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ABSTRACT

In  the p resen t re sea rch  tw enty-six  genera and sp ec ies  o f Lower 

Paleozoic t r i l o b i t e s  are  d escrib ed . These include fou r new genera 

and seven new sp ec ie s . Among th e se , tw en ty -th ree  sp ec ies  show an 

e x c e lle n t sequence of ontogenetic s ta g e s , and twelve spec ies  show 

d i s t in c t  bimodalism of a d u lts  which i s  thought to  be- a t t r ib u ta b le  

to  sexual dimorphism. The l i f e  cycle of t r i l o b i t e s  i s  d iv is ib le  

in to  th re e  p erio d s: the p ro ta sp id , m eraspid, and h o lasp id  perio d s.

The p ro ta sp id  period  i s  subdivided se q u e n tia lly  in to  an ap ro tasp id , 

m etaspro tasp id , and parap ro tasp id  s ta g e s , based p rim a rily  on the 

number of a x ia l  r in g s  and th e  presence or absence o f the  

protopygidium . The meraspid period  i s  lik ew ise  subdivided in to  

e a r ly  and l a t e  meraspid s ta g e s , based mainly on th e  presence or 

absence of the a n te r io r  cephalic  brim , p o s itio n  of the  p a lp eb ra l 

lo b es , and f a c ia l  s u tu re s . The holasp id  period  shows ephebic 

c h a rac te rs  which are  those custom arily  employed fo r  s p e c if ic  d iag n o sis  

and a re  e s s e n t ia l ly  u n a lte red  throughout th e  rem ainder o f th e  l i f e  

span. The presumed a d u lt  sexual d iffe re n c e s  comprise v a r ia t io n  in  

body s iz e ,  natu re  o f the  prosopon ("ornam ent"), and bimodal r a t i o .

The "fem ales" have a s t a t i s t i c a l l y  la rg e r  body, w ithou t d i s t i n c t  

prosopon, and are  le s s  numerous than the "male" form s. The r e la t iv e  

abundance of the  two forms i s  the  "sexual r a t io " .  The on togenetic  

development of the  polychaete worms, c ru s tacean s , and xiphosurans 

i s  compared w ith  th a t  o f t r i l o b i t e s .  Both t r i l o b i t e  and c ru stacean  

la rv ae  possess two prim ary som ites and f iv e  cep h a lic  segm ents, whereas
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i i

the xip'nosuran la rv a  has four primary somites and s ix  or seven 

cephalic  segments. I f  these  c r i t e r i a  are  of phylogenetic s i g n i f i ­

cance. i t  would seem th a t  T r i lo b ita  and C rustacea may be more c lo se ly  

r e la te d  to  one another than are  t r i l o b i t e s  to  merostomes. The 

u n d iffe re n tia te d  s e r i a l  appendages of t r i l o b i t e s  are  q u ite  s im ila r  

to  those of po lychaetes, whence they may w ell be d e riv ed , and 

probably can serve as a paradigm o f th e  p rim itiv e  limb s tru c tu re  

w ith in  the Arthropoda. The v a rio u s ly  d iv e r s i f ie d  appendages of 

c rustaceans and xi.phosurans are  fu n c tio n a l, and a l l  a re  q u ite  p o ssib ly  

derived  from s e r ia l ly  uniform  appendages such as those of t r i l o b i t e s .  

S im p lif ic a tio n , com plication , and d i f f e r e n t ia t io n  have been 

e v o lu tio n a r ily  opera tive  in  the  d iv e rs  arthropod groups. Examination 

of th e  la r v a l  development of the  po lychaete , P isione rem ota, shows 

many s im i la r i t ie s  to  th a t  of e a r l i e s t  t r i l o b i t e s ,  e sp e c ia lly  

Laudonia and O lenello ides o f the  Lower Cambrian. In  bo th  these  

annelids and the t r i l o b i t e s  the cep h a liz a tio n  i s  accomplished by a 

forward m igration  of the  body segments and e lo n g a tio n  of the eye 

r in g s .  These ontogenetic s im i la r i t i e s ,  to g e th e r  w ith  th e  g enera lized  

n a tu re  o f t r i l o b i t e  appendages, seem s tro n g ly  to  support th e  hypothesis 

of "polychaete o rig in  of the t r i l o b i t e s " .

The degree of sep a ra tio n  of th e  l ib r ig e n a e  and rostrum  o f 

t r i l o b i t e s  appears to  have g re a t phylogenetic and c la s s i f ic a to r y  

s ig n if ic a n c e . Four groups can be d if f e r e n t ia te d  on th i s  b a s i s :

M onorostraloid, T r iro s tr a lo id ,  B iro s tr a lo id ,  and H o lo ro s tra lo id .

These re la t io n s  may ev en tu a lly  serve  as major taxobases. The 

agnostid s  a re  viewed as re p re sen tin g  an A rc h itr i lo b ito id  group, and
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as deserving a taxonomic rank  equal to  T r i lo b i ta .  Both ontogenetic  

and morphologic ch a rac te rs  of th e  a r c h i t r i lo b i te s  are  q u ite  d if f e r e n t  

from those of the r e s t  of the t r i l o b i t e s .  The a r c h i t r i lo b i t e  la rv ae  

possess the same number of prim ary som ites as ty p ic a l  t r i l o b i t e s ,  

b u t th e  a d u lt has four ( in s te a d  of f iv e )  cephalic  segments. The 

s im i la r i ty  of the a r c h i t r i lo b i t e  cep h alic  and p y g id ia l sh ie ld s  in  

s iz e  and shape, and th e  presence of only two or th re e  th o ra c ic  

segments fu r th e r  s e ts  them a p a r t .
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intro ductio n

There has been g re a t progress in  the on togenetic  study of 

t r i lo b iu c s  during recen t y ea rs . This has been e s p e c ia lly  due to  

zho d iscovery  of s i l i c i f i e d  m ate ria ls  v h ich  have no t only th e  d o rsa l 

morphologic ch a rac te rs  v e i l  preserved , but a lso  the m arginal sp ines 

and ce rca in  v e n tra l  s tru c tu re s ,  includ ing  the  hypostoma and rostrum . 

These f in e  specimens give new in s ig h t in to  the  la r v a l  mode of l i f e  

and a ffo rd  new d a ta  of taxonomic im portance. The most no tab le  s tu d ie s  

of th i s  new m a te r ia l have been done by W hittington  and E v it t  (195^» 

1959a), working on Middle Ordovician t r i l o b i t e s  o f V irg in ia ; by 

Palmer (1957, 19o2) and Robison (196U), studying  th e  Lower to  Upper 

lam brian t r i l o b i t e s  of Nevada and Utah; and by Ross (1951) and Hintze 

(1952), studying the  Lower Ordovician t r i l o b i t e s  o f Nevada and Utah.

Because of the  ex trao rd in a ry  p e rfe c tio n  o f th e  s i l i c i f i e d  la r v a l  

rem ains and the recen tn ess  o f t h e i r  d iscovery  and study , and 

e s p e c ia lly  the ease w ith  which th i s  m a te r ia l can be recovered by ac id  

tre a tm en t, o th er types o f l a r v a l  documentation have tended to  be 

neg lec ted  or d iscounted . N o n -silic io u s  rem ains re q u ire  f a r  more 

tim e and pains fo r  e x tra c tio n  and p rep a ra tio n , y e t fo r  many p laces and 

h o rizo n s, th ese  are  the  only  la r v a l  evidence a v a ila b le . Moreover, as 

th e  photographas here p resen ted  show, th e  ca lcareous remains may r iv a l  

th e  s il ic e o u s  i f  p roperly  pursued w ith  microscope and f in e  d is s e c tin g  

n eed le .

1
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The materials here studied include both  calcareous and s i l i c i f i e d  

specimens representing tw enty-th ree sp ec ie s , rang ing  in  age from Lover 

Cambrian through Upper Ordovician and showing continuous ontogenetic  

sequences. -iccept fo r  two genera from the Scandinavian Peninsula , the 

materials were mostly co lle c ted  from North America: from Mexico to  the

Canadian Rockies and from New Brunswick to  Utah (index Map, opp. p. 7 ).

S t a t i s t i c a l  s tu d ie s  of a d u lt specimens commonly show th a t  a  given 

species of t r i l o b i t e  possesses bim odally d is t r ib u te d  c h a ra c te rs , a 

phenomenon here a t t r ib u te d  to  sexual dimorphism. I t  i s  the assumption 

here th a t  th e  most abundantly rep resen ted  specimens were m ales, e i th e r  

having r e la t iv e ly  sm all bodies w ithou t s p e c ia l  prosopon, or la rg e  bodies 

w ith  s tro n g ly  modifying prosopon. The le s s  numerous female are  la rg e ­

bodied w ithou t s p e c ia l prosopon or sm all-bodied w ith  s l ig h t ly  modifying 

prosopon. These morphologic and sexual r a t i o  d iffe re n c e s  seem to  

c o r re la te  w ith  sexual dimorphism in  Recent A rthropoda, such as In se c ta , 

C rustacea, and Merostomata. Twelve sp ec ies  a re  d escrib ed  which show 

th ese  bimcdal t r a i t s .  By ex tension , th i s  phenomenon i s  to  be 

expected as a general t r a i t  o f t r i l o b i t e s .  I t s  re c o g n itio n  may w e ll 

m a te r ia lly  reduce the  number of "species" now c u rre n t in  t r i l o b i t e  

l i t e r a t u r e .

The ontogenetic development of a  complete growth sequence i s  

d iv ided  in to  th re e  p e rio d s: the p ro ta sp id , m eraspid, and h o lasp id .

The p ro ta sp id  period i s  subdivided in to  an ap ro tasp id , m etapro tasp id , 

and parap ro tasp id  s ta g e s ; the meraspid period  in to  e a r ly  and la te  

meraspid s ta g e s ; and th e  holasp id  period  lack s  su b d iv is io n s .

In  th e  e a r l i e s t  on togenetic  developm ental i n s t a r s ,  or
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mnaurotaspid s tage  of the t r i l o b i t e  la rv a , the sh ie ld  con ta ins two 

prir.ary oolites w ith  a procephalon and a g en era tiv e  pygiaiuir.. Tt does 

not resem ble the " t r i lo b i t e "  s tag e  of the  on togenetic  development of 

XIphosura ( "Limnlus") bu t r a th e r  the nauplius o f c ru s tacean s , s in ce  the 

Xi phosura la rv ae  have fou r prim ary som ites whereas bo th  t r i l o b i t e s  and 

crustaceans possess only two. In  a d u lts , the  cephalon o f both  

crustaceans and t r i l o b i t e s  have antennules and four p o s t-o ra l  segments, 

whereas th e  xiphosuran lacks an tennules and co n ta in s more than  s ix  p o s t­

o ra l segments. The on togenetic  development and cep h a lic  s tru c tu re  

suggest th a t  the phylogenetic r e la t io n s h ip  between t r i l o b i t e s  and 

crustaceans i s  c lo se r  than  th a t  of t r i l o b i t e s  to  merastomes. The 

t r i l o b i t e  i s  a  tru e  p ro tarth ropod  w ith  many morphologic and ontogenetic  

fe a tu re s  s im ila r  to  those o f po lychaetes. The morphologic fe a tu re  of 

the  po lychaete , P is io n e , i s  very  s im ila r  to  th a t  o f o le n e l l id s  and i s  

h igh ly  suggestive  of the p o s s ib i l i ty  th a t  th e  T r i lo b i ta  may be d i r e c t ly  

evolved from P is io n e - lik e  po lychaetes by s e c re tio n  o f  an e x te rn a l 

sk e le to n , forward m igration  o f body segments to  form a  cephalon, and 

e lo n g a tio n  o f th e  eye r in g s .

The v a rio u s ly  d i f f e r e n t ia te d  appendages o f a rth ro p o d s, i . e . ,  

uniramous, biramous or triram ous appendages, a re  b e s t  in te rp re te d  as 

independent fu n c tio n a l ad ap ta tio n  of t r i lo b i t i f o r m  appendages. 

S im p lif ic a tio n , com plication , and d i f f e r e n t ia t io n  have operated  in  

various d e r iv a tiv e  ev o lu tio n . Thus, th e  uniramous appendages, l ik e  

those of t r i l o b i t e s  or g e o lo g ica lly  o ld e r c ru s tacean s , a re  o r ig in a l  

and th e  biramous (b ifu rc a te )  o r triram ous appendages are  d eriv ed . I f  

the  notopodium of polychaetes i s  homologous w ith  th e  p le u ra l  sp ine  o r
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it

t e r g a l  sp ines of t r i l o b i t e s ,  lim u lu id s , and crustaceans*  th e  neuropodium 

and p a rap o d ia l s e ta e  should "be eq u iv a len t to  th e  uniramous or endopodite 

appendage and g i l l  branch o f th e  ep ip o d ite  (F ig . 32 ) . T herefore , the 

exopodite o f crustaceans vould appear to  he a subsequent development.

The s tru c tu r e  and th e  uniform s e r i a l  arrangement o f t r i l o b i t e  appendages 

shew th e  same b a s ic  p lan  as those  of po lychaetes .

The b a s is  f o r  a  fundam ental c la s s i f ic a t io n  of T r i lo b i ta  i s  by no 

means y e t known. A good case can be made fo r  exclud ing  the  agnostids 

as A rc h itr i lo b ito ld s  from th e  T r i lo b i ta , s s . The p re se n t study has 

b rought out th e  p o te n t ia l  im portance o f th e  L ib rigeno-rcstrum  o rg an isa tio n  

as a  m ajor tax o b asis  f o r  th e  T r i lo b i ta ,  s s .  Thus, fo u r  groups a re  

here d is t in g u is h e d : In  the  m onorostralo id  group th e  complete rostrum

i s  th e  perrostrum ; th i s  i s  the co n d itio n  in  o le n e l l id s :  in  the 

t r i r o s t r a l o i d  group the lib rig e n o -ro s tru m  is  sep a ra ted  in to  th re e  parts; 

t h i s  co n d itio n  i s  rep resen ted  by R ed lich ia  and most o f  p ty ch o p ariid s ; 

in  th e  b i ro s t r a lo id  group th e  lib rig en o -ro s tru m  i s  separa ted  in to  two 

p a r ts ,  as in  asaph ids, B athynotus, and Rem opleurides, e t c . :  and the 

h o lo ro s tra lo id  group lacks se p a ra tio n  bu t d i f f e r s  from the  nonorostraloids 

by the  d o rsa l or super-m arginal su tu re : examples are  the tr in u c le id s ,  

phacopids, d a lm an itid s , e tc .  The A rc n itr i lo b ito id s  a re  not strictly 

comparable w ith  ty p ic a l  t r i l o b i t e s ,  s in ce  t h e i r  cephalon comprises four 

segments only : a  procephalon and th re e  p o s t-o ra l segments. They may

not even rep re sen t a t r i l o b i t e  taxon due bo th  to the  ontogenetic and 

morphologic d if fe re n c e s . The ag n o s tid s , e o d isc id s , etc. represent 

th i s  group. They may equate in  taxonomic rank w ith  Trilobita.

The term inology of the p re sen t study fo r  the  most part follows the
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T re a tis e  on In v e r te b ra te  P a leon to logy . ( P a rt 0, Arthropoda 1 ) . The 

f i .7u.r0d a id tyoc specimens a re  m ainly s to re d  in  th e  G eological Museum, 

U n iv e rs ity  o f C ir.in n a ti, C in c in n a ti, Ohio ( U.C.K. ) , and p a r t ly  in  

tn e  United S ta te s  n a tio n a l Museum ( IT. S.U.K. ) .
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Index map of tha geographic d is t r ib u t io n  of the described  m a te ria ls  

Loc. 1. North of Radium, w est o f th e  Columbia R iver, B r i t i s h  Columbia, 

Canada; 2 . West s id e  of South Boulder Creek, W. Madison County,

Montana; 3* Sheep M tns., Sundance,. E. Wyoming; Lead, Deadwood,

South Dakota; 5. North o f Mink Creek, Preston quadrangle, Idaho;

6 . P rince ton , Wasatch M tns., Utah; 7* Santaquin Canyon, NE s id e  of 

ro ad , Wasatch M tns., U tah; 8 . Wah Wah Rnnge, Utah; 9* Caborca, n o r th ­

w estern  Sonora, Mexico; 10. S t. F rancois County, South B onneterre, 

M issouri; 11. C in c in n a ti, Ohio; 12. Park H ills ,  W. Covington, Kentucky; 

13. Willow Grove, 3 m iles southw est of Woodstock, V irg in ia ; 1^.

Kennebec R iver, S t. John, New Brunswick, Canada; 15. R ingsaker S ta tio n , 

n o r th  o f Oslo, Norway; 16. Nye, so u th east o f Joukoping, Sweden.

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



Index man oi' tn e  geograniiic d i s t r ib u t io n  o f  th e  d e sc rib e d  m a te r ia ls
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I .  SEXUAL DIMORPHISM

S t a t i s t i c a l  study o f specimens o f the  sarae sp ec ie s  of t r i l o b i t e  

o ften  shews sev e ra l v a r ia b le  minor f e a tu r e s : th e  shape, le n g th  and

w id th  of the  g la b e lla ,  w id th  of the  lib r ig e n a e  and hypostoma, len g th  of 

the  o c c ip i ta l  sp in e , th e  number o f a x ia l  r in g s  on th e  pygidium, the  

shape of the te rm in a l p o r tio n , th e  w id th  of th e  m arginal bo rd er, and 

th e  convexity  of the sk e le to n . Moreover, th ese  v a r ia b le s  a re  e s s e n t ia l ly  

bimodal in  corresponding p a r ts .  These v a r ia b le  c h a r a c te r is t ic s  have 

been in te rp re te d  by many stu d en ts  as being la rg e ly  th e  e f f e c ts  o f 

p re se rv a tio n , or in  some in stan ces  as s p e c if ic  d if fe re n c e s . Hcwever, 

th ese  fe a tu re s  are  co n stan t and bimodal in  undeformed specimens 

re p re sen tin g  many genera and sp ec ie s . Dimorphism seems to  be a  common 

fe a tu re  o f t r i l o b i t e s ,  as i t  i s  in  many a rth ro p o d s. This t r i l o b i t e  

dimorphism i s  b elieved  to  be sexual and th e  c r i t e r i a  fo r  a sc e rta in in g  

th e  sexual id e n t i ty  o f dimorphic forms now seem to  be a t  hand.

1. Morphologic C r i te r ia  

Very freq u en tly  th e  male d i f f e r s  from the  fem ale in  o th e r re sp e c ts  

than  th e  natu re  o f th e  rep ro d u c tiv e  organs, i . e . ,  in  s iz e ,  prosopon, and 

th e  l ik e ;  when such d iffe re n c e s  a re  s tro n g ly  marked th e  sp ec ies  i s  sa id  

to  be sexual dim orphic. This phenomenon i s  e s p e c ia l ly  recognized in  

l iv in g  organisms. The d i f f e r e n t ia t io n  o f sp ec ies  in to  two d i s t in c t  

sexual forms i s  u n iv e rsa lly  found in  a l l  h igher anim als as w e ll as in  

many p la n ts  and lower anim als. In  modern anim als, e s p e c ia l ly  in

8
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T e x t-f ig . 1 : Sexual dimorphism
of th e  s ta g -b e e tle  Lucanus.
A. male form; B. fe ma le  form.

(Bedrawn from Hanson, 196^ . )
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arthropods, th e  sp inosly  armored, la rg e  in d iv id u a ls  of a sp ec ies  are  

commonly male, while those w ithout armour o r s len d e r and sm alle r s ize d  

a re  the  fem ale. In  West Indian H ercules b e e tle  (Dynastes H ercu les) ,  the  

male has a la rg e r  body and two la rg e  horns on th e  middle o f  th e  head, 

whereas the  female has a sm all body and a  ho rn less  head. In  th e  s ta g -  

b e e tle s  (Lucanus) ( te x t- f ig .  l ) ,  th e  male i s  la rg e r  and has two hyper- 

t ro p h is  m andibles, whereas the  female has s h o r te r  sp e c ia liz e d  m andibles. 

In  the b o rea l prim itive-w ee v e l (E upsalis m inuta), th e  male i s  la rg e r  

th an  th e  female and has a p a ir  o f powerful m andibles, th e  female has 

co nsiderab ly  sm aller m andibles, which a re  prolonged in to  a  s len d e r snout. 

In  the  rh in o c e ro s-b ee tle  (Dynastes t i t y r u s ), th e  male bears  th re e  horns, 

one la rg e r  and two sm aller on the  middle o f th e  head, and i s  la r g e r  than  

th e  fem ale, which has only a sm all tu b e rc le  on th e  head.

T e x t- f ig . 1 . Sexual dimorphism o f th e  s ta g -b e e tle  Lucanus. 

A. male form; B. female form. (Redrawn from Hanson, 196k . )

In  Hepatus e p h e litu s , a  common decapod c rab , (c o lle c te d  in  Channels 

a  few fathoms in  depth a t  B eaufort, North C aro lina) th e  fem ale i s  sm alle r 

th a n  th e  male, and possesses a  broad abdomen and s h o r te r  che lipeds 

( te x t - f ig .  2 ).

 --------------■ .  .  .  -  j - g . ^   :  : : : : : : : : : : : : : : : : : :  :  :  : :  - 1  ?  —  —  —  —  :  :  :  :

T e x t- f ig . 2 : Hepatus ep h e litu s  (L innaeus). A, B, d o rsa l and v e n tra l  

views o f male form; C, D, d o rsa l and v e n tra l  views o f female form.

N otice th e  d if f e r e n t  s ized  abdomens.
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T e x t- f ig . 2 : Bepatus e p h e litu s  (L innaeus). A, B, d o rsa l and v e n tra l

views o f male form; C, D, d o rsa l  and v e n tr a l  v ievs o f  female form. 

