t  m orphological 

d is c o n t in u i t ie s  and r e f r a in  from o v e r - s p l i t t in g  th e  genus.

T. nodulosa is  d is tin g u ish e d  from T. v o lso rifo rm a and T. vu lpecu la  

by a longer p re g la b e l la r  furrow and s h o r te r  a n te r io r  b o rd e r , to g e th e r  w ith 

th e  more g radual t r a n s i t io n  in  slope  between th e se  two fe a tu re s  (compare 

d iag n o ses). I t  a lso  has a lo nger p re g la b e l la r  a re a  r e la t iv e  to  g la b e l la r  

len g th  than  in  vo lso rifo rm a  (from about two f i f t h s  to  one h a l f  and about 

one th i r d  r e s p e c t iv e ly ) , though th e re  is  some degree o f  co incidence in  th i s
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p ro p o rtio n  between nodulosa and v u lpecu la  (about two f i f t h s  in  some 

specimens o f  both s p e c ie s ) . During th e  ev o lu tio n ary  s e r ie s  from 

£ . vo lso rifo rm a  to  T. nodulosa th e  in f l a t io n  between th e  a d ax ia l fo rk  o f 

l a t e r a l  furrow  Ip  appears to  become s tro n g e r , and th e  a x ia l  furrow  

a n te r io r  to  l a t e r a l  lobe 2p w ider ( t r . ) .

OCCURRENCE. In ad d itio n  to  th e  type lo c a l i ty  S h ir le y  (1933, p . 56) 

recorded  th e  sp ec ies  from a quarry  a t  th e  s id e  o f  Nant T resg len , behind 

"H alf-W ay-Inn", f iv e  m iles e a s t  o f Llandovery (Nat. G rid. Ref. SN 828 328) 

These specimens were found by S.H. Straw  and a sso c ia te d  w ith  a fauna o f 

Wenlock age; th ey  have no t been examined as t h e i r  re p o s ito ry  is  unknown 

to  me and an attem pt a t r e - c o l le c t io n  has proved f r u i t l e s s .

W illiams (1953, p p .199, 200) reco rds £ . nodulosa from h is  "Lower" 

and "Upper" Wenlock groups o f th e  L lan d e ilo  d i s t r i c t ;  N.ll. K irk 

(unpublished  p a r t  o f Ph.D. th e s i s )  l i s t s  th e  sp ec ies  from th e  "Wenlock 

Mudstones" near Upper H anter Farm, SSE o f  D o ly h ir, and a quarry  NW of 

th e  F o lly , S o f P re s te ig n e , R adnorsh ire. The specimens which formed 

th e  b a s is  fo r  th ese  reco rd in g s  have not been examined. At th e  nearby 

Nash Scar Q uarry, n ear P re s te ig n e , th e  Wenlock Shale above th e  

fa u lte d  co n tac t w ith th e  Nash Scar Limestone i s  o f  lundgren i Zone 

age (B asse tt 1972, p . 54). Cocks e t  (1971, p . 109, f ig .  2) reco rd  

th e  'Wenlock S h a le s ' o f th e  P re s te ig n e  a rea  as rang ing  from th e  to p  p a r t 

o f the  r ic c a r to n e n s is  Zone to  th e  base o f  th e  lundgren i Zone. They are 

follow ed by th e  'O liv e  M udstones'.

A sm all a re a  o f  Wenlock Shale on to p  o f th e  D olyhir Limestone a t th e  

south s ide  o f  Garwood and G oodyear's ( I 9 l8 ,  p . 20, p l .  5, f i g .  l )  quarry  

'D ' , D o ly h ir, R adnorsh ire , has y ie ld e d  th e  b e a u t i fu l ly  p reserv ed  specimens 

r e fe r re d  to  in  th e  d isc u ss io n . As f a r  as I am aware th e  zone(s) 

re p re se n te d  by th e  Wenlock Shale o f  th i s  quarry  i s  unknown.
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The w r i te r  has c o lle c te d  t h i s  sp ec ie s  from th e  Wenlock Shale of 

D ir tle y  Lane, fo u r m iles SSW of L ein tw ardine, Wigmore L o lls  a re a , Welsh 

B orderlands (DJS/86-7, N at, G rid, Ref, SO 3687 6888), and th e  Coal- 

brookdalo Beds (probably  lundgren i Zone) n ear th e  beginning of th e  tra c k  

se c tio n  behind Eaton Church, Apedale, Shropsh ire  (N at, G rid , R ef, SO 

5001 9002), The G eolog ica l Survey have recorded  i t  from th e  Wenlock 

Shale near Rushbury, Apedale (G reig , W right e t  a l ,  1968, pp, 340, 353, 

354). An i s o la te d  pygidium of Tapinocalymene (DJS/91, no t f ig u re d )  

from th e  t r a n s i t io n  between th e  Goalbrookdale Beds and Tickwood Beds 

behind Eaton Church (N at. G rid , Ref, SO 50239002 ) , may a lso  belong to

nodulosa.

Subfamily FLEXICALYMENIN/iE sub, fam. nov, (h e re in )

Genus PALACaLYMENE gen.nov.

DERIVATION OF THE N/iME, From th e  l a t i n ,  P a la . shovel, a llu d in g  

to  th e  form of th e  p re g la b e lla r  a re a .

TYPE SPECIES. Spathacalymene flex u o sa  Tomczykowa, 1970, p , 80 

p l ,  2 , f i g s ,  5a-c; from th e  Upper M ielnik  Beds, S aetograp tus l e i n t -  

w ard inensis  Zone, Ludlow S e r ie s , a t  a depth of 940.5 m in  th e  M ielnik  

boreho le , M ieln ik , Poland,

OTHER SPECIES, P, b rev is  (Tomczykowa, 1970), P, l in g u a ta  

(Tomczykowa, 1970), P, ? pompeck.ii (Kummerow, 1928),

DIAGNOSIS, P re g la b e lla r  a rea  i s  long -  from about one t h i r d  to  

tw o -th ird s  as long  as th e  g la b e l la ,  i t  i s  narrow ( t r , ) ,  U-shaped to  

V-shaped in  o u t l in e ,  p ro je c ts  forw ards and i s  v a r ia b ly  in c l in e d  

upwards. G lab e lla  i s  b e ll-sh ap ed  in  o u tlin e ; f r o n ta l  lobe very  ra re ly
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p ro je c ts  in  f ro n t of f ix e d  cheek. In  l a t e r a l  p ro f i le  d o rsa l su rface

of f ix e d  cheek i s  equal to  o r r i s e s  s l ig h t ly  above su rface  o f g la b e l la .

Cranidium lack s  genal b u t t r e s s .  R o s tra l p la te  i s  long ( s a g .) .  Pygidium 

has deep r e la t iv e ly  sh o rt p le u ra l  fu rrow s, f a i r l y  wide smooth border, 

and extrem ely weak o r no in te r p le u r a l  fu rrow s,

DISCUSSION. Four of th e  sp ec ie s  inc luded  by Tomczykowa (1970) in

Spathac alymene T illm an, 1960 are  here  removed from th a t  genus a s ,

amongst o th e r th in g s , th ey  la ck  th e  p a p i l l a te - b u t t r e s s  s tru c tu re  on th e  

cranidium ; th re e  of th e se  sp ec ie s  (S, b re v is , S. l in g u a ta , S. f le x u o sa ) 

a re  considered  to  belong to  a new tax o n , Palacalym ene, and th e  fo u r th  

(Calymene pompeck.1 i  Kummerow, 1928) i s  q u estio n ab ly  re fe r re d  to  t h i s  genus 

which i s  p laced  in  th e  F lexicalym eninae subfam, nov, (h e re in ) , a  s im ila r  

course of a c tio n  w ith  re sp e c t to  th e  th re e  P o lish  sp ec ie s  was a n t ic ip a te d  

by W hittington  (1971, pp. 457-59). The com bination of fe a tu re s  g iven in  

th e  above d iag n o sis  se rv es  to  d is t in g u is h  Palacalymene from a l l  o th e r 

genera w ith in  th e  F lexicalym eninae ( fo r  example F lex icalvm ene. G ravi-  

calym ene, Thelecalym ene) » O ther genera of th i s  subfam ily , as here conceived 

have not been recorded  from th e  P o lish  S i lu r ia n , but they  a re  known from 

s t r a t a  of th i s  age elsew here (W h ittin g to n ,1971; S h ir le y , 1938; Haas,

1968; C h a tte rto n , 1971; A lb e r t i ,  1969).

Palacalymene and Tapinocalymene a re  thought to  belong to  two sep a ra te  

major ev o lu tio n ary  s to c k s , but i t  i s  of in t e r e s t  to  note th a t  both 

genera have sev e ra l c h a ra c te rs  in  common. These in c lu d e  th e  h e ig h t and 

le n g th  of th e  g la b e l la  to  th e  f ix e d  cheek, w idely sep a ra ted , 

p a lp eb ra l lobes (measurements taken  from Tomczykowa’s p la te s  in d ic a te  

from about two and a q u a r te r  to  two and a h a l f  tim es as wide as l a t e r a l  

lobes 2p ), a very  weakly convex ( t r ,  ) p y g id ia l a x is ,  f a in t  in te r p le u r a l  

furrow s and a c in c tu re  on th e  o u te r p le u ra l  reg ion  of th e  pygidium.

Moreover in  some specimens of lin/Tuata th e  c r a n id ia l  tu b e rc le s  appear to
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become c o a rse r  on th e  a n te r io r  p a r t of th e  f ix e d  cheek as in  Tauinocalymene 

(see Tomczykowa 1970, p l .  4 , T ig. 9a; p l .  5, f i g .  9 a ) . However most 

specimens of Palacalymene show f a i r l y  coarse  tu b e rc le s  on both th e  g la b e l la  

and th e  f ix e d  cheek and a lso  on the  p re g la b e lla r  a rea  (see Tomczykowa 

1970, p l .  2 , f i g .  7 a ) , and t h i s  i s  q u ite  u n lik e  th e  ornam entation 

in  members of Tapinocalymene. A f u r th e r  d iffe re n c e  between th e  two 

genera i s  th e  much more s te e p ly  descending f r o n ta l  g la b e l la r  lobe in  

sp ec ies  of th e  B r i t i s h  genus. I t  would be in te r e s t in g  to  know th e  

form of th e  hypostome in  Palacalym ene. Tomczykowa (1970, p. 80) 

r e f e r s  to  a fragm entary  hypostome of P. flex u o sa  but i t  does not seen 

to  have been d e sc rib ed  or f ig u re d . Calymenids e x h ib itin g  th e  p a p i l la te -  

b u ttr e s s  s t ru c tu re  a l l  (calym enines) show a more o r le s s  marked 

p ro truberance  on th e  a n te r io r  lobe o f th e  median body.

OCCURRENCE. Ludlovian of Poland; p o ss ib ly  from th e  G ra p to li-  

th e n g e s te in  (Wenlock -  upper Ludlow) e r r a t i c s  of Neubrandenburg, N 

German P la in ,

The d e sc r ip tio n s  and occurrences of P, b re v is , P, l in g u a ta  and 

P. f lex u o sa  a re  adequate ly  d e a lt  w ith  by Tomczykowa and a re  no t rep ea ted  

h e re , though fo r  convenience I  have in c luded  d a ta  on th e  type specim ens.

I t  was Tomczykowa’s b e l ie f  th a t  a l l  th e se  sp ec ie s  lack ed  in te r p le u r a l  

furrow s but a t  l e a s t  ? . lin A 'Jn ta , p l .  3 , f i g s ,  9a, 1 0 a  and. ? . f le x u o sa , 

p l ,  .5, f i g .  5a) shew v&ry woak s ig n s  of-them .
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Falacalymeno b rev is  (Tomczykowa, 1970)

Not f ig u re d

1970 Spathacalymene b rev is  n . s p .;  Tomczykowa, p. 82, p l .  1,

f i g s ,  1 -7 , p l .  2 , f i g .  4 , p l .  3 , f ig s .  1, 4 -8 , p l .  5, f i g s .  

1 -4 , t e x t - f i g s .  4 a -c , 5g.

HOLOTYPE. ixn incom plete cranidium ; 10. 1169.I I . 52; f ig u re d  by 

Tomczykowa 1970, p l .  1, f i g s .  7 a -c , t e x t - f i g .  4a.

TYPE STPviiTM ,iND TYPE LOCALITY. S i lu r ia n ,  Ludlow S e r ie s , Upper 

M ielnik Beds, Saeto.'-:raptus le in tw a rd in e n s is  Zone, a t  a depth of 1203.6 m 

in  th e  Goldap bo reho le , Goldap, Poland.

iiEI'̂ mluKS, D iffe rs  from P. l in g u a ta  and P. flex u o sa  m ainly because 

of i t s  s h o r te r ,  s l ig h t ly  more V-shaped p ro b o sc is . I t  i s  su sp ic io u s ly  

l ik e  P .? pompeck.ii (Kummerow, 1928).

Palacalymene l in g u a ta  (Tomczykowa, 1970)

Not f ig u re d

1970 Spathacalymene l in g u a ta  n . s p .;  Tomczykowa, p. 77, p l .  3, 

f i g s .  9 , 10, p l .  4 , f i g s .  1-4 , 6 -9 , p l .  5, f i g s .  6 , 7 , 9-12, 

t e x t - f i g s .  4 g - i ,  5 i

HOLOTYPE, An incom plete cephalon, la ck in g  th e  r ig h t  f ix e d  cheek; 

IG .1169. I I . 5; f ig u re d  by Tomczykowa 1970, p l .  4 , f i g s .  9 a-d , t e x t - f i g .  

4g.

TYPE STiülTUM AND TYPE LOCALITY. S ilu r ia n , Ludlow S e r ie s , Upper 

M ielnik Beds, C ucu lloarap tus hem iaversus Zone, a t  a depth o f 959.1 m in  

th e  M ielnik bo reh o le , M ieln ik , Poland.
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REMAIiKS, This sp ec ie s  has th e  lo n g e s t p ro b o sc is; i t  can reach  

up to  tw o -th ird s  as long as th e  g la b e l la .

Palacalymene flex u o sa  (Tomczykowa, 1970)

Not f ig u re d

1970 Spathacalymene flex u o sa  n . s p .;  Tomczykowa, p. 80, p l .  1 ,f i g s . 8 

9 ,p l .  2, f i g s .  1-3, 5 -7 , p l .  3 , f i g s .  2 -3 , 11- 16 , p l .  4 , f i g .

5, p l .  5, f ig s .  5, 8, t e x t - f i g s .  4 d -f , 5e.

HOLOTYPE. A cranidium ; IG .1169.I I . 7; f ig u re d  by Tomczykowa 1970, 

p l .  2, f i g s .  5a -c , t e x t - f i g .  4d.

TYPE STIüiTUM aND TYPE LOCALITY. S ilu r ia n , Ludlow S e r ie s ,  Upper 

M ielnik  Beds. S aetograp tus le in tw a rd in e n s is  Zone, a t  a depth of 940.5 m 

in  th e  M ielnik boreho le , M ieln ik , Poland.

IfEMiiriKS, D iffe rs  from both P. b rev is  and P. l in g u a ta  m ainly in  

th e  s tro n g , upwards curve of i t s  p roboscis  -  which can be alm ost 

v e r t i c a l l y  in c l in e d .

Palacalymene pompeck.ii (Kummerow, 1928)

Not f ig u re d

1928 Calymmene Fompeckii n . s p .;  Kummerow, p . 9, p l .  1, f i g s .

5a, b,

1970 Calymene pompeckii KUÎ#ÎEROW, 1928; Schrank, p. 120, p l .  1, 

f i g .  5, non f i g s .  4 , 6 , non p l .  2 , f i g s .  1-3 , 7.

1970 Spathacalymene pom peckii, Kummerow, 1928; Tomczykowa, p . 70, 

t e x t - f i g .  4 f .

1971 Calymene pompeckii Kummerow 1928; W hitting ton  (p a r s ). p. 463,
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HOLOTYPE, By nonotypy; an alm ost complete in d iv id u a l;  MB,1969.31; 

f ig u re d  Kummerow 1928, p l .  1, f i g s .  5a, b, and Schrank 1970, p l .  1, 

f i g .  5.

TYPE STlulTUM AND TYPE LOCALITY, From th e  green-g rey  G ra p to li-  

th e n g e s te in  (Wenlock to  th e  to p  o f th e  Leintw ardine Stage, Ludlow S e rie s )  

e r r a t i c s  of Butzow, B ezirk Neubrandenburg, North Germany. Schrank 

(1970, p. 123) n o tes th a t  th e  l i th o lo g y  of th e  m atrix  enclo sin g  th e  

holo type sug g ests  th a t  i t  comes from th e  G ra p to lith e n g e s te in , though 

Kummerow (1928, p. 9) o r ig in a l ly  s ta te d  from th e  s t r a t ig r a p h ic a l ly  

l a t e r  B ey rich ienkalk .

ADDITIONAL MATErJAL. None known.

DISCUSSION, This sp ec ie s  has re c e n tly  been re v ised  by Schrank 

(1970, p. 120). In  h is  study Schrank observed th a t  sm all c ra n id ia  of 

c e r ta in  Calymene sp ec ies  a re  d e f ic ie n t  in  th e  p a p i l la te - b u t t r e s s  s tru c tu re  

a t  l a t e r a l  g la b e l la r  lobe 2p, but t h a t  i t  i s  gained l a t e r  in  ontogeny.

The la c k  of t h i s  fe a tu re  in  th e  type (and only known) specimen of 

pompeck.ii was a t  f i r s t  s ig h t s u rp r is in g , and Schrank recogn ised  th a t  i t  

gave grounds f o r  tra n s fe re n c e  of th e  sp ec ie s  to  ano ther genus, but he 

accounted fo r  th e  absence of th e  s t ru c tu re  by n o tin g  th e  ju v e n ile  s tage  

o f th e  h o lo ty p e . He proceeded to  reg a rd  pompeckii as a sen io r synonym 

of Calymene neoin term edia  A. & E. R ic h te r , 1954, m ainly because both 

have a r e l a t iv e ly  long , forw ard and upwardly p ro je c tin g  p re g la b e lla r  

a re a .

However an exam ination of topo type  m a te r ia l  of neointerm edia 

(d iscu ssed  by me elsew here)has rev ea led  th a t  th e  a x ia l  furrow  i s  

bridged  in  specimens of t h i s  sp ec ie s  w e ll before th ey  reach a s iz e  

eq u iv a len t to  t h a t  o f th e  pompeckii h o lo ty p e , and th i s  to g e th e r  w ith  o ther 

d if fe re n c e s  s tro n g ly  suggests th a t  th e se  two sp ec ies  a re  not synonymous.
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Furtherm ore two o th e r Calymene ta x a , Ç. tu b e rcu lo sa  Dalman, 1327 and 

C. law soni S h ir le y , 1962, a lso  have th e  p a p i l la te - b u t t r e s s  s t ru c tu re  

a lread y  p re se n t p r io r  to  a t ta in in g  th e  same s iz e  as th e  pompeck.ii 

ho lo ty p e , which s e r io u s ly  pu ts in to  q u estio n  th e  assignm ent of pompeckii 

to  Calymene. U n til  th e  tim e of co n tac t between genal b u ttr e s s  and lobe 

2p i s  a c c u ra te ly  documented in  many more sp ec ie s  of Calymene, and th i s  

shows a range of v a r ia t io n  which in c lu d es  pompecki i , I  remain uncon

v inced  th a t  th e  ho lo type of th e  l a t t e r  i s  a ju v e n ile  in d iv id u a l o f a 

p a p i l la te - b u t t r e s s e d  Calymene. At p re sen t a r e la t io n s h ip  c lo se r  to  

members o f Ewacalymene seems more l ik e ly .
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PUTE 1

F ig s , 1 -7 . Pharostoma vokovicense Snajdr, 1956

1, 3 , H olotype, incom plete  cephalon , * S ilc o s e t’ rubber c a s t  of

5 -7 . e x te rn a l mould ( f i g .  1, 3, 5, 6) and p la s t e r  c a s t  o f in te r n a l

mould ( f ig .  7) ,  NMP 184/67, Sarka Form ation (L la n v irn ) , 

b ric k y a rd  under th e  Cerveny v rch  h i l l ,  Vokovice, Prague 

d i s t r i c t .  D orsal v iew , a n te ro d o rs a l  view , l e f t  ob lique  

s to r o o '^ p a i r ,  l e f t  l a t e r a l  view , d o rsa l view 1 ,8 , F igu red  

S najdr 1956, p i ,  5, f i g .  1 ( in t e r n a l  m ould),

2 , 4* Incom plete cran id ium , in te r n a l  mould, EM 15408, Sarka

Form ation , Rokycany, C zechoslovakia , D o rsa l, r ig h t  o b lique  

v iew s, X 3 .

F ig s , 8 -11 . Pharostoma pulchrum pulchrum (D eyrich , I 846 )

8 , 10, Incom plete cephalon , p la s t e r  c a s t  of in te r n a l  mould, M4P

11. It3 2 7  CD689 , Letna Form ation , V esela ? , C zechoslovakia . L eft

o b liq u e , d o r s a l ,  l e f t  l a t e r a l  v iew s, x 1-J-, F ig u red  Barrande 

1852 , p i ,  19 , f i g s .  4; 5 (p la te  re v e rse d )  as Calvmene p u lch ra  

B arr,

9 . Incom plete cran id ium , *S ilcose t*  ru b b er c a s t  o f e x te rn a l

mould, GSM 86861, topm ost Hope S h a le s , low er L lan v irn , pa th

W o f B r i th d i r ,  n ea r Old Church S toke , M ontgom eryshire. E x te rn a l 

mould o f t h i s  specimen f ig u re d  W h itta rd  I960, p i ,  18, f i g ,  5 .





PUTE

Figs* 1-6 . Pharostoma pulchrum pulchrum (Deyrich, 134.6)

1, 2 , L ecto type , incom plete  cran id ium , *S ilcoset*  rubber c a s t

6 . o f e x te rn a l  mould, MB 303 B .K ., Letna Form ation (low er C aradoc),

V esela , C zechoslovakia. D orsal, f r o n ta l  s te r e o - p a i r s ,  r ig h t  

o b lique  view , x 2 . F ig u red  Beyrich I 846 , p i .  2 , f i g s .  6a ,  b 

as  Calvmene p u lc h ra .

3 -5 . P a ra le c to ty p e , incom plete  cephalon , MB 501 B.K, Letna

Form ation (low er C aradoc), V esela , C zechoslovakia. D o rsa l, 

f r o n ta l  s te r e o - p a i r s ,  l e f t  ob lique view , x 1^. F igured  

B eyrich I 846 , p i .  2 , f i g s .  6a , b.





PUTE

Figs.. 1 -8 . Pharostoma pulchrum pulchrum (Deyrich, I846)

1-4 . Almost com plete cran id ium , in te r n a l  mould, M  15422, Letna

Form ation (low er C aradoc), V esela, C zechoslovakia. D o rsa l, 

f r o n t a l  s te r e o - p a i r s ,  r ig h t  o b liq u e , r ig h t  l a t e r a l  v iew s, x 2 .

5, 7 , P a ra le c to ty p e , pygidium, in te r n a i  mould, MB 264 D .K ./k l91 ,

8. Letna Form ation (low er C aradoc), V esela , C zechoslovakia.

D orsal view , p o s te r io r  s te r e o - p a i r ,  r ig h t  l a t e r a l  view , x 2 . 

F ig u red  B eyrich I 846 , p l .  2 , f i g .  6d as Calvmene p u lc h ra .

6 . Complete specimen minus f r e e  cheeks, in t e r n a l  mould,

EM 1665 , ? Letna Form ation, Trubska, C zechoslovakia. D orsal 

view , X l^-.
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PLATE 4 (continued)

F ig . 5. Pharostoma c f .  P. n ieszkow skii (Schmidt, 1894)

Cranidium and severa l attached th oracic  segments, in tern a l mould,

PMO 91024, Lower Chasmops Shale, tra ck sid e  c u tt in g , NE sid e  of Semsvannet, 

Asker d i s t r i c t .  C o ll. J .F . D ockelie , 19&5. Dorsal view , x 4*



PUTE 4

F ig s . 2 ,  6 , 9 . Pharostoma pulchrum suhsp. nov. A

1, Poorly preserved, almost complete specimen, p la ste r  ca st

of in tern a l mould, NMP Xt324 CD1167, Zahorany Formation (middle 

Caradoc), Zahorany, Czechoslovakia. Dorsal view , x 1^.

Figured Barrande 1852, p i .  19, f i g .  2 (p la te  reversed ).

*Lectotype* se le c te d  by Snajdr (1956) of *P. pulchrum pulchrum 

(Barrande, 1846)* .

2 , 9 . Incomplete cranidium, DJS/139, Zahorany Formation, Lodenice,

Czechoslovakia. C o ll. L. Marek. Left la t e r a l  view , dorsal 

s te re o -p a ir , x l-f-.

6 . Poorly preserved specimen, p la ste r  cast o f in tern a l mould,

NMP Jt325 GDI166, Zahorany Formation (middle Caradoc), Zahorany, 

Czechoslovakia. Dorsal view , x 1- .̂ Figured Barrande 1852, 

p i.  19,  f i g .  3 us *Calvmene pulchra Barr*.

F ig s . 3 , 4 , 7 , 8 . Pharostoma pulchrum pulchrum (B eyrich, I846)

3 , 7 . P aralectotype, fr ee  cheek, in tern a l mould ( f i g .  3) and

*Silcoset*  rubber ca st o f in ter n a l mould ( f i g .  7 ) ,  MB 502 B .K ./ 

190, Letna Formation (lower Caradoc), V esela , Czechoslovakia. 

Dorsal and ven tra l v iew s, x 2 . Figured Beyrich I846 , p i .  2 , 

f i g .  6c as Calvmene pulchra.

4 , 8 . Pygidium, 'S ilco se t*  rubber ca st of ex tern a l mould, NMP

It331> Letna Formation, V esela , Czechoslovakia. Dorsal v iew , 

p o ster io r  s te r e o -p a ir , x 2^. A dditional specimen used by 

Barrande 1852, p i .  19, f i g .  9 .





PLATE

F ig s . 1-4 . Pharostoma a f f .  P. denticulatum (Eichwald, i860)

Incomplete cranidium, R4 Ar10692, Raniceps Limestone, Utby, 

Dalarna, Sweden. C o ll. G, Holm, 1880. Dorsal s te re o -p a ir , 

r ig h t la te r a l  view , r ig h t oblique s te r e o -p a ir , anterodorsal 

view , X 6.

F ig s. 5 -7 , 9 . Pharostoma n ieszkow sk ii (Schmidt, 1894)

5, 6 , Incomplete cranidium, p a r t ia l ly  e x fo lia te d , Rt4 Ar34406,

9 . Kukruse Stage (= zone o f Nemacraptus g r a c i l i s ) . Kukruse,

E ston ia . C o ll. G, Holm, 1883. Right la t e r a l ,  r ig h t oblique 

v iew s, dorsal s te re o -p a ir , x 6 .

7 . Incomplete cranidium, p a r t ia l ly  e x fo lia te d , RM Ar3436l,

Kukruse Stage, Vanamoisa, E ston ia . Dorsal view , x  12.

F ig , 8 . Pharostoma c f .  P. n ieszkow sk ii (Schmidt, 1894)

Incomplete cranidium, in ter n a l mould, PMO 91025, Lower 

Chasmops Shale, track sid e  c u tt in g , NE sid e  of Semsvannet, Asker 

d i s t r i c t .  C o ll. D .J. S iv e te r , 1971. Dorsal view , x 6 .





PLATE 6

Figs# 1-3 , 5 , 6 . Pharostoma n ieszk ow sk ii (Sciimidt, 1894)

1 , 2 ,  Incomplete cranidium, in tern a i mould, IPLU L02955t,

5. *Ampvx* Limestone middle Ordovician, Toramarp, SE Scania#

D orsal, l e f t  la t e r a l ,  fr o n ta l v iew s, x 6 . Figured Funkquist 

1919, p i. 1, f i g .  5 as Calvmmene pulchra Deyrich.

3 , 6 . Incomplete pygidium, in te r n a l mould, IPLU L02956t, *Ampvx*

Limestone, middle O rdovician, Toramarp, SE Scania. Right 

oblique view , x 8; p o ster io r  view , x  6 .

F ig s . 4 , 7 -12 . Pharostoma s im ile  Thorslund, 1940

4 , 9 . Holotype, cranidium, I PU Ar2469, Lower Chasmops Limestone,

Islan d  of Ringsdn, SE o f Tvaren, Sddermanland, Sweden. Dorsal 

s te re o -p a ir , l e f t  oblique view , x 2^. Figured Thorslund, 

1940, p i. 11, f i g .  1.

7 , 11. Thoracic segment, I PU Ar2479, same horizon and lo c a l i t y

as fo r  f i g .  4 . D orsal, r ig h t la t e r a l  v iew s, x 2ÿ. Figured  

Thorslund, 1940, p i. 11, f i g s .  13, 14.

8 . Pygidium, I PU Ar2476, same horizon and lo c a l i t y  as fo r

f i g .  4 . Dorsal view , x  12. See a lso  PI. 7 , f i g ,  3 . 

figu red  Thorslund 1940, p i .  11, f i g .  9 .

10, 12. Incomplete hypostome, p a r t ia l ly  e x fo lia te d , I PU Ar2475,

same horizon and lo c a l i t y  as fo r  f i g .  4 . Ventral s te r e o -  

p a ir , la te r a l  view , x  44". Figured Thorslund 1940, p i .  H ,  

f i g .  8 .
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PLATE

F ig s. 1-10. Pharostoma s im ile  Thorslund, 1940

1. Incom plete hypostome, p a r t i a l l y  e x fo l ia te d ,  I PU Ar2474,

Lower Chasmops Lim estone, Is la n d  of Ringsdn, SE of Tvaren,

Sddermanland, Sweden. V en tra l s te r e o - p a i r ,  x 4'4« F igured  

T horslund, 1940, p i .  11, f i g .  7 .

2 . Incom plete hypostome, p a r t i a l l y  e x fo l ia te d ,  I PU Ar2473,

same ho rizo n  and l o c a l i t y  as fo r  f i g .  1. V en tra l view ,

X 4&.
3 . Pygidium, I PU Ar2476, same ho rizon  and l o c a l i t y  as fo r

f i g .  7 . L eft ob lique  view , x 12. See a lso  P I. 6 , f i g .  8 . 

F ig u red  T h o rs lu n d ,1940, p i .  11, f i g .  9*

4 . Incom plete cran id ium , I PU Ar2467, same h o rizo n  and l o c a l i t y

as  fo r  f i g .  1. D orsal view , x 44". F igu red  T horslund , 1940,

p i .  11, f i g .  12.

5. 7 , Incom plete c ran id ium , I PU Ar2468, same h o rizo n  and l o c a l i t y

8 . as fo r  f i g ,  1. A n te ro d o rsa l view , d o rsa l s te r e o - p a i r ,  r ig h t

l a t e r a l  view, x 1 .8 . F igu red  T h o rs lu n d ,1940, p i .  11, f i g s .

2, 3 .
6 . Incom plete cran id ium , RM Ar9150, lo o se  block of O rdovician

age, Y tte rh a l le n , Jam tland . D orsal view , x 2 .

10. F ree cheek, doublure and l a t e r a l  m arg inal sp in es  a re  in

in te r n a l  mould form , I PU Ar2470, same h o rizo n  and l o c a l i t y  as 

f o r  f i g .  1. D orsal s te r e o - p a i r ,  x 44'# F igu red  Thorslund, 

1940, p i .  11, f i g .  4 .

9# Doublure and l a t e r a l  m arg inal sp in es  o f f r e e  cheek, I PU

Ar2472, same h o rizo n  and l o c a l i t y  as  f o r  f i g .  1. V en tra l 

view , X 44-. F igu red  T horslund , 1940, p i .  H , f i g .  5.





PLATE 8

F ig s. 1, 2 ,  4* Pharostoma s im ile  Thorslund, 1940

Pygidium, IPU Ar2478, Lover Chasmops Lim estone, I s la n d  of 

Ringsfln, SE of Tvaren, Sddermanland, Sweden. D orsal view , 

r ig h t  l a t e r a l  view , p o s te r io r  s te r e o - p a i r ,  x 44'* F igured  

T horslu n d ,1940 , p i .  11, f i g .  H .

F ig , 3 . Pharostoma sp . in d e t 2

Incom plete cranidium  w ith  th e  rem ains o f n ine  th o ra c ic  

segm ents, PM Ar23&08, Dalby Limestone (zone of Nemagraptus 

g r a c i l i s ) . Bdda Hamn, O land. D orsal view , x 2 ,

F ig s . 5-11. Pharostoma foveolatum  (T d rn q u is t. I 884 )

5 ,-8  H olotype, incom plete cran id ium , SOU unnumbered, K u llsb erg

Lim estone, F u ru d a l, D alarna, Sweden. D orsal s te r e o - p a i r ,  

r ig h t  l a t e r a l ,  r ig h t  o b liq u e , a n te ro d o rs a l  v iew s, x 2 4 .

C o ll. G. Schmalensee. F ig u red  T d rn q u is t, 1884, p i ,  1 , 

f i g ,  45, and Warburg, 1925, p i .  4 , f i g .  I 6 .

9 -11 . Pygidium, IPU Ar4&5, K u llsberg  Lim estone, S k a lb e rg e t,

N of G l i s s t j a r n ,  D alarna, Sweden. D orsal view , p o s te r io r  

s te r e o - p a i r ,  r ig h t  l a t e r a l  view , x 1.
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PLATE

F ig s . 1 -3 , 5 -7 . Pharostoma foveolatum (Tdrnquist, 1834)

1-3 , Large incom plete  cephalon , IPU Ar469, K u llsb erg  Lim estone,

5. K u llsb e rg , D alarna, Sweden. D o rsa l, a n te ro d o rs a l  s te r e o -

p a i r s ,  l e f t  o b liq u e , r ig h t  l a t e r a l  v iew s, x 1.

6 , 7 . Incom plete pygidium , IPU Ar4&5, K u llsberg  Lim estone,

K u llsb erg , D alarna, Sweden. C o ll. E. Warburg, 1916. D orsal 

s te r e o - p a i r ,  l e f t  l a t e r a l  view , x 1. See a lso  P I . 10, f i g .  2 .

F ig  4 . Pharostoma c f .  P. foveolatum  (T d rn q u is t, 1834)

Incom plete c ran id ium , PMO 38556, beds above th e  c o ra l  

l im e s to n e , Mj/ s a  Lim estone, p e n in su la r  S of D ergvika, H elg /ya , 

Nes-Hamer d i s t r i c t ,  Oslo Region, Norway. C o ll. J .  K ia e r ,

1922. D orsal view , x 12.





PUTE 10

F ig s , 1 , 6 ,  Pharostoma narinosum sp. nov.

1. H olotype, incom plete  cran id ium , PMO 81266, Upper Chasmops

Lim estone, S s id e  of N Raudholmen (= R au d sk jaer), O slo-Asker 

d i s t r i c t ,  Oslo Region, Norway. C o ll. N. S p je ld n aes, 1953. 

D orsal view , x 6 .

6 . Incom plete cran id ium , PMO 91448, Upper Chasmops Lim estone,

one m etre below th e  Lower T re ta s p is  S hale , SE end o f K alv /ya,

Baerum, O slo-A sker d i s t r i c t .  C o ll. D .J. S iv e te r  & D.L. 

B ruton, 1971. L e ft l a t e r a l  view , x 3 .

F ig . 2 . Pharostoma foveolatum  (T d rn q u is t, I 884 )

Incom plete pygidium , IPU Ar465, K u llsberg  Lim estone, 

K u llsb e rg , D alarna, Sweden. C o ll. E. Warburg, 1916. L e ft 

ob lique  view , x 1.

F ig s .  3 , 4 , 5, 7 . Pharostoma oelandicum  A ngelin , 1854

H olo type, incom plete c ran id ium , p a r t i a l l y  e x fo l ia te d ,  RM 

Ar2285, g la c i a l  e r r a t i c s  o f th e  M acrourus Limestone (m iddle 

O rd o v ic ian ), ô land , A n te ro d o rsa l view , d o rs a l ,  r ig h t  ob liq u e  

s te r e o - p a i r ,  r ig h t  l a t e r a l  view , x 4 . F ig u red  A ngelin , 1854, 

p i .  33, f i g s .  15, 15a.
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PLATE 11 ( c ont inued)

F ig , 9 . Pharostoraa sp , B

Incom plete, d is to r ted  cranidiom , ‘S ilco se t*  rubber ca st of ex tern a l 

mould, PMO 81538, Upper Chasnops Shale, Hvalstad sk jaeringen , Oslo- 

Asker d i s t r ic t ,  Oslo Region, Norway, C o ll, N, Spjeldnaes, 1957.

Dorsal v iew , x 8 .

F ig , 10, P harostona  sp , A

Cranidium, R40 31312, 1 ,7  metres below the top  o f the Upper 

Chasmops Limestone, N Raudsjaer, Oslo-Asker d i s t r i c t ,  Oslo Region, 

Norway, C o ll, N ikola isen , Bruton, Hamar, 1967. Dorsal view , x 6 .



PUTE 11

F ig s . 1 -7 . Pharostoma ornithoreos sp. nov.

1 , 2 ,  H olotype, incom plete cranidium, p a r t ia l ly  e x fo lia te d ,

6 , 7 . IM l t d 931, B ir d sh ill  Limestone, P u sg illia n  Stage, A sh g ill

S e r ie s , quarry 200 yards NW o f B ir d sh ill Farm, 1-g- m iles WNW 

o f L lan d eilo , Carmarthenshire, S Wales. C o ll. S ,F , M orris, 

1965. D orsal, fr o n ta l s te r e o -p a ir s , r ig h t ob lique, r ig h t  

la t e r a l  v iew s, x 4 .

3* Incomplete cranidium, *S ilcoset*  rubber ca st of ex tern a l

mould, BM I t 8933; same horizon , lo c a l i t y  and c o lle c to r  as fo r  

f i g .  1. Dorsal view , x 4#

4 Incomplete cranidium, p a r t ia l ly  e x fo lia te d , EM It8930 ,

same horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g .  1. Dorsal 

view , X  4 .

5* Incomplete cranidium, p a r t ia l ly  e x fo lia te d , IM I t 8934;

same horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g .  1. Dorsal 

view , X  6 .

F ig . 8 . Pharostoma c f .  P. ornithoreos sp . nov.

Incomplete cranidium, c u t ic le  lack in g  except on preglabe- 

l l a r  f i e l d ,  BM unnumbered, Sholeshook Limoston.0 ,"Cautleyan  

Stage, A sh g ill S e r ie s , quarry a t  Sholeshook Farm, one m ile  

SiîE of Haverfordwest, Pembs. C o ll. S .F , M orris, 19&5#

Dorsal view , x  6 .
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PLATE 12

F ig s . 1, 2 , 4 -6 , 11, 13. Pharostoma obtusun (McCoy, 1346)

1 , 2 ,  Incomplete cranidium, RM Ar47709, Doda Limestone, K allholn ,

4 . Dalarna, Sweden. Dorsal s te re o -p a ir , l e f t  la t e r a l  view ,

anterodorsal view , x 6 .

5 , 11. Incomplete cranidium, RM Ar43629, same horizon and lo c a l

i t y  as for  f i g .  1. D orsal, r ig h t la t e r a l  v iew s, x 6 .

6 . Incomplete cranidium, RM Ar436l2, same horizon and lo c a l

i t y  as fo r  f i g .  1. C o ll. Isberg. Dorsal view , x 6 .

13# Incomplete cranidium, BM I t l8 3 2 , Kildare Limestone, la t e

A sh g ill S e r ie s , A.D. Wright MS lo c .  3b, near the Chair o f 

K ildare, SW of Dublin, E ire . C o ll. W.T. & J .F . Dean, 1964. 

Dorsal s te re o -p a ir , x 6 . Figured Dean 1971, p l .  18, f i g s .

6 , 8 , 15 as Prionocheilus obtusus (McCoy).

F ig s . 3 , 9 , 14. Pharostoma leptaenarum ? (TÜrnquist, 1884)

Cranidium, * S ilc o s e t ’ rubber ca st of ex tern a l mould ( f i g s .

3 , 14) and in ter n a l mould ( f i g .  9 ) ,  IPLU L01938t, T rinucleus 

Beds of Olin (1906), middle A sh g ill S e r ie s , Tosterup, Scania . 

D orsal, r ig h t la te r a l  v iew s, x 3'è’. In tern a l mould was 

figu red  Olin 1906, p i. 2 , f i g .  15 as Calymene pulchra B eyrich. 

F ig s . 7 , 8 , 10, 12. Pharostoma leptaenarum (TÜrnquist, 1884)

7 , 8 , H olotype, incom plete cranidium, IPLU L0593t, Doda Limestone,

12. Boda, Dalarna, Sweden. Left la t e r a l ,  d o rsa l, l e f t  oblique v iew s,

X  7 . Figured Tornquist, 1884, p i .  1, f i g .  44 as Calymene 

leptaenarum n . sp.

10. Incomplete cranidium, IPLU unnumbered, same horizon and

lo c a l i t y  as fo r  f i g .  7 . Part of Tttrnquists m ater ia l. Dorsal 

view , X 7 .
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PUTE 13

F ig s . 1 -8 . Thulincola bar bam s Tripp, 1962

1, 5, Incomplete cranidium, EM In23399 (Gray C o lin .) ,

7 , 8 . D a lc la tch ie  Conglomerate (lower Caradoc), B a lc la tch ie  Girvan 

d is t r ic t .  Right ob liq u e, r ig h t la t e r a l ,  fr o n ta l v iew s, 

dorsal s te re o -p a ir , x  10. Referred to  by Reed (1906, p. 

138) as Calymene sp . in d . (b ).

2 , 6 . H olotype, incom plete cranidium, in tern a l mould, HM

A5345a, d e c a lc if ie d  light-brow n weathered mudstone, E end o f  

sm all wood on brow of Kirkdominae H i l l ,  Girvan d is t r ic t  

(Nat. Grid. Ref. NX 225000/592100). Figured Tripp 1962, 

p i. 4 , f i g s .  1 a , b.

3 , Incomplete cranidium, EM In23398 (Gray C o lin .) , same

horizon and lo c a l i t y  as fo r  f i g .  1. Dorsal view , x 10. 

Referred to  by Reed (1906, p. I38 ) as Calymene sp. in d . (a ) .

4* Incomplete cranidium, HM A5346a, same horizon and

lo c a l i t y  as fo r  f i g .  2 . Figured Tripp 1962, p i. 4 , f i g .  4*
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CHAPTER B PLATES 1-11

CALYI'EI'ID TRILOBITES FROI-I THE MIDDLE 

ORDOVIGIAH OF TMT OSLO REGION, NORWAY.



PLATE 1 (continued)

F ig s . 6 , y . Pharostoma c f .  P. fcveolatum  (Tdrnquist, 188U)

6 . Incomplete cranidium, PMO 38556, beds above the cora l

lim estone, M j/sa Limestone (UbcS+), pen insu lar S of 

Bergvika, H elg/ya, Nes-Hamar d i s t r i c t .  C o ll. J . K iaer, 

21. 9 . 1922. Dorsal s te re o -p a ir , x 6 .

7. Incomplete cranidium, PRO 36555, same horizon, lo c a l i t y

and c o lle c to r  as fo r  f i g .  6 . Dorsal view , x  8 .



PUTS

F ig s. 1 -5 , 8 , 9 . Pharostoma c f .  P. n ieszkow sk ii (Schmidt, 169U)

1, 2 . Internal mould cranidium, PMO 91025, Lower Chasmops Shale

(Ubo<), track side  cu tt in g , NE sid e  of Semsvannet, Asker 

d i s t r i c t .  C o ll. D .J . S iv e te r , ?• 10. 1971. Dorsal 

s te re o -p a ir , r ig h t oblique view , x 6 .

3 . In tern al mould cranidium w ith  severa l th oracic  segments,

PMO 9102b (on same block as f ig .  5 ) ,  Lower Chasmops Shale 

(hb<X ) ,  same horizon and lo c a l i t y  as f i g .  1. C o ll. J .F . 

B ock elie , 28. 8 . 1965. D orsal view , x b.

b. Internal mould cranidium, PMO 91020, Lower Chasmops

Shale (b b ct), same horizon and lo c a l i t y  as f i g .  1. C o ll.

J .F . B ock elie , 18. 10. 1967. Dorsal view , x  8 .

5 . Internal mould cranidium, PMO 9102b (on same block as

f i g .  3 ) , same horizon, lo c a l i t y  aid c o lle c to r  as fo r  f i g .  3 . 

D orsal view , x  8.

8 . ’S i l c o s e t ’ rubber ca st o f ex tern a l mould pygidium,

PMO 91030, Lower Chasmops Shale (b b cc), same horizon  

and lo c a l i t y  as f i g .  1 . C o ll. J .F . B ock elie , D.L.

Bruton, D .J. S iv e te r , 7 . 10. 1971. P o ster io r  s te re o -  

p a ir , X  8 ,

9 . In tern al mould pygidium, PMO 91027, same horizon, lo c a l i t y

and c o lle c to r s  as fo r  f i g .  8 . P o ster io r  view , x 6 .





PLATE

F ig s . 1 -6 . Pharostoma narinosum sp. nov.

1 -b . Holotype, incom plete cranidium, PMO 81266, Upper

Chasmops Limestone (UbcS'), S sid e of N Raudholmen 

(=Raudskjaer), Oslo-Asker d i s t r i c t .  C o ll. N. Spjeldnaes, 

1953. D orsal s te re o -p a ir , fr o n ta l s te r e o -p a ir , l e f t  

oblique, l e f t  la t e r a l  v iew s, x 2 .

5 , 7 . Incomplete cranidium, much o f c u t ic le  m issing  except

fo r  p reg la b e lla r  f i e l d ,  PMO 91bb8. Upper Chasmops Limestone 

(UbiiS ) ,  one metre below the Lower T retasp is Shale (U ccc),

SE end of K alv/ya, Baerum, Oslo-Asker d i s t r i c t .  C o ll.

D .J. S iv e ter  & D.L. Bruton 1971. L eft la t e r a l ,  dorsal 

views X  2.

6 , 8 . Incomplete cranidium, PMO 9lUb9, same horizon , lo c a l i t y

and c o lle c to r s  as fo r  f i g .  5* L eft ob liq u e, dorsal v iew s, 

X  2 .
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PLATE 3 '

F ig s . 1, U-7 Pharostoma sp. A.

1, b. Cranidium, PMO 81312 (on sane block as f i g s .  5 -7 ) ,

1 .7  metres below the top of the Upper Chasmops Limestone 

(bbc5), N Raudsjaer, Oslo-Asker d i s t r i c t .  C o ll.

N ik o la isen , Bruton, Hamar, 1967. Dorsal s te re o -p a ir , 

r ig h t oblique view , x 6 .

5 -7 . Incomplete cranidium, PMO 81312 (on same block as

f i g 3 , 1, b ) , same horizon, lo c a l i t y  and c o lle c to r s  as 

fo r  f i g s .  1, b . D orsal and l e f t  oblique v iew s, x  6; 

l e f t  la te r a l  v iew , x  9 .

F ig s . 2 , 3 . Pharostoma sp . B.

2. 'S i lc o s e t ’ rubber ca st o f ex tern a l mould cramdium,

PMO 81538, Upper Chasmops Shale (b b T ), Hvalstad 

Skjaeringen, Oslo-Asker d i s t r i c t .  C o ll. N. Spjeldnaes,

28 . b . 1957. D orsal v iew , x  8 .

3 . 'S i lc o s e t '  rubber ca st of extern al mould cranidium,

PMO 81535, same horizon, lo c a l i t y  and c o lle c to r  as fo r  

f i g .  2 . Dorsal view , x  6 .

F ig s . 8-11 . Flexicalym ene jem tlandica Thorslund, 19bO

8. Incomplete cranidium, PMO 8 l1 1 2 /9 /2 , 1 .8  metres under

the top of the Upper Chasmops Limestone (bb5 ) ,  N. Raudskjaer, 

Oslo-Asker d i s t r i c t .  C o ll. F. N ik o la isen , 19. 9 . 1968. 

Frontal view , x b. See a lso  P I. b, f i g s .  b, 8 , 9 .

9-11 . Incomplete cranidium, PMO 813OÊ, 1 .7  metres under the

top of the %per Chasmops Limestone (bbcS*), N. Raudskjaer, 

Oslo-Asker d i s t r i c t .  C o ll. N ik o la isen , Bruton, Hamar, 1967. 

L eft ob liq ue, d orsa l, l e f t  la te r a l  v iew s, x  3 .





PLATE b.

F ig s . 1 -9 . Flexicalyxaene jem tlandica Thorslund, 19bO

1-3 , 6 , Incomplete cranidium, PMO 91079, 1 .8  metres below the

top of the Upper Chasmops Limestone ( bb 5 ) ,  N Raudskjaer, 

Oslo-Asker d i s t r i c t .  C o ll. F. N ikola isen , 9 . 9. 1968. 

D orsal, fr o n ta l, r ig h t oblique s te re o -p a ir s , r ig h t la t e r a l  

view , X b . See a lso  P I. 5 , f i g .  11. 

b, 8 , Incomplete cranidium, PMO 81112/9 /2 , 1 .8  metres under

9. the top of the Upper Chasmops Limestone (bb^ ) ,  N Raudskjaer,

Oslo-Asker d i s t r i c t .  Right la t e r a l ,  r ig h t oblique v iew s, 

dorsal s te r e o -p a ir , x  b. See a lso  P I. 3, f i g .  8 .

5 . Incomplete cranidium, PMO 81216, Upper Chasmops Limestone

(bb6 ) ,  S Norderhov (Lok 2a ), R ingerike d i s t r i c t .  C o ll.

L. St/rm er, 1929. D orsal view , x 3.

7. Incomplete cranidium, PMO 6IO67 , Upper Chasmops Limestone

(U b o ) , road p r o f i l e ,  Norderhov, Ringerike d i s t r ic t .  C o ll. 

G. Hamar. D orsal view , x 3 .





PLATE 5 (continued)

F ig . 10. Flexicalym ene scabustula  sp. ncv.

Enlargement of p art of g la b e lla , PMO 612^0, upper 

th ick  lim estone bed. Upper Chasmops Limestone (Ub6 ) ,

N Nakholmen, Inner O slo fiord , Oslo-Asker d i s t r i c t .

C o ll. G. Henningsmoen, 29. 2. 1962. Dorsal view , x  10. 

See a lso  P I. 6 , f i g s .  1-U.



PUTE

F ig s . 1 -9 , 11. Flexicalym ene jem tlandica Thorslund, 19bO

1, Pygidium, PMO 81313, 1 .7  metres below the top of the  

Upper Chasmops Limestone (Ub<5), N Raudskjaer, Oslo-Asker 

d i s t r i c t .  C o ll. N ik o la isen , Bruton, Hamar, 1967.

P oster ior  s te r e o -p a ir , x  b.

2 , 9 . Hypostome, PMO 8l105 (on same block as f i g .  6 ) ,  1 .8  metres

below the top of the Upper Chasmops Limestone (4b^“) ,

N Raudskjaer, Oslo-Asker d i s t r i c t .  C o ll. F . N ik o la isen ,

19. 9 . 1968. Right la t e r a l  view , v en tra l s te r e o -p a ir , x  8 .

3 , b . Pygidium, PMO 81109, same horizon, lo c a l i t y  and

c o lle c to r  as fo r  f i g s .  2 , 9 . Right ob lique, p o ster io r

v iew s, X  b.

5. Pygidium, PMO 5575, a cut 2 metres below the top of the  

Upper Chasmops Limestone (bb6 ) ,  Terneholmen, Oslo-Asker 

d i s t r i c t .  C o ll. J . Kiaer, 9 . 10. 1921. P oster ior  

view , X  12.

6. Right free  cheek, PMO 61105 (on same block as f i g s .  2,

9 ) , same horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g s .  2 , 9- 

'Dorsal' view , x 6 .

7 . Hypostome, PMO 9108b, same horizon, lo c a l i t y  and c o lle c to r  

as fo r  f i g .  5» Ventral view , x 12.

6. R ostral p la te , PMO 5577, same horizon, lo c a l i t y  and

c o lle c to r  as fo r  f i g .  5 . Ventral view  (border s e c to r ) , x  8. 

11, Enlargement of part o f g la b e lla , PMO 91079, 1 .8  metres

below the top of the Upper Chasmops Limestone (bb6 ) ,

N Raudskjaer, Oslo-Asker d i s t r i c t .  C o ll. F. N ik o la isen ,

9 . 9 . 1968 . Dorsal view , x 10. See a lso  PI. b, f i g s .  1 -3 , 6
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PLATE 6.

F ig s . 1 -9. Flexicalym ene scabustula sp. ncv.

1 -b . Holotype, cranidium, PMO 6l250, upper th ick  lim estone

bed. Upper Chasmops Limestone (Ub<5), N Nakholmen, Inner 

O slofiord , Oslo-Asker d i s t r i c t .  C o ll. G. Henningsmoen,

29. 2. 1962. D orsal, fr o n ta l ,  l e f t  oblique stereo  p a ir s ,  

l e f t  la te r a l  view , x  b. See a lso  PI. 5 , f i g .  10.

5 -8 . Incomplete cranidium, PMO 81138, "I lla e iiu s  Igyer",

Upper Chasmops Limestone (bb£ ) ,  Bygd/y -  opposite Skarpsno,

Oslo-Asker d i s t r i c t .  C o ll. F . N ik o la isen , 6 . 6 . 196?. 

F ron ta l, r ig h t la t e r a l ,  d orsa l s te re o -p a ir , r ig h t oblique  

view s, X b .

9 . Cranidium, c u t ic le  m issing from most o f g la b e lla  and

part of f ix e d  cheek, PMO 5b91, uppermost lim estone bench.

Upper Chasmops Limestone (b b (5 ), Nakholmen, Inner O slo fiord , 

Oslo-Asker d i s t r i c t .  C o ll. J . Kiaer, 8 . 10. 1927.

Dorsal view , x 3.
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PLATE

F ig s . 1-1$ . Flexicalym ene scabustula sp. nov.

I ,  2 . Incomplete cranidium, PMO 61135, "Illa en u s layer" .

Upper Chasmops Limestone (UbS ) ,  Bygd/y -  opposite Skarpsno, 

Oslo-Asker d i s t r i c t .  C o ll. F. N ikola isen , 6 . 6 . 1p67.

D orsal, l e f t  la t e r a l  v iew s, x  5.

3 , 5" Iso la ted  th oracic  segment, PMO 8I I68 , Upper Chasmops

Limestone (bb& ) ,  W sid e  o f Nakholmen, Inner O slofiord , 

Oslo-Asker d i s t r i c t .  R ight la te r a l ,  d o rsa l v iew s, x b . 

b. Incomplete cranidium, PMO 91086, upper th ick  lim estone

bed. Upper Chasmops Limestone ( b b 6 ) ,  N Nakholmen, Inner 

O slofiord , Oslo-Asker d i s t r i c t .  (Type lo c a l i t y ) .  C o ll.

G. Henningsmoen, 29 . 9 . 1962. D orsal view , x  b.

6 , R ostral p la te , PMO 91092, same horizon, lo c a l i t y  and

c o lle c to r  as fo r  f i g .  b. Ventral view (border s e c to r ) , x 8 .

7 , 10, Pygidium, PMO 81256, same horizon, lo c a l i t y  and c o lle c to r

I I .  as fo r  f i g .  b* L eft la te r a l  v iew , p o ste r io r  s te re o -p a ir ,

d orsa l view , x  b#

8 , 9 . Hypostome, PMO 91093, same horizon, lo c a l i t y  and c o lle c to r

as fo r  f i g .  b . V entral s te re o -p a ir , l e f t  la te r a l  v iew , x  7 .

12. L eft free  cheek, PMO 8lb99, th ick  lim estone bed, 6 metres 

below Lower T retasp is Shale (bccf. ) ,  %per Chasmops Limestone, 

Land S te ile n e , S end o f Is la n d , O slofiord , Oslo-Asker d i s t r i c t .  

'Dorsa]' view, x  3.

13 , lb . Pygidium, PMO 8 l$00 , same horizon, lo c a l i t y  and c o lle c to r

as fo r  f i g .  12. P o ster io r , r ig h t oblique v iew s, x b,

1$. Pygidium, PMO $380, Upper Chasmops Limestone (b b f  ) ,

Ramberg/ya, Inner O slo fiord , Oslo-Asker d i s t r i c t .  C o ll.

1921 . P o ster ior  view , x  12.
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PLATE 8 (continued)

F ig . 10. Flexicalym ene c f .  F. scabustula  sp. nov.

Incomplete cranidium, PMO 20399, Lower Chasmops Limestone 

NW LindjZ ŷa, O slo fiord , Oslo-Asker d i s t r i c t .  C o ll. 

2ii. 9 . 1903. D orsal view , x U.

F ig , 12. Flexicalym ene sp. in d e t . 2 

In tern a l mould cranidium, PMO 91011, Upper Chasmops 

Shale (U h J ) , N H valstad, Oslo-Asker d i s t r i c t .  C o ll.

N. Spjeldnaes, 19$0. D orsal view , x 3.

F ig . 13 . Flexicalym ene sp . in d e t . 3

Incomplete cranidium, PMO 61^21, Upper Chasmops Shale 

(Ubï ) ,  Hestesund, Land/ya, Oslo-Asker d i s t r i c t .  C o ll.

J .F . B ock elie , & F. N ik o la isen , 31. S. 1966. Dorsal 

view , X 3 .



PLATE

F ig s . 1 -4 . Flexicalym ene (Ueacalvmene) sp . nov.

Incomplete cranidium, c u t ic le  m issing from most of 

g la b e lla , PMO 69372, 0-1 metre in  the p r o f i le .  Upper 

Chasmops Limestone (Lb6 ) ,  Ballangrud, Hadeland d i s t r i c t .

C o ll. L. Stermer. D orsal s te re o -p a ir , l e f t  la t e r a l ,  

l e f t  ob lique, fr o n ta l v iew s, x 3 .

F ig s . 7 . Flexicalym ene c f .  F . cara cta c i (S a lte r , 186S)

In tern a l mould cran i ?.iu/:, PMO 6173, Lower Chasmops 

Shale (UbcC), sm all quarry S of 1L3 R ingsaas, Ringerike 

d i s t r i c t .  C o ll. J . K iaer, 31. 6 . 1923. D orsal view ,

X 3; r ig h t la t e r a l  v iew , x  U,

F ig s . 6 , 6 , 9 , 11 . Flexicalym ene sp. in d e t . 1

6 . In tern a l mould pygidium, PMO 8 l679 , Lower Chasmops

Shale (LbCC), N H valstad, Oslo-Asker d i s t r i c t .  C o ll.

N. Spjeldnaes, U. 9 . 19^0. P o ster ior  view , x  L.

8 . 'S ilco se t*  rubber c a st  of ex tern a l mould cranidium,

PMO 61676, same horizon, lo c a l i t y  and c o lle c to r  as fo r  

f i g .  6 . Dorsal v iew , x  3 .

9 , 11. ’S i l c o s e t ’ rubber ca st of ex tern a l mould cranidium,

PMO 8I6LI, Lower Chasmops Shale (Lbcc. ) ,  Blomenholm,

Baerum, Oslo-Asker d i s t r i c t .  C o ll. P. Mendilbo, 13. L. 19^2, 

Right ob lique, d orsa l v iew s, x  3 .
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PLATE

F ig s . 1 -8 . Gravicalymene cap ltovata  sp. nov.

1-L, H olotype, ’S i l c o s e t ’ ru b b er c a s t  of e x te r n a l  mould

6 -8 . cranid ium , PMO 91061, in t e r n a l  mould cran id ium , PMO 91062,

O gygiocaris Shale (U acc^), lo o se  b lock  from  th e  sc ree  a t  

th e  road c u t t in g ,  M uggerudkleiva, E iker-S andsvaer d i s t r i c t .  

C o ll. D.L. B ruton , 8 . 6 . 1971. D o rsa l, f r o n t a l  s te r e o - p a i r s ,  

r ig h t  o b liq u e , r i g h t  l a t e r a l  view , x 2 .S ; d o r s a l ,  f r o n t a l ,  

l e f t  ob lique  v iew s, x 3.

5 . ’S i lc o s e t ' ru b b e r c a s t  of e x te rn a l  mould cran id ium ,

PMO 910LS, same h o rizo n  and l o c a l i t y  as f o r  f i g s .  1-L, 6 -8 . 

C o ll. D.L. B ruton , & D .J. S iv e te r ,  1971. D o rsa l view , x 2 .





PLATE 10 (continued)

F igs, 2 , 2> )  10. Quadricalymene l i r e l l a  gen. ^  sp. nov,

2 . ’S ilc o s e t '  rubber c a st  of ex tern a l mould cranidium,

PMO 91071, O gygiocaris beds (UaCC^^), Muggerudkleiva, 

Eiker-Sandsvaer d i s t r i c t .  C o ll. N. Spjeldnaes, 1961.

Dorsal view , x 6 .

3, 10. In ternal mould o f almost complete specimen, PMO 9IO6S,

same horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g .  2 .

P osterior  view of pygidium (underturned) ,  x  dorsal 

view , X 3 .

F ig . U. Gravicalymene a f f .  G. cap itovata  sp. nov.

’ S i lc o s e t ’ rubber cast o f  ex tern a l mould cranidium,

PMO 8l575j from ’’the Shales” (Lower Chasmops S ia le ? ) ,  

the ’new’ road, 30-50m N o f  Montebello s ta t io n , U lle m ,

Oslo d i s t r i c t .  C o ll. J.A, Dons, 1944# Dorsal view , x  3#



PLATE 10

F ig s . 1, 5 -9 , 11, 12. Gravicalymene cap itovata  sp. nov.

I . ’S i l c o s e t ’ rubber c a st  of ex tern a l mould pygidium,

PMO 60LIO, O gygiocaris Shale (Uaoc^ ^ ), Muggerudkleiva, 

Eiker-Sandsvaer d i s t r i c t .  C o ll. L. St/^rmer, 1925-2?. 

P o ster ior  view , x 2 .

5 . In ternal mould cranidium, PMO 6266I , O gygiocaris Shale

(UaOC  ̂ 1̂ ), Muggerudkleiva, Eiker-Sandsvaer d i s t r i c t .

C o ll. 16 . 5 . 1965. Dorsal view , x 1 .5 .

6 . 9 . In ternal mould pygidium, PMO 9IO6I (on the same block

and p o sitio n ed  next to  holotype cranidium ), O gygiocaris 

Shale (UaoC^), lo o se  block from the scree at Muggerudkleiva, 

Eiker-Sandsvaer d i s t r i c t .  C o ll. D.L. Bruton, 8 . 6 . 1971* 

P osterior  s te re o -p a ir , l e f t  o>lique view , x 2.5*

7 . ’S i l c o s e t ’ rubber ca st o f ex tern a l mould r o s tr a l p la te ,

PMO 91036, same horizon and lo c a l i t y  as fo r  f i g s .  6 , 9 .

C o ll. D.L. Bruton, & D.J. S iv e te r , 1971. V entral s tereo -  

p a ir  (border s e c to r ) ,x  3 .5 .

6 . In ternal moulds of two cran id ia , PMO 66598, ? Upper

Didymograptus Shale (La<X\j ^ ) , 2L.50 metres from the 

bottom of p r o f i le ,  w a te r fa ll in  R avalsj^ river, F la t la ,  

Hedenstad, 0vre Sandsvaer. Dorsal view , x  1. 5.

These two cran id ia  p o ss ib ly  represent those referred  to  

by Stjz^mer 19^3, p . 79*

I I .  In tern a l mould free  cheek, PMO 9IO63 , same horizon, 

l o c a l i t y  and c o lle c to r  as fo r  f i g .  1 . ’D orsa l’ v iew , x  2.5*

12. ’S i l c o s e t ’ rubber c a st  of ex tern a l mould hypostome,

PMO 91051, same horizon and lo c a l i t y  as fo r  f i g s .  6 , 9*

C o ll. D.L. Bruton, & D .J. S iv e te r , 1971. Ventral s te re o -  

p a ir , X 3 .5
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PLATE 11

F ig s, 1-10. Quadricalymene l i r e l l a  gen, sp. nov.

1-3 , Holotype, incom plete cranidium, PMO 81919, Ampyx

5 .  Limestone ( L ^ ) ,  ¥  s id e  of Bygd/z$y, Oslo-Asker d i s t r i c t .

C o ll. F. N ik o la isen , 16 . L. 1961. D orsal, fr o n ta l,  

l e f t  oblique s te r e o -p a ir s , r ig h t la t e r a l  view x  7- 

U, 7 , In tern a l mould cranidium, PMO 62U66, O gygiocaris beds

9, 10. (LaoC^ 1̂ ), Muggerudkleiva, Eiker-Sandsvaer d i s t r i c t .

C o ll. N. Spjeldnaes, 1961. D orsal, fr o n ta l v iew s, r ig h t  

oblique s te re o -p a ir , l e f t  la te r a l  view , x  L.5*

6 , 8 . In tern a l mould cranidium, PMO 91072, same horizon,

lo c a l i t y  and c o lle c to r  as fo r  f i g s .  L, 7 , 9 , 10. D orsal, 

fr o n ta l v iew s, x  L.5-
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CHAPTER C PUTES 1-3

mTACALYITEEE KEGEL, 1927, A MOITOTYPIC 

CALYÎ-ENID FROM THE K O P A N B A  FORIATION 

( 8 I L U R I A H )  OF BOHEMIA.



PLATE

F ig s . 1 -3 , 6 , 8 . Metacalymene b a y le i (Barraride, 16U6)

1, 2, Incomplete cranidium, D JS/l25, Kopanina Formation, Kosov,

6 . Bohemia. C o ll. D .J. S iv e ter  & L. Marek, 1971. Dorsal

s te re o -p a ir , l e f t  la t e r a l ,  fr o n ta l view s, x 6 .

3 . Cast of in tern a l mould of almost coiip lete specimen,

hi'ff I t879 , CEI 253, Kopanina Formation (horizon w ith Cromus

beaumonti) , Jarov (Dlouha hora), Bohemia. Dorsal stereo -  

p a ir , X  1 .5 . Figured Barrande 1652, p i .  U3, f i g s .  U9, 5D. 

See a lso  P I. 2 , f i g s .  1, 7 , 8 .

8 . Syntype ?, ca st of in tern a l mould cranidium, NMP 62U/66,

Kopanina Formation, Kolednik, Bohemia. Dorsal view , x L.

F ig s . U, 5 , 7 . Metacalymene I a y le i? (Barrande, 18L6 )

Incomplete hypostome, DJS/l27a, b, Kopanina Formation, 

Kosov, Bohemia. C o ll. D .J. S iv e ter  & L. Mgrek, 1971. 

’S ilc o s e t '  rubber ca st of ex tern a l mould, DJS/l27b, l e f t  

la te r a l  view , x 8 , v en tra l s te re o -p a ir , x 6; ven tra l 

s te re o -p a ir , D JS/l27a, x  6 .





PLATE

F ig s . 1 -5 , 7, 6 . Metacalymene b a y le i (Barrande, 18L6)

1 , 7 ,  Cast of complete specimen of which much of the c u t ic le

8 . i s  m issing , IMP It6 8 0 , CEI255, Kopanina Formation (horizon

w ith Cromus beaumonti) , Ohrada (=Repcryje, Muslovka), bohemia. 

Dorsal s te re o -p a ir , d o rsa l, r ig h t oblique v iew s, x  2 . 

A dditional specimen used by Barrande (1852) fo r  the com pletion  

of h is  p i .  L3, f i g s .  L9, 50. See a lso  PI. 1, f i g .  3 .

2 -5 . 'S ilco se t*  rubber ca st of extern al mould cranidium,

DJS/128, Kopanina Formation, Kosov, Bohemia. C o ll.

D .J. S iv e ter  & L. Marek, 1971. L eft la te r a l  view , x 5; 

dorsal s te re o -p a ir , r ig h t ob lique, fro n ta l v iew s, x 3 .S.

F ig . 6 . Metacalymene b a y le i? (Barrande, I 8L6 )

Cast of in tern a l mould hypostome, MP I t  88I , Kopanina 

Formation (horizon w ith Cromus beaumonti, Jarov (Dlouha hora), 

Bohemia. Ventral view , x 6 . Figured Barrande 1852, o l .  L3, 

f i g s .  51 , 52,
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PLATE

F ig s . 1 -9 . Metacalymene b a y le i (Barrande, I8L6 )

1, 2 . Incomplete cranidium, D JS /l26, Kopanina Formation, Kosov,

Bohemia. C o ll. D .J , S iv e ter  & L. Marek, 1971. Dorsal 

s te re o -p a ir , l e f t  la te r a l  view , x 6 .

3, 6 . Cast of incom plete cranidium, NMP It3L8, Kopanina

Formation (horizon w ith  Cromus beaumonti) , Jarov (Dlouha 

hora), Bohemia. Frontal s te re o -p a ir , dorsal view , x  2 .5 .  

Figured Barrande 1652, p i .  19, f i g .  26.

U, 7 . Cast of incom plete pygidium, NBIP It3L9, Kopania Formation

(horizon w ith Cromus beaumonti) , ? Reporyje, Bohemia.

D orsal s te re o -p a ir , x 2 .5 ; l e f t  oblique view , x L.

A dditional specimen used by Barrande (l852) fo r  the 

com pletion o f h is  p i .  19, f i g .  29. See a lso  P I. 3 , f i g s .  5,

8 , 9 .

5 , 8 , Cast o f pygidium, NidP It3U9 (same number as previous

9 . specim en), Kopanina Formation (horizon w ith  Cromus beaumonti) ,

Jarov (Dlouha hora), Bohemia. Dorsal v iew , p o ste r io r  

s te re o -p a ir , l e f t  la te r a l  view , x  3 . Figured Barrande 1852, 

p i .  19 , f i g .  29 . See a lso  P I. 3, f i g s .  L, 7 .
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CHAPTER D PUTES 1-14

THE GEI'IUS DIACALYI'ENE KEGEL, 1927 FROM THI 

UPPER ORDOVIGLAH AND SILURIAN OF BRITAIN, 

SCANDINAVIA, AND CZECHOSLOVAKIA.



PUTE 1 (continued)

F ig , 9* Diacalymene sp , in d e t .

Incom plete poorly  p reserv ed  cran id ium , in te r n a l  mould, PMO 91114, 

upper T re ta s p is  S e r ie s ,  Stage 5a, Ovre Nes b ad es tran d , O slo-A sker d i s t r i c t ,  

Oslo Region, Norway, C o ll, J .F .  B o ck e lie , 19&4, D orsal view , x 2^.



PUTE 1

F ig s . 1 -8 , 10, 11. Diacalymene marginata Sh irley  1936.

1 , Incom plete cran id ium , p a r t i a l l y  e x fo l ia te d ,  PMO 10112,

h ig h e s t  p a r t  o f T re ta s p is  Shale (4 c ) , Frognoens sou th-w est 

s p id s , R ingerike  d i s t r i c t ,  Oslo Region, Norway, C o ll.

J .  K iae r, 1917° D orsal s te r e o - p a i r ,  x  4 .

2 , 4 , Incom plete cran id ium , in te r n a l  mould, PMO 65192, upper

5. p a r t  o f Lower T re ta sp is  S h a le , r a i l r o a d  s e c tio n  n e a r D ekkeli,

S o f Lunnar, Hadeland d i s t r i c t ,  Oslo Region, Norway. C o ll.

L. S t/rm e r, 1945. L eft l a t e r a l ,  f r o n ta l  v iew s, x 2^; d o rsa l 

view , X 2 . Holotype of Reacalvmene (?) h o l te d a h l i  S t/rm e r, 

1945, p. 415, p i .  2 , f i g .  7 .

3 , 10, Incom plete pygidium , PMO 10106, T re ta s p is  Shale (4 c ) ,

11. Frognoens west s p id s , R ingerike  d i s t r i c t ,  Oslo Region,

Norway, C o ll, J ,  K iae r , 1915. D orsal s te r e o - p a i r ,  p o s te r io r  

view , X 2g-| l e f t  o b lique  view , x 4 .