N otice th e  d i f f e r e n t  s ized  abdomens.
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In  o ther cases th e  male may be sm aller (dwarf male) than  the  fem ale. 

Per example, in  the o r ie n ta l  cockroach (B la tta  o r i e n t a l i s ) the  sm alle r 

male has longer antennae and a  sm aller abdomen. Among c e r ta in  g ra s s ­

hoppers (Heoconocephalus) th e  sm aller males la ck  caudal sp in es . The 

two sexes a re  very a l ik e  in  carp en te r moths (Prionoxystus ro b in ia e ), 

except th a t  males are  about h a lf  th e  s iz e  o f fem ales. In  th e  h o rse ­

shoe crab  Xiphosura ( "Limulusn) th e  female i s  considerab ly  la rg e r  than  

th e  m ale, and the  male form possesses la rg e r  c h e lic e rae  which are  

m odified as sexual c la sp e rs . The male of th e  shrimp Palaemonetes 

d i f f e r s  from the  female in  being sm alle r w ith  a  more s len d e r  rostrum , 

having th e  f re e  p a r t  o f the  sh o r te r  ramus o f th e  upper an tennu lar 

flag e llu m  longer in  r e la t io n  to  the  fused p a r t ,  w ith  somewhat s h o r te r  

le g s , and th e  carpus o f second leg  longer in  r e la t io n  to  th e  ch e la . 

Younger female in d iv id u a ls  resem ble th e  male. In  another shrim p, 

Xiphopeneus, th e  fem ale 's  rostrum  i s  somewhat longer than  th e  m a le 's ; 

and i n  Bappolyte, s t i l l  an o th er, th e  m ale 's  body i s  more s len d e r than  

th e  fe m a le 's . The extreme examples o f dwarf males are  rep re sen ted  by 

many copepods, in  which th e  male forms are  sometimes d im in u itiv e  

p a ra s i te s  upon the fem ale 's  body.

2. Sexual R atio

The sexual r a t i o  among e x is t in g  anim als a ffo rd s  ano ther c lue  fo r  

th e  id e n t i f ic a t io n  of f o s s i l  forms. However, th e  knowledge of th i s  

f i e ld  i s  r a th e r  poor.

In  g en e tic  theo ry  th e  sex u a l r a t i o  of anim als may be 50:50. The 

reason ing  i s  th a t ,  fo r  example, in  th e  human body th e  males have XY and
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cne female have XX sexual chromosomes. As a r e s u l t  of m atu ra tion , two 

kinos o f sperm are formed in  equal numbers w ith  re sp e c t  to  these  chromo­

somes. One kind having X (megasperm) and the o th e r Y (microsperm). Only 

one kind of egg i s  formed, con ta in ing  X. I f  an egg i s  f e r t i l i z e d  by an 

X -bearing sperm, a female (XX) r e s u l t s ;  i f  by a  Y bearing  sperm, a male 

(XY). The proportion  of f e r t i l i z a t i o n  of p o te n t ia l  males and females • 

i s  1 :1 . But the fa c ts  do no t conform to  th i s  hypo thesis . The sexual 

r a t io  o f many animals i s  more than  100: Human, 103; C a tt le ,  107*3;

Pig , 111.8 ( te x t - f ig .  3 ) ; Mouse, 105; Pigeon, 115 ( is h ib a s h i ,  1938); 

D rosophila m elanogastor, 300; and Man, 1 0 6 .(Herskowitz, 1962). Although 

Ish ib a sh i and Herskowitz g ive s l ig h t ly  d i f f e r e n t  human sexual r a t io s ,  

th e  f a c t  remains th a t  male in d iv id u a ls  a re  more abundant than  fem ale.

Weight Humber Male Female Male $

0-100 g r . 281 166 115 59-1 - 1.98

101-300 g r. Ilk 65 49 57.0  - 3-12

300- g r . 188 100 88 53.2  I 2 . 1*5

T otal 583 331 252 5 6 .8  i 1 .38

T e x t- f ig . 3: Showing p ig  sex u a l r a t i o  a t  d i f f e r e n t  growth s ta g e s .

(A fte r P arker, 1926, from Is h ib a s h i,  1938).

These r e s u l t s  suggest th a t  th e  r a t i o  of the f e r t i l i z a t i o n  o f XY i s  

much higher than  XX. The reason  fo r  th i s  phenomenon i s  unknown, b u t the  

f a c t  i s  th a t  male in d iv id u a ls  a re  more numerous th an  fem ale.
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i t  i s  not the su b jec t of th i s  paper to  d iscu ss  the g e n e tic  sex 

determination of anim als, bu t the  au thor would l ik e  to  p o in t out th a t  

the sexual r a t io  i s  in fluenced  by environm ent: such e x te rn a l f a c to rs

as tem perature, l ig h t ,  w ater s a l i n i t y ,  food supply , o r in te r n a l  ones, 

such as sexual hormones and r ic h n e ss  o f  a c id ic  and a lk a l ic  media. These 

fa c to rs  could a f f e c t  th e  biochem ical and b io p h y sica l re a c tio n s  and 

d i r e c t ly  or in d ir e c t ly  a c t  as a p a r t i a l  sexual determ inan t. The slow er 

motion of megasperm X than  th a t  of microsperm Y could be ano ther 

im portant f a c to r  in  sexual de te rm in a tio n . Males are  not u n iv e rs a lly  

more abundant than fem ales, b u t under n a tu ra l  co n d itio n s  th e  sexual 

r a t io  of any animal i s  p re d ic ta b le . In  c o n tra s t ,  abnormal o r experim ental 

environments can cause the  sexual r a t i o  to  vary  randomly. The secondary 

red u ctio n  of male forms must a ls o  be considered . For example, many males 

d ie  a f t e r  cop u la tio n , are  ea ten  by th e  fem ale, k i l le d  f ig h t in g ,  o r  a re  

in h e ren tly  le s s  v ia b le , e .g . ,  human m ales, and th e  r e s u l t  i s  an in c rease  

in  the  r e la t iv e  number of fem ales in  th e  sp ec ies  p o p u la tio n .

3* Example of Animal Sexual Dimorphism

Sex determ ination  in  In se c ts  u su a lly  u t i l i z e s  c h a r a c te r is t ic s  as 

shape of body, shape o f an tennae, s iz e  of eyes, co lo r  p a tte rn s  and 

comparative len g th , or absence o f  w ings. As an i l l u s t r a t i o n ,  in  the  

la rg e  milkweed bug, Oncopeltus f a s c ia tu s  (D a llu s) , Lever (1966) has 

given the follow ing c r i t e r i a  f o r  id e n tify in g  m ales:

1. They are  sm alle r than  th e  s ib l in g  fem ale.

2 . They lack  the  r ig h t  and l e f t  l a t e r a l  lobes on th e  d o rsa l  su rface  

o f the  f i t h  abdominal segment ( f i f t h  t e r g i t e ) .  The fem ale 's

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



f e ma l e mal e

T e x t- f ig . 4 : Sexual dimorphism of th e  milkweed hug, Oncopeltus

fa s c ia tu s  (D a llu s), shown in  co p u la tio n . S4, s t e m i t e  no. b; 

S5, s te r n i t e  no. 5. (Redrawn from a  photograph o f Lever, 1966^

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



16

lobes are  re a d ily  v is ib le  when bo th  p a irs  o f wings a re  ra is e d  

or removed.

3. The p o s te r io r  edge of the  fo u rth  p la te  on the  v e n tra l  su rface  

of the abdomen (fo u rth  s te r n i t e )  i s  rounded. The fem ale 's  i s  

t r ia n g u la r  and tap e rs  p o s te r io r ly  ( te x t - f ig .  4 ) .

4. The l a s t  d o rsa l segment of the m ale 's  abdomen (the  pygidium)

i s  rounded and shiny. The fem ale 's  i s  t r ia n g u la r ,  d u l l  and c l e f t .

T e x t-f ig . 4 : Sexual dimorphism of th e  milkweed bug, Oncopeltus

f a s c ia tu s  (D a llu s), shown in  co p u la tio n . S4, s te r n i t e  no. 4 ; S5, 

s te r n i t e  no. 5. (Redrawn from a photograph o f Lever, 1966 . )

In  the  decapod c rustacean , C a llian a ssa , th e re  i s  dimorphism of 

th e  c h e lip ed s . The male has a  r a th e r  la rg e  major ch e lip ed , g ran u la r 

along the  proximal lower edge o f th e  carpus, lower edge o f th e  merus 

and over th e  e n t i r e  ischium ; th e  propodus and carpus are  about equal 

in  len g th , tw ice as broad as th e  merus and more than  th re e  tim es as 

broad as th e  ischium ; the merus has a  s tro n g  to o th  on th e  lower proxim al 

b o rd er; whereas th e  major cheliped  of th e  fem ale i s  weaker and no t 

g ran u la ted ; the  propodus and carpus a re  p ro p o rtio n a lly  s h o r te r  than  

those  of th e  male and the  merus lack s  a  to o th  on th e  lower proxim al 

b o rd er.

The horse-shoe crab , Xiphosura, shows sex u a l dimorphism in  th e  

ch e lae , the males having s p e c ia l g ra sp e rs . The crabs spawn during  the  

month o f May, o r in  th e  Spring whenever w eather i s  conducive. The 

males respond f i r s t ,  aw aiting the  a r r iv a l  o f  th e  fem ales in  th e  shallow
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T e x t- f ig . 5: Mating o f th e  horse-shoe crab , Xiphosura polyphemus
(L inn). The a n te r io r  one i s  th e  female and the  p o s te r io r  th e  male.

(Prom a photograph by P a tte n , in  C aste r, 1938.)
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w ater along the beaches. G enerally  only one male a tta c h e s  w ith  h is  

"fist-and-thum b" ch e la  to  a  fem ale, b u t a  fem ale sim ultaneously  spawning 

w ith  two or more males i s  no t uncommon. Spawning occurs on th e  high 

t id e s  of the  new f u l l  moon. As each female makes her way to  the  beach 

she i s  accompanied by a  male c la sp in g  th e  p o s te r io r  margin o f th e  

female abdomen w ith  sp e c ia liz e d  claw s. At th e  w ater *s edge she d ig s  a 

shallow  n e s t in  th e  sand, o f te n  p r a c t ic a l ly  burying h e r s e l f ,  and 

d ep o s its  th e  c lu tc h  of eggs in  th e  shallow  d ep ress io n , where they  a re  

f e r t i l i z e d  by the spermatozoa washed over th e  eggs by th e  waves. The 

female moves on to  make s e v e ra l n e s ts  du ring  a  s in g le  t id e .  O ccasionally  

a  male may remain coupled to  th e  female throughout th e  y ea r , from one 

spawning season to  th e  next ( te x t - f ig .  5) (S h u ste r, 1950).

The sand f id d le r  c rab , Uca p u g a la to r , i s  commonly found along th e  

E ast Coast of North America. The la r g e s t  male in d iv id u a ls  a re  more than  

16 mm. in  len g th , and th e  female i s  s l i g h t ly  sm alle r . They occur in  

co u n tless  numbers on th e  sandy and muddy beaches bordering  on th e  t i d a l  

creeks ( te x t - f ig .  6 ). The chelipeds o f th e  male a re  unequal in  s iz e ,  

and th e  abdomen i s  sm a lle r . In  fem ales th e  ch elip ed s are  equal and

T e x t-f ig . 5: Mating o f th e  horse-shoe c rab , Xiphosura polyphemus (L inn).

The a n te r io r  one i s  th e  female and th e  p o s te r io r  th e  male.

(From a photograph by P a tten , in  C aste r, 1938 .)

sm alle r , and th e  abdomen i s  la r g e r  and rounded. In te rs e x u a l forms having 

la rg e  abdomen and unequal che lipeds a re  r a re  occu rrences. The carapace 

o f th e  male i s  d u l l ,  l ig h t-p u rp l is h  or g ray ish -b lu e  and o f vary ing  shape,
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T e x t- f ig . 6 : Showing sexual dimorphism o f Uca p u g ila to r  (Bose).
A,B, v e n tra l  and d o rsa l views o f male form; C,D, v e n tr a l  and 
d o r s a l  views o f female form. N otice th e  d if fe re n c e  in  s iz e  of. 
"body, ch e lip ed s , and abdomen in  th e  two sexes. (Prom photographs.)
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o r w ith  i r r e g u la r  markings o f brovra o r dark g rey ; th e  fem ale i s  l ig h te r  

than  the male.

The w r i te r  co lle c te d  about 3000 Uca p u g ila to r  in d iv id u a ls  during  

th e  week of Ju ly  6-12, 1966, a t  B eau fo rt, North C aro lina , near th e  Duke 

Marine Laboratory. Among th ese  th e  sm a lle s t specimens a re  about 5 mm., 

th e  l a r g e s t  male form i s  17*5 mm., and the  female i s  r a r e ly  16 .0  mm. 

long (carapace s a g .) .  The sex u al r a t i o  o f th e  sm alle r s iz e d  forms i s  

120 ; of th e  medium s iz e d , 148.3; and o f th e  la rg e  ones, 200.

T e x t- f ig . 6: Showing sexual dimorphism o f Uca p u g ila to r  (Bose).

A,B v e n tra l  ana d o rsa l views o f male form; C,D, v e n tra l  and d o rsa l 

view of female form. Notice the d iffe re n c e  in  s iz e  of body, ch e lip ed s , 

and abdomen in  the  two sexes. (From photographs.)

Although th e  sexual r a t i o  o f th i s  animal would a t  f i r s t  seem to  be 

c h a o tic , the exp lan atio n  no doubt l i e s  in  the  f a c t  o f  n ear-sho re  c o l l e c t ­

in g , Under the  sampling c o n d itio n s , q u ite  probably th e  pop u la tio n  o f 

se x u a lly  ju v e n ile  forms comes c lo se r  to  re p re se n tin g  th e  t ru e  sexual 

r a t i o ,  whereas the  v a r ia b le  sex u a l r a t io s  of th e  a d u lt  forms are  due 

to  th e  fem ales u su a lly  being  very  in a c tiv e  and commonly hidden, and 

a c tiv e  males a re  caught in  th e  sam pling.

Von BSlz *s (1911) in v e s t ig a t io n  in d ic a te s  th a t  th e  human sexual 

r a t i o  o f England i s  103.6; I t a l y  108; R ussia 105*4; Germany 105.2; France 

104.6 ; Spain 108.3; and Japan 105• P a rk e r’s  (1915> 19^6) re p o r t  on the  

ju v e n ile  sexual r a t i o  of th e  embryonic s tag e  o f man i s  extrem ely high 

(120-140). The r a t i o  decreases from in fancy  to  adulthood ( t e x t - f ig .  8 ).
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T e x t-f ig . 7: Sexual r a t io  o f Uca p u g ila to r  (Bose).
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T e x t- f ig . 8 : Human sex u a l r a t i o .  (A fte r P arker, 
1913, from Ish ib a s h i,  1938.)
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T e x t-f ig . 7 i Sexual r a t io  o f Uca p u g ila to r  (Bose).

T e x t-f ig . 8 : Human sexual r a t io .  (A fter P arker, 1913, from

Ish ib a sh i, 1938.)

In  the  U nited S ta te s  th e  sexual r a t i o  averages ahout 103 from 1850 

to  1959 (Year Book, 1961) , and th e  "birth  and d e a th  r a t io s  a re  105.4 

and 130.4 re sp e c tiv e ly  (World Almanac, 1958). The "birth  r a t i o  o f the  

male population  i s  much h igher and the  d ea th  r a t e  o f  male popu la tion  

i s  a lso  h igher th an  th a t  o f  th e  fem ale.

4 . Suggestions f o r  I d e n t i f ic a t io n  o f Sexual 

D ifferences in  T r i lo b i te s

a . Sexual ra d io  — As d iscussed  above, s t a t i s t i c a l  s tu d ie s  o ften  

show two m orphologically  d i f f e r e n t ia te d  groups i n  th e  same sp ec ies  o f 

t r i l o b i t e s . I t  would seem in  conform ity w ith  th e  u su a l co n d itio n  in  

n a tu re , th a t  th e  la rg e r  group o f specimens i s  male and th e  sm a lle r  one 

fem ale.

b . Body s iz e  — In  g e n e ra l, th e  group which has th e  la rg e r  mean 

s iz e  i s  probably female and th e  group o f sm alle r mean s iz e  m ale. But 

i f  the  animal i s  s tro n g ly  armored o r b ea rs  prom inent prosopon, th e
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s i tu a t io n  appears to  be re v e rse d : th en , the  group o f th e  la rg e r  mean

s iz e  conforms s t a t i s t i c a l l y  to  the  male d a ta , and th e  group o f sm alle r 

mean s iz e ,  to  the  fem ale.

c . Prosopon - -  Spinous o r heav ily  armored forms a re  judged to  

be male, and those w ithou t or only s l ig h t ly  armored to  be fem ale.

This c o r re la t io n  i s  derived  s t a t i s t i c a l l y  and re p re se n ts  

p ro b a b ili ty  r a th e r  than  dem onstratable t r u th ,  s in ce  th e  sexual organs 

o f t r i l o b i t e s  are  unknown. B iocoenosis, th an a to co en o sis , and 

sed in en to lo g ic  h is to ry  need c a re fu l exam ination fo r  each a s so c ia tio n , 

l e s t  th ese  fa c to rs  d i s t o r t  th e  tru e  p o p u la tio n  s t a t i s t i c s .
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I I .  ONTOGENY OF POLYCHAETES, CRUSTACEANS, AND MEROSTOMES

1. Ontogenetic Development o f Polychaetes

The embryos of polychaetes (N ere is , Tom opteris, Sco lop los, e t c . )  

develop by means of s p i r a l  cleavage and g a s tru la t io n  to  produce the  

la rv a e . The embryo a t  th i s  s tag e  assumes a  top-shape and lead s  a 

purely p e lag ic  l i f e ,  moving by bands o f c i l i a  t h a t ' e n c irc le  th e  body. 

This i s  the  trochophore s ta g e . The f u l ly  developed trochophore i s  

d iv ided  in to  two p a r ts  by an e q u a to r ia l  r in g ; an ep isphere  above, and 

an hyposphere below ( te x t - f ig .  9)* The hyposphere c o n s is ts  o f the 

m etatroch, neuro troch , te lo tro c h ,  p rep y g id ia l growth zone, and the  

an a l reg io n  or pygidium. The p rep y g id ia l growth zone ev en tu a lly  forms 

s e r i a l l y  a l l  o f th e  tru n k  segments o f th e  body.

A dd itional development tak es  p lace  as th e  trochophore metamorphoses 

in to  a d u lt body form. The most conspicuous f e a tu re  o f metamorphosis 

i s  the  g radual lengthening of th e  g en era tiv e  zone due to  th e  fo rm ation  

and development of tru n k  segments. The segments develop alm ost 

s im u ltan e io u sly  from a n te r io r  to  p o s te r io r ,  between m etatroch and 

pygidium. These c o n s ti tu te  th e  prim ary o r l a r v a l  som ites . The number 

o f prim ary som ites v a r ie s  consid e rab ly  from taxon to  taxon w ith in  th e  

A nnelida.

The sequence of segments which i s  s e r i a l l y  added to  th e  l a r v a l  

segments comprises th e  secondary segments o r p o s t- la r v a l  som ites.

They a re  generated  by th e  p rep y g id ia l growth zone.

Each somite develops two coelomic compartments. The form ation  o f

25
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mouth;

PC
opus.

T e x t- f ig . 9 : A, E x te rn a l view o f th e  trochophore o f 
P o lygord ius, shewing p ro to tro ch , m etatroch , and 
te lo tro c h . B, In te rn a l  s tru c tu re  of g en era lized  
an n e lid  trochophore. (A fte r Dawydoff and Shearer 
from Barnes, 1963) . ac , a p ic a l  t u f t  o f  c i l i a ;  
h i ,  h la s to c o e l;  ep, ep isp h e re ; ec , ectomesoderm; 
ms, mesodermal hands, me, m etatroch; p r ,  p ro to tro ch ; 
pc, proctodeum; pn, protonephridium ; sp , sensory  
p la te ;  s t ,  stomodeum; stm, stomach; s t a ,  s ta to c y s ts ;  
t e ,  te lo tro c h .
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th e  segments are  marked e x te rn a lly  "by development o f s e t a l  sacs and 

s e ta e .  .Also each o f the  e a r ly  segments i s  commonly rin g ed  by a g ird le  

o f c i l i a .

In  the ep isp h e ric  reg io n , which o r ig in a l ly  forms th e  m ajor p a r t  

o f th e  trochophore, the  c e l l s  o f  th e  a p ic a l p la te  form the  prostomium 

and th e  "b ra in " ; concom itantly th e  mesodermal t i s s u e  moves forward 

and invades the  prostomium. The mouth reg ion  may fuse  w ith  th e  f i r s t  

o r  f i r s t  and second trunk  segments from the  peristom ium . This process 

i s  commonly seen in  N ere is , Tom opteris, P is io n e , and in  th e  s a b e llid s  

and s e rp u lid s . These d iffe re n c e s  in  peristomium o r ig in  in d ic a te  th a t  

th e  p eristom ia  o f d if f e r e n t  polychaete groups a re  not n e c e s sa r i ly  

homologous.

T e x t-f ig . 9: A, E x te rn a l view of the  trochophore of P o lygord ius,

shewing p ro to tro ch , m etatroch, and te lo tro c h . B, I n te rn a l  s tru c tu re  

o f genera lized  an n e lid  trochophore. (A fter Dawydoff and Shearer from 

Barnes, 1963) .  a c , a p ic a l t u f t  o f c i l i a ;  b l ,  b la s to c o e l;  ep , ep isp h ere ; 

e c , ectomesoderm; ms, mesodermal bands, me, m etatroch; p r , p ro to tro ch ; 

pc , proctodeum; pn, protonephridium ; sp , sensory p la te ;  s t ,  stomodeum; 

stm , stomach; s t a ,  s ta to c y s ts ;  t e ,  te lo tro c h .

The elongated  metamorphosing la rv ae  rem ain p lank ton ic  f o r  vary ing  

len g th s  o f tim e, b u t g en e ra lly  a t  th e  time o f s e t t l i n g  th e re  a re  s ix  o r 

seven se ta e -b e a rin g  segments. However, th e  la rv ae  o f O phelia a re  f r e e -  

svimming only u n t i l  th re e  se ta e -b e a rin g  segments have developed.
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A. Examples o f the on togenetic  development of po lychaetes

I t  i s  q u ite  m isleading to  g e n e ra liz e  to o  w idely upon polychaete 

ontogeny s ince  many v a r ia b le s  a re  o p e ra tiv e : e .g . ,  vary ing  segmental

processes in  p e lag ic  and benthonic la rv ae  and the  mode o f p rostom ia l 

metamorphosis. A few examples o f th ese  d iffe re n c e s  are  summarized 

below : -

Tomopteris helgo land ica  G re e ff : The on togenetic  development o f

Tonopteris he lgo land ica  was s tu d ied  by Xkessen (1962). The anim al i s  

ho lopelag ic  throughout l i f e .  In  adulthood th e  body i s  from 50 to  100 

mm. in  len g th , o f which th e  la r g e r  specimens a re  m ostly fem ale. The 

f e r t i l i z e d  egg develops s p i r a l  c leavage; g a s tru la t io n  i s  f in is h e d  in  

about 28 hours; a t  about th e  th i r d  day th e  embryo i s  developed in to  a 

trochophore; l a t e  in  the  th i r d  day, fo u r  segments a re  s im ultaneously  

d e lin a te d  as l a t e r a l  p ro tru s io n s  sep ara ted  by in te rseg m en ta l grooves, 

and fo u r p a irs  o f parapod ia l rudim ents a re  seen . The parapodia 

d i f f e r e n t ia te  in to  d o rsa l and v e n tra l  branches and b ear long b r i s t l e s .  

Late in  th e  f i f t h  day the  f i f t h  segment appears as th e  f i r s t  s ig n  of 

a c t iv i ty  o f th e  p rep y g id ia l growth zone. For a  s u rp r is in g ly  long time 

th i s  f i f t h  segment i s  the only one which buds o f f  from th e  growth zone. 

From th e  f i f t h  day th e  morphology o f th e  la rv a  changes v ery  slow ly w ith  

re sp e c t to  th e  middle and p o s te r io r  p a r ts  o f th e  tru n k  reg io n  and th e  

pygidium. During th i s  period  th e  p ro to tro ch  and f i r s t  segment a re  

fo rced  toward th e  a p ic a l pole along w ith  th e  p rev io u sly  e q u a to r ia l  l in e  

( te x t - f ig .  1 0 ).
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T e x t-f ig . 10: Embryonic development o f
Tomopteris he lgo land ica  G ree ff . A, 4-day 
embryo; B, 5-day embryo; C, 6-day embryo;
D, 7-^ay embryo; E, 11-day embryo. Note 
th e  development o f prim ary som ites ( i- IV ) , 
secondary som ite (V), and forw ard m ig ra tio n  
o f  th e  p ro to tro c h  and th e  f i r s t  pair, o f 
set^gerous c i r r i .  (Drawn from photographs 
of Akesson, 1962 . )
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T e x t-f ig . 10: Embryonic development of Tomopteris he lgo land ica  G ree ff .

A, 4-day embryo; 3 , 5-day embryo; C, 6-day embryo; D, 7-day embryo;

E, 11-day embryo. Note th e  development o f prim ary som ites ( i- IV ) , 

secondary somite (V), and forward m ig ra tion  o f th e  p ro to tro ch  and 

the  f i r s t  p a ir  of se tig e ro u s  c i r r i .  (Drawn from photographs of 

Skesson, 1962. )

The la rv a  d i f f e r e n t ia te  very  l i t t l e  beyond t h i s  s tag e  through 

the  n in th  day. By th e  f i f t e e n th  day, th e  te n ta c le s  bud o f f  and th e  

seventh  segment appears. At th e  9-10 segm ental period  the  te n ta c le s  

become hollow and connect w ith  th e  g en era l coelom.

The i n i t i a l  s tag e  o f  segm entation o f th e  anim al f i r s t  becomes 

v is ib le  in  the ectoderm and n o t in  the  mesoderm. The f i r s t  segm ental 

in d ic a tio n s  are  f i r s t  v i s ib le  in  th e  l a t e r a l  ectoderm  where th e  c e l l s  

arrange them selves in  fo u r  bulbous s tru c tu re s  on each  s id e .  The fo u r 

bands re p re se n t synchronously developing prim ary la r v a l  segments.

There i s ,  however, a  f i f t h  l a r v a l  segment, th e  fo rm ation  of which i s  

delayed a t  l e a s t  2k hours a f t e r  th e  fo u r th  prim ary segment i s  completed.

P isione remota (S outhern): P isione rem ota has a  very  in te re s t in g

la r v a l  developm ental p a t te rn .  I t  i s  very  much l ik e  a  Lower Cambrian 

t r i l o b i t e ,  (p .173) . The anim al i s  e r ra n t  in  l i f e  w ith  p lank ton ic  la rv a  

e a r ly  and benthonic l a t e r .  $kesson (1961) d iv id ed  th e  l i f e  period  in to  

two s ta g e s : p lank ton ic  and bottom  s ta g e s , and e ig h t  su b stag es , as l i s t e d  

below*.
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T e x t-f ig . 11: P lank ton ic  la rv ae  o f P isione
remota (Southern). A, a  young m etatrochopore;
B, o ld e r s ta g e , n o t y e t ready  to  metamorphose.
h .ru d , b ra in  rudim ent; b .a c , buccal aciculum ;
d c . l ,  d o rsa l c i r ru s  o f  the  buccal segment;
dc. I I ,  d o rsa l c i r ru s  o f th e  second segment;
i n t ,  in te s t in e ;  l a .e y ,  median eye; p . I I- IV ,
parapodium; ph, pharynx; mo, mouth; p r ,  p ro to tro c h ;
stm, stomadaeum; t r . f ,  t r a n s v e r s a l  fo ld ;
vc. I - I I ,  v e n tra l  c i r ru s  o f th e  f i r s t  and second
segment; v .g l ,  v e n tr a l  g land. (A fte r JJkesson, 1961 . )
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* As in d ic a te d  on te x t - f ig u r e s  11 ana 12, iicesson shows th i s  
a n n c lis  as p o ssess in g  s le n d e r  appendages wmcn appear to  be botn 
segmented and in  p a r t  biram ous. F u r th e r  s tudy  o f  t n i s  co n d itio n  i s  
e s s e n t i a l ,  fo r  i f  t n i s  i s  n o t pseudo-segm entation  o r  the  appendages 
( e . g . ,  as in  th e  Onychopnora ) ,  P is io n e  may l i e  extrem ely c lo se  to  
rhe t r a n s i t io n  from an n e lid s  to  a rtn ro p o d s in  t n i s  re sp e c t, a s  i t  
appears to  l i e  in  a s so c ia te d  c e p n a lic  f e a tu re s  ana o th e r  a sp e c ts  
o f  e a r ly  la r v a l  growth.

1. P lankton!c s tage  ( te x t - f ig .  11). A) Larva w ith  3 p a irs  of 

se tig e ro u s  parapodia; the appendages o f  the "buccal segment not v is ib le ;  

one p a ir  of eyes. B) Larvae w ith  3 to  h p a ir s  o f parapodia; th e  buccal 

appendages are  v is ib le  as rounded p ro tru s io n s ; one p a ir  of eyes. C) 

Larvae w ith  6 to  7 segments; th e  d o rsa l c i r r i  o f th e  buccal segment are  

longer than  th e  parapodia p roper; su b u la te  v e n tra l  c i r r i  have developed 

in  th e  f i r s t  se tig e ro u s  segment; two p a ir s  o f eyes. D) Larvae w ith  8 

segments; the  p e r s is t in g  p ro to tro ch  i s  somewhat d isp laced  l a t e r a l l y  

through th e  forward m igration  o f th e  bu cca l parapodia. These la rv a e  a re  

ready  fo r  metamorphosis.

T e x t- f ig . 11: P lanktonic la rv a e  of P isio n e  remota (Southern). A, a  young 

m etatrochopore; B, o ld er s ta g e , no t y e t ready  to  metamorphose, b .ru d , 

b ra in  rudim ent; b .a c ,  buccal aciculum ; d c . l ,  d o rsa l c ir ru s  o f th e  buccal 

segment; dc . I I ,  d o rsa l c i r ru s  o f th e  second segment; i n t ,  in te s t in e ;  

la ,e y ,  median eye; p. I I - IV , parapodium; ph, pharynx; mo, mouth; p r , 

p ro to tro c h ; stm, stomadaeum; t r . f ,  t ra n s v e r s a l  fo ld ;  vc. I - I I ,  v e n tr a l  

c i r ru s  o f th e  f i r s t  and second segment; v .g l ,  v e n tr a l  gland. (A fte r 

Akesson, 1961. )
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T e x tr f ig . 12: Three la rv a e  o f P isione  rem ota
(Southern) a t  d i f f e r e n t  s tag e s  o f metamorphosis. 
Note th e  forw ard m ig ra tio n  o f th e  "body segments 
and th e  e lo n g a tio n  o f th e  l a t e r a l  eyes0 For 
ex p lan a tio n  see t e x t - f i g .  11. (A fte r Akesson, 
1961. )
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2 . Bottom stage ( te x t - f ig .  12). E) Larvae w ith  8 segments; the 

p ro to tro ch  i s  v e s t ig ia l  o r has d isappeared . In  a  d o rsa l view th e  

"brain i s  c i r c u la r  w ith  ^ eyes a t  approxim ately th e  same le v e l .  F) 

Larvae w ith  8 segments; two p a irs  o f eyes, one in  th e  p o s te r io r  of th e  

elongated  b ra in , the  o th e r , l a t e r a l  and e lo n g ates  ( t e x t - f ig .  12B, C). 

G) Larvae w ith  8 segments; the s t i l l  more elongated  b ra in  extends to  

th e  p o s te r io r  margin of th e  th ird  s e tig e ro u s  segments. The two p a irs  

o f  eyes are now lo ca ted  in  the  a n te r io r  and p o s te r io r  reg io n  o f the 

b ra in  re sp e c tiv e ly . H) Larvae w ith  10 segments; th e  a n te r io r  end now 

has th e  a d u lt o rg an iza tio n . The a n te r io r ,  o r ig in a l ly  l a t e r a l ,  p a ir  

o f eyes i s  more o r le s s  reduced.

T e x t- f ig . 12: Three la rv ae  of P isione rem ota (Southern) a t  d i f f e r e n t

s tag e s  of metamorphosis. Note th e  forward m ig ra tion  o f th e  body

segments and th e  e lo n g a tio n  of th e  l a t e r a l  eyes. For ex p lan a tio n  see
o

te x t - f i g .  11. (A fter Akesson, 1961 . )

Scoloplos arm iger MKller: The embryology o f Scoloplos arm iger was 

s tu d ied  by Anderson (1959)• The yolky eggs o f Scoloplos arm iger a re  

a re  layed in  g e la tin o u s  cocoons, and develop by s p i r a l  cleavage and 

g a s tru la t io n  to  produce a  yolky trochophore , which then  developes 12 

prim ary segments in  s t r i c t  succession . C il ia te d  bands occur, though 

development i s  nonpelagic. Segm ent-form ation ceases a f t e r  8 days and 

th e  embryo hatches and metamorphoses in to  a  f re e  p re -a d u lt ,  c i l i a  

being developed l a s t  and yo lk  reso rbed . A d d itio n a l segments, th e  

secondary ones, a re  now added ( te x t - f ig .  1 3 ).

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



35.

me
chi-

B t

C

ana

mech2

ch5

DE

T e x t-f ig . 13: The e a r ly  embryonic development o f 
Scoloplos arm iger M flller. A, u n f e r t i l iz e d  egg;
B, e a r ly  4-day embryo, d o rsa l view; C, l a t e  5-day 
embryo; D, l a t e  6-day embryo; E, e a r ly  7-day embryo. 
Note th e  continuous development o f th e  body seg­
m ents. ah, a c ro tro ch ; ann, p o s t-p ro -p ro sto m ia l 
an tennu les; ch. 1 , 2 , 5 , c h a e tig e r  1 , 2 , 5 ; e ,  eye; 
g , 1 , 2 , 3 ,  g a s tro tro c h  of ch a e tig e rs  1 ,  2 , and 3 ; 
me, m etatroch; p , p ro to tro c h ; t ,  te lo tro c h .

(A fter Anderson, 1959*)
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A n te rio r to  th e  f i r s t  prim ary segment l i e s  th e  prostomium and 

mouth reg io n  derived  from th e  "body, o r ep isp h e re , o f th e  trochophore. 

P o s te r io r  to  th e  primary o r  secondary segments i s  a  p rep y g id ia l growth 

zone, follow ed by a te rm in a l pygidium. The prim ary and th e  secondary 

segments have a  s im ila r  o r ig in  and bo th  a re  formed b efo re  ectoderm; 

each segment con tains a  p a i r  o f  hollow mesodermal som ites, u su a lly  o f 

"4d" o r ig in ;  th i s  i s  th e  mesoderm.

A ren ico la  c r i s t a t a  Stimpson: A renicola c r i s t a t a  in h a b its  muddy 

sand a t  th e  extreme low w ater l in e .  The su rface  o f th e  in h ab ited  a rea  

i s  marked by a  la rg e  (2M to  3" in  d iam eter) low b lack  cone. In  l i f e  

th e  body i s  deeply  yellow ish-green  to  d a rk -p u rp le , w ith  11 p a ir  o f 

b ranch iae  and 6 p a ir  o f rudim entary parapodia i n  f ro n t  o f  a  long, 

non-appended pygidium. I t  a t ta in s  a  len g th  of 8  to  10 inches.

T e x t- f ig . 13: The e a r ly  embryonic development o f Scoloplos arm iger

M illler. A, u n fe r t i l iz e d  egg; B, e a r ly  4-day embryo, d o rsa l view; C, 

l a t e  5-day embryo; D, la te  6-day embryo; E, e a r ly  7-day embryo.

Note th e  continuous development o f th e  body segments, ak, ac ro tro ch ; 

ann, post-p ro -p ro sto m ia l an tennu les; ch. 1 , 2 , 5 , c h a e tig e r  1 , 2 , 5 ; 

e , eye; g , 1 , 2 , 3 , g a s tro tro c h  o f ch ae tig e rs  1 , 2 , and 3 ; me, m etatroch; 

p, p ro to tro ch ; t ,  te lo tro c h . (A fter Anderson, 1959*)

Eggs a re  deposited  in  a  la rg e  (5 inches to  2 f e e t  in  le n g th ) , s p h e r ic a l, 

cucumber-shaped ge la tinous mass, which i s  a ttach ed  to  the  upper end of 

th e  bottom by a  gela tinous f ilam en t. The w r i te r  had an opportun ity  

to  study  th e  ontogenetic development of th e  anim al during  e a r ly  September

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



to  December, 1967 , a t  th e  Duke Marine Laboratory, B eaufort, North 

C aro lina . The fo llow ing i s  a  b r ie f  d iscu ss io n  o f the r e s u l t s  o f  th i s  

re se a rch .

The g e la tin o u s  egg cases of the animal were c o lle c te d  during  mid- 

September to  th e  end o f October from B ird S hoals, n ear Duke U n iv e rs ity  

Marine Laboratory and taken  to  th e  Laboratory in  j a r s  o f  sea  w ater, 

where the  mass co n ta in in g  developing embryos was sep ara ted  in to  f in g e r -  

bowls co n ta in in g  f i l t e r e d  sea w ater which was changed d a i ly .  Here the  

embryos hatched from th e  j e l l y  and en te red  approxim ately 20  hours of 

free-swimming p e rio d , a f t e r  which they  b u i l t  muddy tubes from a  sm all 

amount o f muddy sand added to  each bowl. Diatoms l ib e ra te d  from th e  

d is in te g ra t in g  j e l l y  mass served as food fo r  th e  developing la rv a e .

The e a r ly  on togenetic  development o f th e  anim al i s  d iv is ib le  

in to  fo u r s tag es  and fo u r e co lo g ica l phases. These s tag e s  and phases 

alm ost p a r a l l e l  each o th e r , except th e  Free Swimming Phase i s  developed 

w ith in  th e  m etatrachophore s tage  ( te x t - f ig .  1 6 ). A b r i e f  d e s c r ip tio n  

o f th e  development o f th e  animal fo llo w s:

Smbryo-Trochophore s tage  ( te x t - f ig .  l^A-C, and t e x t - f i g .  15).

The eggs a re  brow nish-yellow , opaque, ova l, and about 0.13 to  0.15 mm. 

in  d iam eter. The f e r t i l i z e d  eggs develop in to  embryos about 15 hours 

a f t e r  f i e ld  c o l le c t in g . The embryos, r o ta t in g  w ith in  th e  v i t e l l i n e  

membrane, a re  n ea rly  th e  same s iz e  as  th e  eggs, and a re  covered w ith  

c i l i a .  A fte r  approxim ately 30 hours, th e  trochophores a re  hatched out 

from th e  v i t e l l i n e  membrane, and a re  about 0 . 20 - 0 .22  mm. in  le n g th , and 

about 0 .1 0  mm. in  w id th , w ith  w e ll-d e fin ed  p ro to - , narrow m eta-, broad 

n eu ro -, and te lo - t ro c h s .  A p a ir  o f red  eye-spo ts i s  lo c a ted  l a t e r a l l y
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T e x t- f ig . 14: E a rly  m etatrochophore o f  A renicola c r i s t a t a  . 
Stimpson, shewing th e  p rocess o f segm entation. A, note the  
ectoderm al segm entation "before form ation  o f mesoderm; B,C, 
d o rsa l and s id e  views of a  la rv a  .w ith  a  s in g le  p a i r  o f s e ta e , , 

•ee, ectoderm; ms, month segment; m t, m etatroch; p r ,  p ro to tro d h ; 
s i ,  f i r s t  segment; s s ,  f i r s t  p a i r  s ta e ;  yk, yo lk ; t e ,  te lo tro c h

(A ll drawings- were from photographs; th e  anim als were s l ig h t ly  
f la t te n e d  by the* co v er-g lass  o f tHe s l id e  m ount.)

. . .  ‘t • ■ ' . •• y • • ’ .
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T e x t-f ig . Ik: E arly  m etatrochophore o f A renicola c r i s t a t a  Stimpson,

shewing the process of segm entation. A, note th e  ectoderm al segmenta­

t io n  befo re  form ation o f mesoderm; B,C, d o rsa l and s id e  views o f  a  

la rv a  w ith  a s in g le  p a ir  o f s e ta e , e c , ectoderm ; ms, mouth segment; 

mt, m etatroch; p r , p ro to tro ch ; s i ,  f i r s t  segment; s s ,  f i r s t  p a i r  s ta e ;  

yk, yolk; t e ,  te lo tro c h . (A ll drawings were from photographs; the  

anim als were s l ig h t ly  f la t te n e d  by th e  co v er-g lass  o f th e  s l id e  m ount.)

a t  the  margin of th e  prostomium. The la rv a e , having one or two segments, 

g e n e ra lly  pass through a  s h o r t  free-swimming phase, th en  a t ta c h  on a  

sm all p iece  o f anim al sk e le to n  or a lg a  t o  e n te r  a  6 to  7 day pseudo- 

p lank ton ic  phase. The pseudoplanktonic l i f e  h is to ry  i s  dem onstrated 

by b o th  la b o ra to ry  experim ents and p lank ton ic  n e t  tra w lin g . The la rv ae  

a re  q u ite  l ig h t - p o s i t iv e ,  and i f  a  p iece  o f a lg a  i s  thrown in to  the 

f in g e r  bowl, th e  la rv ae  w i l l  qu ick ly  a t ta c h  to  i t  and s e c re te  a  sm all 

g e la tin o u s  body cover.

M statrochophore s tag e  ( t e x t - f ig .  15, H-L). The la rv a e  a t  th i s  

period  have one o ra l  and one to  s ix  s e t a l  segments and v ary  between 

0.25-0.75 nnu in  le n g th . The f i r s t  segment appears, w ith o u t s e ta e ,  

s h o r t ly  a f t e r  th e  trochophore hatches ou t from th e  v i t e l l i n e  membrane; 

i t  i s  w e ll-d e fin ed  by fo lded  ectoderm . The s ix  p a ir s  of appendages o r  

segments a re  added s e q u e n tia lly  over a  p erio d  o f 8 days.

E arly  ju v en ile  s tag e  ( t e x t - f ig .  15, M-N). The body of th e  animal 

con ta ins 7 to  17 s e t a l  segments and about 1 .0 0  t o  2 .3 0  mm. i n  le n g th .
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T e x t- f ig . 15: An on togenetic  sequence o f A renicola c r i s t a t a  
Stimpson. A, u n f e r t i l iz e d  egg; B,C,D, c e l l  cleavage, showing 
k,16,32 c e l la  s ta g e s ; E, an e a r ly  embryo; F,G, to p  and s id e  views 
o f trochophore; H-L, a  few d i f f e r e n t  s ized  m etatrochophores, note 
th e  segm ental p rocess; M,N, s id e  and d o rsa l views of an e a r ly  
ju v e n ile ; 0, a  l a t e  ju v e n ile . (A ll drawings made from pho tographs.)
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T e x t- f ig . Ip :  As ontogenetic  sequence of A renicola c r i s t a t a  Stimpson.