6 . Incom plete cran id ium , PMO 65195, same h o riz o n , l o c a l i t y

and c o l le c to r  as f o r  f i g ,  2 , D orsal view , x 2^. F igu red  

S t/rm er 1945, pin 2 , f i g ,  6 as  Reacalvmene (? ) h o l te d a h l i  n .s p .

7 . 8 , Incom plete pygidium, PMO 35068, same h o rizo n  and l o c a l i t y

as  f o r  f i g ,  2 , C o ll, 0 . H o lted ah l, 1914. D o rsa l, p o s te r io r

v iew s, X 2^0 F igu red  S t/rm er 1945, p i .  2 , f i g .  8 . as

Reacalvmene (?) h o l te d a h l i  n , sp .

Incom plete poo rly  p reserv ed  cran id ium , in te r n a l  mould, PMO 

91114; upper T re ta s p is  S e r ie s ,  Stage 5a, Ovre Nes b ad es tran d , 

Oslo-A sker d i s t r i c t ,  Oslo R egion, Norway. C o ll. J .F ,  B ockelie , 

1964 . D orsal view , x 2-^,
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PUTE

F ig s . 1 -4 , 6 , 7 , 9, 10, 1 1 .Diacalymene marginata S h ir ley , 1936

1 , 2 ,  Incom plete cran id ium , ’S i l c o s e t ’ rubber c a s t  o f e x te rn a l

mould ( f i g ,  1) and in te r n a l  mould ( f i g .  2 ) ,  GSM 2120, GSM

2117, D dolh ir Beds, A sh g ill S e r ie s ,  300 y ard s  S o f th e  ang le  

in  th e  fence  a t  summit of Moel F fe rn a , D enbighsh ire. D orsal

s te r e o - p a i r ,  d o rs a l view , x 3 . C ited  S h ir le y  1936, p. 416;

Cave 196$, p . 295 .

3 , 4« Incom plete cran id ium , in te r n a l  mould, HM A ll3 7 a , C rino id

Bed, Lower Drummuck Group, C autleyan  S tag e , A sh g ill S e r ie s ,  

A pproxim ately 630 yards SW o f High Mains Farmhouse, E brow 

of Q uarre l H i l l ,  C raighead -  G lensha lloch  I n l i e r ,  G irvan 

d i s t r i c t .  Loc, 5 of Lamont 1935, p . 300, p i ,  9 . D orsal 

s te r e o - p a i r ,  f r o n ta l  view , x 4* C ited  Lamont 1935, p . 293 

as Calvmene sp ,

6 , 9 . Incom plete cran id ium , in t e r n a l  mould, BM I n i 6851 (T, Ruddy

c o l l n . ) ,  O rth is in a  Zone, C erig  Coedog, S base of Moel F ern a ,

6 m SE o f Corwen, N W ales. D o rsa l, r ig h t  l a t e r a l  v iew s, x 2 . 

C ited  Shi le y  1936, p , 416,

7 , 10, Incom plete cran id ium , p la s t e r  c a s t  o f in te r n a l  mould, HM

11* A94 I , Q uarre l H i l l  M udstones, Lower Drummuck Group, C autleyan

S tage, A sh g ill S e r ie s ,  E brow of Q uarre l H i l l ,  C raighead -  

G len sh a llo ch  I n l i e r ,  G irvan d i s t r i c t .  Loc, 4 o f Lamont 

1935 , p . 300 , p i .  9 . L eft o b liq u e , r ig h t  l a t e r a l  v iew s, 

d o rsa l s te r e o - p a i r ,  x 2g-,
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PLATE

F ig s, 1 -7 . Diacalymene sp . B

1 , 2 ,  Almost com plete specim en, IM Ar47706, D alm anitina Beds,

4 , 5« (A sh g illia n  in  age) K u llsb e rg , D alarna, Sweden. D orsal

s te r e o - p a i r ,  r ig h t  l a t e r a l ,  r ig h t  o b liq u e , p o s te r io r  v iew s,

X 3o

3 , 6 , Almost com plete specim en, SGU unnumbered, e r r a t i c  of

7 . O ste rs jo  Limestone (A sh g illia n  in  a g e ) , N B a l t ic .  C o ll.

Schm alensee, 1886, R ight ob liq u e  view of pygidium , x  7;

d o rs a l  s te r e o - p a i r ,  l e f t  l a t e r a l  view , x 2 . F igu red  Wiman 

1907, p i .  8 , f i g s ,  28, 32 as Calymene t r i n u c l e in a . See a lso  

Plo 2 , f i g s ,  5, 8.





PUTE 4

F ig S o  1-11* Diacalymene drummuckensis (Reed, 1906)

1-3 , Incomplete cranidium, p a r t ia l ly  e x fo lia te d , WM unnumbered,

5* Upper Drummuck Group, Rawtheyan Stage, A sh g ill S er ie s , Drummuck

Burn, Girvan d i s t r i c t .  Dorsal s te r e o -p a ir , l e f t  la te r a l  view , 

fr o n ta l, l e f t  oblique s te r e o -p a ir s , x 1^.

4 , 6 , Incomplete hypostome, ’ S ilcoset*  rubber ca st o f ex tern a l

mould, HM A910, Ladyburn mudstones. Upper Drummuck Group, 

Rawtheyan Stage, A sh g ill S er ies , L atera l, v en tra l view s,

X 2g-r

7* Incomplete hypostome, ^Silcoset* rubber ca st o f ex tern a l

mould, HM A759&, S ta r fish  Bed no. 2 , Upper Drummuck Group, 

Rawtheyan Stage, A sh g ill S er ie s , Ladyburn, Girvan d i s t r i c t .  

Ventral s te r e o -p a ir , x 5*

8 , 9, L ectotype, incom plete, p a r t ia l ly  e x fo lia te d  cranidium,

11, DM In23370, Gray C o lin ., Upper Drummuck Group, Rawtheyan Stage,

A sh g ill S e r ie s , Drummuck, Girvan d i s t r i c t .  Left la t e r a l ,  

dorsal v iew s, x 2j enlargement of cen tra l g la b e lla r  area, x 6 , 

Note f in e ,  c lo ce ly -sp a ced  tubercular ornament. Figured  

Nicholson & Etheridge 1879, p i. 10, f i g s ,  4> 4a as Calvmene 

blumenbachii. and syntype of Calvmene blum enbachil, a u c t , ,  var, 

nov* drummuckensis Reed, 1906, p i ,  18, f i g ,  3#

10, Free cheek, NM unnumbered, same horizon and lo c a l i t y  as

fo r  f i g ,  1, *D orsa l’ s te re o -p a ir , x 2 ,





PUTE 5

F ig s . 1-12. Diacalymene drummuckensis (Reed, 1906)

1-3 , Cephalon and f iv e  th oracic  segments, in tern a l mould,

9* RDM 1899. 91 , 11A, Upper Drummuck Group, Ladyburn, Girvan

d is t r ic t .  Dorsal s tereo -p a ir  of cephalon, r ig h t la t e r a l  

view , ven tra l view o f r o s tr a l p la te , r ig h t oblique view  

of cephalon, x 1-g-.

4 -7 , Incomplete cranidium, RSM 1968, 50, 34^, same horizon and

lo c a l i t y  as for  f i g .  1. F rontal, r ig h t la t e r a l  v iew s, dorsal 

s te re o -p a ir , r ig h t oblique view , x  2 .

8 , 11, P aralectotype, pygidium, EM In23383, Gray C o lin ., S tar-

12. f is h  Bed, Upper Drummuck Group, Rawtheyan Stage, A sh g ill

S e r ie s , Thraive, Glen, Girvan d i s t r i c t .  Dorsal view , 

p o ster io r  s te r e o -p a ir , r ig h t la te r a l  view , x 1- .̂ Syntype 

of C. drummuckensis Reed, 1906. Figured Reed 1906, p i .  18, 

f i g .  4 .

10. D istorted  cephalon and four th oracic  segm ents, ’S ilco se t*

rubber cast of ex tern a l mould, IM In43025, Gray C o lin ., 

same horizon and lo c a l i t y  as fo r  f i g .  8 . Dorsal view , x 2 .
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PUTE 6

F ig s . 1 -3 , 5 , 6 . Diacalymene c o n s im ilis  (Cooper,1930)

1 , 2 ,  Incomplete cranidium, EM It7392 , White Head Formation,

5, 6 . Upper Ordovician, Mont J o l i ,  Perce, Quebec, Right oblique  

s te re o -p a ir , r ig h t la t e r a l ,  fr o n ta l, dorsal v iew s, x 2 ,

3 . Incomplete cranidium, IM It7393, same horizon and 

lo c a l i t y  as fo r  f i g .  1, Dorsal s te r e o -p a ir , x 2 .

F ig s . 7 -9 . Diacalymene drummuckensis (Reed, 1906)

4 , 9 . Almost complete specimen, in tern a l mould, HM A5081,

S ta rfish  Bed, Upper Drummuck Group, Ladyburn, Girvan d i s t r i c t .  

Dorsal view of th orax, l e f t  la t e r a l  v iew , x 1-J-.

7 , 8 . P aralectotype, r o s tr a l p la te , hypostome, and v en tra l part

of l e f t  free  cheek, ’ S i lc o s e t ’ rubber ca st of ex tern a l mould, 

BM In233B1, Gray C o lin ., S ta rfish  Bed, Upper Drummuck Group, 

Rawtheyan Stage, A sh g ill S e r ie s , Thraive Glen, Girvan d is t r ic t .  

P ostero-ven tra l v iew , v en tra l s te r e o -p a ir , x 4* ^ n ty p e  of  

0. drummuckensis Reed, 1906. In tern a l mould counterpart of 

th is  specimen was figu red  by Reed 1906, p i .  17, f i g .  14#





PUTE 7

Figs* 1, 4 , 8 . Diacalymene a f f .  D. drummuckensis (Reed, 1906)

1, Incomplete cranidium, in ter n a i mould, RM Ar14993, Dalman-

i t in a  Beds (A sh g illia n ) , A lleberg , V astergotland, Sweden.

Dorsal s te r e o -p a ir , x 2 .

4 . Incomplete cranidium, in ter n a i mould, RM Ar15224, same

horizon and lo c a l i t y  as fo r  f i g .  1. Dorsal view , x 2 .

8 . Incomplete cranidium, in te r n a i mould, RM Ar15112, same

horizon and lo c a l i t y  as fo r  f i g .  1. Dorsal view , x 3 .

F ig s . 2 , 3 , 5 -7 , 9 , 10. Diacalymene asoeru la  (Vanek, 1965)

2 , 3 y Incomplete cranidium, in te r n a i mould, L Mk 1, uppermost

lOo la y ers  o f the Kraluv Dvur Formation (= Rawtheyan in  a g e ) ,

Kosov, near Kraluv Dvur, C zechoslovakia. C o ll. L. Marek.

L eft la t e r a l ,  d o rsa l, l e f t  oblique v iew s, x  1-g-.

5 , 6 . Incomplete cranidium, ’S i l c o s e t ’ rubber c a st  o f ex tern a l

mould ( f i g .  5) and in ter n a l mould ( f i g .  6 ) ,  L Mk 3 , same

horizon, lo c a l i t y  and c o l le c to r  as fo r  f i g .  2 . Dorsal view ,

X l i .

7 , 9 . Incomplete cranidium, in te r n a l mould, L Mk 2 , same horizon ,

lo c a l i t y  and c o lle c to r  as fo r  f i g .  2 . F ron ta l, dorsal v iew s, 

X l i .
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PLATE 8

F ig s. 1-4; 6 -8 , Diacalymene a f f ,  D. drummuckensis (Reed, 1906)

1 -4 , Incom plete cephalon , RM A rl8 5 8 l, D alm anitina Beds (Ash-

6 . g i l l i a n ) ,  B o ren sh u lt, O ste rg o tlan d , Sweden, R ight o b liq u e ,

d o rs a l ,  f r o n ta l  s te r e o - p a ir s  (cep h a lo n ), v e n tr a l  s te r e o - p a i r  

( r o s t r a l  p l a t e ) ,  x  1-p; l e f t  l a t e r a l  view , x 2 ,

7 , 8, Incom plete pygidium, IM A rl8571, same h o rizo n  and l o c a l i t y

as fo r  f i g  1, P o s te r io r  s te r e o - p a i r ,  d o rs a l  view , x 2 ,

F ig , 5* Diacalymene sp , A

R o s tra l  p la te  and o u te r  s id e  o f a n te r io r  border o f 

incom plete cepha lon , RM Ar1778, Mulde Beds, D jupvik , E k s ta , 

G otland, V e n tra l s te r e o - p a i r ,  x 2 .7 . See a lso  P I . 9 , f i g s ,  

3 , 7 -9 .
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PUTE 9

F ig s . 1, 2 , 4 -6 . Diacalymene a llp o rtia n a  (S a lte r , 1865)

H olotype, complete specimen, DM 58984, Wenlock Limestone, Dudley. 

Dorsal s te re o -p a ir , r ig h t la t e r a l ,  fr o n ta l, r ig h t ob liq u e, p o ster io r  

v iew s, X 1-̂ c Figured S a lter  1865, p. 95. t e x t - f i g .  unnumbered; S h irley  

1933, p i .  1, f i g s .  12-14 as Calvmene a llp o r t ia n a .

F ig s . 3 , 7 -9 . Diacalymene sp . A

Incomplete cephalon, p a r t ia l ly  e x fo lia te d , I PU Ar1778, Mulde Beds, 

Djupvik, Eksta, Gotland. Frontal view , dorsal view , l e f t  oblique  

s te r e o -p a ir , l e f t  la te r a l  view , x lip. See a lso  PI. 8 , f i g .  5.





PLATE 10

FigSo 1 -9 . Diacalymene diademata (Deyrich, I846)

1 -4 . Incomplete cranidium, p a r t ia l ly  e x fo lia te d , MW 71. 8G,

376 , high in  the L iten Formation, upper Wenlock (rad ians- 

t e s t i s  zone), above path leading from Svaty Jan pod Skalou 

to  Vraz, SW of Prague, Czechoslovakia, C o ll. R.M. Owens. 

Dorsal, fr o n ta l, r ig h t oblique s te r e o -p a ir s , x l-J-; l e f t  

la t e r a l  view , x 1-g-.

5, 7 . Incomplete hypostome, p a r t ia l ly  e x fo lia te d , MW 71. 8G.

242 , L iten Formation, Wenlock S er ies  ( ra d ia n s-^ estis  zone), 

old  quarry by road sid e, about h a lf  a m ile N of Svaty Jan pod 

Skalou, SW of Prague, Czechoslovakia, C o ll. R.M. Owens. 

Ventral view , x 42’J la te r a l  view , x 5.

6 . P aralectotyp e, incom plete cranidium, c u t ic le  remaining in  

a x ia l and p reg lab ellar  furrows, MB 498. 2 . B.K, p . 79, L iten  

Formation, Wenlock S e r ie s , Svaty Jan, SW of Prague, Czechos

lovak ia , Dorsal view , x l^-. O rig inal syntype o f Calvmene 

diademata Beyrich, I846 .

8 . Free cheek, p la ste r  c a s t ,  p a r t ia l ly  e x fo lia te d , MP I t 337, 

high in  the L iten Formation, upper Wenlock, Svaty Jan pod 

Skalou, SW of Prague, Czechoslovakia. ’D orsal’ s te r e o -p a ir ,

X 1-g-. Figured Barrande 1852, p i .  19, f i g .  17 as Calvmene 

diademata.

9 . Incomplete pygidium, p la ster  c a s t ,  MP 35050 (Barrande 

Colin.), L iten Formation, Wenlock S e r ie s ,  Bubovice, Czechos

lova k ia . Left oblique view , X 2 .
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PLATE 11

F ig s , 1-10. Diacalymene diademata (Beyrich, I846)

1, 4; Incom plete, p a r t ia l ly  e x fo lia te d  cranidium, NMW 71. 8G.

9. 377 , high in  the L iten Formation, upper Wenlock (radians-  

t e s t i s  zone), above path lead in g  from Svaty Jan pod Skalou 

to  Vraz, SW of Prague, C zechoslovakia. C o ll. R.M. Owens. 

Dorsal s te re o -p a ir , fr o n ta l view , x l-g-j r ig h t oblique view ,

X

2 , 6 , Lectotype, incom plete cranidium, in te r n a l mould, MB 498.

10. 1. B.K. p. 79 . K. 1 8 7 ., L iten Formation, Wenlock S e r ie s ,

Svaty Jan, Czechoslovakia. Left la te r a l  view , x 2; fr o n ta l,  

dorsal v iew s, x Figured Beyrich I846 , p i .  2 , f i g s .  4a , c .

3 , Hypostome, NMP 35050 (Barrande C o lin .) ,  L iten Formation, 

Wenlock S er ies , Svaty Jan, Czechoslovakia. Ventral s te r e o -  

p a ir , X 3-g-.

5, 7 , Paralectotype, pygidium, in te r n a l mould, MB. 499. 1. B.K.

8 . p. 79 . K. 188 ., same horizon and lo c a l i t y  as fo r  f i g .  2 .

P osterior  s te r e o -p a ir , dorsal view , x 1-̂ -; r ig h t la t e r a l  view ,

X 2 . Figured Beyrich I 846 , p i .  2 , f i g .  4b.
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PLATE 12

F ig s , 1-10, Diacalymene crassa  S h ir ley , 1936

1-3 , Holotype, incom plete cranidium, in ter n a l mould, GSM

5. 54910 (form erly GSM Pg2364), Gasworks Mudstone, upper

Rhuddanian Stage, Llandovery S e r ie s , by the side o f F ro lic  

path, 383-390 yards from Higgons W ell, h a lf  a m ile SE of 

Haverfordwest, S W ales. Dorsal s te r e o -p a ir , l e f t  la te r a l  

view , fr o n ta l s te re o -p a ir , l e f t  oblique view , x 2j-.

Figured S h ir ley  1936, p i. 29, f i g s .  21, 22 .

4 , lOo Incom plete, d is to r ted  cranidium, ’S ilco se t*  rubber c a st

of ex tern a l mould, GSM TOG 1941, Rhuddanian Stage (? ) ,  

Llandovery S er ie s , Black Becks g a te , 2g- m iles E by S of 

Haverfordwest, S Wales. D orsal, r ig h t oblique v iew s, x 2 .

6 . 8 . Cephalon, in tern a l mould, M A32717 (Turnbull C olin . 169),

Llandovery S e r ie s , loch  D, excavation fo r  second boathouse, 

the F r o lic , Haverfordwest, S Wales. Ventral v iew , x 

dorsal v iew , x I 4-.

7 . Incomplete cephalon, ’ S ilco se t*  rubber ca st o f ex tern a l 

mould, Bt4 It8647 , Gasworks Mudstone, Rhuddanian Stage, 

Llandovery S e r ie s , opposite the Gasworks g a te , Haverfordwest,

S Wales. Dorsal v iew , x 2 . Mentioned Temple 1970, p . 65.

9o Incomplete cranidium, in ter n a l mould, 34 A54095, Gasworks

Mudstone, Rhuddanian Stage, Llandovery S e r ie s , lane s e c t io n ,  

near the Gasworks, Haverfordwest, S W ales. C o ll. D.L. Jones, 

1963 . Dorsal s te re o -p a ir , x 2-5-.
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PLATE 13 (continued)

F ig s . 6 , 7 , 10-12. Diacalymene gibberosa sp. nov.

6 , Incomplete cranidium, c u t ic le  remaining on l e f t  f ix e d  

cheek and a x ia l furrow, H40 41626 Stage 6 (lower Llandovery), 

uppermost layer  of the eastern  Headland, 8 s id e  o f S ju rs/ya ,

N end of Dunne f io r d , Oslo d i s t r i c t ,  Norway. C o ll. J . K iaer, 

1905. Dorsal view , x 2g-.

7 . Pygidium, H40 20945, Stage 6a/&(lower Llandovery),

uppermost la y e r , eastern  headland, S sid e  of Sjurs;^ya, N end 

of Dunne f io r d , Oslo d i s t r i c t ,  Norway. C o ll. J . K iaer,

1905. P o ster io r  view , x  3 .

10-12. Snail cranidium, FMO 20945, on same block as f i g .  7 .

F ronta l, dorsal v iew s, x 4  5 l e f t  oblique view , x 10.

Tubercles coarser than on more mature specim ens.



PLATE 13

F ig s . 1, 3 , 8. Diacalymene c f .  D. crassa  S h ir ley , 1936

1o Incomplete cranidium, in tern a i mould, FMO 65535, Stage 6b

(lower Llandovery), G ullerasen , Oslo d i s t r i c t ,  Norway. C o ll. 

N, Spjeldnaes, 1945. Dorsal v iew , x  3 .

3 , 8 . Incomplete cranidium, in tern a i mould, PMO 91112, Stage 6

(lower Llandovery), Vakas ved Jernbanelin jen , Asker d i s t r i c t ,

Oslo Region, Norway. D orsal, l e f t  oblique v iew s, x 4 .

F ig s . 2 , 4 , 5, 9 , 13. Diacalymene crassa  S h ir ley , 1936

2, 4e Incomplete cranidium, in ter n a i mould, G34 54911 (form erly

TCO 1776), Gasworks Mudstone, Rhuddanian Stage, Llandovery 

S e r ie s , from Brook 400 yards E by S of Cotts Park, Ig" m iles  

E of Haverfordwest, S Wales. D orsal, l e f t  la t e r a l  v iew s,

X 3 . Figured Sh irley  1936, p i .  29, f i g .  23.

5, 9 , Complete specimen, in te r n a l mould, BI4 In58236a, Gasworks

13o Mudstone, about 10 fe e t  below base of Gasworks Sandstone,

Rhuddanian Stage, Llandovery S e r ie s , opposite gate o f Gas

works, Haverfordwest, S Wales. D orsal, r ig h t ob liq u e, r ig h t  

la t e r a l  v iew s, x 1-̂ .
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PLATE 14

F ig s . 1-16. Diacalymene gibberosa sp. nov.

1, 2 , H olotype, incom plete cranidium, PMO 41620, Stage 6 a ^

4 . (lower Llandovery), uppermost layer  of eastern  headland, S

sid e  of S ju rs/ya , N end of Bunne f io r d , Oslo d i s t r i c t ,

Norway. C o ll. J . K iaer, 1905, Dorsal s te r e o -p a ir , l e f t  

la t e r a l ,  l e f t  oblique v iew s, x 3'g’,

3 , 7 . Thoracic segment, IMO 91113, same horizon , lo c a l i t y  and

c o lle c to r  as fo r  f i g .  1 . L eft la t e r a l ,  dorsal v iew s, x 4 ,

5o Free cheek, IMO 20947, same horizon, lo c a l i t y  and c o lle c to r

as fo r  f i g .  1. ‘Dorsal* v iew , x  5,

6 . Hypostome, PMO 41634, same horizon lo c a l i t y  and c o lle c to r

as fo r  f i g .  1. Ventral view , x  10.

8 , 9 , Incomplete cranidium, PMO 20948, same horizon , lo c a l i t y

and c o lle c to r  as fo r  f i g .  1. L eft la t e r a l ,  dorsa l v iew s,

X 3.

10-12, Almost complete cranidium, FMO 41624, same horizon,

16. lo c a l i t y  and c o lle c to r  as fo r  f i g .  1 . F ronta l, d orsa l,

l e f t  oblique r ig h t la t e r a l  v iew s, x 3&.

13-15, Pygidium, FMO 10838, same horizon, lo c a l i t y  and c o lle c to r

as fo r  f i g .  1. Dorsal view , p o ster io r  s te r e o -p a ir , l e f t  

la t e r a l  view , x 3 .
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CHAPTER E PUTES 1-43

THE GENUS CAEYj-EîŒ FROM THE SILURIAN 

AND LOWER DEVONIAN OF BRITAIN, 37EDEN 

AND CZECHOSLOVAKIA.



PUTE 1

F ig s , I - I 4 . Calymene subdiademata subdiademata McCoy, 1851

1, 2 . Complete specimen, in tern a l mould, HM A5462a, Newlands

Formation, Idwian Stage, Llandovery S e r ie s , ’D a illy * , near

Girvan, Dorsal s te r e o -p a ir , r igh t la te r a l  view , x 2g-,

3 , 4 , Pygidium, in te r n a l mould, BU Begg C olin , No, 5, Newlands

7# Formation, Idwian Stage, Llandovery S e r ie s , Newlands, N o f

New D a illy , Girvan d i s t r i c t .  P o ster io r , d o rsa l, l e f t  

la t e r a l  v iew s, x 3t *

5, 6 , Hypostome, ‘S ilco se t*  rubber ca st of ex tern a l mould,

It9091 (Gray C o lin ,) ,  same horizon and lo c a l i t y  as fo r  f i g .

3* V entral s te r e o -p a ir , la te r a l  view , x 5.

8 . 12- Incomplete cranidium, ‘S ilco se t*  rubber ca st o f ex tern a l

14. mould ( f i g . 8) and p artly  e x fo lia te d  counterpart ( f ig s .  12 -14 ),

HM A12002 a -b , same horizon and lo c a l i t y  as fo r  f i g .  1.

Dorsal s te r e o -p a ir , x  2g-| d orsa l, l e f t  ob liq u e, anterodorsal 

view s, X 2.

9 . L ectotype, cranidium, in ter n a l mould, SM A34872, probably

Newlands Formation, Idwian Stage, Llandovery S e r ie s , 'M ulloch, 

Dalquharran” Girvan d i s t r i c t .  Dorsal view , x 2^. D escribed  

McCoy 1851, p. 166 as C. subdiademata (McCoy). L isted  S a lter  

1873, p. 77 as C. blumenbachii Brongn,

10. Cranidium, ’S ilc o s e t '  rubber ca st of ex tern a l mould, BM

In43652 (Gray C o lin .) ,  same horizon and lo c a l i t y  as fo r  f i g .  3« 

Dorsal s te r e o -p a ir , x  2^,

11 Cranidium, in te r n a l mould, BM In23337 (Gray C o lin .) ,  same

horizon and lo c a l i t y  as for  f i g .  3* Dorsal view , x 2-2. 

Figured Reed 1906, p i .  17, f i g .  13 as C. blumenbachii.
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PLATE

F ig s . 1- 6 , 8, 10, 11. Calymene subdiademata McCoy r e p lic a ta  S h ir ley

1 -3 , E olotype, in ter n a l mould o f incom plete cephalon and th ree

6 . attached th oracic  segments, SM A14922a, Fronian Stage (near

base o f ) ,  Llandovery S e r ie s , a t th e sharp bend in  the stream,

360 yards -  above the footbridge S of L le t ty ’-i^hyddod, near 

Llandovery, Carmarthenshire. Dorsal s te r e o -p a ir , l e f t  

oblique view , fr o n ta l s te r e o -p a ir , r ig h t la t e r a l  v iew , x  2 . 

Figured S h irley  1936, p i. 30 , f i g s .  3 ( in tern a l mould),

2 and 5 (c a s t  o f extern al mould -  94 A14992b -  which i s  now 

m iss in g ),

4# Granidium, in te r n a l mould, P La 4 /2 3 , same horizon and

lo c a l i t y  as fo r  f i g ,  1, D orsal v iew , x 3‘è’.

5 , 11. Complete, d is to r te d  specimen, ’S i l c o s e t ’ rubber c a st  o f

ex tern a l mould, P La 4 /3 , same horizon and lo c a l i t y  as fo r  

f i g ,  1 . • Dorsal s te r e o -p a ir , d o rso la tera l view , x  l-J-.

8 , 10. Incomplete cephalon and nine th oracic  segments, *S ilcoset*

rubber ca st of ex tern a l mould, P La 4 /3 8 , same horizon and 

lo c a l i t y  as fo r  f i g .  1, D orsal, l e f t  oblique s te r e o -p a ir s ,

X  2 .

F ig s . 7 , 9 . Calvmene subdiademata subdiademata McCoy, 1851

Granidium, in te r n a l mould w ith c u t ic le  remaining on 

r ig h t part o f p reg la b e lla r  area , 0*1 In43631, Newlands Formation, 

Idwian Stage, Llandovery S e r ie s , Newlands, N o f New D a illy ,  

Girvan d i s t r i c t .  D orsal, r ig h t la t e r a l  v iew s, x  2 ,





PLATE

F ig s. 1-9 . Calymene fro n tosa Lindstrom, 1885

1 , 2  Lectotype, complete en ro lled  specimen, RM Ar6210,

4 . (? Lower) V is by Beds, Visby, Gotland. Dorsal s te r e o -p a ir ,

l e f t  la t e r a l ,  fr o n ta l view s, x 2J-. Figured LindstriJm 1885, 

p i. 15, f i g s .  1 -3 .

3 . Hypostome, RM Ar27054, probably Visby Beds, lo c a l i t y

unknown, Gotland, Ventral s te r e o -p a ir , x 6,

5 -9 , Complete en ro lled  specimen, RM Ar47000, Visby Beds,

Norderstrand, V isby, Gotland, V entral, l e f t  la t e r a l ,  l e f t  

oblique, d o rsa l, fr o n ta l views x 2g.





P U T E

F ig s. 1 -9 . Calymene frontosa  Lindstrôm, 1885

1 , 3  Complete en ro lled  specimen, R14 Ar27038, Visby Beds,

6 , 9* Visby, Gotland, D orsal, fr o n ta l, r ig h t oblique s te re o -

p a ir s , l e f t  la t e r a l  view , x 2^. O riginal of Lindstrüm, 

2, 4 , Complete en ro lled  specimen, RM Ar47003, Visby Beds,

5, 7 , Norderstrand, V isby, Gotland, Left la t e r a l ,  v e n tr a l-

8, ob lique, v e n tr a l, d orsa l, fr o n ta l v iew s, x 2^,





PLATE

F ig s, 1 -9 , Calymene sp, n o v .?

1 , 3 ,  Complete en ro lled  specimen, M  Ar27042, Visby Beds,

6 , 9 , Visby Haran, Gotland, D orsal, fr o n ta l, l e f t  oblique s te r e o -

p a ir s , l e f t  la t e r a l  view , x 2j-, See a lso  PI, 6 ,  f i g s ,  1, 3 , 

2, 4 , Complete en ro lled  specimen, PM Ar27048, Visby Beds,

5, 7 , Norderstrand, Visby, Gotland, Left la t e r a l ,  v e n tra l-

8 , ob lique, l e f t  dorsal ob lique, fr o n ta l, dorsal s te r e o -p a ir s ,

X 2&,





PLATE

F ig s . 1 -8 . Calymene sp, nov,?

1 , 3 ,  Complete en ro lled  specimen, M  Ar27ü42, Visby Beds,

Visby Hamn, Gotland, Ventral s tereo -p a ir  of r o s tr a l p la te , 

dorsal s tereo -p a ir  of thorax, x 2g-, See a lso  PI, 5, f ig s ,

1, 3 , 6 , 9,

2 , 7 . Incomplete specimen, BM Ar47862, Label inform ation

reads "Hablingbo, Gotland"; t h is  inform ation i s  probably 

in correct -  see type stratum and type lo c a l i t y  of C, eximia 

sp. nov. Dorsal view , x  2; v en tra l view of r o s tr a l p la te ,

X 5.

4 , 6 , Complete specimen, EM Ar27060, Visby Beds, Norderstrand,

8, V isby, Gotland, Dorsal view , x 1; oblique view of pygidium,

X 3; p o ster io r  view , x 2 ,

5, Hypostome of almost complete specimen, BM Ar27073, Visby 

Beds, Visby Gotland, Ventral s te re o -p a ir , x 4 .





PUTE

F ig s. 1 -7 , Calymene carlops Lament, 1949

4
1 , 2 ,  Incomplete cranidium, *Silcoset*  rubber ca st of extern al

mould, J Ti 107d, Upper Llandovery (Telychian Stage -  approx

im ately  C&), Pentland H i l l s ,  Dorsal s te re o -p a ir , x 4; l e f t  

oblique view , x 3 ,

3 , 4 , Syntype, incom plete cranidium, in ter n a l mould, R94 1956,

6 , 7 . 15, 52 (form erly Lament C olin, 3 4 ), P lectodonta a f f ,  canaston-

en sis  s i l t s t o n e s .  Upper Llandovery, Deerhope, N Esk I n l ie r ,  

Pentland H i l l s ,  D orsal, r ig h t ob lique, fr o n ta l, r igh t  

la t e r a l  v iew s, x Sg. Figured Lament 1949, p i .  18, f i g ,  13. 

5., Pygidium, in ter n a l mould, RSM 1876, 42, 6C -  John Hender

son Colin., same horizon and lo c a l i t y  as for  f i g ,  3 ,

P osterior  view , x 7 , Figured Lament 1949, p i ,  18, f i g ,  19,

F ig s , 8 , 10, 11, 15, Calymene hadyardensis? Lament, 1949

Almost complete d isa r tic u la te d  specimen, c u t ic le  remaining on 

fro n t part of g la b e lla , l e f t  f ix e d  cheek, p reg lab ellar  area, and 

pygidium, RSM 1956, 15, 54 (form erly Lamont C olin, 3 3 ) , topmost 

Fronian or Telychian Stage , Penwhapple Gorge, near P en k ill C astle , 

Girvan Area, P osterior view of pygidium, x 3^; D orsal, fr o n ta l,  

l e f t  la t e r a l  v iew s, x 2 , Paratype of Calymene hadyardensis Lamont, 

1949. Figured Lamont p i ,  18, f i g ,  8 ,

F ig s , 9 , 12-14. Calymene hadyardensis Lamont, 1949

H olotype, complete damaged specimen, in ter n a l mould, GIG 1521, 

Telychian Stage ,N sid e  of Hadyard H i l l ,  SW of D a illy , Girvan Area, 

P o ster ior  view of pygidium, x 4&; anterodorsal view , d orsa l s tereo -  

p a ir , r ig h t la te r a l  view , x 2^, Figured Lamont 1949, p i , 18, f i g s , 9-12,
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PUTE

F ig s. 1 -7 . Calymene eximia sp. nov.

H olotype, incom plete cephalon with at le a s t  four attached th oracic  

segments, RM Ar47864, ? Hemse Beds, Hablingbo, Gotland (see d iscu ssio n  

of type stratum and type lo c a l i t y ) .  Dorsal, fr o n ta l, l e f t  oblique 

s te r e o -p a ir s , l e f t  la t e r a l  view , x 2^; ven tra l view of r o s tr a l p la te , 

v en tra l stereo -p a ir  of hypostome, postero-ven tra l view of hypostome,

X 5.
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PLATE

F ig s, 1 -7 . Calymene la e v is  LindstriJm, 1885

1, 3 , Lectotype, complete en ro lled  specimen, RM Ar6334,

5 -7 . Vdstergarn, S l i t e  Beds, Gotland. D orsal, fr o n ta l, v e n tr a l, 

l e f t  oblique s te r e o -p a ir s , x  2j l e f t  la t e r a l  view , x 3* 

Figured LindstrHm 1885, p i .  16, f i g s .  5 -7 .

2 , 4 . Complete, p a r t ia l ly  en ro lled  specimen w ith hypostome,

RM Ar27234b, S l i t e  Beds, Vastergarn, Gotland. Ventral view

of hypostome which i s  only ju st v i s ib le  between r o s tr a l p la te  

and p o ster ior  margin of pygidium, x  8; d orsa l view of 

cephalon, x 2 . O riginal of Lindstrom,





PLATE 10

F ig s . 1 -3 . Calymene la e v is  Lindstrom, 1885

rHComplete en ro lled  specimen, RM Ar27234&, S l i t e  Beds, Vastergarn, 

Gotland. Dorsal (cephalon), fr o n ta l, dorsal (thorax) s te r e o -p a ir s ,  

X  3 . O riginal of Lindstrom.

F ig s . 4 -6 . Calymene aquatica sp . nov.

Cranidium, RM Ar27300, S l i t e  Beds, W allstena Kanal, Gotland* 

D orsal, r ig h t la t e r a l  v iew s, x  3; r ig h t oblique view , x 2#
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PUTE 11

F ig s . 1 -9 . Calymene aquatica sp. nov.

1-4 . Holotype, cranidium, RM Ar27295, S l i t e  Beds, W allstena

Kanal, Gotland. D orsal, fr o n ta l s te r e o -p a ir s , r ig h t  

oblique view , x  2; r ig h t la t e r a l  v iew , x  3 .