A, u n f e r t i l iz e d  egg; B,C,D, c e l l  cleavage, showing 4 ,16 ,32  c e l la  

s ta g e s ;  2, an e a r ly  embryo; F,G, top  and s id e  views o f trochophore; 

H-L, a few d if f e r e n t  s iz e d  m etatrochophores, nooe th e  segm ental 

p ro cess ; M,N, s id e  and d o rsa l views o f an e a r ly  ju v e n ile ;  0 ,  a  l a t e  

ju v e n ile . (A ll drawings made from photographs.)

The 7 th  segment appears th re e  and o n e-h a lf days a f t e r  th e  6t h  segment 

has "been completed, and growth co n tin u es; th e  17th  segment being 

completed approxim ately 30 days l a t e r .  The f i r s t  17 segments a re  

each  w ith  w e ll developed appendages. The mode o f l i f e  o f th e  animal 

from th e  e a r ly  stage  of th i s  period  i s  burrowing o r l iv in g  in  a  muddy 

sand tu b e .

Late ju v en ile  s tag e  ( t e x t - f i g .  15 0 ) . In  th i s  period  th e  la rv ae  

add th e  rudim entary segments, i . e . ,  th e  segments w ith o u t any 

appendages behind th e  17th  segment. The prostomium i s  p ro p o rtio n a lly  

reduced in  s iz e  and th e  7th  to  17th  appendages a re  formed in to  11 p a ir s  

o f g i l l s .  The len g th  o f  th e  anim als i s  more than  3*00 mm.

T e x t- f ig . l 6 : Showing th e  growth s tag es  and e c o lo g ic a l phases during

th e  on togenetic  development o f A renicola c r i s t a t a  Stim pson. Note th e  

segm ental process ceases from 9t h  to  13t h  day.
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3 . The Prostomium 

The prostomium i s  th e  "head,, o f th e  po lychaete . I t  o r ig in a te s  

from th e  ep isp h e re , o r in  f ro n t  o f th e  p ro to tro c h  o f th e  trochophore, 

and i s  composed of mouth, eyes, p a lp s , and nuchal organ . The prostomium 

i s  th e  presegm ental reg io n  except th a t  mesodermal hands grow forward from 

the  segm ental zone in to  th i s  reg io n  on each s id e  to  fu se  in  f ro n t  o f the 

mouth, and p a ired  sacs may a r is e  w ith in  them. Some m orphologists have 

m aintained th a t  th e  occurrence o f th e se  sacs lends support to  th e  view 

th a t  th e  prostomium i s  derived  from a  number o f segments which have 

been reduced by ce p h a liz a tio n . The suggestion  th a t  th e  prostomium 

might co n ta in  as many as  th re e  segm ents, however, f i r s t  came from th e  

s tu d ie s  o f th e  b ra in , which in  many worms has th e  appearance o f being 

made up o f th re e  p a irs  o f g an g lia  c lo se ly  fu sed . Opponents o f th i s  

id e a  argue th a t  the  b ra in  i s  fu n c tio n a lly  separab le  in to  " fo re " , "mid", 

and "hind" b ra in  reg ions owing to  th e  c o r re la t io n  c e n te rs  a sso c ia te d  

w ith  th e  p a ired  sense organs which a re  borne on th e  prostomium. These 

a re  th e  t a c t i l e ,  and p o ss ib le  chemosensory, an tennae, p a lp s , eyes, and 

chemosensory nuchal organs, none o f which has any obvious co u n te rp a rt 

on th e  succeeding segments. I n  s tudy ing  th e  development o f Scoloplos 

arm iger, Anderson (1959) concluded th a t  th e re  was no evidence f o r  th e  

view th a t  th e re  a re  v e s tig e s  o f any segments in  f ro n t  o f  th e  f i r s t  

d e f in i t iv e  tru n k  segment; th a t  th e  b r a in  and th e  circum oesophageal 

commissures a re  presegm ental s t r u c tu r e s ;  and th a t  th e  forw ard growth of 

th e  mesoderm and th e  appearance o f th e  c a v i t ie s  w ith in  i t  a re  secondary 

developm ents. The g ang lion ic  c e n te rs  occur in  th e  prostomium and th ey  

can be presumed to  have evolved i n  s i t u  i n  a s so c ia tio n  w ith  p a ired
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p restom ia l sense organs, and n o t as th e  g an g lia  o f cep h a lizea  tru n k  

segments; th e re  i s  no evidence f o r  in co rp o ra tio n  of segm ental g an g lia  

in to  th e  polychaete b ra in  in  th e  manner o f a rth ro p o d s.

The peristomium i s  formed by a fu s io n  o f more th an  one tru n k  segment 

im m ediately behind the  prostomium. In  N ereis and Tomopteris th e  

peristomium i s  formed by two tru n k  segments, s in ce  i t  b ea rs  two p a irs  

o f c i r r i  on each s id e  s im ila r  to  those  o f th e  parapodia  f a r th e r  back. 

P isione has th re e  tru n k  segments in co rp o ra ted  w ith  th e  prostomium. The 

more p o s te r io r  of th e  p e r is to m ia l c i r r i  a re  in n erv a ted  by a  parapodia 

ganglion ju s t  beneath  th e  bases o f th e  c i r r i ,  and a re  seco n d a rily  

connected to  ano ther ganglion on th e  circum oesophageal commissure a t  

th e  same h o r iz o n ta l le v e l ;  b u t th ese  p arap o d ia! g a n g lia  rem ain d i s t i n c t l y  

separa ted  from the  b ra in , even when th e i r  in d iv id u a l i ty  i s  e x te rn a l ly  

masked by a  lo ss  of t h e i r  parapodia In  th e  a d u lt  worm. Anderson goes 

on to  say th a t  we can a t  p resen t only  conclude th a t  th e re  i s  c e r ta in ly  

no evidence w hatever f o r  the  view th a t  any p a r t  o f th e  b r a in ,  circumo­

esophageal commissures, o r th e  mouth reg io n , i s  d eriv ed  from  th e  most 

a n te r io r  segment by ce p h a liz a tio n , and t h a t ,  on th e  c o n tra ry , th e  b ra in  

and a l l  th e  s tru c tu re s  th a t  i t  d i r e c t ly  in n e rv a te s , such as  th e  palps 

and antennae, a re  presegm ental in  s t r u c tu r e . S tru c tu re s  such as  th e  

p e ris to m ia l c i r r i ,  which a re  m an ife s tly  d e riv ed  from th e  most a n te r io r  

segments, a re  always innervated  from g an g lia  which r e t a in  t h e i r  id e n t i ty  

and rem ain sep a ra te  from the  b ra in .
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C. Segmentation Problems 

In  a series of papers Iwanoff (1928, 1933, 1 9 ^ )  d iscu sses  the  

primary' and. secondary segm entation in  a r t ic u la te s .  The prim ary 

segments, or la r v a l  segments, which form th e  main p a r t  o f th e  fu n c tio n a l 

embryo, a l l  appear sim ultaneously  and a re  derived  from th e  ectoderm al 

activity. The secondary segments, or p o s t- la rv a l  segments, which give 

r i s e  to  most o f th e  a d u lt  body, are  budded o ff  in  a  s t r i c t  succession  

from th e  p rep y g id ia l growth zone and p r im itiv e ly  co n ta in  n e p h rid ia  and 

rep ro d u c tiv e  organs. This heteronomy in  segment form ation i s  found no t 

only among the  polychaetes b u t a lso  in  o th e r phyla such as a rth ro p o d s , 

en te ro p n eu sts , and ch o rd ates. The number of prim ary som ites v a r ie s  

considerab ly  w ith in  th e  polychaete a n n e lid s , b u t seems to  be d i s t i n c t  

in  sep a ra te  f a m ilie s . Also among th e  arth ropods i t  has been p o ss ib le  

to  d is t in g u is h  prim ary and secondary som ites . Iwanoff dem onstrated the  

presence o f fo u r p o s to ra l  prim ary som ites in  th e  merostomes and has 

given cogent reasons t o  b e liev e  th a t  th e  same number of prim ary som ites 

occurs in  C h e lic e ra ta  and T r i lo b i ta ,  whereas th e  C rustacea e v id e n tly  

have only two prim ary som ites. For th ese  rea so n s , Iwanoff comes to  the  

conclusion  th a t  th e  vary ing  number o f prim ary som ites suggests  a  

po ly p h y le tic  o r ig in  o f th e  arth ropods. This view has been accep ted  by 

s e v e ra l w r i t e r s : Remane (19^9), Snodgrass (1938), St$4rmer (19MJ.), 

and Beklemischew (1952) .  I t  has been re je c te d  by Manton (19^9), Tiegs 

and Manton (1958) , Anderson (1959), aad Skesson (1962) , who argue th a t  

th e  d i f f e r e n t  numbers o f  prim ary som ites i n  polychaete  la rv a e , 

heteronomous o r nonheteronomous, can be in te rp re te d  b e s t  i n  term s o f 

fu n c tio n a l s p e c ia l iz a t io n  enhancing th e  e f f ic ie n c y  of th e  growing
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organism, whether pelag ic  or nonpelagic.

Returning to  the co n d itio n  found among th e  po lychaetes , a  few

examples of the ontogenetic  development of po lychaetes have been here

presented to  dem onstrate the morphologic v a r ia t io n s  o f the  prostomium

and heteronomous and non-heteronomous segm ental p rocesses o f the an im als.

Tonopteris helgolandica i s  an heteronomous po lychaete , in  which th re e

prim ary segments sim ultaneously  appear between the  p ro to tro ch  and the

te lc tro c h  by segm entation of th e  ectoderm , and th e  secondary segments

a re  developed from th e  p rep y g id ia l growth zone. The same process i s  a lso
o

found in  Eunice kob lensis  (Akesson, 1967)# th e  N ereidae, S erp u lid ae , e tc .  

Ucn-heteronomcus o r p a r t ly  heteronomous forms a re  i l l u s t r a t e d  by 

Scoloplos amiger (Anderson, 1959), H alploscoloplos f r a g i l i s  (Akesson,

1961 ), Polygordius, e tc .  which a re  w ithou t any d i s t in c t io n  between 

primary and secondary segm entation; th e  segment form ation  in  th ese  

annelids takes p lace  evenly from a n te r io r  backward, w ith  th e  mesoderm 

segmenting before th e  ectoderm. However, th e se  forms do have a  shallow  

segmental b reak  between c e r ta in  segments, b u t th e  segmenting f i r s t  

appears in  the mesoderm; i t  i s  n o t l ik e  heteronomous segm entation, which 

f i r s t  appears on th e  ectoderm.

The observation  on th e  segm ental p rocess and the  mode o f l i f e  o f 

A renicola c r i s t a t a  and A x io th e lla  muscosa has le d  to  th e  conclusion  

th a t  Iwanoff*s theory  i s  s t i l l  ten a b le . These observations do no t 

support Manton, e t  a l . th a t  th e  heteronomic segm ental process i s  m erely 

a fu n c tio n a l response to  the  needs of th e  la rv a  during  p lank ton ic  l i f e .

In  the  la r v a l  development o f A renicola c r i s t a t a ,  th e  e a r ly  trochophore 

has a sh o rt free-swimming period  (during the  1 s t  and 2nd segm ental s ta g e )
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bu t lacks heteroncmy; A x io th e lla  mucosa (Bookhout, 19^9) e x h ib its  

heterenemy (3 or h prim ary segments) b u t no planktonic s ta g e , and in  

th ese  the ectoderm al segm entation precedes mesodermal ( t e x t - f ig .  lhA ).

The fu n c tio n a l response to  the  needs of th e  la rv ae  does not seem to  be 

a convincing argument a g a in s t Iwanoff*s theorgy . The presence o r absence 

o f heteroncmy among polychaetes seems r a th e r  to  be a  fundam ental con d itio n , 

and probably in d ic a te s  sep a ra te  annelidan  o rig in s  fo r  derived  groups 

such as the d if f e r e n t  arthropod c la sse s  o r m ollusks.

Segrove (19^1) p o s tu la ted  th a t  the  p rim itiv e  (h y p o th e tica l)  

polychaete produced a la rg e  number o f sm all eggs vh ich  developed in to  

f u l ly  c i l i a te d  la rv a e . These la rv ae  v e re  p e lag ic  and fed  on th e  m icro­

plankton fo r  a  long time before undergoing metamorphosis. The c i l i a  were 

m ainly fo r  locomotion and perhaps to  a  much le s s e r  e x ten t f o r  feed ing . 

Another l i n e ,  ch a rac te rized  by benthonic la rv a e , developed from th i s  

h y p o th e tic a l ty p e . They produced a  sm all number of la rg e ,  yo lk -laden  

eggs. The la rv ae  developing from th ese  eggs depend on th e  yo lk  and not 

on an e x te rn a l food supply , hence th e  feed ing  and locomotor c i l i a r y  

apparatus was suppressed . I n  some o f th e  benthonic ty p es , however, c i l i a  

seem to  have been re ta in e d  f o r  a  r e s p ir a to ry  fu n c tio n . Monton (19^9 ) 

and Anderson (1959) have a ls o  b o th  argued th a t  forms w ith  benthonic mode 

o f l i f e ,  producing few, la rg e  yo lk  eggs and segm entating in  a  s t r i c t l y  

a n te r io r  to  p o s te r io r  manner during  development, a re  p r im itiv e , e .g . ,  

Sco lop los, E aploscoloplos, e t c . ,  and in c lu d in g  th e  Onychophora. For them 

th e  p e lag ic  la rv ae  of Tom opteris, N ere is , e tc .  a re  advanced. I t  should 

be noted th a t  th e  egg o f A renicola c r i s t a t a  and A x lo the lla  mucosa bo th  

co n ta in  much yolk , b u t A. c r i s t a t a  la rv a e •possess a sh o rt free-swimming
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T e x t- f ig . 1J: A, a  l a t e  a a u p liu s  o f Balanus (A fte r 
Caiman from L ankester, 1909) ; B, f i r s t  naup lius 
la rv a  o f Cyclops fuseus (A fte r Green from B arnes,
1962) .  anu, an ten n u les ; a n t ,  an tennae; md, m andibles; 
it, f r o n ta l  bom ; o, nau p liu s  eye.
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stage and are non-heteronomic, whereas A. mucosa has a  heteronomic 

segmental process h u t i s  nonpelagic throughout l i f e .  I a  t h i s  l i g h t ,  

the A n d e r son-Manton c r i t e r i a  f o r  determ ining p rim itiv en ess  among 

polychaetes are  le s s  than convincing (see a lso  p. 125 )•

2 . Ontogeny o f Crustaceans

Crustaceans eggs are ty p ic a l  c e n tro le c i th a l  and cleavage i s  

superficial; h o lo b la s tic  cleavage i s  n o t uncommon. Often only the 

i n i t i a l  cleavage d iv is io n s  a re  com plete, as in  some a rach n id es, h u t 

there are a considera'ole number of spec ies  o f  bo th  Entom ostraca and 

Malacostraca i n  which a hollow b la s tu la  i s  formed.

Since among th e  crustaceans th e  young ha tch  a t  d i f f e r e n t  periods 

o f development, the  youngest la rv ae  may have q u ite  d iv e rse  forms in  

th e  various o rd e rs , rep resen tin g  d i f f e r e n t  ontogenetic  s tag e s  according 

to  the  degree of development they  undergo w ith in  th e  egg. The e a r l i e s t  

and b as ic  type of c rustacean  la rv a  i s  th e  nauplius ( t e x t - f ig .  17)• I t  

i s  commonly free-swimming and p lan k to n ic , oval o r pyriform  in  shape 

w ith  the  la rg e r  end a n te r io r .  Three p a ir s  o f appendages a re  p resen t - 

th e  an ten n u les , an tennae, and m andibles -  and a  median eye o f  two or 

more p a r ts ,  a lthough th e re  i s  no v is ib le  segm entation of th e  ectoderm ;

T e x t- f ig . 17; A, a  l a te  nauplius of Balanus (A fter Caiman from 

L ankester, 1909); B, f i r s t  naup lius la rv a  o f Cyclops fuscus (A fte r 

C-reen from B arnes, 1962) . anu, an ten n u les ; a n t ,  an tennae; md, m andibles; 

h , f r o n ta l  horn; o, nauplius eye.
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the presence of appendages and g an g lia  shows th a t  th e  nauplius i s  a t  

least a p a r t ly  segmented s tag e  o f development. The reg io n  of th e  body 

behind the mandibles i s  th a t  in  which th e  o th e r segments w i l l  be formed 

later, and t h e i r  rudim ents may be seen beneath  th e  naup lius c u t ic le ,  

tfhen these segments a re  formed, however, they  a re  generated  by a 

d i f f e r e n t  method from th a t  which formed th e  a n te r io r  segm ents. The 

nauplius i s  u su a lly  follow ed by a  m etanauplius s ta g e , during  which, 

in  the course of successive  m o lts , tru n k  segments, and a d d it io n a l 

appendages are  g rad u a lly  acqu ired  from a sub term inal zone o f  the  

n au p liu s ; th e  p o s te r io r  p a r t  o f th e  body i s  much leng thened; i t  i s  now 

d i s t in c t ly  segmented and bears  th e  rudim ents o f s e v e ra l p a ir s  o f new 

appendages.

Examples o f C rustacean Ontogeny

a . The ontogenetic development of Leander s q u i l la  Linn has been 

s tu d ied  by Sollaud (1923). The germ bands o f  Leander a re  a t  f i r s t  

V-shaped ( te x t - f ig .  18)', i t s  two arms d iverge forward on th e  blastoderm  

from a p o s te r io r  a re a  o f p r o l i f e r a t io n  (GD) in  th e  reg io n  of the  

b la s to p o re , whence a ls o  a re  p ro lif e ra te d  forward two corresponding bands 

of mesoderm. Each mesoderm band soon becomes d iv id ed  in to  fo u r  

consecutive p a r ts ,  which appear as fo u r  lobes on th e  su rface  (B). ‘ The 

germ bands them selves g rad u a lly  become le s s  d iv e rg e n t, and f in a l ly  

t h e i r  a n te r io r  ends curve m edially  and a re  u n ite d  by a  b ridge  between 

th e i r  a n te r io r  lobes (C). At th e  same time th e  rudim ents o f th re e  p a ir s  

of appendages appear on th e  second, t h i r d ,  and fo u rth  lo b e s , which a re  

re sp e c tiv e ly  the  an tennules (Anu), th e  antennae (A nt), and th e  madibles
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T e x t- f ig . 18: E arly  embryonic s tag e  o f a  palaemonid c ru stacean . 
Shearing the  development o f the  p rocephalic  lobes and th e  
an tennules from th e  unsegmentated prostom al re g io n , and 
cep h alic  segm entation. A, Leander s q u i l la  Linn; B-F, L. 
s e r ra tu s  Pennant. Anu, an tennu les; Ant, an tennae; Cdp,"caudal 
p a p i l la ;  E c t, ectoderm al t e lo b la s t s ;  GD, germ inal d isk ;
I , I I ,  prim ary som ites; Lm, labrum; MD, m andible; 1Mx,2Mx,  
f i r s t  and second m axillae ; E re, p rocephalic  lo b e ; E rs t,  
prostomium; T e l, te lso n . (A fte r S o llaud , 1923 from Snodgrass, 
1938.)
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(r.'.d). The f i r s t  lobes (Prc) have no appendages, b u t they  give r i s e  to  

th e  compound eyes and o p tic  g a n g lia . These new appear in  the  ectoderm 

o f the  young embryo. Sollaud says th a t  th e re  a re  tra n sv e rse  grooves 

which appear befo re  th e  f i r s t  segm entation (D). The most a n te r io r  

groove runs between th e  antennae and th e  m a n d ib le a n d  th e  th i rd  behind 

th e  mandibles (D,E). The body of th e  embryo i s  thus d iv id ed  in to  an 

a n te r io r  p rostom ial head segment ( P r s t ) ,  b earin g  th e  procepha l i c 

lobes and the an ten n u les , a  second segment ( i )  bearin g  th e  antennae, a  

t h i r d . segment ( I I ) b ea rin g  th e  m andibles, and a  te rm in a l unsegmented 

p iece  (Cdp), which i s  th e  caudal p a p i l la .  The embryo i s  now in  the 

nau p liu s  s ta g e . Sollaud claim s th a t  th e  f i r s t  segment, b earin g  th e  

o p tic  lobes and an ten n u les , i s  th e  prostomium, the  o th e r two segments 

being  th e  f i r s t  and second tru e  som ites.

T e x t- f ig . 18: E arly  embryonic s tag e  o f a  palaemonid c ru stacean .

Showing th e  development o f th e  p rocephalic  lobes and th e  an tennules 

from th e  unsegmentated prostoma], reg io n , and cep h a lic  segm entation.

A, lean d er s a u i l l a  L inn; B-F, L. s e r ra tu s  Pennant. Anu, an ten n u les ; 

Ant, an tennae; Cdp, caudal p a p i l la ;  E c t, ectoderm al t e lo b la s t s ;

GD, germ inal d isk ;  I , I I ,  prim ary som ites; Lm, labium ; MD, m andible; 

lMx,2Mx, f i r s t  and second m ax illae ; P rc , p rocephalic  lo b e ; P r s t ,  

prostomium; T e l, te ls o n .  (A fter S o llaud , 1923 from Snodgrass, 1938.)

The caudal p a p i l la  o f th e  m alacostracan embryo ( t e x t - f ig .  18) 

p ro je c ts  from the  b lastoderm . In  i t s  d i s t a l  p a r t ,  th e re  i s  a  c i r c l e  of
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u n d iffe ren tia ted , ectoderm al (E c t) and mesodermal c e l la ,  which a re  the  

te lo b la s ts  th a t  w i l l  generate the  postnaup lius som ites . Beyond the 

te lo b la s ts  i s  the reg io n  of th e  te ls o n  (T el) co n ta in in g  the  anus (An).

In  i t s  development th e  caudal p a p i l la  bends forward (F) beneath th e  p a r t  

of the  embryo contained in  th e  blastoderm .

When the  m alacostracan embryo reaches the  m etanauplius s tag e  th e re  

appear a t  the  base o f th e  caudal p a p i l la  th e  two m axillae and th e i r  

appendages.

Sollaud (1923), however, a s s e r ts  th a t  in  Leander bo th  m ax illa ry  

som ites a r is e  from th e  base o f th e  caudal p a p i l la  befo re  the  beginn ing 

o f a c t iv i ty  in  the te lo b la s t ,  and th a t  the  f i r s t  som ite o f th e  t e lo -  

b la s t i c  s e r ie s  i s  th a t  o f th e  f i r s t  m ax illip ed s. According to  him the  

fo u r som ites o f th e  m etanauplius (F ), namely, th o se  of the second 

antennae, th e  m andibles, the  m ax illae , and th e  second m ax illae , are  

prim ary som ites formed d i r e c t ly  in  th e  prim ary embryonic body between 

th e  ac ro n a l prostomium and th e  caudal p a p il la .  I f  so , the prim ary 

som ites of the  crustaceans would agree in  number w ith  th e  X iphosurida 

and T r i lo b i ta .  However, Snodgrass (1938, p . 8i )  th in k s  th is  in te rp r e ­

t a t io n  i s  erroneous, s ince  the  m axillae are  derived  from the  caudal 

p a p i l la  (see below).

Manton’s (1928, 193*0 s tu d ie s  o f the  embryonic process o f secondary 

segm entation of the  crustaceans Heminysis and Ifebalia  agree w ith  the  

observations of Sollaud fo r  th e  embryo o f Leander. In  Heminysis, she 

says th e  nauplius and p o s tn au p lia r mesoderms a re  a t  f i r s t  some d is ta n c e  

a p a r t ,  b u t l a t e r  the  t e lo b la s t ic  ectoderm and mesoderm extend forward 

to  include th e  f i r s t  m ax illa ry  segment. The te lo b la s ts  o f N ebalia a re
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d if f e r e n t ia te d  a t  th s  s id es  of the  p o s te r io r  h la s to p o ric  a rea , and the  

ectoderm al te lo b la s ts  ev en tu a lly  form a complete c i r c le  around i t ;  the  

mesodermal te lo b la s ts  are  formed from the  mesendodermal mass a t  the  

b la s to p o re ; Francem eier (1939) says they  a re  p ro l i f e r a te d  from the 

ectoderm al te lo b la s t s .  The ectoderm al t e lo b la s t s ,  according to  Manton, 

jo in  the  n au p lia r  ectoderm between th e  m andiblar and f i r s t  m ax illa ry  

segments. Thus i t  seems th a t  a l l  segments between th e  m andiblar segment 

and th e  te lso n  are  formed by th e  t e lo b la s t s .  T herefo re , the  m axillae 

re p re se n t secondary som ites and th e  prim ary som ites a re  r e s t r i c t e d  to  

the second antennae and mandibles only.

When the  l a s t  abdominal segment i s  com plete, th e  te lo b la s ts  

d isappear in  b o th  Hemimysis and N ebalia .

b . The ontogenetic  development o f Balanus am phitra te  var 

d e n tic u la ta  Broch has been s tu d ie d  by Costlow and Bookhout (1958), vho 

described  s ix  n a u p lia r  and one cyprid  s ta g e s . In  th e  n a u p lia r  s tag es  

1 through 3 th e  carapace i s  about 0 . 15- 0 .25  mm. in  le n g th  ( s a g . ) and 

rounded to  subrounded w ith  a  long te rm in a l p rocess . Two p a irs  of 

sp ines a re  marked along the  margin o f th e  carapace; the  a n te r io r  

l a t e r a l  p a irs  a re  medium-short, and th e  p o s te r io r - la te r a l  ones are  

r a th e r  sm all. Three p a irs  of appendages, an ten n u les , antennae, and 

m andibles, bearing  s e tu le s  a re  d ire c te d  l a t e r a l l y  and l a t e r a l  p o s t­

e r io r ly ;  th e  abdominal process te rm in a tes  in  two s h o r t  sp in e s . The 

labrum i s  lo ca ted  on th e  a n te r io r  m id -ce n tra l carapace ( t e x t - f ig .  19 , 

I - I I I ) .

In  nauplius s tag e  k , th e  carapace i s  about 0.22 mm. in  le n g th  

w ithou t a  te rm in a l p rocess , b u t a  p a ir  o f  sh o rt sp in es appear on the

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



o

V

T e x t-f ig . 19: A growth sequence o f Balanus a m p h itrite
v a r . a e n tic u la ta  Broch. Showing th e  metamorphosis o f 
th e  carapace. (A fter Costlow and Bookhout, 1958*)
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posterior edge where the carapace i s  d e lim ited  from th e  caudal p rocess .

Six rows cf minute b r i s t l e s  are  found on the  v e n tra l  su rface  o f  the 

abdominal process ( te x t - f ig .  19, IV).

In nauplius stag e  5 and 6 , the  carapace i s  ovate and about 0 .28-0 .3^  

mm. in length (sag. ). The a n te r io r  and p o s te r io r  p a ir  of sp in es  o f  th e  

carapace remain unchanged, except th a t  th e  p o s te r io r  ones a re  s l ig h t ly  

more widely spaced than  in  the  previous s ta g e . The abdominal process 

bears six p a ir  of b r i s t l e s .  A p a ir  o f eye spo ts  develops b eside  th e  

n a u p lia r  eye in  th e  l a t e r  s tag e  ( t e x t - f ig .  19, V, VT).

Cyprid s tag e . The rounded a n te r io r  end o f the  cyprid  i s  the  

w idest p o rtio n  of th e  carapace which curves g rad u a lly  to  the p o s te r io r  

end. The degree o f  pigm entation v a r ie s  co n sid e rab ly , bu t some brown 

pigment i s  always observed; when th e  b iv a lv e  carapace i s  c lo sed , b o th  

th e  a n te r io r  and p o s te r io r  ends are  smooth.

I t  should be noted th a t  the  e a r ly  on togenetic  development of 

Balanus i s  m orphologically  q u ite  s im ila r  to  some p ro ta sp id es  o f t r i l o b i t e s ,  

such as C ry p to lith u s, T re ta sp is  (W hittington , 1959, Pi* 23, 26 ), and 

asaphids (S v it t ,  1961, p i .  117), e tc .  Though t h i s  s im i la r i ty  may be 

in te rp re te d  as an ad ap ta tio n  to  t h e i r  presumed tem porary p e lag ic  l i f e ,  

s in ce  the  t r i l o b i t e  la rv ae  a lso  re p re se n t an e a r ly  s tag e  o f development, 

i t  may, on the o th e r hand, be in d ic a tiv e  o f ev o lu tio n ary  a f f i n i t i e s .

T e x t-f ig . 19: A growth sequence o f Balanus am p h itrite  v a r. d e n tic u la ta  

Broch. Shewing th e  metamorphosis o f th e  carapace. (A fte r Costlow 

and Bookhout, 1958)
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3. Ontogeny of Msrostomata (Xiphosura)

According to S huster (1950> i 960) , th e  eggs o f th e  horse-shoe crah 

are laid between th e  t id e  marks on sandy beaches. A month or more l a t e r ,  

hatching occurs and the sm alle s t la rv a e  average 4 .5  mm. in  len g th . These 

grew by s tag e s , shedding th e i r  ch itin o u s  sk in  between each s ta g e . A fte r 

th e  f i r s t  molt the la rv ae  acquire  a  t a i l .  In  th e  f i r s t  t a i l e d  s tag e  

t h e i r  average length i s  6 .0  mm. and in  the next s ix  s tag es  9*55 mm.,

14 mm., 21 mm., 29 mm., 4-0 mm., and 50 mm. > re sp e c tiv e ly .

During the f i r s t  few years o f l i f e  th e  horse-shoe crabs shed t h e i r  

ch itin o u s  exoskeletons more than once a y ea r, b u t when th e  animal 

a t ta in s  a  len g th  from 100 to  120 mm. th e re  i s  only one molt a  y ea r, and 

th i s  occurs during mid-summer. Some nine to  tw elve years e lapse  b efo re  

th e  horse-shoe crab  i s  sex u a lly  m ature. The sexual organs become 

fu n c tio n a l and the  accessory  rep roductive  apparatus i s  developed w ith  

th e  f in a l  m olt. Throughout the  period  of growth each horse-shoe crab  

m olts 16 to  19 tim es; when a  horse-shoe crab  reaches th e  a d u lt ,  se x u a lly  

m ature, s tag e , i t  seems to  s to p  m olting. However, occasional excep tion­

a l ly  la rg e  ad u lts  seem to  c o n tra d ic t t h i s .

The opening o f th e  exoskeleton during molt begins ju s t  w ith in  th e  

v e n tra l  margin of th e  prosoma, th e  doublure . The f i r s t - t a i l e d  s tag e  

or sm aller "horse-shoe crab" emerges w ith in  an hour, b u t an animal 

100 mm. wide may re q u ire  over 24 hours.

Measurements o f th e  l in e a r  dimensions o f th e  growing animal show 

th a t  th e  increm ents o f growth g e n e ra lly  decrease  during  th e  l i f e  cycle  

a f t e r  an i n i t i a l  in c re a se . For example, th e  w id th  o f th e  f i r s t - t a i l e d  

s tag e  i s  45$ g re a te r  than  th a t  of th e  previous s ta g e , 75$ g re a te r  in
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-he next s ta g e , t u t  then  decreases s te p -v is e  to  a 15$ in c rease  in  w idth  

in  the tw e lf th  s tag e .

Embryologic development o f Xiphosura ( "Limulus" ) . -  The e a r l i e s t  

embryclogic study of Xiphosura polyphenrus was made "by Milne Edwards (1838) 

the next c la s s ic a l  s tu d ie s  o f th i s  su b je c t were those  o f Lockwood (1870) 

and Packard (1972, 1880); a l l  included  d e ta ile d  s tu d ie s  not only of 

embryology b u t a lso  o f ecology, anatomy, and h is to lo g y . Packard s tro n g ly  

argued th a t  th e  T r i lo b i ta  and Merostomata a re  p h y lo g en e tica lly  c lo se ly  

r e la te d ,  and he f i r s t  recognized th e  " t r i lo b i t e  s ta g e "  o f th e  e a r ly  

Xiphosura embryos. K ingsley (1885, 1892, 1893), iu  a s e r ie s  o f papers, 

recognized 11 s tag es  from egg to  e a r ly  hatch ing  la rv a .  P a tten  (1896,

1912) d ivided  the  e a r ly  ontogeny o f Xiphosura in to  14 s ta g e s . Iwanoff 

(1933) s tu d ied  th e  embryology o f X. maluccanus ( "Tachypleus g ig a s ") and 

paid  s p e c ia l  a t te n t io n  to  th e  development o f  the prim ary and secondary 

segments of the la r v a l  forms. According to  him, th e  e a r ly  la rv ae  of 

X. maluccanus has fou r prim ary som ites , which a re  th e  f i r s t  to  appear 

from th e  mesoderm, and are  seco n d a rily  im pressed upon th e  ectoderm.

Thus dem onstrating h is  phylogenetic p r in c ip le .  St^rm er (1944) has 

follow ed Iw anoff 's  th eo ry  and sep ara ted  th e  on togenetic  development o f 

Xiphosura in to  fou r s ta g e s , namely, th e  t r i l o b i t e ,  synziphosura, 

p re s tw ic h ia n e lla , and lim u lid  s ta g e s . These growth s tag e s  ap p aren tly  

p a r a l l e l  the  g eo lo g ica l record  and phylogenetic  development o f the  

anim al.

In  th e  e a r l i e s t  Xiphosura la rv a ,  th e  t r i l o b i t e  s tag e  (St^rm er, 1944) 

c o n s is ts  o f fou r prim ary segments i n  f ro n t  o f  th e  g en era tiv e  pygidium or 

caudal p a p i l la .  The secondary som ites, o r th e  new segments, a re  su ccess-
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'T ex t-fig . 20: Ontogeny o f a  l in u l id .  ’
1-k, Xiphosura maluccanus (L inn).
1 , t r i l o b i t e  s ta g e ; 2 , 3 ,  synziphorura 
s ta g e ; k, p re s tw ic h ia n e lla  s ta g e ; 5} l i n u l id  
s ta g e . (A fter S te rn e r , 1 9 ^ * )

\
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iv c ly  budded o ff  from the p re -p y g id ia l growth zone and s e r i a l l y  added to  

tiie primary som ites. The form ation of the  new segments i s  e s s e n t ia l ly  

the same as in  annelid s  and c ru stacean s , bu t i t  seems th a t  a f t e r  th e  6th  

cep h a lic , o r 3rd  secondary, somite a re  formed, th e  g en e ra tiv e  pygidium 

i s  turned  forw ard, and comes to  l i e  underneath  the  p o s te r io r  margin of 

the cephalcn, although Iwanoff f a i le d  to  show t h i s  g en e ra tiv e  p y g id ia l 

a c t iv i ty .  This i s  an in te re s t in g  p a r a l le l  to  th e  co n d itio n  shown to  

occur in  th e  on togenetic  development o f th e  palaemonid c ru stacean  

Leander ( te x t - f ig .  18). Therefore as th e  r e s u l t  o f  th i s  p y g id ia l 

in v e rs io n , th e  7th  segment, or 3rd  secondary som ite , d iv id e s  in to  two 

halves (7th  and 8th )  and a  ju n c tu re  forms between the  prosoma w ith  

c h i la r ia  rudim ents and the opisthosoma r id g e s  ( t e x t - f ig .  2 1 ). The same 

cond ition  i s  seen in  th e  o c c ip i ta l  r in g  o f o le n e l l id s  and th e  c e rv ic a l  

groove of c ru stacean s . Secondary segments a re  con tinuously  added behind 

the prosoma to  form the  opisthosome; th ese  a re  comparable to  and perhaps

T e x t-f ig . 20: Ontogeny of a  lim u lid . 1 -4 , Xiphosura maluccanus (L inn).

1 , t r i l o b i t e  s ta g e ; 2 ,3 , synziphorura s ta g e ; 4 , p re s tw ic h ia n e lla  s tag e ; 

5, lim u lid  s ta g e . (A fter St^rm er, 1944.)

homologous w ith  th e  t e r t i a r y  som ites o f  t r i l o b i t e s  (p .//? ) . The 

opisthosom al segments a re  formed around the  m argin o f th e  g en e ra tiv e  

pygidium and arranged sem i-co n c e n tr ia lly  a t  th e  e a r ly  s ta g e , b u t l a t e r  

open so as to  a rch  forward and l a t e r a l l y  ( te x t - f ig .  21, T ). The a d u lt  

s tru c tu re  o f Xiphosura con ta ins evidence o f th e  presence o f 14 p o s t-o ra l
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dorsal

ventral

T e r t - f ig .  21: Embryo o f X iphosura. ? o s to r io r - la te r a l  
vievr, shewing tho  form ation  of secondary som ites around 
the  te I s o n  (T) • (A fte r Iwanoff 1=33, from Stprm er, 1342.)
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som ites, the  l a s t  somite being behind the  l a s t  g i l l -b e a r in g  segment; bu t 

Zvsxiotf says th a t  in  the  embryo, rudim ents o f th re e  som ites appear in  

the poso-branchial reg io n , thus g iv ing  a t o t a l  o f 16 somites a n te r io r  

to  the caudal sp in e . The caudal, sp ine of th e  x iphosurids i s  o fte n  

c a lle d  the  " te lsc n " , b u t i t  i s  s i tu a te d  beyond th e  segment-forming 

zone. T herefore , Iwanoff suggests th a t  i t  might be comparable w ith  

the  d o rsa l spine on th e  p o s te r io r  segments o f c e r ta in  O lenellu s , where 

the  spine a r is e s  from a  segment some d is tan ce  from the  end of th e  body. 

Thus th e  xiphosuran " te lso n "  may no t be a  tru e  te rm in a l s tru c tu r e ,  and 

se v e ra l sm all som ites beyond i t  may have been l o s t .  This in te rp r e ta t io n  

may be reasonab le , b u t i t  should never be tak en  to  mean th a t  t h i s  

co n d itio n  has n e c e s sa r i ly  any phylogenetic s ig n if ic a n c e , s in ce  many 

crustaceans and in s e c ts  a lso  possess a  s im ila r  s tru c tu re ,  which may 

be longer o r s h o r te r ,  s le n d e re r  o r s to u te r ,  due to  fu n c tio n a l 

d if fe re n c e s .

T e x t-f ig . 21: Embryo o f X iphosura. P o s te r io r - la te r a l  view, showing 

th e  form ation of secondary som ites around th e  te ls o n  (T).

(A fter Iwanoff, 1933, from Stunner, 19^2.)

P atten  (1912) has shown th a t  th e  e a r ly  lim u lid  embryo has th e  

l a t e r a l  eyes s i tu a te d  on th e  a n te r io r  l a t e r a l  m argin o f th e  s h ie ld .

The eys m igrate to  a more d o ra l m edial po sito n  during  the  l a t e r  s tag e  

( te x t - f ig .  22). Comparable m igration  of th e  eyes i s  a lso  seen in  

o p isth o p arian  and p ro p arian  t r i l o b i t e s . Moreover, th e  segm ental sense
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Chf so*

av

chi-?4$&;

T e x t- f ig .  22: E arly  embryos o f Xiphosura polyphemus (L inn).
A, showing segm ental sense organ; note th e  fo rw ard ly  lo ca ted  
l a t e r a l  eye and absence o f any segm ental furrow  l a t e r a l l y  on the  
prosomal reg io n ; B, th e  l a t e r a l  eye has moved to  th e  second 
segm ental re g io n ; C, th e  abdominal lobe i s  d i s t i n c t ly  marked 
o f f ;  th e  l a t e r a l  eye has moved backward and d o r s a l ly  to  Uth 
cep h a lic  segm ental re g io n ., av , a n te r io r  m edial v e n tr a l  . 
margin o f th e  cephalon; ch, c h e l ic e r a l  lo b e ; cm6 , 6th  cep h alic  
segment; g , g i l l ;  f l ,  flab e llu m ; l e ,  l a t e r a l  eyes; op, o p ercu la r 
segments; opg, o p tic  gang lion ; p b l, p o s te r io r  d o rsa l  p la te ;
So^, kih segm ental sense organ. (A fter P a tte n , 1912.)
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organ (text-fig. 22, So-), which appears in  th e  e a r ly  la rv ae  of 

Xiphosura is comparable to  and nay c o r re la te  w ith  th e  f ix ig e n a l 

node of certain immature t r i l o b i t e s  ( te x t - f ig .  38H and 43E).

•Text-fig. 22: Early embryos of Xiphosura polyphemus (Lina).

A, showing segmental sense organ; no te  th e  fo rw ard ly  lo ca ted  l a t e r a l  

eye and absence of any segm ental furrow  l a t e r a l l y  on th e  prosomal 

reg io n ; 3 , the l a t e r a l  eye has moved to  the second segm ental reg io n ; 

C, th e  abdominal lobe i s  d i s t i n c t ly  marked o f f ;  th e  l a t e r a l  eye has 

moved backward and d o rs a l ly  to  4 th  cep h a lic  segm ental reg io n , 

av , a n te r io r  median v e n tra l  margin o f th e  cephalon; ch , c h e l ic e r a l  

lo b e ; cmo, 6 th cephalic  segment; g, g i l l ;  f l ,  flab e llu m ; l e ,  l a t e r a l  

eyes; op, opercu lar segments; opg, o p tic  ganglion ; p b l, p o s te r io r  

d o rsa l p la te ;  So4, 4 th  segm ental sense organ. (A fte r P a tten , 1912.)

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



i n .  ohtogeny of trilobita

The ontogeny of t r i l o b i t e s  i s  d iv ided  in to  th re e  d i f f e r e n t  periods 

namely, p ro ta sp id , meraspid, and h o lasp id . Five s tag e s  o f  th e  periods 

a re  recognized : th e  p ro ta sp id  period  i s  subdivided in to  th re e  s ta g e s : 

th e  an ap ro tasp id , m etapro tasp id , and p a rap ro tasp id ; th e  meraspid period  

i s  subdivided in to  e a r ly  and l a t e  meraspid s ta g e s ; no t s tag es  o f  the  

ho lasp id  (a d u lt)  period are  recognized ( te x t - f ig .  2 3 ). Each s tage  

presumably re p re se n t se v e ra l in s ta r s  (episodes o f e c d y s ia l m oulting) 

during  th e  succession  o f which th e  changes termed p erio d s  and s tag e s  o f 

morphologic d i f f e r e n t ia t io n  were a t ta in e d . Nothing comparable to  hexapod 

metamorphosis i s  here involved in  th e  ontogeny. Thus th e  periods and 

s tag e s  a re  a r b i t r a r i l y  d efin ed , s in ce  th e  morphologic changes o f any 

t r i l o b i t e  during  ontogeny were e s s e n t ia l ly  g rad u al and continuous. 

H y p o th e tica lly , these  morphologic changes have l e f t  no gap, no om ission, 

except th a t  cond itions o f p re se rv a tio n  may cause a  c e r ta in  s tag e  to  be 

lack in g  in  growth sequence. N eon to log ists  have sometimes observed the  

p re-m atu ra tio n  o f c e r ta in  in d iv id u a ls  w ith in  an on togenetic  assem blage, 

i . e . ,  an immature specimen may be m orphologically  o ld e r  th an  i t s  age.

I f  t h i s  phenomenon should occur among t r i l o b i t e s  i t  would d is ru p t  the  

re g u la r  growth sequence o r lead  to  th e  m is id e n tif ic a t io n  o f th e  growth 

s ta g e s , b u t s in ce  th is  s i tu a t io n  i s  r e l a t iv e ly  uncommon in  th e  Recent 

fauna, i t  would seem to  p resen t no grave problem in  a n c ien t ones.