5 , Cranidium, RM Ar27305, S l i t e  Beds, S l i t e ,  Gotland.

7 -9 . Left oblique s te r e o -p a ir , fr o n ta l view , x 2; d o rsa l, l e f t

la t e r a l  view , x  3 .

6 . Incomplete cranidium, RM Ar27289, S l i t e  Beds, W allstena  

Kanal, Gotland. Dorsal s te re o -p a ir , x  2 .
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PLATE 12

F ig s , 1-8 . Calymene s p e c ta b ilis  Angelin, 1854

ti
1-3* Incomplete cranidium, RM Ar6207, Hemse Beds, Ostergarn,

Gotland. Dorsal s te re o -p a ir , r igh t la t e r a l  view , fr o n ta l  

s te re o -p a ir , x 2.

4 -6 . Incomplete cranidium, RM Ar27947, Hemse Beds, Sandarve

k u lle , Fardhem, Gotland. Dorsal, fr o n ta l view s, r ig h t  

oblique s tereo -p a ir , x 2.

7 , 8 , Incomplete cranidium, RM Ar279H, Hemse Beds, Kanalen

from Visne myr, Fardhem, Gotland. Dorsal s te re o -p a ir ,  

l e f t  la te r a l  view , x 2 .
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PLATE 13

F ig s , 1-10. Calymene s p e c ta b ilis  Angelin, 1854

1-3" Incomplete cranidium, RM Ar6208, Hemse Beds, flstergarn,

Gotland, D orsal, fro n ta l v iew s, x 1; r ig h t la te r a l  view ,

X 1-g-, Figured Schrank 1970, p l .  7, f i g s ,  3 , 3a.

4 . Incomplete cranidium, RM Ar6205? Hemse Beds, ôstergarn, 

Gotland. Dorsal s tereo -p a ir , x 1,

5, 10. Pygidium, RM Ar31436, Hemse Beds, S of Grogarnsuvud,

Gotland. P oster ior  s tereo -p a ir , l e f t  la t e r a l  view , x 1^. 

Figured Schrank 1970, p i .  7, f i g s .  5, 5a, 5b.

6 -8 . Pygidium RM Ar27906, Hemse Beds, Kanalen from Visne myr,

Fardhem, Gotland. P o ster io r , d orsa l, r ig h t la t e r a l  v iew s, 

X 2.

9. L eft fr e e  cheek, RM Ar27899, Hemse Beds, Visne myr,

Fardhem, Gotland. ’D orsal’ s te re o -p a ir , x 2 ,
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PLATE 14

F ig s . 1 -3 . Calymene sp e c ta b ilis  Angelin, 1854

1, 2. Incomplete hypostome, PM At46996B, Hemse Beds, Ostergarn,

Gotland. V entral s te re o -p a ir , x 2-§-| la t e r a l  view , x 3.

3« Incomplete hypostome, RM Ar46997b, Hemse Beds, Ostergarn,

Gotland. Ventral s te re o -p a ir , x 4*

F ig s . 4 -8 . Calymene a f f .  G. la e v is  LindstriSn, 1885

4 , 7, Incomplete cranidium, RM Ar27264, S l i t e  Beds, Loltrumme

8. Kanal, Gotland. Frontal view , dorsal s te re o -p a ir , r ig h t

la te r a l  view x 3.

5, 6 . Hypostome and r o s tr a l p la te , RM Ar27222, S l i t e  Beds,

Eskelhem, Gotland. Ventral s te re o -p a ir , la t e r a l  view , x 6.
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PLATE 15

F ig s . 1-11. Calymene tuberculosa Dalman, 1827

1-3 , Incomplete cranidium, SM A84OOO (form erly DJS/92) ,  two

5, f e e t  above the base of the Wenlock Limestone, road sec tio n

between L ongv ille  in  the Dale and Stanway, Wenlock Edge.

Nat. Grid. R ef. SO 53999275. C o ll. R .B.Rickards. Dorsal 

s te r e o -p a ir , l e f t  la t e r a l  view , fr o n ta l s te re o -p a ir , l e f t  

oblique view , x 2g-.

4. Right fr e e  cheek, SM A84002 (form erly DJS/94) ,  same

horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g .  1. ‘D orsal’ 

s te re o -p a ir , x 2§-.

6 , 10. Incomplete cranidium, SM A840OI (form erly DJS/93), same

horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g .  1. Dorsal view, 

l e f t  oblique s te r e o -p a ir , x 2J-. See a lso  PI. 17, f i g .  3 .

7 , 11. Incomplete cranidium, RM Ar47849, Mulde Beds, Djupvik,

Gotland. Dorsal view , x 2g; r ig h t la t e r a l  view , x 3 .

8 , 9 . Thoracic segment, SM A84007 (form erly DJS/99), same

horizon, lo c a l i t y  and c o lle c to r  as fo r  f i g .  1. D orsal, 

fr o n ta l v iew s, x 4»
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PLATE 16

F ig s , 1-11. Calymene tuberculosa Dalman, 1827

1 , 2 ,  Pygidium, SM A84003 (form erly DJS/95), two f e e t  above

6. the base of the Wenlock Limestone, road sec tio n  between

L ongville  in  the Dale and Stanway, Wenlock Edge. Nat. Grid. 

Ref, SO 53999275, C oll. R. B. Rickards. P o ster io r , l e f t  

oblique, l e f t  la t e r a l  v iew s, x 8-g-,

3 -5 . Hypostome, RM Ar47851, Mulde Beds, Djupvik, Gotland.

P oster ior  view , v e n tr a l s te re o -p a ir , la t e r a l  view , x 5.

7 , 8 , Sm all, complete en ro lled  specimen, RM Ar28263, Mulde

Beds, Djupvik, Eksta, Gotland. Dorsal and r ig h t oblique  

ste r e o -p a ir s , x 6 .

9 . Hypostome, RM Ar28441, Mulde Beds, Djupvik, Eksta,

Gotland. V entral view , x  8 .

10, 11. Very sm all en ro lled  h o la sp is , RM Ar28264, Mulde Beds,

Djupvik, Eksta, Gotland, Dorsal s te re o -p a ir , x 10; r ig h t  

oblique view o f cephalon, x 20. Note th a t there i s  no 

void  between palpebral lobe and eye so c le ;  a lso  lobe 2p i s  

not in  contact with f ix e d  cheek.
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PLATE 17

F ig s , 1 -7 . Calymene tuberculosa Dalman, 1827

1 , 2 ,  Complete specimen, RM Ar47710, from A ngelin’s m a ter ia l,

5. S ilu r ia n , Gotland (p rec ise  horizon and lo c a l i t y  unknown).

Dorsal s te re o -p a ir , v en tra l stereo -p a ir  of r o s tr a l p la te ,  

fr o n ta l view , x 2.

3» Surface ornamentation of cen tra l area of g la b e lla ,

SM A84OOI (form erly DJS/93)> two f e e t  above the base of the  

Wenlock Limestone, road sec tio n  between L ongville  in  the Dale 

and Stanway, Wenlock Edge. C o ll. R. B, Rickards, Dorsal 

view , X 10. See a lso  PI. 15, f i g s .  6 , 10.

4 , 6; Twelve th oracic  segments and pygidium, RM Ar28334, Mulde

7 , Beds, Eksta, Djupvik, Gotland, P osterior  and dorsal s te re o -

p a ir s , r ig h t la t e r a l  view , x 2 . See a lso  PI. 18, f i g s .  1 , 2 .
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PLATE 18

F ig s. 1, 2, Calymene tuberculosa Dalman, 1827

A n te rio r  ( f ig .  1 ) and p o s te r io r  ( f i g .  2 ) th o ra c ic  p le u ra e , 

M  Ar28334, Mulde Beds, E k s ta , D jupvik , G otland. L eft 

l a t e r a l  v iew s, x 10. See a lso  P I . 17, f i g s .  4; 6 , 7 . Note 

change in  shape of p o s te r io r  m argin of p leu rae  which 

corresponds w ith  change in  o rnam entation . T his p a r t  of 

p leu rae  i s  in  c o n tac t w ith  border of cephalon d u ring  e n r o l l 

ment.

F ig s . 3- 8 . Calymene b rev icep s  Raymond, 1916

3> Incom plete cephalon, DJS/103, Waldron S h a le , Blue Ridge

6- 8 . Stone Quarry, E s id e  of Conns Creek, NE-̂  sec . 6 , T, 11 N .,

R. 8 E . , Waldron q u ad rang le , Shelby County, In d ia n a , U.S.A. 

C o ll. D. M iku lic . F ro n ta l  and d o rs a l  v iew s, v e n t r a l  s te r e o -  

p a ir  of r o s t r a l  p la te ,  l e f t  l a t e r a l  view , x 2^.

4> 5. Damaged specimen lack ing  fr e e  cheeks and pygidium,

DJS/102, same h o rizo n , l o c a l i t y  and c o l le c to r  a s  f o r  f i g .  3 . 

D orsal view , x 2; p o s te ro -d o rs a l  view of a n te r io r  p a r t  of 

a x is ,  X 9 .



18



PLATE

F ig s. 1-7 . Calymene breviceps Raymond, 1916

1-3 . Incomplete cranidium, DJS/lOO, Waldron Shale, Blue Ridge

Stone Quarry, E side of Conns Creek, NE:̂  sec . 6 , T. 11 N .,

R. 8 E ., Waldron quadrangle, Shelby County, Indiana, U.S.A. 

C oll. D. M ikulic. Dorsal s te re o -p a ir , l e f t  la te r a l  view , 

fr o n ta l s te re o -p a ir , x 5 .

4 -7 . Incomplete cranidium, DJS/lOl, same horizon, lo c a l i t y

and c o lle c to r  as fo r  f i g .  1. Dorsal s te re o -p a ir , r ig h t

la te r a l  view , r ig h t oblique s te re o -p a ir , fr o n ta l view , x 3 .

F ig s . 8 , 9 . Calymene in te r je c ta  Hawle & Corda, 1847

8 . Right fr e e  cheek, UUG p. 5762, approximately middle part

of P r id o li Formation, bed 8 a t Svaty Jan, Czechoslovakia.

C o ll. I .  Chlupac, 1966. ‘D orsal’ s te re o -p a ir , x 4*

9. Incomplete cranidium, UUG p. 5762, approxim ately middle

part of P r id o li Formation, bed 4 a t Svaty Jan, Czechoslovakia. 

C o ll. I .  Chlupac, 1966. Dorsal view , x 3 .
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PLATE 20

F ig s , 1-9 . Calymene in te r je c ta  Hawle & Corda, 1847

1 , 2 ,  Incomplete cranidium, in ter n a i mould, I Ch 3953,

4 . weathered lim eston e, upper part of P r id o li Formation,

probably zone w ith M. tran sgred ien s. quarry near Pozary, 

near v i l la g e  of Reporje, SW of Prague, Czechoslovakia. 

D orsal, r ig h t la te r a l  v iew s, r ig h t oblique s tereo -p a ir ,

X 3i.
3,  5 . Pygidium, UUG p. 5762, approximately middle part of

P r id o li Formation, bed 4 a t Svaty Jan, Czechoslovakia. C o ll. 

I .  Chlupac, 1966, Dorsal view , p o ster io r  s te re o -p a ir , x 3.

6 , Sm all, incom plete cranidium w ith  c u t ic le  p a r t ia l ly

remaining on an terior  border, I Ch 3943> same horizon and 

lo c a l i t y  as fo r  f i g .  1. Dorsal view , x 8 .

7 -9 . Incomplete cranidium, in tern a l mould I  Ch 3954, same

horizon and lo c a l i t y  as fo r  f i g .  1. F rontal and dorsal 

s te r e o -p a ir s , l e f t  la t e r a l  view , x 3 .
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PLATE 21 (continued)

9-11. Lectotype, ca st of cranidium, in ter n a l mould, NMP I t

340 , CF 1217, Lodenice Limestone, Lower Devonian, Luzce, 

Czechoslovakia. Right ob lique, d o rsa l, l e f t  la t e r a l  v iew s, 

X 1-̂ , Figured Barrande 1852, p i. 19, f i g .  21.



PUTE 21

F ig s. 1-11. Calymene in te r je c ta  Hawle & Corda, I847

1 , 2 .  Incomplete cranidium w ith c u t ic le  p a r t ia l ly  remaining,

NMW 72 29G 173, uppermost P r id o li Formation, Na b r ic i ,  l e f t

bank of Berounka r iv er  above NE corner of fo o tb a ll  p itch ,

^ km N of Srbsko, Czechoslovakia, M .G,Bassett lo c .  CZ 37. 

C oll. M .G.Bassett 1972. D orsal, fr o n ta l v iew s, x 4*

3. Incomplete cranidium w ith c u t ic le  p a r t ia l ly  remaining,

NMW 72 29G 176, same horizon, lo c a l i t y  and c o lle c to r  as fo r  

f i g .  1. Dorsal view x 2^. See a lso  f i g .  8.

4 , 5. Pygidium, NMW 72 29G 179, same horizon , lo c a l i t y  and

c o lle c to r  as fo r  f i g .  1. P o ster io r , r ig h t la t e r a l  v iew s,

X 4 .

6 . Incomplete cranidium, in ter n a l mould, I Ch 3946, 

weathered lim eston e , upper part of P r id o li Formation, 

probably zone w ith M. tran sg red ien s. quarry near Pozary, 

v i l la g e  o f Reporje, SW of Prague, Czechoslovakia. Dorsal 

view , X  3 " ^ .

7 . P ara lectotyp e, ca st o f cranidium and sev era l attached

th oracic  segments, in te r n a l mould, MP It3 3 9 , CF 1218, 

Lodenice Limestone, Lower Devonian, Luzce, Czechoslovakia. 

Dorsal s te r e o -p a ir , x 1-g-. Figured Barrande 1852, p i .  19, 

f i g .  20.

8 . Enlargement o f a n ter o la te r a l part o f cranidium in  top  

l e f t  hand corner o f f i g .  3 , NMW 72 29G 176. x 9. Note 

sp in e -lik e  ex ten sion  of large  tu b erc le  on la t e r a l  lobe 3p.
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PUTE 22

F ig s , 1 -7 . Calymene p lanicurvata S h ir ley , 1936

1 , 3 ,  Incomplete cranidium, in ter n a l mould DJS/147, lo o se  block

7 . of Bog Q uartzite, Llandovery Series,Idw ian  Stage, Round H i l l ,

Shelve area, Shropshire (Nat. Grid. Ref. SO 348993)# C o ll. 

Derek J . S iv e ter . D orsal, fr o n ta l s te r e o -p a ir s , l e f t  

oblique view , x 1-g-,

2 , 5# Holotype, incom plete cranidium, in te r n a l mould, G34 19624,

Llandovery S e r ie s , Idwian Stage, Bog Mine, Shelve area , Shrop

s h ir e . Left la t e r a l  view , dorsal s te r e o -p a ir , x l-J-.

Figured S h irley  1936, p i .  30, f i g s .  6 , 7 .

4# Incomplete cranidium, in tern a l mould, DJS/148, same

h o riz o n , l o c a l i t y  and c o l le c to r  as f o r  f i g .  1 . D orsal view ,

X 2.

6 .  Pygidium, in te r n a l  mould, 34 14522, same h o rizo n  and

l o c a l i t y  as fo r  f i g .  2 . P o s te r io r  s te r e o - p a i r ,  x 1 . 4 .

F ig s .  8 , 9 . Calymene sp . 1

Almost com plete specim en, BÜ H o lle ro f t  C o lin . 183, Wenlock 

L im estone, Dudley. V en tra l s te r e o - p a i r ,  x 1; enlargem ent of 

d i s t a l  p a r t  of th o ra c ic  segments showing pan d erian  no tches and 

s to p s  to  en ro llm en t, x 4 #
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PUTE 23

F ig s . 1, 4 -6 . Calymene a f f .  C, mimaspera Schrank, 1970

Incomplete cranidium, DJS/144, cu ttin g  on the eastern  

bank of Harley Brook, approximately 200 yards S of junction  

between Harley Brook and Merrishaw Brook, near Lomas, Welsh 

Borderlands. F ron ta l, l e f t  la t e r a l ,  r igh t oblique view s, 

d orsa l s te r e o -p a ir , x 2 . C oll. David J . S iv eter  & P. Turner, 

1971.

F ig s . 2 , 3 , 7 -9 . Calymene c f .  C. mimaspera Schrank, 1970

2, 3 , Cranidium, EM It9147 , Wenlock Limestone, Dudley. F rontal,

8, 9 , d orsa l, r ig h t oblique s te re o -p a ir s , x  2; l e f t  la te r a l  view ,

X  2 g - .

7 . Incomplete cranidium, R34 1911. 62 . 1689 (N eilson C o lin .) ,

Wenlock Limestone, Dudley, Dorsal s te re o -p a ir , x 2 .
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PLATE 24

F ig s . 1-7 . Calymene aspera S h ir ley , 1936

1 -3 , H olotype, com plete specim en, BM In28659, Wenlock Lim estone,

6 . Dudley. Dorsal s tereo -p a ir  of cephalon, r ig h t oblique view ,

dorsal stereo -p a ir  of thorax, ven tra l s te re o -p a ir , x 2g-. 

Figured S h ir ley  1936, p l .  30, f i g s .  8-10.

4# Almost complete cranidium and severa l th oracic  segments,

in te r n a l mould, EM 44322, Wenlock S er ie s , Penylan Quarry, 

near C ard iff. C o ll. E. E, Kirby. Dorsal view , x 2 .

5* Complete en ro lled  specimen, H4 In28658, Wenlock Limestone,

Dudley. Dorsal view , x 2 .

7 . Cranidium, in te r n a l mould, NMW 40. 199. 02. 3 , Wenlock 

S e r ie s , Penylan Quarry, near C ardiff. Dorsal view , x 2 .
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PUTE 25

F ig s . 1 -6 . Calymene aspera S h ir ley , 1936

1-4 , Complete, p a r t ia l ly  en ro lled  specimen, EM In28653,

6 . Wenlock Limestone, Dudley. Dorsal s tereo -p a ir  of cephalon,

l e f t  la te r a l  view , l e f t  oblique and fr o n ta l s te r e o -p a ir s ,  

dorsal view of thorax and pygidium, x 3 «

5. Complete en ro lled  specimen, 31 In28652, Wenlock Limestone,

Dudley. S tereo-p air  o f r o s tr a l p la te  (ven tra l view) and 

pygidium (p osterodorsal v iew ), x  2g.
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PUTE 26

F ig s . 1- 6 . Calymene fa lc a ta  sp. nov.

Holotype, complete specimen, RM Ar31438, Mulde Beds, F rd je l, 

Gotland. Dorsal s tereo -p a ir  of cephalon, l e f t  la t e r a l  view , dorsal 

s tereo -p a ir  o f thorax, l e f t  oblique view , x I-5-5 poster event r a l  s te re o -  

pair of hypostome, v en tra l view of hypostome and r o s tr a l p la te , x 3 * 

See a lso  PI. 27 , f i g s .  1, 5#
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PUTE 27

F ig s . 1 -8 . Calymene fa lc a ta  sp . nov.

1, 5. Holotype, complete specimen, RM Ar31A38, Mulde Beds,

F r ë je l, Gotland. P oster ior  s tereo -p a ir  of pygidium, v en tra l 

view of r o s tr a l p la te , x 1- ,̂ See a lso  PI. 26 , f i g s .  1- 6 .

2 -4 , Almost complete cephalon, RM Ar27376, Mulde Beds, FrWjel,

6 . Gotland. Right la t e r a l  view , d orsa l s te r e o -p a ir , l e f t  oblique

and fr o n ta l v iew s, x 1̂ .

7 , 8 . Almost complete specimen, RM Ar27379, Mulde Beds, Djupvik,

Eksta, Gotland. Dorsal stereo -p a ir  of cephalon, l e f t  la te r a l  

• view , X 1-g-.
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PUTE 28

F ig s . 1 -9 . Calymene blumenbachii Brongniart, 1822

1 , 3 ,  Complete, p a r t ia l ly  en ro lled  specimen, EM 44213, Wenlock

5, 6 . Limestone, Dudley. Dorsal and r ig h t oblique s te r e o -p a ir s , 

fr o n ta l and l e f t  la t e r a l  v iew s, x 2 .

2 . Two specimens -  one, an almost complete specimen (minus

i t s  free  cheeks and pygidium), the o th er , an overturned  

cephalon, WM unnumbered, Wenlock Limestone, Dudley. Dorsal 

view , X Holotype of Calvmene ceratophthalma Woodward,

1868, p i .  21 , f i g .  1.

4 , 7 . Complete en ro lled  specimen, 94 A3322, Wenlock Limestone,

Dudley. L eft la te r a l  and dorsal v iew s, x 2 . Figured  

S h irley  1936, p i .  30 , f i g .  12 as Calymene la ta  sp . nov.

8 , 9 . Hypostome and r o s tr a l p la te  o f complete specimen, BU

H o llcro ft C olin . 642, Wenlock Limestone, Dudley. Ventral 

s te r e o -p a ir , posteroven tra l view , x 5.
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PUTE 29

F ig s . 1 -8 . Calymene blumenbachii Brongniart, 1822

1 , 3 *  Complete, p a r t ia l ly  en ro lled  specimen, BU H o llcro ft Colin,

413, Wenlock Limestone, Dudley. Dorsal (cephalon) and

p o ster ior  (pygidium) s te r e o -p a ir s , x 2 . Note blunt ou tlin e  

to  fr o n ta l lo b e .

2 , 8 . Complete specimen, SM A3325, Wenlock Limestone, Dudley.

Right la t e r a l ,  d orsa l v iew s, x 1 . Holotype o f Calvmene 

la ta  S h ir ley , 1936, p i .  30 , f i g s .  11, 13.

4 , 5. Complete, p a r t ia l ly  en ro lled  specimen, G94 19668, Wenlock

Limestone, Dudley. Dorsal view o f thorax, l e f t  oblique  

view of cephalon, x 2 . Figured S h ir ley  1933, p i .  1, f i g .  4 

as C. blumenbachii. See a lso  PI. 30, f i g s .  1 -3 .

6 , 7 . Complete en ro lled  specimen, BU H o llcro ft C olin . 283,

Wenlock Limestone, Dudley. D orsal, l e f t  la t e r a l  v iew s,

X  2 . Outline o f fr o n ta l lobe interm ediate between th a t of 

f i g .  3 (above) and PI. 30, f i g .  1.
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PUTE 30

F ig s . 1 -3 . Calymene blumenbachii Brongniart, 1822

Complete, p a r t ia l ly  en ro lled  specimen, G94 19668, Wenlock Lime

stone, Dudley. Dorsal (cephalon), fr o n ta l, dorsal (pygidium), stereo-  

pair s , X 2 . Figured S h irley  1933, p i . 1, f i g .  4 , as C. blumenbachii. 

See a lso  PI. 29, f i g s .  4 , 5.

F ig s. 4 -6 . Calymene c f .  C, neotuberculata Schrank, 1970

Incomplete cranidiurn, in ter n a l mould ( f i g .  4) and ’S i lc o s e t ’ 

rubber cast of ex tern a l mould ( f ig s .  5, 6 ) ,  G94 103182-3, Lower Ludlow 

S er ie s , scarp 80 yards S, 30 degrees W of Brynsylldy Farm, near 

Llanrwst, Denbighshire. D orsal, l e f t  la te r a l  v iew s, x 2 .
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PLATE 31

F ig s . 1 -9 . Calymene neotnberculata Schrank, 1970

1, 3 , Incomplete cranidium, RM Ar273&4, Mulde Beds, Djupvik,

7 . Eksta, Gotland. Dorsal s te r e o -p a ir , x 2-g; l e f t  oblique

s te re o -p a ir , l e f t  la t e r a l  view , x 3 #

2 , 4 . Incomplete cranidium, RM Ar47848, Mulde Beds, Dj upvik,

Eksta, Gotland. D orsal, fr o n ta l v iew s, x 1^.

5. â n a ll, complete en ro lled  specimen, RM Ar6213, Mulde

Beds, Djupvik, Eksta, Gotland. Dorsal s te r e o -p a ir , x 6 .

6 , 8 ,  Incomplete cranidium, RM Ar31439, Mulde Beds, Djupvik,

9. Eksta, Gotland. F ron ta l, dorsal s te r e o -p a ir s , l e f t

la te r a l  view , x 2J-.
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PLATE 32

F ig s . 1, 2 , 4 -8 , 10, 11. Calymene tenera  Barrande, 1852

1, 2 , Lectotype, p la ster  c a st  o f incom plete cranidium, c u t ic le

4 , 8 . remaining on abaxia l part o f g la b e lla , a x ia l furrow and

abaxia l part of p reg lab ellar  area, NMP It346 CE 1252, Kopanina

Formation, horizon w ith Cromus beaumonti (= lower Ludlovian), 

Jarov (Dlouha h ora), Bohemia. D orsal, l e f t  oblique s tereo -  

p a ir s , fr o n ta l view , x l-g. Figured Barrande 1852, p i. 19, 

f i g .  26 .

5 , 6 . P aralectotype, p la ste r  ca st o f pygidium, c u t ic le  remaining

on r ig h t side o f a x is  and a x ia l furrow, NMP It3 4 7 , same horizon  

and lo c a l i t y  as for  f i g .  1 . Dorsal s te r e o -p a ir , l e f t  la te r a l  

view , X  1-J-. Figured Barrande 1852, p i .  19, f i g .  27.

7 , 10, Pygidium, p la ste r  ca st o f , MP unnumbered, Kopanina Formation,

11» Dlouha hora, Bohemia. Part o f Barrande C olin . Left oblique

and p oster ior  s te r e o -p a ir s , l e f t  la te r a l  view , x 2 .

F ig s . 3 , 9 . Calymene ten era? Barrande, 1852

Cranidium, in tern a l mould, DJS/129, Kopanina Formation, 

Kosov, Bohemia. C o ll. D .J. S iv eter  & L. Marek, 1971. D orsal, 

r ig h t la te r a l  view s, x 1-g-,
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PLATE 33

F ig s . 1 -8 . Calymene ten ta cu la ta  (Schlotheim) campana subsp. nov.

1, 2 , Cranidium, PI4 Ar3296l, lo o se  block i f  upper S ilu r ia n

8 . (post W h itc liffian ) age , S kyrkan, lo c .  4 , Ramsasa , Scania.

C o ll. E. S ten sid , 1924. Dorsal s te re o -p a ir , l e f t  la t e r a l  

view , l e f t  oblique v iew , x 3"&.

3- 6 . Holotype, cranidium, RM Ar32803, lo o se  block of upper

S ilu r ian  (post W h itc liff ia n ) age, Ramsasa, Scania. D orsal, 

fr o n ta l, r ig h t oblique s te r e o -p a ir s , r ig h t la t e r a l  view ,

X 2J-.

7 . Incomplete cranidium, RM Ar27767, Hamre or Sundre Beds,

Kief i  Sundre, Gotland. Dorsal s te r e o -p a ir , x 2^.
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PUTE 34

F ig s . 1 -6 . Calymene ten ta cu la ta  (Schlotheim ) campana subsp. nov,

1-4# Pygidium, c u t ic le  remaining on part o f l e f t  p leu ra l

region  and l e f t  s id e  o f a x is ,  PM Ar32950, lo o se  block of 

upper S ilu r ian  (p ost W h itc liff ia n ) age, S kyrkan, Ramsasa, 

Scania. C o ll. E, S ten sid , 1924. P osterior  s te re o -p a ir , 

l e f t  la t e r a l  view , d orsa l s te r e o -p a ir , l e f t  oblique view ,

X 1 . 8 .

5 . Cranidium, RM Ar32959, same horizon, lo c a l i t y  and 

c o lle c to r  as fo r  f i g .  1. Dorsal view , x 2^.

6 . Pygidium, RM Ar32809, upper S ilu t ia n , Ramsasa, Scania. 

P osterior  view , x 3 .

F ig s . 7 -1 1 . Calymene sp . 2

Cranidium, in tern a l mould -  GEM RK3992 ( f i g .  7 ) ,  and 

*Silcoset*  rubber ca st of counterpart -  GSM RK3991 ( f i g s .

8-11) lower Ludlow S er ies  (scan icu s Zone?), sm all d isused  

quarry 390 yards N a t 57 degrees E o f Graig -  bach, Denbigh

s h ir e . (Nat. Grid. R ef. SH 86156225). D orsal view ( f i g .  7 ) ,

X 2j-| dorsal, left oblique, frontal, left lateral views, x 2^.
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PUTE 35

F ig s. 1-10. Calymene law soni S h ir ley , 1962

1 -3 , Cranidium, ’S i l c o s e t ’ rubber ca st of ex tern a l mould ( f ig s .

7 , 8 . 1 , 3 ) ,  in tern a l mould ( f i g s .  2 , 7 , 8 ) ,  LE 589A, low in  the

Higher Lower Leintwardine Beds, Ludlow S e r ie s , Marlow lan e , 

about l-J m iles N o f Leintwardine, Welsh Borderlands. (Nat. 

Grid. Ref. 4035 7679). C o ll. Dr. J.H. McD. Whitaker.

Dorsal s te re o -p a ir , r ig h t oblique view , x  3^; r ig h t la te r a l  

view , X 4 ;  fr o n ta l view , d orsa l s te re o -p a ir , x  3 .

4 . Free cheek, 'S ilco se t*  rubber ca st o f ex tern a l mould,

LE 58/ 34 , Higher Lower Leintwardine Beds, Ludlow S e r ie s , S

sid e  of T atteridge H i l l ,  about 1 m ile SE o f Leintwardine,

Welsh Borderlands. C o ll. Dr. J.H . McD. Whitaker, *Ventral* 

view , X 4i-.

5# Free cheek, 'S ilco se t*  rubber ca st o f ex tern a l mould,

LE 289/ 4 , Upper Leintwardine Beds, Ludlow S e r ie s , Marlow la n e ,

about 1-J m iles N o f Leintwardine, Welsh Borderlands. C oll. 

Dr. J.H . McD. Whitaker. ’Dorsal* view , x  4t *

6 , 10. Cranidium, in ter n a l mould, LE 289/2 , base o f Upper

Leintwardine Beds, Ludlow S e r ie s , Marlow la n e , about l-J m iles  

N o f Leintwardine, Welsh Borderlands. (Nat. Grid. Ref. 4086 

7673) .  C o ll. Dr, J.H. McD. Whitaker. D orsal view , x  3; 

l e f t  la t e r a l  view , x 4*

9 . Cranidium, in tern a l mould, MJ 1.205a, Higher Lower

Leintwardine Beds, 29 m below base o f Upper Leintwardine 

Beds, Ludlow S e r ie s , Marlow la n e , about 1-f- m iles  N o f  

Leintwardine, Welsh Borderlands. C o ll, Mr. M. Jones.

D orsal s te re o -p a ir , x 5*
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PLATE 36 (continued)

8, 10, Hypostome, ’S i l c o s e t ’ rubber ca st of ex tern a l mould,

MJ 1,194cB, Higher Lower Leintwardine Beds, 27 m from the  

base o f Upper Leintwardine Beds, Marlow la n e , about 1-f- m iles  

N o f Leintwardine, Welsh Borderlands. C o ll. Mr. M, Jones, 

la t e r a l  view, v en tra l s tereo - p a ir , x 6J-.

9# Pygidium, ’S i l c o s e t ’ rubber c a s t  of e x te r n a l  mould,

MJ 28I - / 2 , Higher Lower Leintwardine Beds, Marlow la n e , 

about ij- m iles N of Leintwardine, Welsh Borderlands, C o ll. 

Mr. M. Jones. P oster ior  view , x Note p a ir in g  of p it s

on a x is .

11. Hypostome, ’S i l c o s e t ’ rubber ca st of ex tern a l mould,

MJ P, H igher Lower L ein tw ardine Beds, Marlow la n e ,  about 

m ile s  N o f L ein tw ard ine , Welsh B orderlands. C o ll. Mr. M. 

Jo n es . V en tra l view , x 9.



PUTE 36

F ig s. 1-11. Calymene law soni S h ir ley , 1962

1. Incom plete c ran id ium , ’S i l c o s e t ’ rubber c a s t  of e x te rn a l

mould, LE 289/ 7 , base of Upper L ein tw ardine Beds, Ludlow 

S e r ie s ,  Marlow la n e , about l-J m ile s  N of L ein tw ard ine ,

Welsh B orderlands. C o ll, Dr, J .H , McD. W hitaker. D orsal 

s te r e o - p a ir ,  x  10, Note p a ir in g  of la rg e  tu b e rc le s .

2 -4 . Incom plete c ran id ium , ? m erasp is , in t e r n a l  mould ( f i g .  2 ) ,

’S i l c o s e t ’ ru bber c a s t  o f e x te rn a l  mould ( f ig s .  3 , 4 ) ,

MJ 1 . 132 , H igher Lower L ein tw ard ine Beds, Ludlow S e r ie s ,

Marlow la n e , about 1^ m ile s  N o f L e in tw ard ine , Welsh Border

la n d s . C o ll. Mr. M, Jo n es . D orsal view , d o rs a l  s te r e o -  

p a i r ,  r ig h t  ob liq u e  view , x 11.

5. Incom plete c ran id ium , ? m era sp is , i n t e r n a l  mould, LE 2 8 7 /

5, H igher Lower L ein tw ard ine Beds, Ludlow S e r ie s ,  Marlow la n e , 

about m ile s  N o f L e in tw ard ine , Welsh B orderlands (N at. G rid . 

R ef. 4065 7678) .  C o ll. Dr. J .H . McD. W hitaker. D orsal view ,

X 12.

6. Pygidium, ’Silcoset’ rubber cast of external mould, MJ 
28I-/3, Higher Lower Leintwardine Beds, Ludlow Series, Marlow 
lane, about 1-f- miles N of Leintwardine, Welsh Borderlands.
C o ll. Mr, M. Jo n es . P o s te r io r  view , x 5. Note p a ir in g  o f 

p i t s  on a x is .

7 . Cranidium, ’S i l c o s e t ’ ru bber c a s t  o f e x te rn a l  mould,

LE 182/1  , p robab ly  H igher Lower L ein tw ard ine Beds, Ludlow

S e r ie s , approx. m ile  S o f Haregrove Wood, -f- m ile  ENE of 

L ein tw ard ine , Welsh B o rd erlan d s. C o ll. Dr. J .H . McD. W hitaker. 

D orsal view , x 7.
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PLATE 37

F ig s . 1 -5 . Calymene a f f .  _C, law soni S h ir ley , 1962

1-3 . Cranidium, LÜ4 2859, Middle Elton Beds, Upper M illichop e,

Wenlock Edge, Shropshire. C o ll. J . Dalingwater 1965.

Dorsal s te re o -p a ir , r ig h t la t e r a l  view , fr o n ta l s te re o -p a ir ,

X 3 .

4. Pygidium, DJS/146, same horizon lo c a l i t y  and c o lle c to r

as fo r  f i g .  1, P oster ior  view , x 2§-.

5. Cranidium, DJS/145, same horizon, lo c a l i t y  and c o lle c to r

as fo r  f i g .  1. Dorsal view , x  3 .

F ig s . 6- I I .  Calymene neointerm edia R. & E. R ichter, 1954

6 . Incomplete cranidium, RM Ar47800, Hemse Beds, P etesv ik ,

Hablingho, Gotland. Dorsal view , x 3 .

7 . 10, Incomplete cranidium, RM Ar47797, Hemse Beds, P etesv ik ,

11# Hablingbo, Gotland. Dorsal view , r ig h t oblique s te re o -p a ir ,

r ig h t la te r a l  view , x 3*

8. A nterior part of cranidium, ’S i lc o s e t '  rubber ca st of

ex tern a l mould, BM It9145 , Wenlock Limestone, Malverns.

Dorsal view , x 4^.

9 . Holotype, en ro lled  specimen, RM Ar6225, Hemse Beds,

P etesv ik , Hablingbo, Gotland. Dorsal view , x 2^. Figured  

Lindstrdm 1885, p i. 15, f i g s .  11, 12; S h ir ley  1933, p i .  1, 

f i g .  16; Schrank 1970, p i .  1, f i g .  4 .
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PUTE 38

F ig s . 1-10. Calymene neointerm edia R. & E. R ichter, 1954

1, 3 , Complete en ro lled  specimen, BM 4^390 (one of f iv e

4 , 9# specimens w ith t h is  number), S ilu r ia n , Gotland. D orsal,

fr o n ta l, l e f t  oblique s te r e o -p a ir s , l e f t  la t e r a l  view , x 3*

2 , 6 , Complete specimen, EM It9145, Wenlock Limestone, Malverns.