65
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1. P ro tasp id  Period 

H is to r ic a l review . The term  "p ro tasp ls  ” was f i r s t  e s ta b lish e d  by 

Beecher (1695,< p* 169) fo r  th e  e a r l i e s t  reco rd  o f t r i l o b i t e  ontogeny, 

on the  b a s is  of fe a tu re s  of the d o rsa l s h ie ld . He d escrib ed  i t  a s :

"minute, varying in  observed sp ec ies  from O.h to  1 .0  mm. in  len g th , 

c i r c u la r  or avoid in  form, ax is  d i s t i n c t  and more or le s s  s tro n g ly  

annu la ted , head p o rtio n  predom ination, g la b e l la  w ith  f iv e  an n u la tio n s , 

abdominal p o rtio n  u su a lly  le s s  than  o n e -th ird  the  whole le n g th  o f the 

sh ie ld  ax is  w ith  from one to  se v e ra l an n u la tio n s . P le u ra l p o rtio n  

smooth or grooved, eyes when p re sen t a n te r io r ,  m arginal o r subm arginal; 

f re e  cheeks when p resen t very  narrow, m arg ina l”. This o r ig in a l  concept 

of the  p ro ta sp is  now needs re v is io n  because we now know co nsiderab ly  

sm aller p ro tasp ides w ith  only fo u r  o r f iv e  a x ia l  an n u la tio n s and fo r  

the  most p a r t  lack ing  th e  abdominal p a r t .  Beecher (1895 , p . 169 ) a lso  

suggested th a t  "the p ro ta sp is  period  might be subdivided in to  anap ro ta­

sp id , m etaprotaspid , and parap ro tasp id  s tag e s  during  which th e  e a r ly  

and l a t e  m olts took p lace , befo re  th e  complete se p a ra tio n  o f pygidium 

or in tro d u c tio n  of th o ra c ic  segm ents:. Be d id  n o t g ive any d is t in c t iv e  

c h a ra c te r is t ic s  to  d efine  th ese  d i f f e r e n t  s ta g e s . Raw’s  (1925, p. 226) 

view was th a t  "the p ro ta sp id  period  embraces th e  v ario u s  s tag e s  th a t  

precede the  development o f a  d e f in i te  tra n sv e rse  su tu re  subd iv id ing  th e  

d o rsa l s h ie ld " . This d e f in i t io n  c le a r ly  draws a  l in e  between the 

p ro ta sp id  and the meraspid p e rio d s , and i s  now follow ed by most au th o rs . 

S tunner (19^2, p. 56) defined  th e  p ro ta sp id  period  as " a l l  th e  e a r l i e s t  

s tag es  from hatching to  the  appearance o f th e  f i r s t  tra n sv e rse  d iv id in g  

o f th e  d o rsa l s h e ll  in to  two sep a ra te  s h ie ld s ,  and th e  t r a n s i to r y  pygidium”.

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



67

B e e c h e r
1895

R aw
1925 1927

Stefrmer
1942

Whittington
1959

Palm er  
1958 1952

1 H u
! 963

holospid
period

h o lo sp id
period

h o lo s p id  p. holospid p. j ho losp id  p.

■o
a  'g

n .2 -o n n late meraspid 
stage

jlcte meraspid : 
■ stcge

!t
l

w .2 
O
Z. " 
v  Q-

CL O

o  ‘Z  O 4,
Jr. c l

t/> <yo a
m. meraspid 

stage early mercs­

:
E E <y

7
e. mercspid 

stage pid St.
c

pQroprotcspid 
---------- stoge-

metoprotospid

onoprotospid
•1

protaspid
period

metaprotaspid
stage

•d < 0.6 
a. mm

metaprolaspid paroprofcspid - 

stage stage

anaprotaspid
sta g e

o 0.4-0.5 
. o
s. > q-5

anaprotaspid
stage

metcprotosp:di
stcge

•

j anaprotcspid 
j stage
I
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He -ilso further defined the  anapro tasp id  s tag e  as th a t  in  v h ich  "the 

axis has c-nly five segm ents” , and the  m etaprotaspid s tage  th a t  which 

"includes the later stage in  which new segments are  added "beyond those 

present in  the an ap ro tasp is" . Thus he was th e  f i r s t  au thor to  g ive a 

clear definition of Beecher’s s ta g e s . However, th e  p arap ro tasp id

T e x t- f ig . 23: Sharing various a u th o r’s d iv is io n s  o f the  ontogenetic

development of t r i l o b i t e s .

s tag e  was not adopted. In  W h ittin g to n 's  (1959b , p. 127) op in ion , "the 

e a r l i e s t  p ro ta sp id  rep re sen ts  th e  e a r l i e s t  s tag e  a t  which, presumably, 

th e  exoskeleton  i s  m ineralized  and th e re fo re  may be preserved . A range 

in  len g th  (sa g .)  from about 0 .2 5 -1 .0  mm. i s  known, r a r e ly  la rg e r .  O utline 

in  d o rsa l asp ect i s  u su a lly  su b c irc u la r ,  convexity  moderate to  s tro n g , 

and su b sp h erica l form may be a t ta in e d . The a x is  i s  a t  l e a s t  p a r t i a l ly  

defined  in  the sm alle s t p ro ta sp id e s . . . and may be com pletely o u tlin ed  

by furrow s. From a len g th  of 0 .40 mm. upward i t  i s  in  most specimens 

d iv ided  in to  r in g s ,  the  a n te r io r  being longer ( s a g .) th an  those  fo llow ­

in g  i t .  The 5 h h .. .r in g  i s  th e  o c c ip i ta l ,  and behind th i s  i s  th e  sh o rt 

a x ia l  p o rtio n  o f th e  protopygidium .. .  The p le u ra l  reg io n s  o f th e  

sm a lle s t knew p ro ta sp id  . . .  a re  e i th e r  incom pletely  d iv ided  o r n o t a t  

a l l .  At a  len g th  of 0 .5 0  to  0 .60 mm. th e  tra n sv e rse  r id g e  (p o s te r io r  

border o f cephalon) and furrow have e i th e r  appeared or been completed, 

thus d iv id in g  th e  p ro ta sp is  in to  a  la rg e r  cephalic  p o r tio n  and sm alle r 

p ro to p y g id iu m ...’1. I  in f e r  from th i s  sta tem ent th a t  he subdivided th e  

p ro ta sp id  period  in to  th re e  s ta g e s :  th e  1s t  s tag e  being  sm alle r than
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O.-rO ran., the  2nd stage between O.^O to  0.50 ran., and th e  3rd la rg e r  

than  O.cO mm. ( s a g .) ;  however, he d id  not denominate th e se  th re e  s ta g e s .

Palmer (1953, p. 165) follow ed S t^ rm er's  d e f in i t io n ,  and d iv ided  

th e  p ro ta sp id  period in to  anap ro tasp id  and m etaportaspid  s ta g e s , and 

noted th a t  " there i s  some evidence th a t  th e  anapro tasp id  a x is  may 

have more than  f iv e  segments a n te r io r  to  th e  o c c ip i ta l  segment. Also 

some sp e c ie s , such as C. "C assifim bra"]] w a lc o tti  (R esser) have an 

unsegmented ax is  in  th e  p ro ta sp id . N everthe less , th e  morphologic 

p o s it io n  o f th e  p o s te r io r  p a r t  o f th e  o c c ip i ta l  r in g  i s  n e a r ly  always 

apparen t. The anapro tasp id  s tag e  might thus be le s s  eq u iv o ca lly  defin ed  

as th e  s tag e  in  which th e  d o rsa l  exoskeleton  i s  a  s h ie ld  showing no 

evidence of segm entation of a  d i s t i n c t  protopygidium  p o rtio n  to  the 

o c c ip i ta l  r in g " . He recognized  S tu m e r ’s anap ro tasp id  and m etaprotasp id  

s tag es  as v a lid  and id e n t i f ia b le  su b d iv is io n s  o f th e  p ro ta sp id  period  

fo r  most n o n -o le n e llid  and nonagnostid  t r i l o b i t e s ,  b u t used a  s l ig h t ly  

d i f f e r e n t  n o ta tio n . The w r i te r  agrees w ith  Palm er’s s ta tem en t th a t  th e re  

a re  many t r i l o b i t e  la rv ae  w ith o u t any d i s t i n c t  a x ia l  s im u la tio n  and 

d i s t i n c t  p ro to p y g id ia l s e p a ra tio n . These a re  le s s  e a s i ly  ca te g o rize d , 

b u t those  forms w ith  d i s t i n c t  an n u la tio n  and protopygidium  lend  them­

se lv es  w e ll to  th e  Beecher-St^rm er p ro ta sp id  c la s s i f ic a t io n .  The 

ex cep tio n a l, and r a r e r ,  forms o f p ro ta sp id es  a re  probably  seco n d a rily  

m odified out o f the  common, and probably  more p rim o rd ia l and g en e ra l, 

u n d if fe re n tia te d  co n d itio n  (see  p. 7 2 ) . Palmer (19&, p . 92) a lso  

fu r th e r  subdivided th e  m etaprotasp id  s tag e  in to  4 degrees based on th e  

d i s t i n c t  o r in d i s t in c t  s e p a ra tio n  and th e  number o f  th e  f ix ig e n a l
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and p y g id ia l sp in es; these su bd iv is ions g e n e ra lly  conform to  R oss' (1951, 

p. 56b} ontogenetic s tu d ie s  of Pseud ocybe3.e n asu ta  Ross. Such d iffe re n c e s  

as e x is t  are  in  minor d e ta i l s .

Thus i t  can be seen th a t ,  th e re  i s  no complete agreement among 

t r i l o b i t e  s tu d en ts  on the d e f in i t io n  of on togenetic  s ta g e s ;  however, 

th e re  i s  a  consensus as to  th e  r e a l i t y  o f the  p ro ta sp is  s tag e  and i t s  

d i v i s i b i l i t y  d esp ite  the  hazy and somewhat debatab le  boundaries o f b o th  

s tag es  and perio d s. I t  i s  obvious th a t  th e  d i f f e r e n t  in te rp re a t io n s  

of t r i l o b i t e  development a re  due to  th e  s tudy  o f d i f f e r e n t  m a te r ia ls  by 

the d i f f e r e n t  re se a rc h e rs . The c h a r a c te r is t ic s  o f a l l  t r i l o b i t e  la rv ae  

are  n o t a l l  th e  same, and hence th e  d i f f e r e n t  m a te r ia ls  p re se n t somewhat 

d if f e r e n t  in form ation , from which various g en e ra lized  in te rp r e ta t io n s  

have been derived . The s i tu a t io n  i s  very  w e ll dem onstrated by modern 

c ru stacean  la rv ae  ( p . 49 ) (as w e ll  as those  o f echinoderm s, w ith  

v a rio u s ly  d i f f e r e n t  l a r v a l  form s). I t  i s  now m an ifest th a t  no s in g le  s e t  

o f c r i t e r i a  can be used as the  b a s is  fo r  th e  d e te rm in a tio n  o f  on togenetic  

s tag es  of a l l  t r i l o b i t e s .  In  t h i s  study  an a ttem pt has been made to  

f in d  a comprehensive in te rp r e ta t io n  of a l l  know t r i l o b i t e  on togen ies.

In  th e  search  a  c e r ta in  body of new in fo rm ation  has a ls o  accrued . Thus, 

th e  d e f in i t io n  of period  and s tag es  used in  t h i s  work i s  to  some degree 

d if f e r e n t  from the  d e f in it io n s  o f  most o th e r w orkders. However th ese  

d ev ia tio n s  a re  held  to  a minimum to  le s se n  confusion .

A. Terms Used in  th is  Paper 

The p ro ta sp id  period  i s  the e a r l i e s t  known p erio d  in  th e  on togenetic  

development o f a  t r i l o b i t e :  th e  in s te r s  a re  g e n e ra lly  0 .22 -0 .85  mm. in
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ienpuh (sag. ) and rounded to  subrounded in  o u tlin e . The s h ie ld  may be 

g e n t l y  to  h i g h l y  convex, w ith  or w ithou t d i s t i n c t  a x ia l  and p le u ra l  lobe 

d if f e r e n t ia t io n s  and a x ia l  an n u la tio n ; such d i f f e r e n t ia t io n  as does 

occur i s  fundamental. Surface ornam entation may be p re sen t o r ab sen t. 

The sm alle s t in s ta r s  u su a lly  have fo u r a x ia l  r in g s  and th e  la r g e s t  ones 

•rell-developed cephalic  and p ro to p y g id ia l s h ie ld s .  The anap ro tasp id  

s tag e  is  the e a r l i e s t  su b d iv is io n  o f th e  p ro ta sp id  p erio d ; th e  sh ie ld  

averages 0.28 mm. in  le n g th  (sa g .)  and v a r ie s  from 0.22 to  0 .^0  mm. long 

( s a g .) ,  w ith  or w ithout a x ia l  and p le u ra l  d i f f e r e n t ia t io n s .  The a x ia l  

lobe i s  marked by four d i s t in c t  o r in d i s t in c t  an n u la tio n s . A lo n g itu d ­

in a l  f is s u re  may be p resen t along the  c e n tr a l  a x is ,  and w ell-p rese rv ed  

m a te r ia l may show one to  th re e  p a ir s  o f  m arginal sp in e s , a  spinose 

hypostoma, and th e  lib rig en o -ro stru m  underneath  th e  s h ie ld .  The meta­

p ro ta sp id  s tage  i s  th e  second su b d iv is io n  o f th e  p ro a tasp id  perio d .

The s h ie ld  averages 0.35 ®m* io. le n g th  ( s a g .)  and v a r ie s  from 0 .30-0 .60  

mm. ( s a g .) .  I t  may o r may not show d i s t i n c t  d i f f e r e n t ia t io n  o f the  

a x ia l  and p le u ra l lo b es. T y p ica lly , th e  a x ia l  lobe i s  marked by 5 

a n n u la tio n s ; the  lo n g itu d in a l a x ia l  f is s u re  o f th e  p r io r  s tag e  may or 

may no t show. Some s i l i c i f i e d  m a te r ia l shows one o r more p a ir s  of 

m arginal sp in es , a  sp a rse ly  sp inose hypostoma, and u n d if fe re n tia te d  

lib rig en o -ro stru m . The p a rap ro tasp id  s tage  i s  th e  th i r d  su b d iv is io n  

o f the  p ro ta sp id  period . The average t o t a l  le n g th  i s  about O.5 8  mm.

(sag.) and v a r ie s  from 0 .50-0 .80  mm. ( s a g .) .  The s h ie ld  i s  su b sp h erica l 

e longate  and w e ll-d if f e re n tia te d  in to  cep h a lic  and p ro to p y g id ia l s h ie ld  

by a d e f in i te  tra n sv e rse  su tu re . The a x ia l  and p le u ra l  lobes a re  w e ll 

d i f f e r e n t ia te d ,  w ith  o r w ithout a x ia l  an n u la tio n ; th e  a x ia l  f i s s u r e  may
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shew; f a c ia l  su tu res  are  d o rsa l or dorso-m arginal; the  lib rig en o -ro s tru m  

i s  sep a ra ted ; the number of hypostomal sp ines i s  fe v e r  than  in  the  

preceding period . The protopygidium may be d iv ided  in to  a  few segments 

by furrow s, w ith  or w ithout m arginal sp in es .

Palmer (1958, p. 165) poin ted  out th a t  some p ro ta sp id es  have more 

than fou r g la b e l la r  segments, and W hitting ton  (1959b , p . 13*0 s ta te d  

th a t  Shumardia larvae  have th re e  g la b e l la r  r in g s  a n te r io r  to  th e  

o c c ip i ta l  segment. I t  now appears th a t  fo u r g la b e l la r  segments i s  th e  

genera l ru le  in  p ro ta sp id es : when more o r le s s  than  fo u r  a re  p re se n t, 

i t  i s  probably due to  secondary segm entation o f  th e  f r o n ta l  lobe o r 

segmental fu s io n . Such "segments" should no t be considered  as t r u ly  

i n i t i a l  segments.

B. R epresen tative Types o f P ro tasp ides 

Agnostids

The ontogeny of agnostids commonly i s  neg lected  in  d iscu ss io n s  of 

t r i l o b i t e  la r v a l  development, and our knowledge o f  th e  ontogeny o f th i s  

group has n o t advanced much sin ce  Barrande*s (1852) p e rio d . The youngest 

known form has a  cephalon and a p y g id ia l s h ie ld .  The th o ra c ic  segments 

a re  subsequently  added s e r i a l ly  between them. Matthew (1896) d i s t i n ­

guished th re e  on to g en e tica l s tag es  o f t h i s  group based on th e  c h a ra c te r ­

i s t i c s  o f th e  pygidium: th e  e a r ly  l a r v a l ,  th e  l a t e r  l a r v a l ,  and th e  

a d u lt s ta g e s . Snajde (1957) described  th e  ontogeny o f s e v e ra l  sp ec ies  

o f agnostids but none o f  th e  morphologic s tru c tu re s  shown p e r ta in  to  

s tag es  e a r l i e r  than  those rep resen ted  in  Barrande*s s tu d ie s .  Hunt (1967, 

p . 203-203) rep o rted  on th e  development o f Trinodus e ls p e th i  (Raymond)
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but h is  s i l i e t r i a d  m a te ria l from the  Edinburg Form ation of V irg in ia  shews 

no e a r l i e r  growth s tage  th an  was p rev io u sly  known. I f  th e re  was a  

protaspid ,. th e  s tag e  e a r l i e r  than  the  two s h ie ld  one, i t  i s  s t i l l  unknown.

The p resen t study of P agetia  c ly t i a  W alcott i s  th e  f i r s t  r e p o r t  on 

she ontogeny of th e  eo d isc in id  group. The e a r l i e s t  i n s t a r  shows a la rg e  

cephalic  s h ie ld  and somewhat sm alle r p y g id ia l s h ie ld  w ithou t any d i s t in c t  

su tu re  between ["pi. 1, f ig .  23] ;  w e ll-e le v a te d  p o s te r io r  f ix ig e n a l  

borders are  a re se n t. The t o t a l  len g th  o f th e  s h ie ld  i s  le s s  th an  0.30 

rani. ( s a g .) .  The a x ia l  lobe i s  c y c l in d r ic a l ly  c o n ic a l, w ith  th re e  

in d is t in c t  an n u la tio n s. Judging from th e  in d i s t i n c t  s e p a ra tio n  o f the 

cep h a lic  and p y g id ia l s h ie ld s ,  and from th e  s iz e ,  t h i s  specimen belongs 

to  th e  p arap ro tasp id  s tag e  or between p a rap ro tasp id  and e a r ly  m eraspid 

s ta g e s .

O len e llid s

The f i r s t  on togenetic  work on th e  o le n e ll id s  was by Ford (1877) who 

s tu d ied  th e  ontogeny o f S llip to c e p h a la  asaphoides Emmons from th e  Lower 

Cambrian o f Ifew York. W alcott (1910) s tu d ied  th e  same form from the  

Lower Cambrian of A lb erta  and Paedeumias yorkense R esser and Howell from 

th e  Lower Cambrian of Pennsylvania. The ontogeny o f Paedeumias hanseni 

Poulsen was described  by Poulsen . (1932) from th e  Lower Cambrian o f 

Greenland, and Holmia k j e r u l f i  ( lin n a rso n ) by St^rm er (19^+2) from the  

Lower Cambrian o f Norway. Most o f  th e se  ontogenies were re in v e s tig a te d  

by W hittington  (1957a, 1957b, 1959b). According to  him none o f  th e  

supposed p ro tasp id es  o f o le n e l l id s  t r u l y  belong to  th e  p ro ta sp id  period , 

s ince  th e  specimens a re  a l l  too  la rg e  f o r  th e  p ro ta sp is  s tag e  and a l l
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have -rail-developed th o ra c ic  segments, a c h a r a c te r is t ic  o f  l a t e r  s ta g e s .

Palmer (1957) re c e n tly  described  a  few s i l i c i f i e d  specimens from 

the  Lever Cambrian o f Nevada. He recognized f iv e  d i f f e r e n t  growth s ta g e s , 

designated  by Noman numerals I-V , b u t none o f the specimens was judged 

as p ro ta sp id  by Palmer o r by W hitting ton  (1959b) who reviewed th e  work.

A few very sm all sh ie ld s  o r cephala  of Q lenellus truem ani W alcott 

from the Lower Cambrian o f  Mexico were examined du ring  th e  p re se n t s tudy . 

They are  about 0 .40-0 .55  aim- i n  le n g th  ( s a g .) ,  sp h e r ic a l to  su b sp h e rica l 

in  o u tlin e  and convex, w ith  w e ll d i f f e r e n t ia te d  a x ia l  and p le u ra l  lo b es . 

The a x ia l  lobe i s  marked by a  lo n g itu d in a l ' f i s s u r e ,  and th e  p le u ra l 

lobes bear w e ll im pressed p le u ra l  fu rrow s. P o ss ib ly  th e re  i s  a  sm all 

protopygidium  lo ca te d  behind th e  o c c ip i ta l  r in g  £ p l. 2 , f i g .  1 -5 J • I f  

a sm all protopygidium i s  p re se n t behind th e  o c c ip i ta l  r in g ,  i t  i s  s a fe  to  

a ss ig n  th e  specimens to  th e  p a rap ro ta sp id  s ta g e . The Mexican e a r ly  la rv ae  

a re  d if f e r e n t  from those  of published  Q lenellus o r r e la te d  genera in  

th a t  th e  ax is  i s  fu sifo rm  and marked w ith  a  lo n g itu d in a l  f i s s u r e ; the  

p le u ra l  lobes bear d i s t i n c t  segm ental fu rrow s, and th e  o c c ip i ta l  r in g  

i s  very  narrow ( s a g .) .

In  d iscu ss in g  th ese  specimens w ith  Dr. W hitting ton  a t  Harvard 

U n iv e rs ity  in  1966 , he suggested th a t  th ey  p o ss ib ly  belong to  p ro ta sp id e s . 