8 , 10. Left la t e r a l ,  d orsa l, l e f t  oblique v iew s, x 3; p o ster io r

view , X 6^.

5, 7 . Juven ile  h o la sp is , damaged complete specimen, RM Ar47789,

Hemse Beds, P etesv ik , Hablingbo, Gotland. Dorsal view , 

r ig h t oblique view , x 6 ,
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PUTE 39

F ig s , 1 -4 , 6 , 7 , Calymene neointerm edia R, & E, R ichter, 1954

1, 3 , Complete en ro lled  specimen, EM 43^90, S ilu r ia n , Gotland,

4# D orsal, th o ra c ic , v en tra l s te r e o -p a ir s , x 2 ,

2 , 6 , Complete specimen, RM Ar47731, S ilu r ia n , Gotland,

7 , Dorsal view , x 2; v en tra l s tereo -p a ir  o f hypostome, p ostero-

v en tra l view of hypostome, x 7 ,

F ig . 5. Calymene p u e lla r is  Reed, 1920

Damaged complete specimen, in te r n a l mould, EM It5 7 7 ,

Upper Leintwardine Beds, lane sec tio n  on the Goggin, Ludlow 

a n t ic l in e ,  (Nat. Grid, Ref. SO 465695). C o ll. S .F . M orris, 

1963. Dorsal v iew , x 2^, Note number of th oracic  segments

( 12) .
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PLATE 40

F ig s . 1 -7 . Calymene p u e lla r is  Reed, 1920

1-3 , Complete specimen, RM Ar27126, Eke Beds, Eke, A lvskogs,

6 . Gotland. D orsal, l e f t  ob lique, fr o n ta l s te r e o -p a ir s , l e f t  

la t e r a l  view , x 2.

4 , 5, Almost complete specimen, RM Ar27112, Hemse Beds, Alva

7 . Kanal, Gotland. Right la t e r a l  view , r ig h t oblique s te re o -  

p a ir , dorsal view , x 3*
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PLATE 41 (continued)

8, 9. Cranidiuin, in ter n a l mould, M1, Chonetoidea (= A egiria)

grayi Beds (= Upper Leintwardinian) , B uilth  Area, S Wales. 

Dorsal view , x r ig h t oblique view , enlargement of r ig h t  

f ix e d  cheek, x 7^. Note genal sp in es .



PUTE 41

F ig s . 1-9# Calymene p u e lla r is  Reed, 1920

1 , 2 ,  Cranidium, ‘S i l c o s e t ’ rubber ca st of ex tern a l mould

5# ( f i g s .  1, 2 ) ,  in ter n a l mould ( f i g .  5 ) , DJS/132 a-b . Lower

Llangibby Beds (= Upper Leintwardine in  a g e ), Ludlow S er ie s , 

exposure 1_n f i e l d  by s id e  of sm all stream, h a lf  a m ile N of 

Llangibby C astle , Usk InLLer, Monmouthshire. (Nat. Grid. Ref. 

368982) .  See Walmsley 1959, p. 495 and f i g .  6 . Dorsal 

s te r e o -p a ir , l e f t  la te r a l  view , x 6; dorsal view , x 5#

3# Cranidium, RM Ar32767, basal Ôved -  Ramsasa Beds ? (see

R egnell I960, pp. 30 , 3 1 ) , K lin ta , Scania. Dorsal s te r e o -  

p a ir , X 3 .

4 . Cranidium, *S ilcoset*  rubber ca st o f ex tern a l mould,

B4 It576b , Upper Leintwardine Beds, Ludlow S e r ie s , lane  

sec tio n  on the Goggin, Ludlow a n t ic l in e .  (Nat. Grid. Ref.

SO 465695)# C o ll. S.F, M orris, 1963. Dorsal s te re o -p a ir ,

X 6 . Note genal sp in e .

6 . Cranidium, in te r n a l mould, 34 A36815 Lower Longhope Beds?,

Ludlow S e r ie s , quarry one th ird  o f a m ile ENE of Longhope

Church, May H i l l ,  G lou cestersh ire . L o ca lity  M24 o f Gardiner 

1920. Topotype specimen. Dorsal view , x  2^. L isted  in  

Gardiner pp. 207, 218 as C. interm edia.

7 . Cranidium, ? m eraspis, in te r n a l mould, BM unnumbered.

High Upper Leintwardine Beds, exposure on h i l l s id e  60 yards 

S o f Halehead Farm, Corfton Bache, near Diddlebury, Wenlock 

Edge. L o ca lity  214 of Shergold and S h ir ley  C o lin ., B r it .

Mus. (Nat. H is t . ) .  Dorsal view , x  8 . Note genal sp in es . 

Genal b u ttress  only in c ip ien t? .
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PLATE 42

F ig s . 1 , 3 , 4 , 6 , 7 . Calymene p a tu str ia  sp. nov.

H olotype, almost complete en ro lled  specimen, EM Ar478$5, Hemse 

Beds, P etesv ik , Gotland. D orsal, fr o n ta l, v en tra l, l e f t  oblique  

ste r e o -p a ir s , l e f t  la te r a l  view , x  3 ,

F ig s . 2 , 5. Calymene p u e lla r is  Reed, 1920

H olotype, damaged complete specimen, in te r n a l mould, SM A3320, 

Lower Longhope Beds ?, Ludlow S e r ie s , quarry one th ird  o f a m ile  

ENE of Longhope Church, May H i l l ,  G lou cestersh ire. L o ca lity  M24 of 

Gardiner 1920. Dorsal view , p o ster io r  oblique view , x 2J-. Figured  

F.R.C, Reed in  Gardiner 1920, p. 221 as C. p u e l la r is ; a lso  S h irley  

1933, p. 63 , p i .  1, f i g .  15 as G. c f .  interm edia Lindstrdm, Note 

number o f th oracic  segments (1 2 ).
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PUTE 43

Figs* 1-8  , Calymene p a tu str ia  sp* nov.

1 -3 . Damaged complete specimen, RM Ar27151, Hemse Beds, P etesv ik ,

Hablingbo, Gotland. Ventral stereo -p a ir  of hypostome, oblique 

view of hypostome, x 7 | dorsal s te r e o -p a ir , x 3 .

4 , 6 , Very badly damaged complete specimen, RM Ar6222, Hemse

8, Beds, P etesv ik , Hablingbo, Gotland. D orsal, fr o n ta l, l e f t

la te r a l  v iew s, x 2. Figured Lindstrdm 1885, p i. 15, f i g . 5 

as G. interm edia Lindstrdm,

5, 7 . Damaged complete en ro lled  specimen, RM Ar27150, Hemse

Beds, P etesv ik , Hablingbo, Gotland. L eft ob lique, dorsal 

s te re o -p a ir s , x 3 .
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CHAPTER F PLATES 1-8

PROBOSCIDEAN TRENDS IN CALYIENID TRILOBITES 

FROM THE ORDOVICIAN AND SILURIAN OF NW 

EUROPE, THE UNITED STATES AND SE ASIA.



PUTE

F ig s . 1-10 . Tapinocalymene volsoriform a sp. nov.

1-U. Holotype, incom plete cranidium, GSM Zs63, Garwood C o ll . ,

probably/from the shale band near the base of the Dolyhir 

lim estone, low est Wenlock S e r ie s , D olyhir, Radnorshire.

See d iscu ssio n  of type stratum and type area. D orsal, 

fr o n ta l, l e f t  oblique s te re o -p a ir s , x  2 .25; r ig h t la te r a l  

view , X 3.

5 , 10. Incomplete cranidium and l e f t  fr ee  cheek, GSM Zs65,

Garwood C o l l . ,  same stratum and area as h olotype. L eft 

oblique and dorsal v iew s, x 2.

6 -8 . Almost conplete cephalon and r o s tr a l p la te , GSM Zs58,

Garwood C o ll . ,  same stratum and area as h olotype. D orsal, 

l e f t  ob lique, v en tra l v iew s, x 2 . See a lso  P I. 2 , f i g .  10.

9 . Incomplete pygidium, exosk eleton  removed from outer part

of p leu ra l reg ion , GSM Zs64, Garwood C o ll . ,  same stratum

and area as h o lotyp e. D orsal view , x  2 .2 5 .
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PLATE

F ig s . 1 -7 , 9 , 10. Tapinocalymene volsoriform a sp. nov.

1, 3 . Incomplete cranidium, LM 26^0 a-b , specimen found in  a

w ater-transported pebble, near E nglish  1:r id g e , Shrewsbury. 

C o ll. K. W alters. 'S i lc o s e t '  ca st of ex tern a l mould,

LM 2850b, d orsa l s te re o -p a ir , x 2 .25; in ter n a l mould,

LM 2650a, d orsa l view , x  2 .2 5 .

2 , 7 . Incomplete pygidium, GSM Z s6 l, Garwood C o ll . ,  same

stratum and area as ho lotyp e. L eft la te r a l  and dorsal 

view s, X 2 .2 5 .

U, 5 , Incomplete cranidium, GSM Z1 9983, Garwood C o ll . ,  same

9. stratum and area as ho lo typ e. D orsal, l e f t  la t e r a l ,  l e f t

oblique view s x  2 .

6 . . Incomplete hypostome, GSM Z1 9C96, Garwood C o ll . ,  same

stratum and area as ho lotype. Ventral stereo  p a ir , x 5*

10. G la b ella , GSM Zs58, Garwood C o ll . ,  same stratum and area

as h olotype. Enlargement of P I. 1, f i g .  6 , x  k* See a lso  

P I. 1, f i g s .  7 , 8 .

F ig s . 8, 11. Tapinocalymene c f .  T. volsoriform a sp . nov.

’S ilc o s e t '  ca st of ex tern a l mould of incom plete cephalon, 

DJS/89b Wenlock Shale, road cu ttin g  on the north s id e  o f a 

bend in  the AU89 road between Horderley and Plowden, S side  

of Long Mynd, Shropshire. C o ll. Mr. C.N. Rodgers. 

Enlargement o f l e f t  f ix e d  cheek and part of g la b e lla , dorsal 

view , X  lij dorsal v iew , x  2 .
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PLATE

F ig s . 1-12 . T apinoc alymene vulpecula sp. nov.

1, 2 , Holotype, in co iip lete  cranidium, DJS/LG, Wenlock Shale,

12. sm all old  quarry on th e western side of the road from

Letton to  Walford, quarter o f a m ile north of L etton, near 

Wigmore R olls  area, Welsh Borderland. Nat. Grid R ef.

SO 70803790. C o ll, Derek J . S iv e te r , 1971. Dorsal 

s te re o -p a ir , l e f t  la t e r a l ,  l e f t  oblique v iew s, x 2.5*

3 , 11. ’S i l c o s e t ’ ca st o f extern al mould of hypostome, DJS/78b,

topotype specimen. C o ll. Derek J . S iv e te r , 1971. Dorsal 

s te re o -p a ir , l e f t  la te r a l  view , x  10.

U. In tern a l mould of a pygidium, DJS/80, topotype specimen.

C o ll. Derek J . S iv e te r , 1971. Dorsal view , x  2.5*

5 . Incomplete pygidium, DJS/79, topotype specimen. C o ll.

Derek J . S iv e te r , 1971. Dorsal view , x  2.5*

6 . 8 , Incomplete cranidium, DJS/77, topotype specimen. C o ll.

10. Derek J . S iv e te r , 1971. Right ob lique, d o rsa l, fr o n ta l

v iew s, X  4 ,

7 . Incomplete cranidium, DJS/75, topotype specimen. Coll.
Derek J . Siveter, 1971. Dorsal view, x 2 .5 .

9 . Incomplete cranidium, DJS/76 , topotype specimen. C o ll.

Derek J . S iv e te r , 1971. Dorsal view , x  2.5*





PLATE

F ig s . 1 -7 . Tapinocalymene nodulosa (S h ir le y , 1933)

1 , 3 ,  Almost complete en ro lled  in d iv id u a l, lack in g free  cheeks,

5, 6 . HM A212/1, Wenlock Shale, Burrington, H erefordshire. D orsal,

fr o n ta l, l e f t  oblique s te re o -p a ir s , x 1 .75; l e f t  la te r a l  view , 

X 2.

2 , U. Twelve th oracic  segments and attached pygidium, RIMO 1300,

Wenlock Shale, Burrington, H erefordshire. C o ll. Dr. R.M. 

Owens, D orsal view o f l e f t  part o f th oracic  a x is  and 

adaxial part of p leu ra l reg ion , l e f t  la te r a l  view of tw elve  

th oracic  segments, showing kink in  p o ster io r  margin of 

p o ster io r  pleurae becoming su c ce ss iv e ly  lower on an terior

p leurae, x  3 .2 . See a lso  PI. 5, f i g s .  U-6.

7* Cranidium, DJS/U9, Wenlock Shale, C. lundgreni Zone,

main sunken road, Burrington, H erefordshire. Nat. Grid 

R ef. SO UU23718U. C o ll. Derek J . S iv e te r , 1971. Dorsal

view , X 2 . See a lso  PI. 5, f i g .  8.





PLATE 5 (continued)

8. Cranidium, DJS/U9, Wenlock Shale, sunken road,

Burrington, H erefordshire. C o ll. Derek J . S iv e te r , 1971. 

L eft oblique view , x  2 , See a lso  PI. ii, f i g .  7 .



PLATE 5.

F ig s . 1 -10 . Tapinocalymene nodulosa (S h ir ley , 1933)

1 -3 . Holotype, almost complete in d iv id u a l lacking

p reg la b e lla r  area, c u t ic le  removed from abaxial part of 

thorax and cephalon, GSM 19&L2, Wenlock Shale, Burrington, 

H erefordshire. Dorsal stereo -p a ir  of thorax and pygidium, 

l e f t  la te r a l  v iew , x 1 .5 ; dorsal view of cephalon, x 2 .

O riginal of S h ir ley , 1933, p i .  1, f i g s .  6 -10 .

U-6. Pygidium and tw elve attached th oracic  segments, RMO 1300,

Wenlock Shale, Burrington, H erefordshire. C o ll. Dr. R.M.

Owens. D orsal, l e f t  la t e r a l ,  p o ster io r  v iew s, x 1 .5 .

See a lso  PI. U, f i g s .  2 , U,
7, 9 , Pygidium, NMW 5 3 .2 8 8 .G .1 .  This specimen i s  la b e lle d

10. as coming from the "Woolhope Limestone, Dolyhir quarry, two

and a h a lf  m iles S E  of New Radnor, Radnorshire". However 

the l ith o lo g y  of i t s  surrounding m atrix i s  very d if fe r e n t  to  

th at of the D olyhir ( la te r a l  equ iva len t o f the Woolhope) 

Limestone; i t  i s  enclosed  in  a calcareous nodule id e n t ic a l  

to  th ose found w ith in  the sm all, fa u lted  patch of Wenlock 

Shale in  Dolyhir new quarry (see  Garwood & Goodyear 1918, p .2 0 ). 

Calcareous nodules or concretions contain ing the same sp ec ie s  

have been c o lle c te d  from the Wenlock Shale of th is  quarry by 

the present author, and are a lso  present in  the c o l l .  o f the 

G eol. Surv. Mus. (see  PI. 6 , f i g s .  1, U, 6 , 7 , 10, 11) and 

B r it .  Mus. (In  36Uo5-6, I t  2 3 9 6 ) .  The age o f th is  specimen 

i s  thus regarded as Wenlock Sh ale, Donor, T. Evans.

P o ste r io r , r ig h t la te r a l  v iew s, x  1 .5 ; r ig h t  oblique view , x 2 .
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PLATE 6.

F ig s . 1-12. Tapinocalymene nodulosa (S h ir ley , 1933)

1 j Lf Incomplete cranidium lacking àbaxial part of r ig h t

7 . f ix e d  cheek, GSM Zs19S, Garwood C o ll . ,  enclosed  in

calcareous nodule, Wenlock Shale, D olyhir, Radnorshire.

This specimen probably comes from the fa u lte d  area of

Wenlock Shale, on top of the Dolyhir Limestone, D olyhir

new quarry. See Garwood & Goodyear 1918, p . 20. D orsal,

l e f t  oblique views x 2; r ig h t la te r a l  view , x  3 .

2 , 3* Incomplete cranidium lacking p re g la b e lla r  area, li'i U902,

Wenlock Shale, Burrington, H erefordshire. Dorsal view ,

whole specimen, x  0 .7 ;  dorsal view , enlargement o f g la b e lla ,

note p attern  of tu b erc les  and strong trace  of eye ridge in  

a x ia l furrow, x U.

S) 6 . Incomplete cranidium, IM U88^, Wenlock S h ale, lundgreni

Zone, sunken road, Burrington, H erefordshire. Nat. Grid 

R ef. SO UU23 7 l8h . C o ll. H. Baker & w.J. Norton, 1968. 

Dorsal and fron t v iew s, x 2 .

6 , 10, Incomplete cranidium, GSM Z sl83, Garwood C o ll . ,  Wenlock

11. Shale, D olyhir, Radnorshire. Exact lo c a l i t y  probably the

same as GSM Zs19^, PI. 6 , f i g s .  1, U, 7 . D orsal, r ig h t  

oblique v iew s, x 2; r ig h t la te r a l  v iew , x  3 . See a lso

PI. 7 , f i g .  It.

9) 12. Pygidivun, DJS/51, Wenlock Shale, lundgreni Zone, main

sunken road, Burrington, H erefordshire. C o ll. Derek J . 

S iv e te r , 1971. Dorsal and p o ster io r  v iew s, x 6 .





PLATE

F ig s . 1 -9 . Tapinocal/mene nodulosa (S h ir ley , 1933)

1 , 3 .  Outer s id e  of an terior  border, r o s tr a l p la te  and

hypostome, RM Ar366Ll, Wenlock Shale, Burrington, 

H erefordshire. Ventral and p o stero -v en tra l s te r e o -p a ir s ,

X 3 .S. Note hooked p ro jec tio n  and conspicuous maculae of

hypostome.

2 , Incomplete cranidium and i t s  r o s tr a l p la te , DJS/3a,

8 . Wenlock Shale, lundgreni Zone, sunken road, Burrington,

H erefordshire. C o ll. Derek J . S iv e te r , 1971. V entral 

view of a x ia l furrow showing p i t  on v e n tr a lly  p ro jec tin g  

boss fo r  recep tion  o f an terior  process of hypostome, and 

forked ridge p o s te r io r  to  b oss, x 8; r o s tr a l p la te  and outer  

part o f an ter io r  border, v en tra l view , x U; v en tra l s tereo -  

p a ir  of cranidium, x 2 .

L. Part of cranidium, GSM Z sl83, Garwood C o ll. Wenlock Shale,

D olyhir, Radnorshire. Right oblique view shewing contact 

of la te r a l g la b e lla r  lobe 2p w ith f ix e d  cheek and con trast in  

s iz e  o f tu b erc les  o f f ix e d  cheek and g la b e lla , x 6.U . See

a lso  P I. 6 , f i g s .  6 , 10, 11.

R o stra lp la te , DJS/6a, Wenlock Shale, lundgreni Zone, main

sunken road, Burrington, H erefordshire. Ventral view , x  L.^.

6 , 9 . hypostome, IM L677, Wenlock Shale, sunken road, Burrington,

H erefordshire. Oblique s te re o -p a ir , v en tra l view , x
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PLATE 8.

F ig s . 1 -8 . Spathacalymene nasuta (U lr ich , 1879)

1-3 , 3* Almost com plete in u iv id u a l ,  UôNM 170363, Dr. J . F . C u tle r

inform s me th a t  T illm an ’ s (i9 6 0 ) p aper co n ta in s  e rroneous 

in fo rm atio n  about th e  c o l le c t in g  lo c a l i t y  of t h i s  specim en.

I t  should read  "Osgood Lim estone, q u a rry  j u s t  e a s t  of 

Napoleon, R ip ley  County, In d ia n a , U.S.A." C o ll. Dr. J .F .  

C u tle r . F ig u red  T illm an  I960, p i .  116, f i g s .  1, U, 8 , 9 . 

D orsal s te r e o - p a i r ,  r ig h t  l a t e r a l  view , x 1 ; r i g h t  ob lique  

view of cran id ium  x 2; r i g h t  ob lique  view of pygidium , x  3 .3 . 

U, 6 . L ecto type, su b seq u en tly  d es ig n a ted  by T illm an  I960, p . 893,

p i .  116, f i g s .  2 , 3, 6 , 7 . i^ilmost com plete in d iv id u a l ,

USM UI87I (one of seven o r ig in a l syntypes o f U lrich  having 

th is  USNM number), Osgood Formation, Osgood, Indiana, U.S.A. 

Dorsal v iew , x 1 .3 ; l e f t  oblique view of cephalon, x 1 .8 .

7 , 8 . P a ra le c to ty p e , incom plete cranidium  w ith  th e  rem ains o f

two th o ra c ic  segm ents, USNM UI67I ,  Osgood F orm ation , Osgood, 

In d ia n a , U.S.A. F igu red  T illm an  I960 , p i .  I I 6 , f i g s .  10-12. 

D orsal view , v e n tr a l  s te r e o - p a i r ,  x  1 .3 .
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APPENDIX 1

MEASUREMENTS TAKEN ON CALYMENIDS 

IN CHAPTERS A, D, D-F.

A s tar  ('0 in d ica te s  an estimated measurement.

A l e t t e r  (d) in d ic a te s  a measurement which has been doubled. 

(S) = ste inkern,

(C) = c a s t .

(S/E) = p a r t ia l ly  e x fo l ia te d  specimen.



-1 -

Pharostoma vokovicense Snajdr, 1956

MP 184/67 (S) IM 15408 (S) IM I t l8 7  (S)

A 14.4 12.4

B 11.3 9 .7

D1 9.1 5.7* 7 .7

B2 2 .4

G 7 .3  6 .2

D 3.1 1 .9  2 .7

D1 1 .7  0 .8  1.1

I  3 5 .Id

J 14.5 8 .5  12.3

J1 17.0

K 13.5 11.1

K1 13.3 8 .0  11.1

K2 10.8 6 .9  9.5

K3 7 .5  5.1 6 .9

E5 7 .2  4 .6  6 .3
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Pharostoma pulchrua pulchrum (B eyrich, I846)

MB 501 B.K. MB 303 B.K. MB 264 B.K, NMP It327 BM In31919 BM In3‘

( s ) ( 0 ) (S) (S) (S) ( s )

A 18.3* 12.4 18.9

B 13.8 13.9 13.6 9.2 15.0

B1 11.0 11.1 11.1 7 .4 12.2

B2 2.1

C 7 .8 7 .5 7 .5 5 .4 8 .3

D 4 .4 3.1 3 .9

D1 1.6 2 .0 1.2 1.6

I 3 4 .9d 28 .Od

J 21.4 19.4 14.0

J1 23.2 2 2 .4d 16.5

K 15.0 14.2 10.0 15.0

K1 15.4 15.Od 15.2 10.2 15.5

K2 13.1 13.1 13.0 9.0 14.0

K3 8 .7 8 .3 8 .7 6.1 9.3

K5 8.1 8 .0 8 .4 5.6 8 .7

W 18.7

X 7 .7

X1 5.3

Y 8 .6

Z 10.0
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Pharostoma pulchrum pulchrum Pharostoma pulchrum

(Beyrich, I846) subsp. nov. A

BM 1665 (S) BM 15422 (S) EJS/139

A 13.9 17.5

B 9 .9 13.2

B1 8.7 9 .9 10.5

B2 2.1

C 6.0 9 .0

D 4 . 0* 4.0 4 .3

D1 1.5 1 .4 1.5

I 3 1 .Od

J 18.5

J1 23.5

K 12.1 12.9

K1 12.6 13.5 15.2

K2 10.5 12.0 12.7

K3 7.0 7 .8 8.0

K5 6 .6 7 .3 7 .6



-4 -

Pharostona a f f ,  P. denticulatum

(Eichwald, 1860)

Pharostoma nieszkow sk ii

Schmidt, 1894

A

B

B1

C

D

D1

I

J

J1

K

K1

K2

K3
K5

PM Ar10592

6.0

4.3

3 .4

1 .7

0 .7

4.1

4 .2

3 .7

2 .7

2 .7

PM Ar34406 

(S/E)

6.4

4 .6

3 .5

2 .5

1.7  

0 .8

11.2d

5.6

4 .5

4 .5

4 .0

2.8  

2.8

PM Ar3436l 

(S/E)

4 .6

3 .3

2 .5

1.6

1.3  

0.6

4.1

3 .0

2.8

2 .0  

1.9
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Pharostoma sim ile  Thorslund, 194-0 Pharostoma oelandicum

Angelin, 1854

IPQ Ar24&9 IPU Ar2468 IPU Ar2467 m  Ar9150 IM Ar2285

A 10.5 18.3 5.9 12.2 7 .9

D 7 .7 13.3 4 .3 9 .2 6 .4

31 6.1 10.7 3 .4 7 .5 4 .9

32 1.0

C 4* 1 2 .3 2 .9

D 2 .8 5.0 1.6 3 .0 1.5

D1 1.7 3 .0 0 .9 1 .9 0 .7

I 21.1 11.0*

J 10.0 17.0 5 .4 8 .0

J1 11.3 20.2 6 .6

V 7.1 13.3 3 .6 9 .0 5.5

K1 7 .4 14.4 3 .8 9 .4 5 .7

K2 6 .3 12.3 3 .7 8.1 5.3

K3 8 .0 2 .6 5 .4 3 .9

K5
IPU

4 .6
Ar2476

7 .8  
IPU Ar2478

2 .6
IPU Ar2473

5.3  
IPU Ar2474

3 .7

W 5 .9 11.7

X 1.8 3 .6

XI 1.0 2 .0

Y 3.1 6.1

Z

a

3 .3 6 .5

7 .4 5.0*

b 5 .9

b1 6 .0 4 .0*

b2 6 .5 4 .3*

e 6 .2

el 2 .0



-6 -
Pharostoma foveolatum (T ërnquist, I8O4 )

SGU IPU Ar469 IPU Ar465 IPU At/,65 IPU Ar453a 

unnumbered 

A 14.2  39 .7

B 9 .9  25.0*

D1 8.1 21.5

D2 2.6

C 21.2

D 4 .3  14.7

D1 3 .2  11.7

J 14.2

K 9.3

K1 9 .5  23.9

K2 8 ,8  21.0

K3 6 .6

K5 6 .5  15.5

w 38.7 40 . 0* 39.0*

X 12.2 13. 0 * 12.5

XI 5.9 6 .9 6 .5

Y 20,0 22.2

z 22.1 24.5
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Pharostoma ornithoreos

op. nov.

Pharostoma leptaenorum

(Tdrnquist, I 8B4 )

IM I t 8931 BM It8934 BM It8930 IPLU IPLU IPLU

(S/E) (S/E) (S/E) L0593t unnumbered L01938t

A 10.2 6 .5 8 .4* 6 .5

B 7 .6 5.0 6 .3 4 .0 4 .2

B1 6.0 4 .0 5.2 4.0* 3 .3 3.1

C 3 .5 2 .6

D 2.6 1.6 2.1* 1.3 1.3

D1 1.2 0 .7 0 .9 0 .9 0 .7

J 10.1 8 .5

J1 10.1

K 6 .0 3 .3

Kl 6 .4 4 .3 5.9 3 .7 3 .5 5.1*

K2 5.9 3 .4 5.3 3 .5 3 .2 4 .5

K3 4 .6 2 .9 4 .0 2 .7 2 .5 3 .6

K5 4 .5 2 .8 3 .9 2 .5 2 .4 3 .5



Pharostoma obtusum (McCoy, I846)

PM Ar47707 PM Ar436l2 PM Ar436l3 ÎM Ar436l4 PM Ar1(

A 4 .9 4 .3 3 .9 4 .7* 6 .9

B 3 .8 3 .4 3 . 0* 3 .7 5 .5

B1 3 .2 2 .8 2 .5 3.1

G 2.1 1.8 1.5

D 1.1 0 .9 0 .9 1.0* 1 .4

D1 0 .5 0 .6 0 .6 0 .6

J 4 .5 3 .7 4 .5 6 .9

J1 4 .2 5.1*

K 2 .9 2 .4 2 .9 4 .8

Kl 3 .0 2 .5 3.1 5.1

K2 3 .2 2 .9 2 .4 2 .9 4 .7

K3 2 .4 2.1 1 .9 2 .3 3 .3

K5 2 .3 2.1 1.9 2 .3 3 .3
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Pharostoma c f . Pharostoma c f .

P. n ieszkow sk ii Schmidt, 1894 P. foveolatum (Tornquist, 1884)

PMO 91024 (2) PMO 91024 ( l )

(S) (S)

Oslo-Asker Oslo-Asker

PMO 38555 PMO 38556

Nes-hamar Nes-Hamar

A

B

B1

C

D
D1

I

J

J1

K1

K2

K3

K5

3.4*

2 .7  

2 .0  

1.2 

0 .7  

0 .4  

5.5  

2 .9

3 .3  

2.0
1.8

1.3

1.3

5.8

5.1 

3 .4

1 .7  

1.0

5.8

4.1

1.8*

0 .4

2.8d

1.8

1.8

1 .4

1.3

3 .2

1.9

1.0

5.4d

3 .8d

3 .6

2 .4

2 .3



- 1 0 -

Pharostoma narinosum sp . nov. Pharostoma sp. A

m o  81266 m o  91448 m o  91449 m o  81312 ( 1) m o  81312 (2 )

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Askar Oslo-Asker

A 2 1 .2 * 2 2 .5 4 . 5 4 . 0

D 1 4 .1 * 1 4 .7 1 2 .8 3 . 7 3 . 2

B1 1 1 .8 * 1 2 .2 1 0 .3 2 . 9 2 .5

C 1 .8 1 .6

D 7 .1 7 . 8 0 .8 0 . 7

D1 4 . 6 5 .3 0 .3 0 .3

I 9 .3

J 2 1 .2 4 . 8

J1 5 .4

K 1 1 .7 3 .1

K1 1 2 .4 3 .2

K2 1 0 .5 3 .0

K3 7 .1 2 .4

K5 7 . 0 2 .4



— 11 —

F, Jem tlandica Thorslund, 1940

m o  81112/ 1/1 m o  81112/ 1/2 m o  81112/ 2/1 m o  8111:

Oslo-Asker Oslo-Asker Oslo-Asker Oslo—Asl

A 6 .5 6 .3 * 8 .5

B 5 .3 5 .2 7 .1

B1 4 .1 4 . 0 6 .5 , 5 .5

C 2 .2 3 . 2 3 .3

D 1 .2 1 .1 1 .4

J 4 .6 d

J1 12 .0 *

K 4 .4 d 4 . 6 d 7 . 0

Kl 4 .4 d 4 . 6 d 7 .3 6 .4

K2 3 .6 d 3 .8 d 6 .0 5 .3

K3 3 .2 d 3 .4 d 4 . 8 4 .4

K5 2 .6 2 .7 d 4 . 2 3 . 9



- 1 2 -

F, jem tlandica Thorslund, 1940

m o  91081 m o  91082 ( s )  m o  8 i  112/ 4/1  m o  81112/ 5/1 m o  8 i  112/ 5/2

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

A 6 ,2  8 .0  9 .4

B 5 .2  6 .4  7 .7

B1 3 .8  6 .3  4.2 5 .0  6 .0

C 2 .3

D 2.0» 1 .7  1.1 1 .6  1 .7

I 12 .Od

J 7.6*

J1 15. 5*

K1 10.0 7 .6»  4 .3  5 .5  6 .8

K2 7 .3  3 .4  4 .5  5.3

K3 6 .8  3 .0  3 .8  4 .2

K5 5 .5  2 .6  3 .0  3 .7
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F. jem tlandica Thorslund, 1940

m o  8 1 1 1 2 /6 /1 m o  91076 m o  91079 m o  81308 m o  81218 m o  81350

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Ringerike Oslo-Asker

A 11 .6 7 . 7 1 1 .8 1 0 .3 1 2 .2 *

B 9 .5 6 . 4 9 .6 8 .5 1 0 .0 *

B1 7 .5 5 .1 5.1 7 . 8 6 . 9 8 .3

C 2 .5 4 . 0 3 . 7

D 2 .1 1 .3 1 .3 2 .2 1 .9 2 . 2

I 21 . Od

J 6 ,1 1 0 .9 7 . 9

J1 14.0* 9 .2 1 4 .5 * 12 .1

K 8 .0 5 .0 8 . 7 7 .0 8 .1

K1 8 .2 5 .8 5 .2 8 .8 7 .3 8 . 5

K2 6 .8 4 . 7 4 . 4 7 . 4 6 .0 7 . 0

K3 5 .7 3 . 9 3 . 7 6 . 4 5 .0 6 . 4

K4 5 .6

K5 5.1 3 . 3 3 .2 5 .2 4 . 3 5 .0



—14—

F. jemtlandica Thorslund, 1940

m o  91085 m o  80954 m o  80959 EMO 81147/1 PMO 5836 m o  6492

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

A 9.1 11.4 9 .2 7 .5 10.5

B 7 .3 9 .4 7 .5 6 .0 8.6

B1 5 .9 9 .0 7 .6 5 .8 4 .9 6 .8

C 3 .2 3 .7

D 1.8 2.1 2 .0 1.7* 1.5 1.9

I I6.8d

J 10.6 10.3

K 6 .3 9 .6 8 .0 7 .5

Kl 6 .7 9 .8 8 .2 6.1 5.4* 7 .8

K2 5 .4 8.3 6 .5 5.0 4 .5 6 .2

K3 4 .6 6 .7 5.6 4 .3 3 .8 5.2

K5 3 .9 5.5 4 .7 3 .5 3.1 4 .3
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F, jem tlandica Thorslund, 1940

PMO 81112/8/1 PMO 81112/9/1 PMO 81112/9/2 PMO 81112/9/3  

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

A 9.7 8 .6 7 .4

B 8.1 7.1 6.1

B1 8 ,2 6 .5 5 .8 4 .7

C 2 .8

D 2.1 1.6 1 .5 1.3

I 15.8d

J 7.1

J1 10.7

K 6 .2

K1 9 .0 7 .4 6 .3 5.0

K2 7.1 6 .0 5 .3 4.1

K3 6 .0 4 .5 3 .4

K5 5.1 3 .6 2 .9



- 16-

F, jem tlandica Thorslund, 1940

EMO 8 1 112/ 10/1 PMO 8 I I I 2/ I O /2  PMO 8 1 1 1 2 /1 0 /3  PMO 8 I I I 2/ I O / 4  

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

A 10.6 6 .5  12.3»

B 8 .8  5 .4  10.5» 8 .5

B1 6 .9  4 .4  8 .5»  6 .7

C 3 .8

D 1 .8  1.1 1 .8

K 7 .7

Kl 8 .0  4 .8  9 .3  7 .9

K2 6 .6  3 .8  7 .5  6 .5

K3 5 .8  3 .3  6 .5  5 .6

K5 4 .7  2 .7  5 .6  4 .3

EMO 8I313 EMO 81110/1  m o  8I I I 2/ 7 /2  EMO 5575 EMO 81109 

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

W 9 .6  10 .4d 11 .4  3 .8  11.6

X 3 .0  3 .6  3 .9  1 .4  3 .7

XI 2 .0  2 .0  2.1 1 .0  2 .2

Y 3 .7  4 .7  4 .6  1 .5  4 .8

Z 4 .2  5.1 4 .9  1 .7  5 .2
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F. jem tlandica Thorslund, 1940

PMO 8I I I 2/IO/5  PMO 81112/1  PMO 8 I I I 2/2  

Oslo-Asker Oslo-Asker Oslo-Asker

A 7 .0 8 .8

D 5.8 7 .3

D1 8 .5 4 .5 5 .9

D 1.2 1.5

K1 9.0 4 .9 6 .5

K2 7 .7 4 .0 5 .4

K3 6 .5 3 .3 4 .5

K5 5.4 2 .8 3 .8

PMO 81105 PMO 81110/2 PMO 8 II47/2  PMO 8 II4O FMO 91084

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

a 4.1 4 .2 3.5*  4 .9 2 .8

h 4 .8 4 .8 4 .2  5 .8 3 .3

b1 3 .0 3.1 2 .7  3 .8 2.1

b2 3 .2 3 .2 2 .7  3 .9 2 .2

b3 1.6 1.8 1.4* 2.1 1 .2

d 4 .3 4 .0* 4.1  5 .4 3 .0

e 3 .2 3 .2 3.1 3 .7 2.1

el 1.8 1.5 1.1 1.8 1.0

e2 0 .6 0 .7 0 .4  0 .8 0 .4

g 6 .0

g1 2 .7

h 1.6
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F, scabüstula sp. nov.

m o  81138 m o  81135 m o  63421 m o  91086/1 m o  91086/2 m o  81250

Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker Oslo-Asker

A 7 . 5 6 . 9 8 .5 1 1 .3 9 .0 7 . 8

D 6.1 5 .6 7 .0 9 .2 7 . 4 6 .3

D1 4 . 6 4 . 4 5 .5 7 .3 5 .9 4 . 8

C 2 .7 2 . 4 2 . 9

D 1 .4 1 .3 1 .5 2 .1 1.6 1 .5

I 13.2d 12.8 1 3 .9

J 6 . 5 5 .3 7 .5 5 .5

J1 9.0d 8 .1 8 . 8

K 5 .5 4 .6 5 .2

K1 5 .7 4 . 8 7 .1 8 . 4 6.1 5 .4

K2 4 . 8 3 . 9 5 .7 6 .6 5 .2 4 .3

K3 4 .1 3 . 4 5 .0 5 .6 4 .1 3 . 7

K5 3 . 3 2 .8 4 . 0 4 . 7 3 . 5 3 . 0
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F. scabustula sp. nov.