There seems to  be no doubt t h a t  th ese  specimens a re  th e  e a r l i e s t  in s t a r s  

o f  o le n e ll id s  y e t seen .

P tychopariid s

The ontogeny o f p ty ch o p ariid s  i s  b e t t e r  known than  f o r  any o th e r 

t r i l o b i t e s .  The c la s s ic a l  foundations were l a id  down by Barrande (1852 ) ,
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who figured and described  a  considerab le  number o f la r v a l  s tag es  

including these  of Sap h ir s u ts  Barrande and Hydrocephalus carens 

Barrande, which a re  v e i l  known from i l l u s t r a t i o n  in  paleonto logy t e x t ­

books. Brpgger (1875) described  a  la r v a l  s e r ie s  o f L io stracu s  l in n a rs so n i 

Brjigger from the Middle Cambrian o f Norway. Beecher (1895) reviewed 

these s tu d ie s  and was th e  f i r s t  to  make a  comprehensive s tudy  o f the  

on togenetic  development of t r i l o b i t e s  and therefrom  attem pted a  n a tu ra l 

c la s s i f ic a t io n  o f th e  T r i lo b i ta .  S trand (1927) and St^rm er (19^2) 

dem onstrated th e  ey e-rid g es and cephalic  segments o f the  e a r ly  la rv ae  

of Olenus gibbosus (Wahlenberg). Endo (1935) worked on th e  ontogeny of 

B lackw elderia kobayashii Endo, Kobayahsi and Kato (1951) and presen ted  

d e ta i le d  i l l u s t r a t io n s  o f th e  growth sequence of R ed lich ia  ch in en sis  

W alcott. R ecently , Palmer (1958, 19&0 and W hitting ton  (l9^1b, 1956e> 

1959a, e t c . ), bo th  working on s i l i c i f i e d  m a te r ia ls  o f Cambrian and Middle 

Ordovician ages, co n trib u ted  much new in fo rm ation  on th e  ontogeny and 

v e n tra l  morphology of e a r ly  p tychopariid  la rv a e . W hitting ton  (1959b) 

a lso  re in v e s tig a te d  many o f th e  o ld  ontogenetic  works, re s tu d ie d  o r ig in a l  

specimens, and has given a  very  complete summary o f th e  on togenetic  

development of t r i l o b i t e s .

The m a te r ia l here s tu d ied  c o n s is ts  b o th  o f s i l i c i f i e d  and 

c a lc i f ie d  forms. The ty p ic a l  p ro ta sp is  o f th e  p tychopaiid s  i s  a  rounded 

to  subrounded, convex s h ie ld ;  the  t o t a l  le n g th  o f  th e  in s t a r s  i s  about

0 . 22- 0 .8 0  mm. ( s a g .) ;  most o f th e  sh ie ld s  a re  d i f f e r e n t ia te d  in to  a x ia l  

and p le u ra l  lo b es , b u t u n d iffe re n tia te d  forms a re  common; th e  ax is  i s  

e i th e r  annulated  o r smooth, o f te n  marked w ith  a  lo n g itu d in a l  f is s u re  

along the a x is ;  a  p a ir  of p i t s  occur on th e  a n te r io r  l a t e r a l  m argin of
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th e  sh ie ld ; the under-side  of the  s h ie ld  shows a complete l ib r ig e n a -  

ro s tru n  of one p la te  and a spinose hypostoma. The l ib r ig e n a e  a re  v e i l -  

developed in  the l a t e r  s tag es  and occur in  f ro n t  o f  the  f i r s t  p a ir  o f 

m arginal sp in es . The protopygidium  i s  marked by a  fev  segmental 

furrow s during the l a t e r  s ta g e .

The an ap ro tasp is  v a r ie s  from 0 .22  to  0.28 mm. in  le n g th  ( s a g .); 

th e  ax is  i s  composed of fo u r  an n u la tio n s o f vary ing  d is t in c tn e s s ,  v h ich  

a re  u su a lly  d iv ided  by a lo n g itu d in a l f is s u re  along th e  c e n tr a l  ax is  and 

sep ara ted  by tra n sv e rse  r in g -fu rro w s ; th e  lib rig en o -ro s tru m  i s  a  s in g le  

p la te ;  th e  hypostoma i s  sp in o se . The ty p ic a l  examples of th i s  s tag e  

have been s tu d ied  f o r :  Dytrmacephalus granulosus Palmer £ p .W p l. 9 , 

f i g .  l]] ,  Flexicalym ene granu losa  (F o e rs te )  £p .3 /?p l. 19 , f ig s .  1 -4 ], 

W eller as p is  l a t a  Howell (Hu, 19&, p . 96, Pi* 21*-, f ig .  1 9 ) , and 

C repicephalus deadwoodiensis, n. sp . [[p-i/tfp l. 8 , f ig s .  1 ,2 ] ,

In  the  m etaprotaspid  s tag e  th e  s h ie ld  i s  0 .30-0 .45  ram. i a  len g th ; 

th e  ax is  i s  composed o f f iv e  an n u la tio n s  o f vary ing  d is t in c tn e s s  and 

th e  a x ia l  and p le u ra l  lobes a re  w e ll  d i f f e r e n t ia te d .  Some forms may 

p re sen t a  narrow f r in g e  along th e  p o s te r io r  margin o f the  s h ie ld ,  bu t 

n o t segmented; the  lib rig en o -ro s tru m  i s  one u n i t ;  th e  hypostoma has a 

sm alle r number o f m arginal sp ines th an  th e  e a r l i e r  s ta g e . Examples o f 

th i s  s tag e  have been examined in :  D unberbergia ? any ta  H all and W infie ld  

£p.228;p1. 9, f ig .  2 -6 ] , P tyehaspis b u lla su s  Lochman and Hu [p .2# ,p l. 11, 

f ig .  l ] ,  Olenus gibbosus (Wahlenberg) [  p .253.p i .  12, f i g .  1 -3 ] , P tarm igania 

a u r i ta  R e s se rT p ./£ /.p l. 4 , f ig s .  6 ,7 ] ,  and th o se  o f genera described  In  

th e  anapro tasp id  s tag e .

In  the p arap ro tasp id  s ta g e , th e  s h ie ld  i s  subrounded and e longate
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w ith  -.veil d i f f e r e n t ia te d  ccphalon and protopygidium; the  d o rsa l furrows 

a re  d i s t in c t  to  in d i s t in c t ;  in  most o f th e  forms th e  lo n g itu d in a l 

f is s u re  has d isappeared ; secondary p i t s  appear on the  a n te r io r  lobe; the  

f a c ia l  su tu re s  a re  dorso-m arginal and the  pa lpeb ra l lobes a re  w e ll 

defined . The protopygidium i s  tra n sv e rse  or t r ia n g u la r ,  w ith  o r w ithout 

m arginal sp in e s . The lib r ig e n a e  and rostrom  are  d i s t i n c t ly  sep ara ted , 

and the m arginal sp ines o f  th e  hypostoma are reduced. The d o rsa l furrow 

and the  annu la tions o f most genera show varying shallow ness. Examples 

o f th is  s tag e  have been examined f o r :  Apomodocia con ica , n . sp .

£p .#>^pl. 3, f ig s .  4 -8 J , Gylyphaspis c f .  parlcensis R a s e t t i  f  p./ft>,pl. 5, 

f ig s .  6 ,7 ] , Cedarina c o rd ille a e  (Howell and Duncan) £  p . ZU, p i .  1, f ig s .  

?-S~],i-'issisquola cy c lo ch lla  n. sp . £p*2g^pl. Ik, f ig s .  4 -7 J , L ib e r te l la  

corona, n. sp . £ p l .  16 , f ig s .  1 -4 , 7 , 8j ,  and fo r  those  genera in d ica te d  

in  th e  previous s ta g e s .

Asaphids

The on togenetic  s tu d ie s  o f asaphids have n o t p rogressed  as  f a r  as 

those of p ty ch o p a riid s . Ross (1951b, p . 579) s tu d ied  a  complete 

s i l i c i f i e d  growth s e r ie s  o f Menoparia genalunata Ross, from th e  Lower 

Ordovician o f n o r th e a s te rn  U tah. The e a r ly  in s ta r s  o f t h i s  form show 

th e  sh ie ld  s tro n g ly  e n ro lle d , and the  lib rig e n a e  s i tu a te d  between the  

a n te r io r  and th e  p o s te r io r  p a ir  o f  sp in e s . W hittington  (1959a) s tu d ied  

th e  ontogeny o f Remopleurides and R o b erg illa  and showed th a t  th e  la r v a l  

forms a re  s im ila r  to  those o f Meoparia genalunata . A ll have a  p a i r  o f 

p o s te r io r  f ix ig e n a l  sp in e s , w ith  the  l ib rig e n a e  developed in  between 

them along th e  l a t e r a l  margin of th e  cranidium . E v i t t  (1961 , p . 986-995)
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e s ta b lish e d  an e x c e lle n t growth s e r ie s  o f I so tc lu s  ? which showed again  

th e  sm all in s ta r s  w ith  a  p a ir  o f  a n te r io r  and p o s te r io r  c ra n id ia l  sp in es . 

Both W h ittin g to n 's  and E v i t t 's  specimens were c o lle c te d  from th e  Middle 

O rdovician of V irg in ia .

L eptop lastus s a l t e r i  (Callaway) (Raw, 1925, 1927) and Horwoodella 

h a l l i  l e s s e r  (Hu, 1963 ) p o ss ib ly  belong to  t h i s  group s in ce  bo th  shew a 

development s im ila r  to  th a t  of I s o te lu s . The la rv a e  o f L eptop lastus have 

th e  l ib r ig e n a e  lo ca ted  between th e  a n te r io r  and p o s te r io r  f ix ig e n a l 

sp in e s , and th ese  o f Norwoodella have th e  protopygidium  developed before  

th e  cep h a lic  and p y g id ia l sh ie ld s  a re  d i f f e r e n t ia te d .  The e a r ly  l ib r ig e n a l  

s tru c tu re s  o f b o th  genera a re  -unknown.

The p ro ta sp is  of t h i s  group i s  s p h e r ic a l to  su b sp h erica l in  o u tl in e , 

convex, and about O.25 -I.OO mm. long  ( s a g .) ;  th e  su rface  i s  roundly 

smooth w ith  a  f in e ly  im pressed d o rs a l  furrow and a n te r io r  p i t s .  The 

lib rig e n o -ro s tru m  i s  undivided i n  th e  e a r l i e r  la rv ae  b u t sep ara ted  in  

th e  la rg e r  forms. The la rg e  p a lp e b ra l lobe occurs between th e  a n te r io r  

and p o s te r io r  c r a n id ia l  horns. The hypostoma i s  r e l a t iv e ly  la rg e  and 

sp in y . The u n ity  of th e  s h ie ld  i s  c h a r a c te r is t ic ;  th e  protopygidium  i s  

w e ll developed befo re  th e  cep h a lic  and p y g id ia l sh ie ld s  d i f f e r e n t ia te d ;  

i t  th u s  seems th a t  th e  p y g id ia l and cep h a lic  s h ie ld  developed as a  s in g le  

p la te  w ith o u t a  d i s t i n c t  su tu re  between them. This marks them as 

d i f f e r e n t  from th e  p ro ta sp is  o f p ty ch o p ariid s  where th e  protopygidium  i s  

c o n s is te n t ly  su tu red  to  th e  c r a n id ia l  s h ie ld ;  moreover, th e  asaphid 

d is t in c tn e s s  i s  po in ted  up by th e  f a c t  th a t  t h e i r  l ib r ig e n a e  occur between 

th e  a n te r io r  and p o s te r io r  p a ir s  o f  c ra n d ia l horns, and most o f  th e  

sh ie ld s  a re  w ithou t d i s t i n c t  a x ia l  and p le u ra l  lo b a l d i f f e r e n t ia t io n .
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In  the  anaprotasp id  s tag e  th e  convex sh ie ld  i s  rounded or ovate and 

ranges fro:;: 0.25  to  0.35  nun. in  len g th ; th e  a x ia l  and p le u ra l  lobes are 

no t d i f f e r e n t ia te d  except fo r  a lo n g itu d in a l f is s u re  along the  c e n tra l  

a x is ;  the  a n te r io r  p i t s  are  d i s t i n c t ly  im pressed. The s i l i c i f i e d  

speciemns shew a p a ir  o f a n te r io r  and p o s te r io r  s h ie ld  sp in es , an 

u n d iffe re n tia te d  lib rig e n o -ro s tru m , and a  sp inose  hypostoma. During the  

p resen t study th is  s tag e  was e s ta b lish e d  fo r  I s o te lu s  stegops Green 

[[p .530p i .  20, f ig .  lT j ;  p o ss ib ly  E v i t t ’s (1961,  p . 988 , p i .  117, fig*  

1-h, and te x t - f ig .  l )  asaphid re p re se n ts  t h i s  s ta g e , and a lso  Hu’s 

(1963, p . 130, p i .  19 , f i g .  lS -2h) study  o f Horwoodella h a l l i  R esser.

In  th e  m etaprotaspid s tag e  the  sh ie ld  i s  rounded to  subrounded, 

convex, and v a r ie s  from 0 . 35- 0.^5 mm. in  le n g th  ( s a g .) ;  th e  a x ia l  and 

p le u ra l  lobes a re  separa ted  by f a in t  d o rsa l  fu rrow s. The lo n g itu d in a l 

f is s u re  may be p resen t or ab sen t; th e  lib rig e n o -ro s tru m  i s  a  s in g le  

p la te  and ahkylosed w ith  hypostoma. E v it t  (1961) has s ta te d  th a t  th e  

lib rig en o -ro stru m  and hypostoma a re  sep ara ted  a t  t h i s  s ta g e ; th i s  may 

be questionab le  s in ce  th ese  s tru c tu re s  are  e v id e n tly  u n d iffe re n tia te d  

in  p tychopariid s  of th e  same s tag e  (see  p i .  9 , f ig s .  3 , 6 ) , and none 

o f th e  m a te r ia l examined which seems re fe ra b le  to  t h i s  s tag e  shows 

lib rig e n o -ro s tra l-h y p o s to m a l s u tu re s . I t  i s  u n fo rtu n a te  th e  sh a le  

m a te r ia l  which has been s tu d ied  here o f  I s o te lu s  stegops Green £ p. 

p i .  20, f i g .  18, I 9J  f a i l s  to  p reserve  th e se  p a r t s .  An Asaphid 

i l l u s t r a t e d  by E v i t t  (1961, p . 988,  p i .  117, fig*  5-9  t e x t - f i g .  2 ) 

and Korwoodella h a l l i  Resser (Hu, 19&3, P* 130, p i .  19, fig*  16, 17) 

a re  p o ss ib ly  re p re se n ta tiv e s  o f th i s  s tag e .

In  th e  p arap ro tasp id  s tag e  th e  sh ie ld  i s  e lo n g a te  and subrounded
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w ith  the a x ia l  and p le u ra l lobes v e i l  d i f f e r e n t ia te d .  The s h ie ld  ranges 

from OoO-l.OO mu in  len g th  ( s a g .) ;  i t  lacks a d i s t i n c t  p o s te r io r  

■ cep h a lic  border and a l l  s igns o f  s h ie ld  se p a ra tio n ; th e  protopygidium  

occurs a t  the p o s te r io r  margin of th e  s h ie ld ; the  d o r s o - la te r a l  f a c ia l  

su tu re  i s  lo ca ted  between th e  a n te r io r  and p o s te r io r  c r a n id ia l  horns, 

f o r  I s o te lu s  stegops C-reen [ p .530 p i .  20, f ig .  2 0 ,2 lJ  and probably  fo r  

some o th er a sap h is , ( e .g . ,  E v i t t ,  19 6 l ,  p i .  117, f ig .  9-19> and t e x t - f i g .  

3 , 4 ) th e  e a r l i e r  m etapro taspides a re  now known. Some of th e  e a r ly  

in s ta r s  o f  Menouaria genalunata  Ross (Ross, 1951, P* 577, p i .  8 l ,  f ig .  

1 -9 ) ,  ilorwoo&ella h a l l i  Re s se r  (Hu, 19&3, p. 131, p i .  19, f ig .  H -1 5 ), 

and W hittington *s (1959s, p. 397) p ro ta sp id es  o f Remopleurides p o ss ib ly  

belong to  th i s  s tag e .

Phaconids and T rin u c le id s. . —  ,  .  _ _ —    —  - - -

There a re  few ontogenetic  s tu d ie s  of phacopids and t r in u c l id s ,  and 

most have rev ea led  incom plete s u i te s .  No e a r ly  p ro ta sp is  i s  known.

The c la s s ic a l  ontogenetic  s tu d ie s  o f th i s  group a re  those  of Barrande 

( lS 52 ) on D alm anitina s o c ia l i s  (Barrande) and Onnia o rn a ta  (S te rn b erg ), 

b o th  from th e  Ordovician o f Bohemia. Some a d d it io n a l m a te r ia l  o f 

D alm anitina s o c ia l i s  was s tu d ied  by W hitting ton  (1956a ) .  A ll o f the  

specimens o f D. s o c ia l is  and 0 . o rn a ta  show w e ll developed pygidium.

T heir t o t a l  len g th  from th e  a n te r io r  border to  th e  p o s te r io r  p y g id ia l 

margin i s  about 1 .0  mm. ( s a g .). The ontogeny o f T r ia r th ru s  e a to n i H all 

from the  U tica  Shale (Upper O rdovician) o f New York S ta te  which i s  

p o ss ib ly  a member o f t h i s  group, was s tu d ied  by W alcott (1879) and 

r e c e n tly  re-exam ined by W hitting ton  (1957); th e  sm a lle s t known form has
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bo th  cephalic and p ro to p y g id ia l sh ie ld  w e ll preserved and may include one 

or two ahor&eic segments. Poulsen (1923) published  a growth sequence 

c f  F c ltu ra  scarabaeoides (Wahlenberg), and th e  o r ig in a l  specimens were 

likew ise  re-examined by W hittington  (1958); th e  sm a lle s t form shows 

f iv e  g la b e lla r  annulations and a p a ir  of b road ly  open p o s te r io r  m arginal 

sp in es , p o ssib ly  w ith  a sm all protopygidium between them. Temple (1952) 

s tu d ied  the ontogeny of D aim anitina o l in i  Temple from Scandinavia and 

P erth  Wales. . He did  no t sep a ra te  th e  p ro ta sp id es  in to  s ta g e s , bu t 

comparison of the s iz e  and morphologic s tru c tu re s  o f th e  sh ie ld  shows 

th a t  the sm alles t ones a re  e a r ly  p a rap ro ta sp id e s . W hitting ton  (1956a) 

re-examined B eecher's (1893) supposed odontop leurid  p ro ta sp is ,  which 

belongs a c tu a lly  to  a Fnacops; t h i s  specimen a lso  bears a  w e ll developed 

protopygidium, which in d ic a te s  th a t  i t  i s  a  l a t e  p ro ta sp is . S te rn e r 

(1930) described  the on togenetic  development o f the  Norwegian t r in u c le id ,  

and assigned the sm alles t forms to  "degree 0 " o f th e  e a r ly  meraspid 

p e rio d , and none of th e  specimens could be judged as p ro ta sp id e s .

The growth stages o f two genera which belong to  th i s  group were 

reviewed during the p resen t in v e s t ig a t io n :  C alliops s tra sb u rg en s is

U lric h  and Delo and C ryp to lithus b e l lu lu s  (U lrich ) . A ll bear a  w e ll 

d if f e r e n t ia te d  protopygidium, which in d ic a te s  th a t  they  had developed 

a t  l e a s t  beyond the m etaprotasp id  s tag e .

G enerally , the sm a lle s t in s ta r s  o f t h i s  group are  very  s im ila r  to  

those  of p ty ch o p ariid s , excep t th a t  th e  lib rig e n o -ro s tru m  remains 

unseparated  throughout l i f e .  Three d i f f e r e n t  groups of th e  la r v a l  form 

a re  recogn izab le ; a l l  belong to  the  p a rap ro tasp id  s ta g e , l ) ,  In  th e  

f i r s t  group, th e  sh ie ld  b ears  an a n te r io r ly  expanded g la b e l la ,  sp inose
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sxirface, and small p y g id ia l s h ie ld , such as D alm anitina s o c ia l is  

(Barrar.de) (Barrande, 1852, p i .  26, f ig .  1 -3; W hitting ton , 1956a, p. 106, 

p i .  2^, fig. 6 . 7 ,1 0 ), D alm anitina o l in i  Temple (1952, p i .  9* f ig .  1-3 

ana p i. 10, f ig .  6 ), and undetermined phacopid (W hittington , 1956a* 

p. 105, p i .  2k, f ig .  1-5)* C alliops s tra sh u rg e n s is  U lr ic h  and Delo 

J^p.30-fpl. 18, f ig .  l , 2 j .  2), In  th e  second group the  s h ie ld  i s

d i s t i n c t ly  separa ted  in to  cep h alic  and p y g id ia l sh ie ld s  o f alm ost equal 

size; th e  cep h alic  sh ie ld  hears  punctured fix ig en ae  and a  sm all median 

eye tu b e rc le . This group in c ludes Onnla o rn a ta  (S ternberg) (Barrande, 

1852 , p i .  30*.fig* ^1 ,^2) and C ry p to lith u s  b e llu lu s  (U lrich ) £p .3 ?0 p l. 20, 

f ig .  l ] .  3 )* I t  th e  th i r d  group, th e  s h ie ld  b ears  a  fu sifo rm  g la b e l la ,

-with d i s t i n c t  a x ia l  r in g  furrows and f in e ly  granulose su rfa c e . This 

group i s  rep resen ted  by S'numartia p u s i l l a  (S ars) (W hittington , 1959^* 

p. 129, f ig .  87A), P e ltu ra  scarabaeo ides (Wahlenberg) (W hittington , 1958, 

p . 200-206,  p i .  38 , f i g .  1-7)* and Acerocare ecorne A n g e l i n p i .  13* 

f ig .  1*2 3 .