PMO 5491 PMO 20444 m o  81256 m o  5380

Oslo-Asker Oslo-Asker Oslo-Asker O slofiord

A 9 .6 6 .2 W 8 .7 2 .5

D 8 .0 5.1 X 3 .4 0 . 9

D1 6 .2 3 .9 XI 2 .0 0 .7

C 3 .6 I 3 .8 1 .0

D 1 .6 1 .1 z 4 .4 1 .1

I 19.2d

J 9.2 5 .2

J1 12.7

K 8 .0 4 .5

K1 8.3 4 .7

K2 6 . 8 4 .0

K3 5.4 3 .5

K5 4 .7 2.8

FMO 91093 m o  81251 PMO 91092

Oslo-Asker Oslo-Asker Oslo-Asker

a 5 .4 3 .4 g 7 .5

"b 4 . 6 4 .2 g1 3 .2

b1 3 .5 2 ,5 h 1.7

b2 3 .3 2 .4

b3 2.0 1.3

d 5.1 3 . 6

e 4 . Od 3.1

e1 2 .0 1 .4

e2 0 .6 0 .4



- 2 0 -

Gravicalvmene cap itovata  sp. nov.

m o mo mo m o m o m o m o

91061 82681 60414 60418/1 60418/2 66598 91045

(c) (s) (s) (s) (s) (s) (c)

A 12.5 15.7 7 .2

D 9.3 12.0 10.0 6.1 12.9

B1 7.2 10.0 8.0 5.0 5.3 8.6 10.1

B2 1.4 1.2 0 .7 1.8

C 5.4 6 .3 5.5 2 .8 7 .9

D 3.2 3 .6 1.1 1 .4

D1 0.6 0.4 0.8 0.3 0 .4 0 .5

I 26.2 31.2

J 11.5 10.9* 6.1 6 .0 10.3*

J1 15.5 17.6* 10.0 21.2

K 11.1*

K1 9.3* 11.1 10.2 6. 0* 5.5 10.1 13.0

K2 6 .5 8 .2 6 .4 4 .4 3 .7 7 .5 9.2

K3 5.5 7 .3 5.5 3.8 3.2* 6.0 8.5

K5 5.1 6.3* 5.0 3.2* 3 .0 5.2* 6.9

m o  m o

(C) (C)

a 7 . 6

b 1 0 . 5

b1 6 . 3

b2 6 . 3

d 7 . 7

e  6 . 6

e l 4 .2

g  9 . 6

g1 5 . 0 *

h  3 . 3



- 2 1 -

Quadricalvmene l i r e l l a  gen. ü i  sp. nov.

m o  82528 (S) m o  91073 ( s ) m o  91072 (S) m o  82466 1

Eiker- Eiker- Eiker- Eiker-

Sandsvaer Sandsvaer Sandsvaer Sandsvaer

A 4 .6 3 . 5 5 .6 * 5 .5 *

B 4 .1 3 .1 5 .0 4 . 9

B1 3 .3 2 .5 4 .0 3 . 9

B2 0.7* 0 . 9 0 .7

G 1 .5 1 .2 1 .9 1 .9

D 0 .5 0 .3 0 .6 0 .6

I 1 0 .2 7 .0 d 12.6* 13 .3

J 3 .8 2.6* 4 .7* 5 .3

J1 5 .9 4 .0* 8 .5 8 .6 d

K 3 .5 2 .5 4 . 7 4 . 7

K1 3 .5 2 .5 4 . 7 4 .6

K2 2 .6 1 .7 3 .5 3 .8

K3 1 .7 3 .3 3 .4

K5 2 .4 1 .6 3 .3 3 .3



- 2 2 -

Quadricalymcne l i r a  11a gen. ^  sp. nov.

m o  82465 ( s )  m o  91068 ( s )  m o  91067 ( s )  m o  81919

Eiker- Eiker- Eiker- Oslo-Asl

Sandsvaer Sandsvaer Sandsvaer

A 3.0 5.3 2 .7 3 .5

B 2 .7 4 .8 2 .4 3 .3

31 2 .2 3 .8 1.9 2 .5

B2 0.7*

C 1.0* 1 .8 0 .7* 1.4

D 0 .3 0 .5 0.3 0 .2

I 6 .0d 5.4d 8 .2

J 2.4* 4 .6 3 .0

J1 3.8* 7.4* 5 .6

K 2 .0 4 .2 1.6 3 .4

K1 2.1 4 .2 1.6 3 .3

K2 1.6 3 .3 1.3 2 .6

K3 3.1 1 .2 2 .5

K5 1.6 3 .0 1 .2 2 .5



-2 3 -

Diacalyraene drurainuckensis (Reed) 1906

BM In41013 BM In23370 R34 Rm R£M

1957.1.2546 1958.1.2549 1958.1.2!

(S) (8/E) (S) ( s ) (8)

A 18.5 14.8 19.6 15.4*

B 15.5 12.6 16,5 13.2

B1 12.4 9 .5 13.6 9 .6 10.8

B2 1.7 1 .9 2 .4

C 5.2 • •

01 8 .8 12.0 9.0

D 3 .0 2 .2 3.1 2 .6 2 .2*

D1 0 .7 1.6 1.4 0.8*

J 13.4 17.0* 15.8

J1 16.8 16.8* 17.2

K 11.0 11.0 12.0 11.0

K1 12.6 12.0 13.3 12.0 12.3

K2 11.0 9 .9 10.6 10.9 10.3

K3 8 .9 8 .5 9 .2 8 .8 9 .0

K5 7 .8 7 .5 8 .5 8.1 8 .4



—24“

Diacalymene drummuckensis (Reed) 1906

Rm Rm RSM

1957.1.579 unnumbered 1968.50.344 1968.50.34B 1899.91.11A

(S) (S/E) (8/E) (S) (8)

A 15.7 16.3* 15.0

B 13.3 13.1 9 .3 12.5

B1 11.2 14.5* 10.6 7 .5 10.0

B2 2.1 3 .5 1 .9 1.0 1 .9

C 6 .5

01 10.5 9 .3 6 .6 9 .0

D 2 .4 3 .7 3 .2 2 .5

D1 1.0 0 .9 1.0 0 .9

J 16.0 20.6 15.5 14.0

J1 20.0 25.3 17 .Od 13.9 17.3

K 12.7 12.0 9 .2 11.0

K1 12.9 17.2 12.2 10.0 12.0

K2 10.8 14.9 11.3 8 .8 10.2

K3 9.1 12.6 9 .2 7 .3 8 .5

K5 8 .0 11.9 8 .4 6 .7 7 .5

g 10.9

g1 6 .4

h 2 .2

P 1.2



-2 5 -

Diacalyraene drummuckensis (Reed) 1906

Rm HM HM HM HM HM HM HM HM

1957.1.576 A36I2 A3 I I 4 A3I I 5 A3IIO A973 A5411 A5412 A5413

(S) (s) (s) (s) (S) (s) (s) (s) (s)

A 13.9 11.4* 18.8 12.5 15.6 11.6

D 12.0 9.7* 15.7 10.7 13.5 9.6 9.7 14.7

B1 9.9 8.1 13.0 8 .7 8.0 11.0 7.6 7 .7 12.0

B2 2 .0 1.3 2 .6 1.8 1.2 1.7 1.5* 2.1

0 5.7 5.0 4 .7

01 8 .9 7 .0 7 .9 7.3 7 .0

D 1.9 1.7 3.1 1.8 2,1 2 .0

D1 0 .8 0 .7 1.3 0.6 1.3 0 .9

J 15 .Od 10.8* 19.0* 12.0 15.7 10.5

J1 1 8 .Od 13.0 19 .7d 13.8 14. 8d 19.0d 13. 8d 2 1 .Od

K 11.5 13.0 8 .7 9.1 10.2 8 .4 12.0

K1 11.7 9 .4 13.7 9 .6 9 .8 12.1 8 .7 8.6 13.3

K2 10.2 8.1 12.2 8 .0 8 .3 10.3 7 .5 7.3 12.0

K3 9.0 10.0 6 .9 7.1 8 .5 6.3 6 .5 10.2

K5 8.1 9.5 6 .3 6 .6 7.5 5 .8 5.9 9 .5



-2 6 -

Diacalymene drummuckensis (Reed) 1906

HM HM HM HM BM HM RSM

A3128 A4131 A5085 A910 BU 7 In23383 A5081 1968.50.35

(8) (8) (8) (8) (8) (8) (8)

A 18.6* 10.5

B 12.5* 12.5 13.0 15.7* 9 .0 8.2*

D1 10.3 9.5 11.0* 10.5 12.7 7.1 6 .5

B2 1.5 2 .2 2 .5 2 .5 1.3

0 6 .0 6 .8 3 .5*

01 9.5* 8 .6 10.3 9 .6 11.4 6 .2

D 2.5 2 .9 * 1.5

D1 1.1 1.3 0 .4

J 13.6 17.5 15.5 12.1 9 .5

J1 16 .Od 17.0 21 .4 d 17.7 10.1 12.3

K 10.2 11.0 13.0 12.0 11.7 8 .0 7 .9

K1 11.4 11.6 13.8 12.2 13.0 8 .5 8 .4

K2 9.1 9 .8 11.7 10.1 10.6 7 .2 6 . 9

K3 8.1 8.3 10.3 8 .5 9.1 6 .0 5 .7

K5 7 .5 7 .5 9.0 8 . 0 8 .2 5 .6 5.2*

W 11.9 32.5 11.7

X 4 .8 14.0 4 .5

XI 2 .6 8 .0 2 .7

Y 5.5 16.9 6 .7

Y1 3 .9

Z 5.8 18.1 7 .0



-2 7 -

Diacalymene drummiickensis (Reed) 1906

HM HM HM HM EM O m  BM

A910 A758 A556 A759 In233Bl 70671 In43029

(C) (S) (S) (0) (0)

A 23.7

D 14.0 19.6

B1 11.3 16.2

B2 2 .5 3.1

C 6 .6 8 .7

01 10.2 14.7

D 4.1

D1 1.6

J 21.5*

J1 1 9 .Od 2 6 .6

K 13.3 17.4

K1 14.0 18.3

K2 12.0 15.5

K3 10.2 12.9

K5 8 .9 11.5

a 7 .5 3 .4 5 .6 6.1

b 8 .5 4 .0 6 .6 7 .4

b1 8 .7 6 .0 2 .5 4 .3 4 .7

b2 8.3* 2 .5 4 .3

b3 4 .2 3.1 1.3 2 .2 2 .4

d 12.8 10.0 3 .9* 5 .8d 6 .7

e 9 .0d 6 .4 3 .2 4 .3 4 .7

e l 2 .8 1.6 1 .5 2 .0

g 8 .6

g1 4 .0

h 2 .3



-2 8 -

Diacalynene Crassa S h ir ley , 1936

GSM SM GSM m BM SM G ^

54910 A54095 54911 It8647a In58236a A32717 TGC1941

( s ) ( s ) (s) (8) (8 ) (8 ) (c)

A 14.4 12.2 13.5 13.0*

B 11.7 10.0 10.8 10.5*

B1 9.5* 10.3 9.0* 9.5 8.0 8.8 7 .8

B2 1.6* 1.7 1 .6

C 4 .5 6 .3

Cl 8.0* 9.2 7.2* 8.0 7.1

D 3 .5 3 .9 2.6 2 .7 2 .2 2 .7 2.5*

D1 1.0* 1.2 0 .6 0.8* 0.5*

I 25.4d

J 13.9 12.8 14.5 13.1

J1 14.6* 13.5 16.0 12.6 16.0 13.9

K 9.6 11.2 8 .4 8.9 9 .3

K1 10.7 12.9 9.5 10.8 8.8 10.4 9 .5

K2 8.8 10.5 8.1 8.5 7 .5 8.3 7.3

K3 7 .2 9.0 7 .0 7 .3 6 .2 6 .7 6 .5

U 6 .6 6 .5 5 .5

K5 6.3 7.6 6.3 6 .6 5.4 6 .2

W 13.5

X 5.0

XI 3 .5

Y 6 .5



—29“

Diacalymene co n s im ilis  (Cooper, 1930) 

m X t7393 IM I t7 3 9 2

A 1 4 .0

B 1 1 .4 13.1

B1 9 .0 10.1

B2 2 .0 2 .0

C 5 .4 6 .7

C1 9 .9

D 2 .6

D1 0 .7

I 3 0 .0

J 1 4 .5d

J1 l6 .6 d 1 7 .5

K 1 0 .2 1 2 .0

K1 1 1 .4 1 2 .9

K2 9 .0 1 0 .4

K3 7 .3 8 .7

K5 6 .4 7 .4



-30“
Diacalymene gibberosa sp . nov.

m o  20948 m o  20945 m o  41624 m o  41620 m o  4 i(

A 8 .8 6 .2 7 .7 10.7

B 7 .1 5.0 6 .1 8 .5

B1 5 .4 3 .9 4 .7 6 .7 6 .6

B2 0 .7 0 .6 0 .7 1.0

C 3 .2 2 .4 3 .1 4 .7

D 1 .7 1 .2 1 .6 2 .2 2 .0

D1 0 .8 0 .4 0 .7 1.0 1 .0

I  2 1 .Od 13.6 16.5

J  9 .4 6 .2 8 .0

J1 1 1 .5 7 .6 9 .2

K 6 .9 4 .5 5 .7

K1 6 .4 4 .3 5 .3 7 .0 d

K2 5 .9 4 .1 5 .0 6 ,6 6 .3

K3 4 .9 3 .3 4 .0 5 .3 5 .0

K5 4 .2 2 .9 3 .6 4 .6 4 .5

m o  IO838 m o  20945 m o  41620

w 15.8 12.3 5.0

X 5 .9 4 .7 1.9

XI 3 .5 2 .3 1.2

Y 5 .8 4 .4 1.8

Z 6 .3 5 .0 2.1

PMO 41634 (C) 

a 3 .2

b 3 .5

b1 2 .3

b2 2 .3

b3 1 .2

d 3 .5

e 2.3*

e1 1.1*



-3 1 -

C. fr o n tosa Lindstrflm,1885

IM Ar27059 BM Ar27072 BM Ar6210 BM Ar6211 BM Ar6212 BM Ar42807

Vis by Vis by Vis by Vis by Vis by Vis by

A 10.6 10.3 10.5

B 7 .5 8 .9 8 .4 8 .7 10.1 8 .5

B1 6 .0 7.1 6 .6 7 .0 7 .9 6 .6

B3 1.3 1.5 1.6 1.6

B4 2.1 2 .4 2 .5 2.6 2 .4

C 4.4* 4 .3 4 .2 4 .2

D 1.7 1.9 2 .0

I 18.4 18.6

J 9 .2 12.6 9 .5

J1 12.7 12.8

K 7.3 7 .4 8.3 7 .3

K1 6 .2 7 .3 7 .5 7 .4 9.1 7 .5

K2 5.3 6.1 6 .5 6 .4 7 .8 6 .8

K3 4*4 5.2 5.1 5.2* 6 .4 5.6

K5 4 .2 5.0 5.0 4 .9* 5.8 5.3

W 7.5 8 .7 9.6

X 3 .7 4 .4 4 .3

X1 1.8 2 .4 2 .2

Y 4 .3

Z 3 .4 4 .5 4 .7

g 7 .3

g1 3 .0

h 2.1

p 1 .0



-3 2 -

C, fro n tosa Lindstrdm,l885

EM Ar42808 EM Ar27037 EM Ar27038 EM Ar27039 EM Ar27040 EM Ar2^

Vis by Vis by Visby Visby Visby Visl

A 12.2 11.9 12.0 10.9

B 9 .2 10.2 9 .5 8 .4 9 .0 9 .5

B1 7 .0 8 .2 7 .6 6 .6 7 .0 7 .6

B3 1.9 1.6 1.6 1 .4 1.6

B4 2 .8 2 .8 2 .3 2 .5 2 .8

C 4 .6 5.5 4 .6 4 .5 4 .8

D 2 .0 2 .4 1 .9 1 .9

I 19.7 17.5* 19.8

J 10.5 11.1 8 .5 9 .6

J1 14.8 14.2 12.9 14.1

K 7 .7 8 .5 8 .4 7 .0 7 .5 7 .9

K1 7 .8 8 .8 8 .7 7 .3 7 .7 8 .5

K2 7 .0 7 .8 7 .5 6 .3 6 .7 7 .3

K3 5.6 6 .3 5 .9 5.1 5 .4 5 .9

K4 5.2

K5 5 .4 5 .8 5 .7 4 .8 5 .0 5.3

W 10.4

X 5.0 5 .4 5 .5 4 .5 4 .8

X1 2.5 2 .4 2 .9 2.1 2 .2

Y 4 .6

Z 5 .4 5 .0

g 7 .9 8 .7 7 .5

g1 3 .6 3 .8 3 .3

h 2.1 2 .5 2 .4

P 0 .9 0 .9



-3 3 -

C, fro n tosa Lindstrëm, 1885

RM Ar27043 RM Ar27044 RM Ar27049 RM Ar27050 RM Ar47000 RM Ar4"

Visby Visby Visby Visby Visby Visl

A 10.9 8 .4 7 ,9 12,6 9.0

B 8 .6 9.1 6 ,6 6 .2 10.4 7 .3

B1 6 .8 7.1 5.1 4 .7 8.1 5 .8

B3 1.5 1.4 1.3 1,2* 1,6 1 .4

B4 2 .4 2 .5 1,8 1.8 2 ,9 2 .0

C 4 .0 3 .3 3 .2 5 .0 3 .5

D 1.8 1 ,8 1.7 2 ,2 1.7

I 17.9 18.0 14.8 22 ,2

J 9 .6 7 .8 6 .9 10.7 7 .9

J1 12.2 10.9 10.0 8 .9 14.6 10,5

K 7 .0 7 .5 5 .8 5.1 8 .3 6,1

Kl 7 .5 8 .0 5 .8 5.4 9.0 6 .3

K2 6 .7 7.1 5.1 4 .5 8,1 5 .6

K3 5 .5 5 .7 4 .2 3 .7 6 .3 4 .5

K5 5 .0 5.3 4 .0 3 .5 6 ,0 4 .3

X 4 .8 3 .6 5.3

XI 2.1 1.5 2 .8

g 7 .5 5.5 8.1

g1 3 .3 2 ,2 3.1

h 2 .0 1,8 2 .3

P 0,6 0 .7



—34“

C. frontosa  Lindstrüm, 1885

RM Ar47004 RM Ar47005 RM Ar47006 RM Ar47007 RM Ar47008 RM Ar47009

Visby Yisby  V isty  Visby Visby Visby

A

B

7.5

6 .4

Bi 5.0  

B3 1.1 

B4 1.8  

C 3 .2

1.5

7 .5

J1 9 .6  

K 5.2  

Kl 5 .5  

K2 5.6  

K3 4 .2  

K5 3 .9

X

XI

g

g1
h

P

8.2

6 .4

1 . 2

2 .3

6.6

7 .0

6.0  

4 .7  

4 .5

10.8

8.6

6.8

4.4 

2 .2

9 .8

13.2

7 .4

7 .4  

6 .3  

5.2

4.9

11.3

9.1

7 .3

2 .5

2.2  

10.2

7 .7  

8.0

6.8

5.8

5 .4

4 .8  

2.1  

8 .3

3 .6  

2.0  

1.0

9.5

7 .3

8.1

7.1

5.8

5 .5

7.7*

6 . 1*

4 .5

1.0*

1.8

3.1

1.6

7.1

9.1

5 .3

5 .4

4 .6  

3 .8

3 .6



-3 5 -

C, frontosa  Lindstr8m, 1885

RM Ar47010 RM Ar47011 RM Ar47012 RM Ar27067 RM Ar27066 RM Ar2'

V isby Visby Visby Visby Visby Vis)

A 9 .7 5 .8 11.3

B 7 .7 * 7 .8 4 .5 8 .4 9.0* 9.1

B1 5 .9 5 .9 3 .5 6 .6 6 .9 7 .0

B3 1 .2 0 .8 1 .5 1.5 1 .7

B4 2 .2 1 .2 2 .5 2 .6 2 .6

C 2 .2 4 .5 4 .2 4 .7

D 1 .9 1 .3 2 .2

I 18.5 18.9

J 9 .2 4 .9 10.2

J1 6 ,5 12.1 13.0

K 6 .6 7.0* 3 .6 7 .4 7 .2 7 .4

K1 6 ,6 7 .0* 3 .7 7 .8 7 .7 7 .5

K2 5 .7 6.1 3 .2 6 .7 6 .7 6 .8

K3 4 .8 * 5.0* 2 .8 5 .3 6 .0 5 .7

U 5 .0 5 .3

K5 4 .6 * 4 .8* 2 .5 4 .8 5 .5 5.1



EM Ar27054 

Gotland

a 4 .9

b 6 .4

b1 4 .2

b2 4 .0

b3 2 .2

d 6 .3

e 4 .0

el 1,8*

e2 0 .3

-3 6 -

C, frontosa  Lindstrfim, 1885



-3 7 -

Calymene sp, nov,?

EM Ar27058 EM Ar27060 EM Ar27071 EM Ar27052 EM Ar27046 EM Ar27047

Visby Visby Visby Visby Visby Visby

A 13.7 13.3 13.4 11.1 10.9 12.6

B 11.41 11.0 10.9 8 .6 8 .5 9 .6

B1 8 .9 8 .6 8 .5 6 .8 6 .7 7 .4

B3 2 .2 2 .0 1 .9 1.7 1 .7 1 .6

B4 3 .4 3 .4 3.1 2 .9 2 .5 2 .7

C 5.5 5.5 5 .4 3 .9 4 .5

D 2 .3 2 .3 2 .5 2 .5 2 .4 1 .9

I 23.7 23.6 23.3 19.3

J 12.6 11.7 12.3 10.4 9 .8 9 .6

J1 16.1 15.5 15.2 12.9 12,7

K 9.6 9 .7 8 .8 7 .7 7 ,3 7 .7

K1 10.0 10,2 9 .3 8 .5 7 ,7 8 .0

K2 8 .4 8 .4 7 .9 7 .6 6 ,3 7 .4

K3 7 .4 7 ,5 7.1 6 .3 5 .6 5 .7

K5 7 .2 7,0* 6 .4 6 .0 5 .4 5 .5

W 10.6 10.2 10.3

X 5.8 5 .8 5 .6 4 .9

XI 3.1 2 .8 3 .3 2.1

Y 5 .2

Z 5 .5 5 .4 5.6

g 8.6* 7 .8

g1 3.2* 3.1

h 2 .6 2 .6

P 0 .8



-3 8 -

Calymene sp, nov,?

BM Ar27048 BM Ar27042 BM Ar47001 BM Ar47013 EM Ar47014 EM Ar470C

Visby Visby Visby Visby Visby Visby

A 8 ,7 11.2 8 .4 10.6 5 .6 10.0

B 6 ,8 9 .0 6 .8 8 .7 4 .5 8 .0

B1 5 .2 6 .9 5 .3 6 .7 3 .4 6 ,2

B3 1 .2 1 .7 1 .5

B4 1.8 2 .5 2 .4

C 3 .5 4 .7 3 .4 4 .5

D 1.9 2 .2 1 .6 1 .9 1.1 2 .0

I 15.6 19.5*

J 8 .3 10.4 8 .0 9 .2

J1 9 .9 13.0 10,0 12.1

K 5 .8 7 ,8 5 .8 7 .6 3 .6 7.1

K1 6.1 8 .0 6.1 8 .0 3 .6 7 .4

K2 5 .2 6 .8 5 .2 6 .6 3 .3 6 ,2

K3 4 .4 5 .8 4 .5 5 .7 2.8* 5 .2

U 4.1 5 .4 5 .2

K5 4 .0 5 .2 4.1 4 .9 2 ,6* 5 .2

X 3 .5

XI 1.5

g 6 .4 7 .2

g1 2 ,5 3 .0

h 2.1 2 ,4

P 0 .9 0 .9



-3 9 -

Calymene sp . nov.?

BM Ar27063 BM Ar27068 EM At27062 BM Ar4786l BM Ar47866 BM Ar47862

Visby Visby Visby Hablingbo ? Hablingbo ? H ablingbo ?

A 10.6 11.1 13.8 12.4 12.8 7.1

B 8 .3 9 .2 11.1 9 .8 10.4 5.5

B1 6 .6 7 .4 8 .8 7 .7 8.1 4 .2

B3 1.7 2 .0 2 .0 2 .0 1 .9 1.1

B4 2 .5 2 .8 3.1 2 .8 3.1 1 .5

C 4 .0 4 .4* 5 .5 4 .9 2 .5

D 2 .3 1 .9 2.7* 2 .6 2 .4 1 ,6

J 12.0 12,0 6 .0

J1 15.9 13.8 15.2

K 6 .8 7 .4 9.1 8 .3 4 .6

K1 7 .2 8 .2 9 .5 8 .7 9 .3 4 .5

K2 6.1 6 ,8 7 .9 7 .7 7 .8 4;o

K3 5.2 5.7 7 .0 6 .4 6 ,4 3.1

K4 5.5 6 .0

K5 4 .9 5.3 6 .7 5 .8 6 .2 2 .8

g 4 .8

g1 1 .9

h 1 .5

P 0 .7



—40—

Calymene sp . nov.?

m  Ar27073 BM Ar47865 

Visby Hablingbo ?

A 13.4

B 10.4

B1 8 .0  5 .0

B3 2 .0  1 .2

B4 3.1 1 .7

C 5 .6  2 .9

D 3 .0  1 .9

I  23 .9

J  12.2 7 .2

J1 15.5

K 9 .5

K1 9 .4  5 .4

K2 8.1 4 .6

K3 7.1 3 .8

K4 6 .2

K5 6 .0  3 .4

a 5.6
b 8.0
b1 5.1
b2 4 .7

b3 2.6
d 7 .7

e 5.0
el 2.2
e2 0.3



—41*“

C, tuberculosa Dalman, 1827

EM Ar47710 m  Ar31451 RM Ar47850 RM Ar47846 RM Ar47&49 RM Ar4784'

G otland Djupvik Djupvik Dj upvik Dj upvik Dj upvik

A 10.5 8 .5 10.0 8 .7 10.9 13.9

B 9 .7 7 .8 9 .4 8 .0 10.0 12.8

B1 7 .5 6 .0 7.1 6 .3 7 .6 9 .9

B3 2 .3 2 .0 2.1 2.1 3.1

B4 2 .8 2 .2 2 .6 2 .2 3 .5

C 4 .5 4 .3

D 0 .8 0 .7 0 .6 0 .7 0 .9 1.1

I 2 2 .4d 18.6

J 10.3 7 .5 7 .7* 10.1 13.1

J1 14.6 11.6

K 8 .6 6 .3 8 .2 6 .7 9 .0 11.0

Kl 8 .4 6 .2 8 .0 6 .7 8 .6 11.1

K2 8 .0 5 .8 7.1 6 .0 7 .8 10.4

K3 6 .2 4 .7 5 .8 5 .0 6.1 8 .0

K5 6 .0 4 .6 5 .6 4 .9 5 .9 7 .9

g 7 .8

g1 4 .0

h 2 .7

P 1 .0



—42—

C. tuberculosa Dalman,1827

RM Ar28445 RM Ar47808 RM Ar6229 RM Ar6232 RM Ar6231 RM Ar:

Dj upvik Gotland Dj upvik Dj upvik Dj upvik Dju]

A 6 .6 11.7 5.1 6 .3 7 .6 3 .4

B 6 .2 10.9 4 .7 5 .8 7 .0 3 .2

B1 4 .8 8 .4 3 .6 4 .5 5 .4 2 .5

B3 1.2 1.3 1.6 0 .8

B4 3.1 1.3 1.6 1 .9 0 .8

C 4 .0 1.8 2 .3 2 .8 1 .2

D 0 .4 0 .8 0 .4 0 .5 0 .6 0.1

I 12.7 11.2 12.7 15.5 6 .3

J 6 .0 4 .7 5 .6 7 .0 2 .8

J1 8 .7 7 .1* 7 .9 10.1 4 .5

K 5.1 3 .9 4 .6 5.6 2 .4

Kl 5 .2 9 .7 3 .9 4 .7 5.5 2 .5

K2 4 .8 8 .4 3 .6 4 .3 5.2 2 .3

K3 6 .6 3 .0 3 .6 4 .2 2 .0

K5 3 .6 6 .5 2 .9 3 .4 4.1 2 .0

W 4 .9 5.0 6 .6

X 2.1 2 .5 3 .4

XI 1 .4 1.5 1.8

Y 2.1 2 .2 2 .8

Z 2 .2 2 .4*

g 4 .2 4 .8 5 .8

g1 2 .0 2 .5 3.1

h 1.4 1.6 1.7

P 0 .3 0 .5 0.6



“ 43—

C, tuberculosa Dalman, 1827

RM Ar28446 RM Ar28447 RM Ar28448 RM Ar28449 RM Ar31452 RM Ar2809(

Dj upvik Dj upvik Djupvik Dj upvik Djupvik Dj upvik

A 6.0* 7.3 8.2 5.1 8.0*

B 6.1 6 .9 7 .7 4 .8 7 .3*

B1 4 .6 5.3 5 .9 3 .6 8.5* 6.2*

B3 2 .0 2 .2 1.3 2 .3 2 .2

B4 1.7

C 2 .5 2 .8 3 .0 1.7 4 .8 3 .5

D 0.4* 0 .4 0.5 0 .3 0 .9 0 .7

I 12.8 18.9

J 5.5 7 .0 4 .3 11.0 8 .7

J1 8 .4 9 .8 6 .5 15.6 12.0

K 4 .9 6 .0 6 .5 3 .7 9 .8 6 .7

Kl 4 .8 6 .0 6 .4 3 .8 9 .5 6 .7

K2 4 .3 5 .6 5.6 3 .5 8 .4 6 .4

K3 3 .6 4 .2 4 .5 2 .8 6 .5 5.3

K5 3 .5 4.1 4 .5 2 .7 6 .4 5 .2

g 3.1

g1 1.5

h 1.1
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C, tuberculosa Dalman, 1827

EM Ar27964 EM Ar27965 EM Ar27966' EM Ar27967 EM Ap27968 EM Ar27‘

Djupvik Djupvik Dj upvik Djupvik Djupvik Djupv;

A 5 .2 5 .8 5 .0 4 .7* 5 .0 5 .8

B 4 .9 5.3 4 .7 4 .4* 5 .4 5.3

B1 3 .8 4 .0 3 .5 3 .3 3 .5 4 .0

B3 1.3 1.1 1.0 1.0 1.2

B4 1 .4 1.3 1 .2 1.3 1.4

C 2 .0 1 .8 2 .0 2 .2

D 0 .3 0 .5 0 .3 0.3 0 .4 0 .5

I 12.5 10.7d 9.5 11.2d 11.4d

J 4 .4* 5.5 4 .3 4 .5 4 .8

J1 7 .0 6 .8 6 .3 6 .8 7 .4

K 3 .9 4 .2 3 .9 3 .5 4 .0 4.1

K1 3 .8 4.1 3 .9 3 .6 3 .9 4 .2

K2 3 .3 3 .5 3 .3 3.1 3 .5 3 .7

K3 2 .8 3 .0 2 .9 2 .5 3 .0 3 .2

K5 2 .7 3 .0 2 .8 2.3 2 .9 3.1

W 4 .4 4.3*

X 2.1 2 .0

XI 1.3 1.2

Z 1.9 1.2

g 3 .6

g1 1.7

h 1.3

P 0 .4
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G, tuberculosa Dalman, 1827

EM Ar27970 EM Ar27971 EM Ar26972 EM Ar27973 EM Ar27974 EM Ar27'

Djupvik Dj upvik Djupvik Djupvik Djupvik Djupv:

A 4 .7 4 .7 5 .4 5.3 5.5 4 .2

B 4*4 4 .4 5 .0 4 .9 5.1 4 .0

B1 3 .3 3 .4 3 .8 3 .8 3 .9 3 .2

B3 1.0 1.2 1.3 1.0

B4 1.2 1 .2 1.3 1.3 1 .4 1.1

G 1.8 1 .9 1 .8 1 .8 2.1 1.6

D 0 .3 0 .3 0 .4 0 .4 0 .4 0 .2

I 9 .9 8.8d 11 .Od 10.2d 8 .5

J 4 .3 4 .7 4 .9 3 .4

J1 6.4* 7 .2* 7 .4 5 .7

K 3 .4 3 .5 4.1 3 .9 4.1 3 /

Kl 3 .5 3 .5 4.1 4 .0 4 .2 3 .2

K2 3.1 3 .2 3 .7 3 .7 4 .0 3 .2

K3 2 .7 2 .7 3 .1 3.1 3.1 2 .6

K5 2 .6 2 .6 3 .0 3 .0 3.1 2 .5

W 3.6*

X 1.5

XI 0 .9

Y 1 .4

Z 1.6

g 2 .9

g1 1.5

h 1.0

P 0 .2
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C, tuberculosa Dalman, 1827

RM Ar27976 m  Ar27977 RM Ar27978 RM Ar27979 RM Ar27980 RM Ar2798l

Djupvik Djupvik Dj upvik Dj upvik Dj upvik Djupvik

A 5 .2 5 .6 5.5 5.1 4 .9 5.0

B 4 .8 5 .2 5 .0 4 .7 4 .6 4 .6

B1 3 .8 4 .0 3 .8 3 .6 3 .5 3 .5

B3 1.3 1.1 1.1 1.2 1.1

B4 1 .4 1 .4 1.3 1.3 1.3

C 2.0 2.1 1.8 1.9

D 0 .4 0 .4 0 .5 0 .4 0 .3 0 .4

I 10 .4d 11.5 11.3 9 .8

J 5 .0 4 .9 4 .4 4 .3

J1 7 .6 7 .4 6 .5 6 .5 6 .7

K 3 .9 4 .3 4.1 3 .7 3 .7 3 .7

Kl 3 .9 4 .3 4 .2 3 .8 3 .7 3 .8

K2 3 .4 3 .9 3 .8 3 .6 3 .4 3 .4

K3 2 .8 3 .3 3.1 2 .9 2 .8 2 .8

K5 2.7* 3 .3 3 .0 2 .8 2 .6 2 .7

g 3 .8 3 .5

g1 2 .6 2.1

h 1.5 1.2

P 0 .4 0 .3
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G. tuberculosa Dalman, 1827

RM Ar27982 RM Ar27983 RM Ar279&4 RM Ar28351 RM Ar28349 RM A r28335

Djupvik Dj upvik Djupvik Djupvik Djupvik Dj upvik

A 5 .2 4 .7 6 .9 7 .2 6,5

B 4 .8 4 .4 3 .9 6 .3 6.5 6 .0

B1 3 .6 3 .4 3 .0 4 .8 5 .0 4 .6

B3 1 .2 1.0 1 .4 1.6 1.5

B4 1.3 1.1 1.7 1.8 1.7

C 2 .0 2 .4 2 .7 2 .4

D 0 .4 0 .3 0 .6 0 .7 0 .5

I 8 ,6 13 .6d 16.1

J 6 .3 7 .5 5.5

J1 6 .0 * 8 .7 * 9.5 8 .2

K 3 .9 3 .2 5 .0 5 .5 4 .9

Kl 3 .9 3 .5 3 .3 5 .0 5 .4 4 .9

K2 3 .5 3 .2 2 .9 4 .8 4 .7 4 .6

K3 2 .9 2 .8 2 .5 3 .8 4 .0 3 .6

K5 2 .8 2.6* 2 .4 3 .6 4 .0 3 .6

g 5.1 4 .8

g1 2 .8 2.3

h 1.8 1.5

P 0 .6 0.^
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C, tuberculosa Dalman, 1827

RM Ar28336 RM A r 2 8 3 5 0 RM Ar28338 RM A r 2 8 3 3 9 RM Ar28340 RM Ar2834"

Dj u p v ik D ju p v ik Dj u p v ik D ju p v ik D ju p v ik D ju p v ik

A 5 . 8 5 .6 6 .3 6 .5 5 .9 7 .0

B 5 . 4 5 . 2 5 .9 6 .1 5 .4 6 .5

B1 4.1 3 .9 4 .5 4 .7 4.1 5 . 0

B3 1.3 1.2 1 .4 1 .2 1.5

B4 1 .4 1 .4 1 .6 1 .4 1 .8

C 2 .2 2 .0 2 .4 2 . 4 2 .5

D 0 .4 0 .4 0 .4 0 .4 0 .5 0 .5

I 1 2 . 0 * 11 .6d 13.6 12.1 13 .8d

J 5 .4 5 .3 5 . 5 5.0 6 .2

J1 7 .8 7 .9 8 . 8 7 .4 9.1

K 4 .4 4 .4 4 .9 4 .8 4 .3 5 .0

Kl 4 .4 4 .3 4 .9 4 .7 4 .3 5.1

K2 4 . 0 4 .0 4 .4 4 .5 3 . 9 4 .5

K3 3 .3 3 .4 3 .6 3 .7 3 .2 3 . 8

K5 3 .2 3 .3 3 .4 3 .6 3.1 3 . 6

g 4 .5 4 .2 5.1

g1 2 . 2 2 .2 2 . 6

h 1.3 1 .4 1 .8

P 0 .4 0 . 4 0 . 6
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C, tuberculosa Dalman, 1827

RM Ar28342 RM Ar28343 RM Ar28344 RM Ar28345 RM Ar28346 RM Ar28347

Dj upvik Djupvik Dj upvik Dj upvik Djupvik Dj upvik

A 7 .4 5 .3 5.3 5 .9 5 .7 5 .7

B 6 .9 5 .0 4 .9 5 .5 5 .3 5 .4

B1 5 .2 3 .9 3 .7 4 .3 4 .0 4 .2

B3 1 .4 1.1 1.3 1 .3 1 .2

B4 1 .9 1 .4 1 .4 1.5 1 .4

C 3 .0 2 .2 2 .0 2 .3 2 .0 2.1

D 0 .5 0 .3 0 .4 0 .4 0 .4 0 .3

I 15.8 11.0 11.1 12.1 12.2*

J 6 .7 4 .9 4 .6* 5.1* 5.0 5.1

J1 10.2 7 .3 7 .8 6 .9

K 5.6 4 .2 4.1 4 .3 3 .9 4 .5

K1 5 .6 4 .3 4*0 4 .3 3 .9 4 .5

K2 5 .2 3 .8 3 .8 4.1 3 .5 4.1

K3 4 .2 3 .2 3 .0 3 .2 2 .9 3 .3

K5 4.1 3.1 2 .9 3.1 2 .8 3 .2

g 5 .3 4 .0 4 .0

g1 2 .5 2.1 2 .0

h 1 .9 1 .4 1.3

P 0 .6 0 .3 0 .4
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C, tuberculosa Dalman, 1827

EM Ar28348 EM A r 2 8 3 3 4 EM Ar28337 EM Ar28333 EM A r 2 8 3 5 2 EM Ar2f

Djupvik Djupvik Dj upvik Dj upvik D jupvik Djupi

A 5*6 1 2 . 0 * 4 .9 5.0

B 5 .2 11.1* 4 .6 4 .6

B1 4 .0 8.5* 3 . 6 3 .4

B3 1.3 2 . 8 * 1.1 1 .2

B4 1 .5 3 .2 1 .3 1.3

C 2.1 4 .7* 1 .9 2 .0

D 0 .4 0 . 9 * 0 .3 0 .4

I  12.1 25.7* 10.4 11.0

J  4 .9 1 2 .Od 4 .6 4 .7

J1 7 .6 1 7 .Od 6 . 9 7.1

K 4 .4 9 . 6 3 .9 4 .0

K1 4 . 3 9 .4 3 . 9 4 .0

K2 3 .8 8 . 3 3 .7 3 . 6

K3 3.1 6 .6 3.1 3 .0

K5 3.1 6 .4 3 .0 2 .8

W 9 . 8 9 . 4 * 4 . 5

X 4 .7 4 .5 2.1

XI 2 .5 2 .4

Y 4 .6 4 .3

Z 5 .0 4 .5 1 .9

S 3 .8 3 .9

g1 2 .0 1 .9

h 1 .5 1 .4

P 0 .4 0 .4
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C, tuberculosa Dalman, 1827

m  Ar28354 RM Ar28355 RM Ar28356 RM Ar28357 RM Ar28358 RM Ar2f

Djupvik Dj upvik Djupvik Djupvik Djupvik Djupi

A 6 .2 5 .0 5 .6 5 .3 5.0 5 .3

B 5 .8 4 .6 5 .2 4 .9 4 .7 5 .0

B1 4 .6 3 .6 4 .0 3 .7 3 .6 3 .9

B3 1.3 1 .2 1 .2 1 .2 1.1 1.2

B4 1.6 1 .2 1 .4 1 .4 1.3 1.3

C 2 .2 1 .9 2.1 2 .0 1 .9 1 .9

D 0 .4 0 .4 0 .4 0 .4 0 .3 0 .3

I 9 .8 12.1* 10.5 10.2 10.3

J 5 .6 4 .2 4 .9 4 .6 4 .7 4 .5

J1 8 .0 6 .7 7.5* 7.0 6 .9 7 .0

K 4 .6 3 .6 4 .2 3 .9 3 .9 3 .9

K1 4 .6 3 .7 4.1 3 .9 3 .8 3 .9

K2 4 .3 3 .4 3 .8 3 .5 3 .5 3 .6

K3 3 .5 2 .9 3.1 2 .9 2 .9 3.1

K5 3 .3 2 .7 3 .0 2 .8 2 .8 2 .9

g 3 .4 3 .9 3 .6 3 .6

g1 1 .7 2.1 1 .8 1.9

h 1.3 1.3 1 .4 1 .2

P 0 .4 0 .5 0 .4 0 .3
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_C. tuberculosa Dalman, 1827

RM Ar28360 RM Ar2836l RM Ar28362 RM Ar28363 RM Ar28364 RM Ar2f

Djupvik Dj upvik Dj upvik Djupvik Djupvik D jup

A 4 .0 6 .3 5.5 5 .4 8.1 3 .9

B 3 .8 5 .8 5.1 5 .0 7 .6 3 .7

B1 3 .0 4 .4 3 .9 3 .7 5 .9 2 .9

B3 0 .9 1 .6 1.3 1 .2 1.1

B4 1.1 1 .4 1.5 1 .4 2 .2 1.0

C 1.5 2 .4 2.1 1 .9 1 .5

D 0 .2 0 .5 0 .4 0 .4 0 .5 0 .2

I  8.1 12.7 11.8 10.8 8.1

J  3 .6 5 .2 4 .8 4 .8 3.1

J 1 5 .6 8 .3 7 .4 7 .0 5 .6

K 3.1 4 .6 4 .4 4 .0 3 .0

K1 3.1 4 .6 4 .3 4.1 6 ,4 3 .0

K2 2 .8 4 .2 3 .7 3 .7 5 .7 2 .8

K3 2 .4 3 .5 3 .2 3.1 4 .7 2 .3

K5 2 .3 3 .4 3.1 2 .9 4 .4 2 .2

W 5 .4

X 2 .5

XI 1.3

Y 2.3

Z 2 .5

g 2 .8 4 .2 3 .7 3 .9 3.1

g1 1 .5 2 .2 2 .0 1 .9 1 .4

h 0 .9 1 .7 1.3 1 .3 1.0

P 0 .3 0 .6 0 .4 0 .4 0 .3
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C. tuberculosa Dalman, 1827

EM Ar28366 EM Ar28367 EM Ar28368 EM Ar28369 EM Ar28370 EM Ar28371 

Djupvik Djupvik Djupvik Djupvik Djupvik Djupvik

A 5 .5  5 .2  4 .8  5 .3  4 .7  4 .2

B 5.1 4 .8  4 .5  5 .0  4 .3  3 .9

B1 3 .7  3 .8  3 .5  3 .7  3 .4  3 .0

B3 1 .3  1 .2  1 .2  1.1 1 .0

B4 1 .4  1 .4  1.3 1 .2  1.1

0 2.1 1 .8  1 .8  2 .0  1 .7  1 .5

D 0 .4  0 .4  0 .3  0 .3  0 .4  0 .2

1 11.8 10.8  9 .8  9 .4  8 .3

J  5 .3  4 .7  4 .4  4 .2  3 .7

J1 7 .4  6 .9  6 .5  6 .2  5 .6

K 4 .2  4 .1  3 .7  3 .7  3 .5  3 .0

K1 4.1 3 .9  3 .7  3 .8  3 .4  3.1

K2 3 .9  3 .8  3 .4  3 .7  3.1 2 .8

K3 3 .2  3 .0  2 .8  3 .0  2 .6  2 .5

K5 3 .2  2 .9  2 .6  2 .9  2 .5  2 .4

g 3 .8  3 .6  3.1

g1 2.1 1 .8  1 .4

h 1.0 1.2 1.0

p 0 .3  0 .4  0 .2
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C, tuberculosa Dalman, 1827

RM Ar28372 RM Ar28373 RM A r 2 8 3 7 4 RM Ar28375 RM Ar28376 RM Ar2837f

Dj upvik Dj upvik Djupvik Djupvik Djupvik Djupvik

A 5 . 2 * 4 .9 5.1 5 . 3 4.1 4 .5

B 4 . 9 * 4 .6 4 .7 4 .9 3 . 8 4 .2

B1 5 . 8 3 . 6 3 . 5 3 .7 3 .0 3 . 2

B3 1.1 1.2 1.0 1.1

B4 1.3 1.3 1.3 1 .4 1.1 1.2

C 1.9 2 . 0 1.9 2 .0 1.5 1 .6

D 0 . 3 0 . 3 0 .4 0 .4 0 .5 0 .3

I 10.4 1 0 . 9 * 1 0 . 4 * 10.9 8 .0 9 .4

J 4 .7 4 .5 4 .6 4 .9 3 . 6 4 .2

J1 6 . 9 6 . 8 6 . 8 6 . 9 5 . 5 6 .5

K 4 .0 4 .0 3 . 8 3 .9 3 .0 3 .5

K1 4 .0 3 . 9 3 . 8 3 . 9 3 .0 3 . 5

K2 3 . 6 3 . 5 3 . 4 3 .5 2 . 9 3 . 3

K3 3.1 2 . 8 2 . 8 2 . 8 2 .4 2 .7

K5 3 . 0 2 .7 2 . 6 2 . 8 2 .3 2 .6

g 3 . 8 3 . 9

g1 1 .9 2 .0

h 1.2 1.2

P 0 . 3 0 . 4
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C, tuberculosa Dalman, 1827

RM Ar28379 RM Ar28380 RM Ar2838l m  Ar28382 RM Ar28383 RM Ar28384 

Djupvik Djupvik Djupvik Dj upvik Dj upvik Djupvik

A

B

4 .8

4 .4

B1 3 .4  

B3 1.1 

B4 1.3  

C 1.8

D

I

J

0 .4

10.5

4 .4

J1 6 .6  

K 3 .8  

Kl 3 .8  

K2 3 .5  

K3 3 .0  

K5 2 .9  

g 

g1 

h 

P

4 .2  

3 .9

3 .2  

1.1 

1.1 
1.5  

0 .3

9.1

4.1

5.8

3 .2

3 .2

2 .9

2 .4

2 .4

4 .0

3 .8

2 .9  

0 .9  

0 .9

1 .4  

0 .2

7 .4

3 .5

5.1 

2.8

2 .9  

2.8

2.5  

2.3

4 .5

4 .2

3 .2  

1.0 

1.1 

1.8 

0 .3

9.1

3 .7

6.1

3 .3

3 .4

3.1

2 .5  

2 .3

3.1

1.8 

1.0 

0 .3

3 .8

3 .6

2 .9  

1.0 

1.0

1 .4  

0 . 2  

8.1

3 .3

5.3

3 .0

3 .0  

2.8

2.3  

2.2  

2.8

1.5

1.0 

0 . 2

3 .5

3 .4

2.6 

0.8  

0.8  

1.2 

0.1

7 .2

2 .9

4 .9  

2.6 

2 .7

2 .5

2 .2  

2.1 

2 .4  

1.2 

0 .8  

0 .2
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C. tuberculosa Dalman, 1827

EM Ar28385 RM Ar28386 RM Ar28263 RM Ar28264 RM Ar28205 RM Ar28;

Dj upvik Djupvik Dj upvik Djupvik Djupvik Dj upv;

A 4 .0 3 .9 3 .4 2 .5 3 .5 4.0*

B 3 .8 3 .7 3 .2 2 .4 3 .3 3.8*

B1 2 .9 2 .8 2 .4 1.9 2 .5 3 .0

B3 1.0 1.0 0 .8 0 .6 0 .8 0 .9

B4 0 .9 0 .9 0 .9 0 .6 0 .9 1.1

G 1.5 1.3 1 .2 0 .9 1.2 1 .4

D 0 .2 0 .2 0 .2 0.1 0 .2 0 .2

I 7 .6 8 .0 6 .7 4 .4* 7.1 8 .2

J 3 .4 3 .5 3 .0 1.9 2 .9 3 .5

J1 5.3 5 .4 4 .6 3 .2 4 .8 5.5

K 2 .9 3 .0 2 .5 1.6 2 .5 3.1

K1 2 .9 3 .0 2 .6 1.7 2 .6 3.1

K2 2 .6 2 .7 2 .4 1.5 2 .4 3 .0

K3 2 .2 2 .3 2.1 1 .4 2 .0 2 .4*

K5 2.1 2 .2 2 .0 1.3 1.9 2 .4

g 2.5

g1 1.2

h 0 .8

P 0 .2
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C, tuberculosa Dalman, 1827

DM Ar28207 m  Ar28208 RM Ar28209 RM Ar28210 RM Ar28211 RM Ar28;

Djupvik Djupvik Djupvik Djupvik Djupvik Dj upv:

A 3 .3 3 .8 3 .7 4 .0 3 .7 4 .3

B 3.1 3 .5 3 .4 3 .8 3 .5 4 .0

B1 2 .4 2 .7 2 .7 2 .9 2 .7 3.1

B3 0 .8 0 .9 0 .9 0 .9 1.0

B4 0 .9 1.0 0 .9 1.0 1.0 1.1

C 1.2 1 .4 1.4 1 .4 1.3 1.6

D 0 .2 0 .2 0 .2 0 .2 0 .2 0 .3

I 6 .5 7 .6 6.6* 7 .8 7 .0 8.7

J 2 .7 3 .3* 2 .9 3.1 3 .8

J1 4 .5 5.1* 4 .9 5.0 5 .4

K 2 .5 2 .6 2.5 2 .9 2 .7 3 .1*

K1 2 .5 2 .7 2 .6 2 .9 2 .8 3 .0

K2 2 .2 2 .7 2 .5 2 .7 2 .5 2.6

K3 1.9 2 .3 2.1 2 .7 2 .2 2.3

K5 1.8 2 .2 2.1* 2 .2 2.1 2 .2
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C, tuberculosa Dalman, 1827

EM Ar28213 m Ar28214 EM Ar28215 EM Ar282l6 EM Ar28217 EM Ar28:

Djupvik Djupvik Djupvik Dj upvik Djupvik Djupv;

A 3 .8 3 .6 3 .4 3 .5 3 .4 3 .7

B 3 .5 3 . 4 3 .2 3 .3 3 .2 3 .5

B1 2 .7 2 .7 2 .4 2 .6 2 .5 2 .7

B3 0 .9 0 .8 0 .8 0 .8 0 .9

B4 1.0 0 .8 0 .9 0 .9 0 .9

C 1.4 1.4 1.2 1.3 1.3

D 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2

I 7 .2 6.1* 6 .9 6 .9 6 .9 7 .0*

J 2 .8 2.6* 3 .0 2 .9 2 .9

J1 4 .9 4 .3 4 .5 4 .6 4 .8 4 . 9

K 2 .7 2 .4 2 .5 2 .6 2 .5 2 .8

K1 2 .8 2 .4 2 .5 2 .6 2 .5 2 .8

K2 2 .6 2 .2 2 .4 2 .3 2 .4 2 .5

K3 2.1 2 .0 1.9 2 .0 1.9 2.1

K5 2.1 1.9 1.8 2 .0 1.9 2 .0
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G. tuberculosa Dalman, 1827

RM Ar28219 RM Ar28220 RM Ar28221 RM Ar28222 RM Ar28223 RM Ar28;

Dj upvik Djupvik Dj upvik Djupvik Djupvik Djupv;

A 3 .5 4 .0 3 .5 3 .5 3 .5*

B 3 .3 3 .7 3 .3 3 .3 3 .5 3 .3*

B1 2 .5 2 .7 2 .5 2 .6 2 .7 2 .4

B3 0 .9 1.0 0 .9 0 .9

B4 0 .9 1.0 0 .9 0 .9 1.0 0 .9

G 1.2 1 .4 1.3 1.2 1.3 1 .2

D 0 .2 0 .3 0 .2 0 .2 0 .2

I 5.9* 7.1 6 .6 6.9* 6 .7

J 2 .8 3 .3 3 .2 2 .9

J1 4 .5 5.2 4 .6 4 .6

K 2 .4 2 .8 2 .6 2 .5 2 .7 2 .5

Kl 2 .4 2 .8 2 .6 2 .6 2 .8 2 .6

K2 2 .2 2 .5 2 .3 2 .3 2 .6 2 .4

K3 1.9 2 .2 2 .0 2.1 2 .2 2 .0

K5 1.8 2.1 1.9 2 .0 2.1 1 .9

g 2 .7

g1 1.4

h 0 .7

P 0 .2
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C, tuberculosa Dalman, 1827

RM Ar28225 RM Ar28226 RM Ar28227 RM Ar28228 RM Ar28229 RM Ar2i

Dj upvik Djupvik Dj upvik Djupvik Dj upvik Djupi

A 3 .4 3 .7 3 .6 3 .5 3 .3 3 .5

B 3.1 3 .5 3 .3 3 .3 3 .2 3 .3

B1 2*4 2 .8 2 .5 2 .6 2 .4 2 .5

B3 0 .8 0 .9 0 .8 0 .8 0 .8 0 .8

B4 0 .8 1.0 0 .9 0 .9 0 .8

C 1.2 1.3 1 .4 1.3 1.2 1.3

D 0 .2 0 .2 0 .2 0.1 0.1 0 .2

I 6 .8 7 .5 6 .6* 6 .8 6 .6

J 2 .9 3 .4 2 .7 3.1

J1 4 .4 5 .2 4 .7 4 .8 4 .6 4 .5

K 2 .4 2 .8 2 .5 2 .6 2 .4 2 .6

K1 2 .4 2 .9 2 .5 2 .7 2 .4 2 .6

K2 2 .2 2 .7 2 .2 2 .5 2 .2 2 .3

K3 2 .0 2 .3 1 .9 2 .2 1 .9 2.1

K5 1.9 2 .2 1 .8 2.1 1 .9 2 .0

g 2 .3

g1 1.2

h 0 .7

P 0 .2
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C, tuberculosa Dalman, 1827

RM Ar28231 RM Ar28232 RM Ar28233 RM A r 2 8 2 3 4 RM A r 2 8 2 3 5 RM Ar28;

Dj upvik Djupvik Dj upvik Djupvik Djupvik Djupv:

A 3 .5 3 . 5 3 .5 3 . 7 3 .*6

B 3.3 3 .3 3 .3 3 .3 3 .5 3 .4

B1 2.5 2 .4 2 .5 2 . 5 2 . 7 2 . 6

B3 0 .8 0 .8 0 .8 0 .8 0 .9

B4 0 . 8 0 .9 0 .9 0 . 9 0 .9

C 1.2 1.3 1.3 1.3

D 0 .2 0 . 2 0 .2 0 . 2 0 . 2

I 6 .7 6 .6 6 . 9 6 .6 7.1 6 . 7 *

J 2 .7 3 .0 3 .0 2 . 9

J1 4 .6 4 .5 4 .5 4 .9 4 . 5

K 2 .4 2 . 5 2 . 5 2 . 6 2 . 6 2 . 4

K1 2 .5 2.6 2 . 6 2 . 6 2 . 7 2 . 5

K2 2.3 2 . 2 2 . 3 2 . 3 2.4 2 .3

K3 2.1 1.9 2 .0 2 .0 2.1 2 . 1

K5 2.0 1.8 1.9 1.9 2 .0 2 . 0

g 2 . 3 2 . 6 2 . 3

g1 1.2 1 .4 1.2

h 0 .7 0 . 7 0 .7

P 0 .2 0 .2 0 . 2
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C, tuberculosa Dalman, 1827

RM A r 2 8 2 4 4 RM Ar28245 RM Ar28246 RM Ar28247 RM Ar28248 RM Ar2i

Djupvik Djupvik Dj upvik Djupvik Djupvik Djupi

A 3.5 3 .5 3 .4 4 .0 3 .0 3 . 0

B 3 . 2 3 . 2 3 . 2 3 . 7 2 . 9 2 , 8

B1 2 . 5 2 . 4 2 .5 2 . 9 2 . 2 2 . 2

B3 0 .8 0 .9 0 .8 0 . 7

B4 0 .9 0 . 9 0 .9 0 . 8 0 . 8

C 1.2 1.3 1.2 1.1

D 0 . 2 0 .2 0 . 2 0 . 3 0.1 0 . 1

I 6 . 3 5 . 8 5.6

J 2 . 9 2 . 7 2 . 6 2 . 7

J1 4 .8 4 .5 4 .6 4.1 3 . 8

K 2 . 5 2 . 5 2 . 4 2 . 3 2 . 1

Kl 2 .6 2 .5 2 . 5 2 . 5 2 . 3 2 . 2

K2 2 . 3 2 . 3 2.3 2 .3 2.1 2 . 0

K3 2.0 1.9 2 .0 2 .0 1.8 1.3

K5 1.9 1.9 1 é 9 1.9 1.7 1 . 2

g 2 .4 2 .0

g1 1.3 0 .9

h 0 .7 0 .6

P 0 .2 0 .2
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C, tuberculosa Dalman, 1827

RM Ar28243 RM Ar28244 m  Ar28245 RM Ar28246 RM Ar28247 RM Ar2l

Djupvik Dj upvik Djupvik Dj upvik Djupvik Djup'

A 3 .3 3 .3 3 .3 2 .9 3.1 3 .2

B 3.1 3.1 3.1 2 ,7 3 .0 3 .0

B1 2 .4 2 .4 2 .4 2.1 2 .3 2.3

B3 0 .8 0 .8 0 .8 0 .7 0 .8

B4 0 .8 0 .8 0 .8 0 .8 0 .8 0 .8

C 1.2 1.2 1 .2 1.0 1.2 1.1

D 0.1 0 .2 0 .2 0.1 0.1 0 .2

I 6 .5 6 .7 6 .5 6.1 6 .0 6e0

J 2 .8 2 .7 2 .9 2 .6 2 .6

J1 4 .6 4 .3 4 .3 4.1 4 .3 4 .2

K 2 .4 2 .4 2 .4 2.1 2 .2 2 .3

Kl 2 .4 2 .4 2 .4 2 .2 2 .3 2 .3

K2 2 .2 2 .2 2 .2 2 .0 2.1 2.1

K3 2 .0 1.9 1 .9 1.8 1.8 1.9

K5 1.9 1.8 1 .9 1.7 1.8 1.8
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C. tuberculosa Dalman, 1827

RM Ar28249 RM Ar28236 RM Ar28237 RM Ar28238 RM Ar28239 RM Ar28240

Dj upvik Djupvik Djupvik Dj upvik Dj upvik Dj upvik

A 3.1 3.1 2 .6 2 .5 2 .6 2.7*

B 2 .9 2 .9 2 .5 2 .4 2 .4 2 .5*

B1 2.3 2 .2 1 .9 1 .8 1 .8 2 .0

B3 0 .8 0 .9 0 .7 0 .6 0 .6

B4 0 .8 0 .8 0 .7 0 .6 0 .7 0 .8

C 1.1 1.2 1.0 1.0* 1.1

D 0.1 0.1 0.1 0.1 0.1 0.1

I 6 .3 6 .3 5.2 5.0* 5.0 5.3*

J 2 .5 2 .2 2.1 2 .3

J1 4 .0 4 .6 3 .7 3 .5 3 .6 3 .6

K 2.2 2 .4 1.9 1.8 1.8 2 .0

K1 2 .3 2 .4 1 .9 1 .9 1 .9 2 .0

K2 2.1 2.1 1.7 1.6 1.6 1.8

K3 1.8 1 .9 1.5 1 .5 1.5 1 .6

K5 1.7 1 .8 1 .4 1 .4 1 .4 1.5
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G, tuberculosa Dalman, 1827

RM Ar28241 RM Ar28242 RM Ar28243 RM Ar6230 ^  A84OOO SA A84OOI

Dj upvik Dj upvik Dj upvik Dj upvik Wenlock Wenlock

Edge Edge

A 3.1 3 .2 3 .4 9 .4 11.1 13.4

B 3 .0 3 .0 3 .2 8 .6 10.2 12.3

* B1 2.3 2 .4 2 .4 6 .5 7 .6 9 .4

B3 0 .8 0 .8 0 .9 1.7 3 .0 3 .8

B4 0 .8 0 .8 0 .9 2 .3 2 .8 3 .2

G 1.1 1.1 1 .2 3 .6 4 .0 5.2

D 0.1 0.1 0 .2 0 .8 0 .9 1.1

I 6 .0* 6 .5 6 .5 20.0 23 .2d

J 2 .5 2 .8 2 .8 8 .9 7 .8

J1 4 .2 4 .5 4 .5 12.6 14.5

K 2.2 2 .5 2 .4 7 .4 9.0

Kl 2 .2 2 .5 2 .4 7 .2 9 .0 10.4

K2 1.9 2 .3 2 .2 6 .4 8.1 9 .0

K3 1.7 1 .9 1.9 5.1 6 .5

K5 1.7 1.9 1 .8 5.0 6 .3

g 7.2*

g1 3 .2

h 2 .5

P 0 .8
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tuberculosa Dalman, 1827

RM Ar47851 RM Ar28441 BM Ar28442 RM Ar28443 ^  A84003 SM A84004 

Djupvik Djupvik Djupvik Djupvik Wenlock Wenlock

Edge Edge

A 14.9

B 14.0

B1 10.7  

D 0 .9

K1 12.6  

K2 11.5  

K3 9.6*

K5 9.2*

W 4 .5  9 .5

X 2 .2  5 .0

XI 1.3 2 .2

Y 2 .2  4 .8

Z 2 .5  5 .2

a 6 .5 3 .4 4 .2 3 .3

b 7.3* 4 .2 5.1 4 .0

b1 4 .8 2 .5 3 .2

b2 4 .7 2 .6 3 . 0* 2 .2

b3 3 .0 1 .8 2 .0* 1.6

d 9 .0 4 .6 5.8* 4 . 4*

e 5.6 3 .2 4 .0 2.8*

el 2 .0 1.8 1.6

e2 0 .8 0 .4 0 .5
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C, neointermedia R. & E. Richter , 1954

EM Ar47730 EM Ar477l8 EM Ar47724 EM Ar477l6 EM Ar47727 EM Ar4'

Gotland Gotland Gotland Gotland Gotland Gotlai

A 8 .0 11.4*

B 6 .2 8 .5 8.6* 6 .9

B1 4 .7 6 .8 6.7* 5 .4

B2 1.2 1.6

B3 2 .2 2 .4 2 .4 2.4* 2 .0

B4 1.7 2 .4 2 .4 1 .9

C 2 .3 3 .5 3 .2 3 .8*

D 1.8 2 .4 2 .6

I 15.8d 22.2d 21.2 19.4d

J 6 .9 9.1 9.3 8.0*

J1 8 .6 11.7 11.5 9 .6

J2 7 .6 10.2 9.0

K 4.8 6 .8  7 .8 7 .5 5.7

K1 4 .9 7 .0  7 .9 6 .4 7 .4 5 .8

K2 4 .6 6 .2 5 .9 6 .4 5 .4

K3 4 .0 5.0 4 .9 5.3 ' 4 .4

K5 3 .8 4 .8 4 .8 5.2 ' 4 .3

W 6 .0 8 .4 7.1

X 2 .8 3 .5 3 .2

XI 1 .9 2 .0 1.8

Y 2 .5 2 .6

Z 2 .8 3 .1* 3 .0
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C. neointerm edia R. & E. R ichter, 1954

RM Ar6225 RM Ar47722 RM Ar47714 RM Ar47741 m Ar47733 RM Ar47715

P etesvik Gotland Gotland Gotland Gotland Gotland

A 10.8 8 .8* 12.4* 6 .6 8 .4*

B 8 .4 6 .7* 9.6* 5 .3 6 .8 6 .8*

B1 6 .5 5.3 7 .6 4.1 5.3 5 .2

B3 2 .5 2 .7 1.6 1.8 1 .9

B4 2 .4 2 .7 1 .5 1 .9 1.9

C 3 .5 4 .2 2.1 2 .7 2 .9

D 2 .4 2.1 2 .8 1.3 1 .8

I 27.0d 1 0 .8d 1 5 .9d 17.4d

J 9 .6 7.8* 10.5 6 .0 7 .2

J1 12.2d 9.5 14.3 7 .7 9.3d 9.8d

J2 10.4d 8 .4 12.4* 7 .0 8 .4 8.8d

K 6 .5* 5 .2 8 .2 4 .3 5 .4 5.6

K1 6.7* 5 .4 8.1 4 .4 5 .7 5.7

K2 6 . 2d 5.0 7 .4 4 .3 5.2 5.0

K3 4 .3 6.1 3 .6 4 .3 4 .3

K4 5.8

K5 5.3 4 .2 5.6 3 .5 4 .0 4 .0

w 7.1 5.3 7 .2 6 .9

X 3.1 2 .4 3.1 3 .2

XI 1.7 1.3 1 .7 1.8

Y 2 .9 1 .9 3 .0 2 .9

Z 3 .2 2.1 3 .4 3 .2
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C, neointerm edia R. & E, R ichter, 1954

EM Ar47728 RM Ar47736 EM Ar47737 EM Ar47734 EM Ar47739 EM Ar47735

Gotland Gotland Gotland Gotland Gotland Gotland

A 7.5 8 .0 6 .4 7 .9 6 .3

B 6 .0 6 .4 5.2 6 .4 5.1

B1 4 .7 5.1 4 .0 5 .0 3 .8

B3 1.7 1 .4 1 .9 1.5

B4 1.6 1 .6 1.4 1 .7 1 .4

C 2 .5 2 .2 2 .4 1 .9

D 1.5 1.6 1.2 1.5 1 .2

I 12.2 14,2

J 6 .5 5.6 7 .2 5 .4

J1 8 .5 7.1 8 .8

J2 6 .4 7 .6 6 .4

K 4 .6 4 .9 4.1 4 .7 4 .0

El 4 .8 5.1 4 .2 5.1 4 .2 4 .9

K2 4 .6 4 .8 3 .8 4 .7 3 .9 4 .6

K3 3 .8 4 .1* 3 .3 3 .9 3 .3

K5 3 .7 4^0* 3 .2 3 .8 3 .2

W 6.0 5.8* 4 .8 5 .9

X 2.6 2 .8 2 .3 2 .7

XI 1.5 1 .7 1.3 1 .9

Y 2.3 2 .2 1 .9 2 .5

Z 2.5 2 .4 2.1 2 .8
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C, neointermedia R, & E. R ichter, 1954

RM Ar47729 RM Ar47720 RM A r 4 7 7 2 5  RM Ar47721 RM Ar47723 RM A r 4 7 7 3 9  

Gotland Gotland Gotland Gotland Gotland Gotland

A 9 .7  

B 7 .4  

B1 5 .6  

B3 

B4 

0

D 2.3  

I  19.2  

J 8 .4  

J1 

J2

K 6 .2  

K1 6 .4  

K2 5.3 

K3 4 .4  

K5 4 .3  

W 7.8

X 3 .4

XI 1.9  

Y 3 .2  

Z 3 .5

8.2

6 .5

5.0  

1.9  

1.8

2 .4

1 .7

7.1

9 .4

8.2

5.1

5 . 2

4 .8

4 .0

3 . 9

6.2

3 . 0

1.7

2 .5

2.7

10.1

7 .8

5.9

3 .4

6 .4

6 .5  

5 .9

3 .0

2.3  

21.2d

9 .2  

12.2d 

10.3

6 .5

6 .5

6.0

4 .8

4 .5  

8 . 7  

3 . 8 *

3 . 9

4.4

6.2

2.2

2 . 2*

21 .1

9 . 3

6.6

6.1

5.0  

4 .8

9 .0

4 . 0  

2 . 4 *

4 .6

8.2

6 .4

4 . 9

2.0

1. 8

2.6

1.8

7.4d

9 . 6

8 . 5

5 . 5

5 .4

5 . 0

4.1

3 . 8

7.1 

3 .0

1.7

2 . 5

2 . 9
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C, neointerm edia R, & E, R ichter, 1954

RM Ar47738 RM Ar47740 RM Ar47726 RM A r 4 7 7 5 4 m  Ar477f

G otland G otland Gotland Gotland G otland

A 5.1 5 .2 6 .0

B 4.1 4 . 2 6 .0 4 .9

B1 3 .2 3 .3 4 .7 3 . 9 4 .7

B3 1.3 1.3 1 .4 1.9

B4 1.0 1.1 1.2 1.6

C 1.5 1.5 2 .5 1 .9 2 .4

D 1.0 1.0 1.1 1.8

I 9 . 2 d 9 . 6 1 5 . 4 d 15.4

J 4 .3 4 . 5 5.1 6 .5

J1 5 . 5 5 . 8 6 .5 7 .3

J2 5.0 5 . 3 5.9 8 .4

K 3 . 2 3.1 5 . 0 3 .6

K1 3 .3 3 . 2 5 . 2 3 . 8 4 .9

K2 2 . 9 2 . 8 4 . 8 3 .7 4 .5

K3 2 .5 2 . 6 3 . 8 3.1 3 .7

K5 2 .4 2 .5 3 . 6 3 .0 3 .6

W 3 .7 3 . 8 6 . 2 6 .0

X 1 .7 1.7 2 . 6 2 . 9

XI 1.0 1.6

Y1 2 . 1 *

Z 1 .7 1 .6 2 . 3 2 .5
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C, neointermedia R. & E, R ichter, 1954

RM Ar47742 RM Ar47747 RM Ar47746 RM Ar47744 RM Ar47750 RM Ar47749

Gotland G otland Gotland Gotland G otland G otland

A 6 .9 6 .6 8 .2

B 5 .6 5 .4 4 .7 8 .4 6 .5

B1 4 .3 4 .3 3 .7 6 .5 5.1

B3 1.6 1.5 1.3 2 .3

B4 1.5 1.5 1 .2 2 .3

C 2.1 1 .9 1.3 3 .5 2 .6

D 1.3 1 .2 1 .7

J 6.1 6 .2 7 .2

J1 7 .4 12.2 9.1

J2 7 .2 6 .8 10.7 8 .3

K 4.1 4 .3 3 .6 6 .5 5 .3

K1 4 .2 4 .4 3 .8 5.1 6 .6 5 .4

K2 4 .0 4 .2 3 .5 6.1 5 .0

K3 3 .2 3 .5 2 .9 5 .3 4 .3

K5 3 .2 3 .3 2 .8 5 .0 4 .2

W 5.0 5.3 4 .5 8 .8 6 .8

X 2 .5 2 .3 1.9 4 .0 3 .2

XI 1.5 1 .4 1 .2 2 .2 1 .9

Y 2 .2 1 .7 3 .7 2 .8

Z 2 .4 1 .9 4 .2 3.1
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Ç. neointermedia R.& E. R ichter, 1954

RM Ar47751 RM Ar47745 RM Ar47743 RM Ar47755 M  Ar47756 RM Ar4774S 

G otland G otland G otland G otland G otland G otland

A 8 .6  6 .8  5 .0  9 .3*  7 .8

B 6 .8 *  5 .3  4 .2  7.2» 6 .2

B1 5.1 4.1 3 .3  5.5* 6 .5*

B3 2 .0  2.1 1 .6  1 .3  2 .2

B4 2 .0  1 .9  1 .5  1.1 2.1 1 .4

C 2 .5  2 .6  2 .2  1.6 2 .9

D 1 .8  1.5 0 .8»  2.1 1 .6

I  18.1 17.8 10.6 l6 .8 d

J  8 .0  5 .4  4 .6  8 .4  7 .3

J1 10.0 7 .4  5 .9

J2  9 .0  6 .7  5 .3  9 .4d  8 .3

K 5 .5  4 .2  3 .2  5 .2

K1 5 .8  5 .7  4 .3  3 .4  5 .9  5 .4

K2 5 .2  5 .0  4.1 3.1 5 .3  4 .8

K3 4 .3  4 .2  3 .5  2 .9  4 .4*  4 .1

K5 4 .2  4 .2  3 .4  2 .7  4 .2*  4 .0

W 7 .0  7 .0  5 .4  4.1 7 .5

X 3 .1  2 .4  1 .8  3 .5

XI 1 .4  2 .0

Ï  2 .0  1 .4  3 .4

Z 2 .7  2 .2  1.5 3 .8
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C, neointermedia R, & E, R ichter, 1954

RM Ar47750 RM Ar6228 RM Ar27l63 RM Ar47789 RM Ar47790 RM Ar47'

Gotland P e te sv ik P e te sv ik P e te sv ik P e te sv ik Petesv:

A 6 .2 14.0 11.8 5 .5 4 .6*

B 5.0 10.8 9 .3 3.1 4 .6 3 .9

B1 3 .9 8 .3 7 .2 2 .4 3 .6 3 .0

B3 1.3 2 .6 2 .5 1 .2 1.1

B4 1.3 2 .8 2 .5* 1.2 1.0

G 1.8 4 .2 3 .9 1.1 1.7 1.5

D 1.2 3 .2 2 .5 0 .9 0 .8*

I  11 .6d 6 .2 d 8 .8d

J  5 .3 12.8 2 .9

J1 6 .8 15.3 13.8 5.5

J2 5 .8 13.9 12.1 3 .6 5.0*

K 3 .8 8 .3 7 .4 2 .3 3 .0

Kl 4 .0 8 .6 7 .6 2 .4 3 .2

K2 3 .6 7 .9 7 .0 2 .2 3 .2

K3 2 .9 6 .2 5 .7 1 .9

K4 2 .7

K5 2 .8 6 .2 5.5 1.8 2 .5

W 10.9 10.3

X 5.0 4 .5

XI 2 .5



— 74“

G, neo in term ed ia  R. & E, R ic h te r , 1954 

RM Ar47840 RM Ar47841 RM Ar47842 M  Ar47843 RM Ar27079 RM Ar27080

Hablingbo Hablingbo Hablingbo Hablingbo P e te sv ik Petez

A 4.9* 3 .8 6 .3* 10.6 4 .4

B 3 .9 4 .1* 3 .2 5.1 8.1 3 .7

B1 3.1 3 .2* 2 .5 3 .0 6 .2 2 .9

B3 1.2 0 .8 2 .6 1 .2

B4 1.1 1.0 2 .3 1.0

G 1.5 1.7* 1.2 3 .4 1 .4

D 0 .9 0 .6 1.2* 2 .5 0 .6

I 9 .2d 7 .0d 22.1

J 4 .3* 3 .9 5 .4 9 .6

J1 5.6 12.0

J2 4 .9 10.9

K 3.0* 3 .5 2 .3 3 .9 6 .5 2 .9

Kl 3 .2 3 .6 2 .5 4.1 6 .9 3.1

K2 3.0 3 .4 2 .3 3 .8 6 .3 2 .8

K3 2 .9 2 .0 3 .3 5 .2 2 .4

K4 2 .5

K5 2 .4  2 .7  2 .0  3 .2  4 .9  2 .3

W 4.1

X 1 .9

XI 1 .2

Y 1 .9

Z 2 .0
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C, neointermedia R, & E. R ichter, 1954

PM Ar27081 PM Ar27082 PM Ar27083 PM Ar47796 PM Ar477<

P e te sv ik P e te sv ik P e te sv ik P e te sv ik P e te sv ik

A 7 .0 6 .8 7.1 10.2 9 .2

B 5.5 5 .4 5.6 8 .2 7.3

B1 4 .3 4 .3 4 .4 6 .4 5 .7

B3 1 .7 1.7* 2 .4 2 .2

B4 1.6 1.5 1.5 2 .4 1 .9

C 2 .2 2 .2 2 .2 3 .2 2 .9

D 1.5 1 .4 1.5 2 .0 1 .9

I 15.2d 1 7 .Od

J 6 .7 6.1 6 .5 9.2d 8 .5

J1 8.2d 8 . Id 11.3 1 0 .Id

J2 7.6d 7.2d 10.5 9.0d

K 4 .6 4 .3 4 .5 6 ,5 5.7

K1 4 .7 4* 4 4 .8 6 .8 5 .9

K2 4 .2 4 .0 4 .2 6 .3 5.5

K3 3 .8 3 .5 3 .7 5 .2 4 .6

K5 3 .6 3 .4 3 .6 4 .9 4 .5

W 5 .7

X 2.5

XI 1.5*

Y 2 .4

Z 2 .7

P e te sv ik

7 .5
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Ç,  neolnterm edla R. & E. E lch ter, 1954

RM Ar27142 RM Ar27143 RM Ar27144 RM Ar27145 RM Ar27146 M  Ar27147 

P etesv ik  P etesv ik  Petesvik  P etesv ik  P etesv ik  Petesvik

A 7 .5  8 .0»  8 .6  7 .9  7 .5  4 .5

B 6 .0  6 .5  6 .5  6 .3  6 .0  3 .8

B1 4 .8  5.1 5 .0  5 .0  4 .7  2 .9

B3 1 .8  1 .9  2 .0  1.8 1.1

B4 1 .6  1 .7  1 .8  1 .7  1 .0

C 2 .3  2 .5  2 .5  2 .3  1 .5

D 1 .5  1.5» 2 .1  1 .6  1.5 0 .7

I  14.9  1 6 .9d 8 .9

J  6 .8»  7 .7  6 .5  6 .5  4 .0

J1 8 .3  9 .5  8 .8  5 .3

J2  7 .7  8 .3  7 .6  4 .9

K 4 .7  5.1 5 .4  4 .7  4 .9  2 .9

Kl 4 .9  5 .4  5 .4  5.1 5.1 3.1

K2 4 .3  5.1 4 .9  4 .5  4 .5  2 .8

K3 3 .8*  4 .3»  4 .1  3 .9  3 .9  2 .4

K5 4 .2»  4 .1  3 .8  3 .8  2 .4

W 5 .8  6 .7  6 .6  6.1 3 .5

X 2 .6  3 .1  2 .9  2 .9  1.5

XI 1 .7  1 .8  1 .7  1 .0

Y 2 .5  2 .8  2 .8

Z 2 .7  3 .1  3 .1  2 .6  1 .4
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C, neointermedia R. & E, R ichter, 1954

RM Ar2714B RM Ar27149 RM A r 4 7 7 9 8 EM A r 6 2 1 9 RM Ar6220 RM Ar62i;

P e te sv ik P e te sv ik P e te sv ik P e te sv ik P e te sv ik P e te sv ik

A 11.1* 11.3 9 . 6 10.9

B 5 . 1 * 8 . 6 * 8 . 7 7 .7 8 . 5

B1 3 . 9 * 6 .7 6 .7 5 . 8 6 .5

B3 1.5 2 .2 2 .4

B4 1 .4 2 . 3 2.1 2 .3

C 1 .4 2.1 3 . 6 * 3 .0 3 . 6

D 2 .5 2 .6 1 .9 2 .4

I 12.9 2 3 .4d

J 10.0 10.0 8 . 6 9 . 8

J1 6 . 8 * 12.4 1 1 . 2 *

J2 6.1 1 1 . 2 * 9 . 3 * 11.3*

K 4.1 7 .0 7.1 6 .3 7.1

K1 4 .3 7 .0 7.1 6 .5 7.1

K2 3 . 8 6 ,4 6 .6 5 .7 6 . 3

K3 3 .3 5 .4 5 . 4 * 4 . 7 * 5.1

K5 3 . 2 5.3 5 .3 4 .6 4 .9

W 5.2 9 .3 7 .9

X 2 . 3 4 .0 3 .2

XI 1.5 2 .2 2 .0

Y 2.1 3 . 3

Z 2 .4 3 . 6 3 .0
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C, neointerm edia R. & E, R ichter, 1954

RM A r 4 7 7 9 2  RM A r 4 7 7 9 3  RM A r 2 7 1 53 RM A r 2 7 1 5 4  RM A r 2 7 1 5 9  RM A r 2 7 1 5 7

P e te sv ik  P e te sv ik  P e te sv ik  P e te sv ik  P e te sv ik  P e te sv ik

A 7.6 8.6

B 4 . 3  4 . 8  6 . 0  6 . 9  7 . 4

B1 3 . 3  3 . 7  4 . 7  5 . 4  5 . 8

B3 1 . 4  1 . 7  2 . 2

B4 1 . 2  1 . 7  2 . 0

c 1.6 2.3
D 1 . 6  1 . 7

I  1 0 . 5

J  6 . 4  8 . 0

J1  6 . 2  8 . 3 *  1 0 . 1

J 2  5 . 5  7 . 6  8 . 9

K 3 . 6  3 . 6  4 . 7  5 . 5  5 . 9  7 . 5

K1 3 . 7  3 . 8  4 . 9  5 . 8  6 . 2  7 . 5

K2 3 . 4  3 . 6  4 . 4  5 . 6  5 . 5  6 . 7

K3 2 . 8  3 . 0  3 . 6  4 . 4  4 . 7

K5 2 . 7  2 . 9  3 . 5  4 . 2  4 . 5

W 4 . 1  4 . 4  8 . 0

X 1 . 8  2 . 0  3 . 5

XI 1 . 1  1 . 3  2 . 0

Ï  1 . 7  2 . 0  3 . 2

Z 1 . 9  2 . 2  3 . 4
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C, neointerm edia R, & E, R ichter, 1954

RM Ar47800 RM Ar47803 RM Ar47802 RM Ar47801 RM Ar47794 RM Ar47857

P e te sv ik  P e te sv ik  P e te sv ik  P e te sv ik  P e te sv ik  P e te sv ik

A 6 .0  

B 4 .7  

B1 3 .6  

B3 1 .6 

B4 1.3

0 1 .9  

D 1 .3

1 1 2 .Od 

J  5 .2  

J1 7 .0  

J2 6.1 

K 3 .8  

K1 3 .9  

K2 3 .5  

K3 3 .0  

K4

K5 2 .9

8 .9  

6.8

5.3

1.9 

2 .9* 

2.1

18.3 

8.0  

1 0 .Od 

8 .8d

5.5

5.6

5 .2

4 .3

4 .2

8 .3

6 .5

5 .0  

1 .9

2.1 

1.8

6.6

9 .4

7 .8

5.1 

5 .3  

4 .7

4.1

3 .9

5 .0

4.1

3 .2

1 .5  

0 .9

4 .4

5 .7  

5.1*

3.1 

3 .3

3.1

2 .7

2.6

9 .5

7 .5

5 .8  

2.2

3 .0

2.0  

1 8 .8d

8 .3  

10.5

8 .9  

5 .7

5 .9

5.3

4 .5

4 .4  

4 .3

9 .4

7.5  

6.0

2.3  

2.2

3 .0  

1 .9

8.0  

10.3

9 .0

5 .8

5 .9

5.5 

4 .7  

4*4

4 .4
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C, neointerm edia R. & E, R ichter, 1954

RM Ar47856 RM Ar47788 BM 58676 BM 46390 (1 ) BM 46390 (2 ). RM Ar4784J

P e te sv ik P e te sv ik Gotland G otland Gotland Hablingbo

A 7.1 10.9 10.7 7 .9 12.0

B 5 .7 8 .4 8 .0 6 .3 9 .3 4 .3

B1 4 .4 6 .6 6.0* 4 .9 7 .0 3 .4

B3 2 .3 2 .6 1 .9 2 .9 1 .2

B4 2 .3 2 .3 1 .6 2 .6 1.1

C 3 .3 3 .4 2 .4 3 .6 1.5

D 1 .4 2 .5 2 .7 1 .6 2 .7

I 22 .8 15.5 25.5 10.2

J  5 .8 9 .4 10.1 6 .7 10.3

J1 8 .2d 1 1 .8d 12.7 8 .8 14.0 5 .2

J2  6 .6 10.2d 10.9 7.5 11.6

K 4 .5 6 .8 7 .2* 4 .9 7 .8

K1 4 .7 6 .8 7.2* 5.1 8 .0 3 .6

K2 4 .3 6 .3 6 .5 4 .7 6 .9 3 .4

K3 3 .6 5 .3 5.4* 3 .8 6 .0

K4 2 .8

K5 3 .5 4 .8 5 .2 3 .5 5 .8 2 .8

W 8 .9 6 .0

X 4.1 2 .9 4 .6

XI 1.8 2 ,4

Y 2 .2

Z 2 .5
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C. neo in term ed ia  R. & E. R ic h te r , 1954

EM Ar27104 m  I t  9145 RSM 1967- RM Ar47731 RM A r47731(con t.d )

Havdem M alverns 58.117. G otland G otland

Dudley?

A 10.0* 7 .2* 8.3 8 .5 a 3 .4

B 8.0* 5 .8 6 .6 6 .8 b 3 .8

B1 6.3* 4 .5 5.1 5 .3 b1 2 .6

B3 1.8 2 .0 1.9* b2 2 .5

B4 1.6 1 .9 1 .9 b3 1.5

C 3 .1* 2 .3 2.8* 2 .7 d 4 .2

D 2.0* 1 .4 1.7 1 .7 e 2 .9

I 14.3 l6 .6 d el 1 .5

J  8 .4 6 .4 8.1 7 .6 g 5 .9

J1 11.1* 8 .3 9 .0d 9 .6d g1 2 .5

J2  9 .6 7 .4 8 .7 d h 2.1

K 4 .6 5 .6 5.3 P 0 .6  •

K1 4 .7 5 .8 5 .5

K2 5 .7 4 .3 5 .2 4 .8

K3 4 .7 3 .6 4 .6 4 .2

K5 4 .5 3 .5 4 .3 4 .0

W 6 .0 7 .3

X 2 .6 3 .2

XI 1.6 1 .4

Y 2 .2

Z 2 .5 2.7*
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C. p u e l la r i s  Reed, 1920 

EM Ar27103 EM Ar27106 EM Ar27105 RM A r27l6l RM Ar27126 RM Ar27107

Havdhem Havdhem Havdhem Rone Kanal Eke Fardhem

A 9.8* 8 .7 10.1 6 .8

B 7.5* 7 .4 4 . 4* 6 .8 7 .6 5.1

B1 5.8* 5 .8 3 .4 5 .3 5 .9 3 .8

B3 1 .9 2 .0 1 .5

B4 1.7 1 .9 1.3

G 3.2* 2 .8 3 .5 1.9

D 2 ,3 1 .9 2 .5 1 .7

I 22 .4 20 .2 22.6 14 .3d

J 10.0 8 .6 5 .3 7 .6 10.3 5 .9

J1 11.7 7 .2 10.3 12.8 7 .4

J2 10.5 6 .4 9 .2 11.5 6 .6

K 6 .0 3 .4 5.3 6.1 4 .2

Kl 6.1 5 .9 3 .3 5.3 6.1 4 .1*

K2 5.5 5.5 3 .3 5.0 5.7 3 .6

K3 4 .6 * 4 .4 2 .7 4.1 4 .7 3 .1*

U 4 .4 4 .0 4 .6

K5 4 .5 4 .2 2 .6 3 .8 4 .4 2 .9

W 11.2

X 3 .5

XI 2 .3
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C. p u e l la r is  Reed, 1920 

M  Ar27110 EM Ar27109 EM Ar27139 EM Ar27127 EM Ar27128 EM Ar27077

Fardhem Fardhem Vanges

Kanal

Burs Kanal Burs Kanal Vanges

Kanal

A 5.5 10.9 8 .4 8 .4 7 .5

B 4 .3 8 .8 6 .5 6 .3 5.7

B1 3 .3 5.1* 6 .9 4 .9 4 .9 4 .5

B3 1.2 1 .8 1.8 1.6

34 1 .7 1.7 1.4

C 1.7 2 .8 2 .7 2.3*

D 1.2 1.6* 2.1 1 .9 2.1 1.8

I 1 1 .5d 24 .4 17.6 1 5 .Id

J 5.0 7.1 10.4 8 .0 7 .0 6 .9

J1 6 ,6 10.8 10-6* 9-6

J2 5.7 9 .3 9.2* 8 .5

K 3.7 7 .3 5.3 5.1 4 .5

K1 3 .6 5.2 7 .0 5.1 5.0 4*4

K2 3 .2 4 .8 6 .2 4 .9 4 .8 4 .3

K3 2.8 4 .0 5.5 3 .9 3 .8 3.5*

K4 3 .9 3 .7

K5 2 .7 3 .7 5.3 3 .8 3 .6 3 .4*

¥ 8 .5 6 .7

X 3 .2 2 .7

z 3 .2 2 .3
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G, p u e lla r is  Reed, 1920

RM Ar27078 RM Ar27113 RM Ar27112 RM Ar27114 RI4 Ar27'

Vanges Al va Kanal Alva Kanal Alva Kanal Al va Kar

Kanal

A 8 .2 7 .5* 6 .8

B 6 .2 5.7* 5.1 4 .2 2 .8

B1 4 .7 4 .5* 3 .8 3 .3 2 .2

B3 1.5 1.5 1.3 1 .0

B4 1.4 1.3 1.8 0 .7

G 2 .4 2 .2 0 .9

D 2 .0 1.8 1 .7

I 14.9 13.8 11.3 6 .3*

J 7 .2 6 .7 5 .8 5.0

J1 9.3 8.5 4.1

J2 8 .8 8 .0 7 .2 3 .6

K 4 .9 4 .6 4 .0 3 .4* 2 .0

Kl 4 .7 4 .6 4 .0 3.5* 2 .0

K2 4 .4 4 .2 3 .7 3.2* 1 .9

K3 3 .5 3 .6* 3.1 2.7* 1.6

K5 3.5 3 .4* 2 .9 2.6* 1.6*

W 5.1

Z 2 .0
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C, p u e lla r is  Reed, 1920

RM Ar47795 R14 Ar47785 RM Ar47786 R4 Ar27076 RM Ar47787 RM Ar32767

Petesvik? Petesvik ? Petesvik  ? Vanges

Kanal

P etesvik  ? Klinta

A 9.0 7 .9 7 .0 8 .4 7 .5 9 .4

B 7 .2 6.1 5.6 6 .7 6 .0 7 .5

B1 5.8 4 .6 4 .3 5.3 4 .6 5.8

B3 1.7 1.8 1 .4 2 .2

B4 1.7 1.7* 1.5 1.8

C 3 .0 2 .7 2 .6 2 .9

D 1.8 1 .8 1 .4 1 .7 1.5 1 .9

I 19.4d 16.4 18.7

J 8 .5 7.2d 6 .2 7 .7 7 .3 8.3

J1 11.3 10.2 10.0 10.9

J2 10.1 7.6* 9.5 9.1 9.5

K 5.6 4 .6* 4 .2 5.1 4 .9 5.5

Kl 5.6 4 .6 4 .2 5.1 4 .8 5.6

K2 5.0 4 .2 3 .9 4 .9 4 .4 5.3

K3 4 .5 3 .6 3 .4 4 .1* 3 .7 4 .6

U 4 .3* 4 .4

K5 4 .2 3 .5 3 .3 3 .9* 3 .5 4 .2

W 7 .6 7 .6

X 3 .0 2 .9

Y 2 .4

Z 3 .4 2 .6

g 5 .0 4 .8

g1 2 .5 2 .4

h 1 .7 1 .2

P 0 .9 1.0
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C, p u e lla r is  Reed, 1920

EM Ar32778 EM Ar32773 DJS/13  (S) DJS/20b (C) DJS/21 (C) DJS/19 (S)

Klinta Klinta Usk Usk Usk Usk

A 6 . 7 4 . 9 8 .8 6 . 9 5 . 7

B 5 . 6 4 . 0 6.4 5 . 3 4 . 5

B1 4.4 3 . 2 5 . 0 4 . 1 * 4 . 2 3 . 6

B3 1 . 5 1 . 2 1 . 9 1 . 5 1 . 5 1 . 1

B4 1 . 4 1 . 0 1 . 6 1 . 2 1 . 4 1 . 0

C 2 . 0 1 . 3 2 . 6 1 . 6

D 1 . 1 0 . 9 2.4 1 . 6 1 . 6 1 . 2

I 1 4 . 2 d 8 . 7 d 1 7 . 7

J 6 . 6 4 . 2 8 .8 6 . 0 * 5 . 7

J1 8 .0 5 . 6 10.4 8 .8 6 . 9 * 7 . 1

J2 7 . 1 4 . 9 9 . 1 6 . 5 * 6 . 3

K 4 . 2 2 . 9 4 . 5 3 . 2 * 3 . 3

Kl 4 . 3 3 . 0 4.6 4 . 5 3 . 4 * 3 . 4

K2 4 . 1 2 . 9 4.4 4.2 3 . 1 * 3 . 1

K3 3 . 5 2 . 6 3 . 6 3 . 5 2 . 7 * 2 . 7

K5 3 . 2 2 . 4 3 . 5 3 . 1 * 2 . 7 * 2 . 5 *
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C, p u e lla r is  Reed, 1920

DJS/l7a DJS/130 DJS/l31a DJS/l32a DJS/l32b DJS/133 DJ S/134

(s) (S) (s) (s) (0) (0) (0)

Usk Usk Usk Usk Usk Usk Usk

A 4 .7 6 .6 7 .0 5 .7 6.3 9 .4

B 3 .6 5.2 5.1 4 .2 4 .7 7 .0

B1 2 .9 4.1 4.1 3.3 3 .7 5.5 4 .2

B3 1.0 1.5 1.5* 1 .4 2 .0 1.8

B4 0 .8 1.3 1.2 1.1 1.9

0 1.1 2.0 1.7 1 .7 1 .7

D 1.1 1 .4 1 .9 1.5 1.6 2 .4 1.6

I 8 .2 13.7 11.9

J 4 .2 6.2* 6.5* 5.8 6.1 9.2d 7.1

J1 4 .6 8 .0 7 .0* 7 .3 11 .4d 8.4*

J2 4 .4 6.8 6 .7 6 .6 10.2d 7.5

K 3.6 3 .5 3 .3 3 .4 5.7*

K1 2.5 3 .8 3 .6 3 .4 3 .6 5 .8 4 .3d

K2 2.3 3 .4 3 .5 3 .2 3 .4 5 .4 3 .7

K3 2 .7 2.9 2.8 2.6 2.8 4 .4d 3.1

K4 2.1 2 .7 4 .3d

K5 1.9 2.7 2 .7 2 .5 2 .7 4 .2d 3 .0
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C, p u e lla r is  Reed,1920

DJS/135 DJS/136 DJS/52 DJS/53 DJ8/54 DJS/137 DJS/138

(s) (s) (s) (s) (S) (S) (C)

Usk Usk Ludlow Ludlow Ludlow Ludlow Ludlow

A 5 .7 3.0 5.8 3.1

B 4.3 2.3 4 .3 4 .0 2 .6 4.1 4.1

B1 3.4 1.9 3 .4 3 .3 2.1* 3 .3 3 .3

B3 1 .4 1.2

B4 1.1 1.0

C 1,6 1.7* 1.4* 1.8

D 1 .4 0 .7 1.5 0 .5 0 .9

I 12.2 13.0

J 2.4* 5.7 6 .0 5.9* 3 .8

J1 7.0*

J2 6.3* 6.3* 6 .3* 4.1

K 3.1 3 .6 3 .7

K1 3 .4 1.5 3 .7 3 .7 1.7* 3 .4

K2 3.1 1.3 3 .5 3 .4 1.6* 3.2* 2.3

K3 2 .5 1.2 2 .7 2 .9 2 .6 2 .2

K5 2 .4 1.2 2 .7 2 .9 1.4* 2.6 2 .0



—89—

C, p u e lla r is  Reed, 1920

BM I t  5766 BM I t 577 SM A3319 034 DEW464O Ml DJS/12!

(C) (s) (S) (S) (S) (S)

Ludlow Ludlow Ludlow Usk Builth Woolho;

A 4 .6 6.2* 4.8* 7 .9 8 .5

B 3 .6 4.8* 3.6* 6.1 4.4* 6 .8

B1 2 .9 3.8* 3.1 4 .9 3.8* 5.4

B3 1.2 1.1 1.7 1.4

B4 1.1 0.9 1.7 1.1

C 1.4 2.1* 1.5 2 .4 1.9 2 .5

D 0 .9 1.4* 1.2 1.7 1 .4 1.7*

I 10.6d 19.0 11.0 15.8

J 4.7d 4.3 8,6 5.6 7 .4

J1 5.8d 5.2 10.3* 6 .7

J2 9.5* 6 .0

K 2 .7 2 .6 5 .2 3 .0 4 .5

K1 2 .9 2 .8 5 .2 3 .2 5 .0

K2 2 .8 2 .7 4 .6 3.1 4 .2

K3 2.3 3 .9 3 .8

K5 2 .2 3 .8 2 .6 3 .4
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C, p u e lla r is  Reed, 1920

SM A368U 31 A368I 5 GSM DBW4025 BU MY36U65 BU MY36U67 BU MY4N264

(s) (S) (s) (0) (0) (S)

May Hill May Hill Usk May Hill May Hill May Hill

A 6 .7 10.0* 5.8* 5.5

B 4 .8 6 .9* 4 .3* 4 .5 3 .4

B1 4 .0 3 .9 5.5 3 .4* 3 .5 2 .8

B3 1.6 1.3 1.2 1.0*

B4 1.3 1.0 1.0 0 .9

0 2.1 3 .0* 1.7 1.5 1 .4

D 1.7 1.9 3 . 1* 1.5* 1.1

I 15.2 12 .Od 8.0d

J 6.5* 6 .7 10.4d 5.5* 4.1

J1 8 .6

K 4 .0 4.1 3 .3 3 .3 2 .4

K1 4 .0 4.1 3 .4 3 .4 2 .6

K2 3 .6 3 .7 3 .3 3 .3 2 .4

K3 3.1 2 .7 2 .7 2.1

K5 2 .9 3 .0 3 .9 2 .6 2 .5 2 ,0
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C, p u e lla r is  Reed, 1920

BU MI4U26I BU WBI05 GSM 19691 G34 FGDI205 BM no no. SM A332O

(s) (S) (s) (s) (S) (s)

May H i l l non loo Usk W Borders Wen. Edge May H i l l

A 4 .4 5.3 3 .0

B 4 .0 3 .5 5.5 3 .8 2.3

B1 3 .2 2 .8 4 .4 2 .9 1.9

B3 1.4 1.1 1 .4 0 .7

B4 1.1 0 .9 1.3 1.0 0 .5

C 1 .4 1.4 0 .8

D 0 .9 1.5 0.6 2.5

I 1 2 .Od 9.8d 5.7 14.2

J 4 .9 2 .7

J1 2 .9 3 .4

J2 6.0 3.1*

K 3 .2 2 .9 1.6

K1 3 .2 2 .9 4.1 2 .9 1 .7

K2 2 .8 2 .8 3 .7 2 .6 1.6

K3 2 .5 2 .3 3 .0 2 .2 1 .4

K5 2 .2 2.3 2 .9 2.0 1.4
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Calymene p a ta str ia  sp, nov,

RM Ar47855 RM Ar47797 RM Ar47858 RM Ar27150 m  Ar27151 RM Ar27152

Petesvik Petesvik Petesvik Petesvik Petesvik Petesvik

A 7.5 7.9*

B 5 .7 6 .3 5 .7 5.8 5.2

B1 4 .4 4 .8* 4 .4 4 .5 4.1

B3 1.7 1.7

B4 1.6 1.7 1.6

C 2 .5 2.1 2 .4

D 1.8 2.1*

I 15.8 14.9 15.1

J 7 .9

J1 9 .0 8 .9

J2 8 .3 8 .0

K 4 .5 5 .2 4 .8 4 .4 4.1

K1 4 .6 5 .2 4 .9 4 .6 4 .2

K2 4 .2 4 .6 4 .5 4 . 2d 3 .8

K3 3 .7 4 .0* 3 .9 3.8d 3 . 3*

K5 3 .6 3 .9 3 .8 3.7d 3.2*

W 5 .9 6 .9 5 .8 6.1

X 2 .5 2 .9 2 .5 2 .7

XI 1.5 1.4

Y 2 .5 2 .5 2 .3

Z 2 .5 2 .8 2 .7 2 .6
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Calymene p a tu str ia  sp# nov,

RM Ar6221 EÏ4 Ar6222 RM Ar47855 cont. RM Ar27151 cont.

Petesvik Petesvik Petesvik Petesvik

B1 7.5*

J 12.6

J1 13.5

K1 6 .9

K2 6 .0 5.5

K3 5.3 4 .6 *

K5 5.2 4 .6

a 3.1

b 3 .5

b1 2 .3

b2 2 .4

b3 1 .4

d ' 3 .8

e 2 .6

e1 1 .4

g 5.8

g1 2 .6

h 2 .6

P 0 .9
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T. volsoriform a sp. nov.

GSM Zs63 GSM Zs58 GSM Zs62 Ĝ 4 Zs65 GSM 219983 IM 28f

(G)

A 13.4* 16.3* 16.1 16.5

B 9.8* 12.1* 11.3* 12.0 12.8

B1 7 .6 9 .2 9.1* 9.3 9 .6 10.1

B2 1.7 2.1 2 .0 2 .5

G 7.1 7.1

01 8.1 9 .9 10.2 10.7* 10.1 11.0

D 3.6 4 .2 3 .7 4.1 3 .7

D1 0 .6 0 .8 0 .6 0 .8 0 .6

I 37. Od

J 12.5* 14.0 14.0 13.4

J1 16.9 19.9 20. Od 20.6 19.7 20.9

K 8 .9 10.7* 11.0 11.0

Kl 8 .8 10.7 10.2 11.7 10.5 10.9

K2 7.1 8 .8 8.0 8 .8 8 .6 9 .3

K3 5.9 6 .8 6 .5 6 .7 7 .0 7.1

K5 5.8 6 .7 6 .4 6 .6 6 .6 6 .8

e

e1

g 11.2*

g1 6.3*

h 4 .9*

P 1.1*

6.2

2 .7



GSM Zs6l Qm Zs64

w 2 0 .8d 2 2 .6d

X 6.1 6.6d

X1 3 .0

Y 9 . 9

Z 10.4

-9 5 -
T, volsoriform a sp# nov.
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T, vulpecula sp, nov.

DJS/48 DJS/75 DJS/76 DJS/7 7 DJS/80

( I . )

DJS/7 9 DJS/78b

(c)

A 16,6 15.1 14.6 8.6 a 3 .8

B 12.2 10.8 10.4 6 .2 b 4 .7

B1 9.3 8.3 8 .0 4 .9 b1 2 .9

B2 2.1 1.6 1.2 b2 2.8

C 6 .2* b3 1.4

Cl 10.1 9 .0 9 .0 5.3 d 4.3d

D 4 .4 4 .3 4 .2 2 .4 e 3.1

D1 2 .2 2 .2 2.1 1.2 el 1 .4

I 32 . Od 2 0 .4d e2 0.3

J 14.8 13.3d U .6 d 8.0

J1 19 .8d 1 8 .8d 18.8 11.2d

K 11.3 9 .4 9 .8 6 .3

K1 11.0 9 .4 9 .7 6 .0

K2 8 .8 7 .7 7 .8 5.1

K3 6 .3 5 .4 5.7 3 .7

K5 6 .0 5.2 5.3 3 .5

W 19.0 21.5

X 6 .2 6 .8

XI 2.9* 3 .4

Y 8 .5 9 .9

Y1 1.8* 2.5

Z 9 .2 9 .7
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T, nodulosa

IM 4885 HM A212/1 GSM Zsl83 GSiA Zsl89b GSM Zs195 RO 1300 DJS/51

A 17.4 16.8 17.2* 17.4

B 12.5 11.7 12.3* 11.2 12.0

B1 9 .7 8 .9 8 .6 9 .3 8 .8

B2 1 .8 1 .8 1 .8 1 .7 2 .0

C 6 .4 6 .7 6 .9

Cl 9 .4 9.1 9 .7 9 .4

D 4 .8 5.1 4 .9 5 .4

D1 3 .4 3 .4 2 .8 3.1

I 32 .8

J 17.3 14.3 15.0 l6 ,0 d 15.0

J1 18.0 2 1 .Od 22. Od 21.5

K 13.1 10.2 11.5 11.2

K1 12.3 10.3 10.7 1 1 .0 10.8

K2 9 .7 8 .5 9 .3 1 0 .0 9 .0

K3 7.1 5.8 6 .5 6 . 7 6 .3

K5 6 .7 5.6 6.1 6 . 4 5 .9

W 23.0 25.7 8 .8

X 7.1 7 .4 2 .7

XI 4 .0 3 .8 1.5

Y 11.6 10.5 3 .6

Y1 2 .8 2 .3

Z 13.8 10.6 4 .0
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T. nodulosa (S h lr lo y . 1933)

c m  19642 DJS/49 IM 4902

A 20.1

B 12.0 14.6 11.8

B1 8 .9 11.6 9 .0

B2 1 .7 2 .5 1.8

C 7 .0 6 .6

Cl 11.9 9 .4

D 5.5

D1 4.1

I- 32 .3 41 .5

J 17.6 15.1

J1 20 . 0* 21.8 20.0

K 10.7 13.3 11.7

K1 10.4 12.7 11.2

K2 8 .2 10.3 8 .8

K3 6 .0 7 .5 6.1

K5 5.7 7.1 5.6

W 22.1

X 7 .0

XI 3 .4

Y 10.6

Y1 2 .5

Z 12.2
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T. nodulosa

MW 53.288.G1 DJS/3a DJS/6a IM 4877 RO 1302 DJS/47 RM Ar38841

W 3 4 .2

X 11.1

XI 5 .9

Y 14.5

Y1 4 .0

Z 15.2

a 7 .7 6 .9 6 .0 7 .2

b 8 .9 7 .8 6 .5 8.1

b1 5 .7 5 .3 4 .3 5.5

b2 5.4* 5.1 4 .6 5.1

b3 2 .5 2.1 1 .9 2 .3

d 9.8 7.2* 7 .2 8 .4

e 6 .2 5 .4 5.0 6 .3

e1 2.5 2 .5 2.1 2 .4

62 0 .7 0 .4

g 11.3 10.0 12.7

g1 7.0 4 .9 6 .5

h 4 .7 4 .8 4 .5

P 1.7 1.8