2 . Meraspid Period (T ra d itio n a l)

The second d iv is io n  o f t r i l o b i t e  growth sequence i s  the  Meraspid 

p e r io d . The term  was proposed by Raw (1925* 1927)* who defined  i t  as 

fo llo w s: " la te r  a  su tu re  comes to  sep a ra te  th e  cephalon from th e  p o s t-  

cep h a lic  rudim ent, o r ’t r a n s i to ry  pygidium ' o f B arrande, and between 

th ese  th e  f re e  th ro a c ic  s e g m e n ts .. ..  a re  l a t e r ,  i n  e f f e c t ,  in te rp o la te d  

one by one, t i l l  th e  th o rax  i s  com plete”. Following Barrande (1852), he 

fu r th e r  d iv ided  th e  meraspid period  in to  "d eg rees:, marked by th e  

a d d itio n  o f new segments to  th e  th o rax , and numbered them from 0 to  N
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ace or ding to  the  number o f segments in  th e  thorax . These on togenetic  

d iv is io n s  are follow ed by most au th o rs , b u t h is  degrees are  d i f f i c u l t  

to  recognise because most of th e  f o s s i l s  a re  compressed, d is to r te d ,  or 

d isa sso c ia te d . Hence, th e  degrees o f th e  meraspid period f o r  such m a te ria l 

cannot be a sc e rta in e d . Furtherm ore, th o se  having the  same number o f 

th o ra c ic  segments in  d if f e r e n t  spec ies  may not be in  th e  same degree of 

development, s in ce  d i f f e r e n t  t r i l o b i t e  genera or spec ies  vary  in  th e  same 

number of th o ra c ic  segments. For example, the "degree 8 " i n  Paedeumia 

yorker.se Resser and Howell and th e  same "degree" o f I so te lu s  stegops 

C-reen are not a t  th e  same age le v e l ,  th e  "degree 8 " fo r  the  P. yorkense 

i s  ju v e n ile , whereas fo r  I .  stegops i t  i s  an a d u lt .  The pygiaium o f

I .  stegops c o n s is ts  of about 12 segments, whereas th a t  o f  P. yorkense 

i s  of one only ; th e re fo re , I .  stegops a t  "degree 8 " has 20 segments 

(8  th o ra c ic  segments and 12 p y g id ia l ones) and i s  an a d u lt ,  w hile 

P. yorkense a t  the  same degree has 9 segments only (8  th o ra c ic  segments 

and p o ssib ly  one p y g id ia l segment) and i s  ju v e n ile . The "degree" system 

can. be u se fu l only fo r  marking th e  s tag es  of an in d iv id u a l sp e c ie s .

This being t ru e ,  th e  term  "degree" lo se s  i t s  meaning, s ince  we a re  

lock ing  fo r  terms which uniform ly re p re se n t th e  ontogenetic  s tag e s  

common to  a l l  t r i l o b i t e s .  Raw’s d e f in i t io n  o f th e  mereapid seems v a l id .

I t  can be subdivided on th e  b a s is  of a r b i t r a r y  c r i t e r i a  in to  e a r ly  

meraspid and la te  meraspid stages w ithou t any "degrees". This means 

th a t  whereas Raw’s "degree" subd iv is ions rep re sen t th e  ab so lu te  ages 

o f the  in s ta r s  of an in d iv id u a l sp e c ie s , th e  su bd iv is ions here employed 

p e r ta in  to  a l l  t r i l o b i t e s ,  and are  comparable.
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Xc'oayashi (1951, p . 112 ) proposed two m eraspid te rn s  "based on the 

condition of the f a c ia l  su tu re :  anam eraspid, i . e . , w ith o u t f a c ia l  

suture, and mgtamera sp id , i . e . , w ith  f a c ia l  s tu re .  These terms have 

not "been adopted "by any o th e r au th o rs . Palmer (1958, 196 1) uses e a r ly , 

middle, and la te  meraspid s ta g e s , in s te a d  o f "degree". This system  has 

much to  recommend i t .  However, here in  only e a r ly  ana l a t e  meraspid 

s tag es  desig n a tio n s  made "because i t  seems "better in  keeping w ith  the 

practice in  neontology, and makes f o s s i l  and Recent on togenetic  d a ta  

"better comparable. Thus, t r i l o b i t e  ontogeny i s  here considered  to  be 

d iv is ib le  in to  th re e  p e rio d s : p ro ta sp id , m eraspid, and h o lasp id . The

p ro ta sp id  period i s  subdivided in to  th re e  s ta g e s , th e  meraspid in to  two, 

and th e  ho lasp id  o r a d u lt  i s  undivided. In  th e  p ro ta sp id  period  the  

t r i l o b i t e  la rv a  underwent ra p id  m orphoiic change, in  th e  meraspid period 

th e re  was slaw change, and in  th e  ho lasp id  very  l i t t l e  o r none ( te x t - f ig .

25).

2A. Meraspid Period (Reconsidered)

The m eraspid period  i s  th e  second d iv is io n  in  th e  on togenetic  

development o f t r i l o b i t e s .  The cephalon i s  about 0.4-0 to  1 .20  mm. in  

le n g th  ( s a g .) ,  rounded to  subrounded in  o u tl in e ,  and low to  high in  

convexity ; th e  g la b e l la  o f th e  e a r ly  meraspid forms i s  d iv id ed  in to  r in g s  

by d i s t i n c t  or in d i s t in c t  tra n sv e rse  furrow s; and become more deeply  

im pressed during th e  l a t e r  s ta g e s ; th e  a n te r io r  brim  f i r s t  appears; 

p a lp eb ra l lobes and r id g e s  a re  w e ll  d e fin ed ; th e  d o rs o - fa c ia l  su tu re  

cu ts  the  crandium in to  a tra p e z o id a l to  su b trap ezo id a l shape; f re e  

th o ra c ic  segments and d e f in i te  pygidium a re  p re se n t. Commonly th e
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in s ta r s  o f th is  period were d isa sso c ia te d  a f t e r  the  m olt; th e  l ib r ig e n a e , 

th o ra c ic  segments and pygidium being s c a t te re d . T herefo re , i f  an 

is o la te d  i.'m ature cranidium  i s  found, i t  i s  q u ite  l ik e ly  to  belong to  

th e  meraspid period .

In  th e  ea r ly  meraspid s ta g e , the  cephalon averages 0 .50  mm. in  

len g th  ( s a g .) and bears  tra n sv e rse  g la b e l la r  furrow s o f vary ing  

d e f in i t io n .  A narrow a n te r io r  border appears along th e  a n te r io r  

g la b e l la r  margin; the  p a lp e b ra l lobe i s  lo ca ted  in  f ro n t  o f  the  m id -lin e  

o f the g la b e lla  ( t r . ) .  The l a t e  m eraspid s ta g e , th e  cranidium  averages 

about 0 .7 0  mm. in  len g th  ( s a g .) ,  a n d .is  tra p e z o id a l in  o u tl in e ;  th e  

g la b e l la r  furrows are  completed, and th e  p re g la b e lla r  f i e ld  appears 

between th e  a n te r io r  border and th e  a n te r io r  g la b e l la r  m argin. The 

p a lp eb ra l lobes a re  lo ca ted  near to  o r  on th e  m id -lin e  o f  th e  g la b e l la  

( t r . ).

2B. Types o f Meraspides 

Agnostids

The cephalon of agnostid  m eraspides v a r ie s  from 0 .2 5 -1 .4  mm. in  

le n g th  ( s a g .); the  th o ra c ic  segments, which a re  added between th e  

cep h alic  and p y g id ia l s h ie ld s , vary  from none to  two o r th re e .  In  th e  

e a r ly  meraspid stage o f the  agnostids th e  cephalon i s  about 0 . 25- 0 .6 0  mm. 

in  len g th ; th e  th o ra c ic  appears w ith  one segment; th e  p y g id ia l a x is  i s  

co n ica l o r  subrounded, e .g . ,  Kormagnostus sim plex R esser [~p./i7 .p l .  1 , 

f ig .  1, 6- 8 ] . In  the  e o d isc id s , th e  cephalon averages 0 .40  mm. in  

len g th  ( s a g .) and bears  a  s le n d e rly  c o n ica l g la b e l la  and narrow a n te r io r  

bo rder. The g la b e lla  bears  a  f ro n ta l  lo b e , two a x ia l  r in g s  and an
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o c c ip i ta l  one. The b e s t examples o f th i s  s tage  a re  known fo r  P agetia  

c ly t ia  W alcott [~ p . / ^ p l .  1, f ig .  15-17> 24, 25^*

In  the l a t e  meraspid stage the  cephalon i s  about 0 .5 0 -1 .20  mm. in  

le n g th  (sa g .)  w ith  a broad a n te r io r  and broad, c o n ic a l g la b e l la  (eo d isc id ) 

the  p y g id ia l ax is  i s  subquadrate o r rounded, w ith  more than  one th o ra c ic  

segment (ag n o stid ). This s tag e  i s  described  from in s ta r s  o f  Pagetia  

c ly t i a  W alcott £ p ./&  p i. 1 , f ig .  18,19,26,27]] and Komagnostus simplex 

H esser [_ p ./5 7 p l .  1 , f ig .  2 ,4 ,9 ,10 ,12-14]].

Barrande (1852) d iv ided  the  agnostids in to  f iv e  developm ental 

degrees (1-5) from e a r ly  to  a d u lt forms. W hitting ton  (1959b) adopted 

Raw's "degree” terms bu t in te rp re te d  specimens th rough  th e  range from 

no th o ra c ic  segments to  those w ith  two th o ra c ic  segments as p e r ta in in g  

to  meraspid degree 0 to  1. This p o ssib ly  c o r re la te s  w ith  B arrande 's  

"degrees" 1 to  4. Here the  e a r ly  m eraspid s tag es  o f  K. sim plex Resser 

and P. c ly t i a  W alcott would correspond to  B arrande’s degrees 1 to  3, 

and those  of th e  l a te  m eraspid s tag e  to  degree 4.

O len e llid s

The meraspid period  of o le n e ll id s  i s  c h a ra c te r iz e d  by a  rounded 

s h ie ld  w ith  broad a n te r io r  brim , a  c y l in d r ic a l  g la b e l la ,  narrow 

c re sc e n tic  p a lp eb ra l lo b es, and a  s h ie ld  le n g th  o f  about 0 .60  t o  1 .9 0  mm. 

( s a g .) .  This period d i f f e r s  from th e  previous one in  having no 

lo n g itu d in a l f is s u re  along th e  c e n tra l  a x is ,  a  narrow er g la b e l la  and 

th e  f ix ig e n a l  sp ines appearing l a t e r a l ly .

In  th e  e a r ly  meraspid s tag e  th e  s h ie ld  i s  O.'JO t o  1 .30  mm. in  

le n g th , roundly conves, w ithou t a  p re g la b e lla r  f i e l d ;  th e  p a lp eb ra l
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lobe and the cephalic: segmental furrow s a re  d i s t i n c t .  Examples s tud ied  

are Clone l ia s  truemani W alcott f~ p .i6 9 .p l. 2, f ig .  6 -1 0 ,2 0 ,2 3 ]  and 

I--;,udon:la can ad ien s is , n. sp . [fp ./T T p l. 3 , f ig .  2 0 , 21] .

This s tage  corresponds to  Palm er' s (1957) s tag e  I  to  I I I  o f the  

on togenetic  development o f O lenellus g i l b e r t i  Meek and o f Paedeunias 

c la rk i  Resser and p o ssib ly  to  W a lc o tt 's  (1910) e a r ly  la rv a e  o f 

PaedeumiaG yorkense Howell and Resser (W alcott, 1910, p i. 32, f i g . ,2; 

W hitting ton , 1959"o, f ig -  96a ).

In  the  l a te  meraspid s tag e  th e  s h ie ld  v a r ie s  from 1.U2 to  2 .0  mm. 

in  le n g th  ( s a g .) w ith  a  narrow p re g la b e lla r  f i e ld  and s h o r te r  and 

broader p a lp eb ra l lobe; th e  genal sp ine  appears a t  th e  p o s te r io r  l a t e r a l  

s h ie ld  margin. The species  in  which t h i s  s tag e  has been s tu d ied  a r e : 

O lenellus truemani W alcott j~p./7<?.pl. 2, f ig .  11-1^,21 ~] and Laudonia 

can ad ien s is , n. sp. [[p ./7^Pl* 3, f ig .  25,28,2$]. This s tag e  i s  equiva­

le n t  to  Palm er’s (1957) s tag es  IV to  V o f O lenellus g i l b e r t i  Meek, 

S tp rm er's  (19^2, p i .  2, f ig .  6 ,7  and t e x t - f i g .  5e) young la rv a  o f 

Eolmia k je r u l f i  ( lin n a rsso n ) , W h ittin g to n 's  (1957a, p . 935, p i .  115, 

f ig ,  1 -3 ) E llip to cep h a la  asaphides Emmons and to  Paedeumias yorkense 

Howell and R esser of W alcott (1910, p i .  1, f ig .  3 -8 ) , and to  Paedeumias 

yorkense Howell and Resser o f W hitting ton  (195St*, fig* B and C).

Pfcychopariids

The cephalon of th e  p ty ch o p ariid  m eraspid p erio d  b ea rs  w e ll 

developed d o rsa l f a c ia l  su tu re s ; th e  cranidium  i s  tra p e z o id a l o r sub- 

tra p e z o id a l in  o u tlin e  and v a r ie s  from 0 .6 0  to  1 .6 0  mm. in  le n g th  ( s a g .) ,  

r a r e ly  extending from O.kO to  1 .8 0  mm.; th e  g la b e l la  may o r may no t bear
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distinct glabellar furrow s; th e  a n te r io r  border appears e a r l i e r  than the  

proglabellar field. The p y g id ia l segments a re  ankylosea and freq u en tly  

associated with small number o f f re e  th o ra c ic  segments.

This is th e  la rg e s t  group w ith in  t r i l o b i t e s ,  and most o f  the 

ontogenetic s tu d ie s  which have been done belong to  th i s  group. The 

immature ferns d i f f e r  from those  of o le n e ll id s  by th e i r  sm alle r 

palperbral lobe, d o rsa l f a c i a l  su tu re , and sh ie ld s  which la c k  a  

horse-shce-shaped m arginal b o rd e r; b u t these  c h a r a c te r is t ic s  a re  not 

always d i s t in c t  and in te rm ed ia te  co n d itio n s  occur, fo r  example, in  

R ed lich ia , Faradoxides, Hydrocephalus, e tc .

In  th e  e a r ly  meraspid s tag e  th e  crandium i s  tra p e z o id a l o r sub- 

tra p e z o id a l in  o u tl in e , and about 0 . 60- 0.95  mm* in  le n g th  ( s a g .) ;  the 

g la b e l la r  furrows d i s t i n c t ly  o r in d i s t in c t ly  c ro ss  th e  a x is ;  the  

arrcerio r border appears along th e  a n te r io r  g la b e l la r  m argin; the 

p ro to p y g id ia l segments a re  n o t in  a  d e f in i te  form and commonly asso c ia ted  

w ith  more than  one f re e  th o ra c ic  segment. This sta tem en t acc u ra te ly  

d esc rib es  c e r ta in  of th e  e a r ly  m eraspid la rv ae  b u t th e  s tag e  fe a tu re s  are  

more ambiguous. For example, in  Dunderbergia ? anyta (Hal l  and W hitfie ld ) 

[PvZ30,pl- 9, f i g .  1 3 ,1 ^ 2 7 ,2 8 ,3 3 ] , Dytremacephalus granulosus Palmer 

[ p - £ ^ P l .  10, f ig .  15,17,21)-,29,30,32], and Olenus gibbosus (Wahlenberg)

12 , f ig .  9- 12] ,  th e  c ra n id ia  bear d i s t i n c t  g la b e l la r  furrows 

and hence the age i s  e a s i ly  d is t in g u is h a b le , w hile Apomodocia con ica, 

n . gen. e t  sp . ^ p ^ ^ p l .  3, f ig .  9 -1 6 ], G lyphaspis c f .  parkensis  

R a s e tti  £ p . /? ^ p l .  6 , f ig .  1 ,2 ,1 0 , l l ] ,  C repicephalus deadw oodiensis, n . sp. 

£"p.£20pl. 18, f ig .  l l - 1 3 ,2 l ]  and Cedarina c o rd i l le ra e  (Howell and Duncan) 

[]p .2 /^p l. 7 , f i g .  9 ,10 ,26 ] a l l  la ck  d i s t i n c t  g la b e l la r  fu rrow s. There­
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fore. 5.t is d i f f i c u l t  to  know th e i r  p re c ise  on togenetic  p o s it io n ; h u t 

since all of th ese  l a t t e r  forms, v i t l i in  the  ap p ro p ria te  s iz e  ran g e , lack  

a preglabellar f i e ld ,  i t  appears th a t  they  a re  a lso  e a r ly  m eraspides.

This i l l u s t r a t e s  the need fo r  le s s  r ig id ly  approaching th e  s ta g e -  

d a tin g  of t r i l o h i t e  la rv a e . A broader spectrum of t r a i t s  than  i s  

custom arily  employed fo r  th i s  purpose has much to  recommend i t .

In  the  la te  m eraspid s tag e  th e  cranidium  ranges from 0 .90 -1 .60  mm. 

in  le n g th  ( s a g .) and i s  su b trap ezo id a l to  tra p e z o id a l in  o u t l in e ;  th e  

g la b e l la r  furrows a re  a l l  com plete; th e  p re g la b e lla r  f i e ld  g e n e ra lly  

appears; the  p y g id ia l segments a re  ankylosed and tak e  on th e  s p e c if ic  

co n fig u ra tio n . They a re  a r t ic u la te d  w ith  s e v e ra l th o ra c ic  segments.

The b e s t  examples a re  p resen ted  by s e v e ra l  genera as noted in  th e  

previous s tag e . Sere ag a in , no lim ite d  s e t  o f c h a r a c te r is t ic s  w i l l  

serve  th e  whole group fo r  s tag e  re c o g n itio n . For example, P tarm igania 

a u r i ta  Resser £ p . / ^ p l .  1 , f ig .  19,2oJ and P tychaspis b u lla su s  Lochman 

ana Hu 11, f i g .  8-13 ,26 ,27 ,31J  lack  a p re g la b e lla r  f i e ld ,  b u t

comparison of the  p o s it io n  o f th e  p a lp e b ra l lo b e , th e  w id th  o f th e  

f ix ig e n a , and th e  d i f f e r e n t ia t io n  o f th e  g la b e l la r  furrow s w ith  th a t  o f 

th e  e a r l i e r  s ta g e , make s tag e  assignm ent reasonab ly  secu re .

As noted p rev io u sly , Palmer (1958, 19^2) d iv ided  th e  meraspid 

period  in to  th re e  s ta g e s :  e a r ly ,  m iddle o r in te rm ed ia te , and l a t e r

meraspid s tag e s . The middle m erspid o f Palmer c o r re la te  w ith  th e  e a r ly  

m eraspis h ere ; th e  l a t e  m eraspis a re  th e  same; b u t h is  e a r ly  meraspid 

s tag e  i s  eq u iv a len t to  th e  p a rap ro tasp id  o r re p re se n ts  between the  

p arap ro tasp id  and e a r ly  m eraspid s tag e s  a re  here d i f f e r e n t ia te d  ( t e x t -  

f ig .  2 3 ).
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Asaphlds

The eranidium  of th e  meraspid period  o f asaphids i s  ch a rac te r iz e d  

by v e i l - d i f f e r e n t ia te d  a x ia l  and f ix ig e n a l lo b es; the  d o rsa l and 

g la b e l la r  furrows are  d i s t in c t  o r in d i s t in c t ;  th e  pa lp eb ra l lobes are  

la rg e  end s itu a te d  a t  th e  m id-length of th e  g la b e l la ;  the  s i l i c i f i e d  

m a te r ia l shows th e  e a r ly  forms w ith  a  p a ir  o f la rg e  a n te r io r  and 

p o s te r io r  c ra n id ia l  sp in e s , bu t th ese  sp ines have d isappeared  in  th e  

l a r g e r ,  l a t e r  ones; the  p o s te r io r  f ix ig e n a  i s  very  narrow. The pygidium 

is  rounded to  e lo n g a te , w ith  or w ithou t p o s te r io r  m arginal sp in e s .

In  th e  earl?/- meraspid s tag e , th e  crandium i s  quadrate in  o u tl in e  

except fo r  a  p a ir  o f la rg e  a n te r io r  horns; th e  a n te r io r  border appears; 

th e  p a lp eb ra l lobe i s  s itu a te d  between th e  a n te r io r  and p o s te r io r  

f ix ig en a e . The pygidium bears p o s te r io r  m arginal sp in e . The asaphid  

sp ec ies  in  which th i s  s tag e  has been observed a re  Menoparia genulunata  

Ross (Ross, 1951b, P- 579, pl* 8l ,  f ig .  10-13 and 1953, P* 634, P1 * 62, 

f ig .  6 , 7 , 9 , 10 , 13 , 1 6 ), and Remopleurides, m eraspides degree 0 , 

(W hittington , 1959a, p. 398), and p o ss ib ly  degrees 1-4 or 5 of 

L eptop lastus s a l t e r i  (Callaway), (Raw, 1925, 1927), and the  e a r ly  

m eraspid s tag e  of Norwoodella h a l l i  R esser (Hu, 1963, p. 131, p l .  19, 

f ig .  5-1 0 ).

In  th e  l a te  meraspid s tage  th e  subquadrate cranidium  v a r ie s  from 

1 .50 to  2 .50  mm. in  len g th  and lacks a n te r io r  horns; th e  a n te r io r  border 

and p re g la b e lla r  f i e ld  appear. The p a lp eb ra l lobe i s  sm aller th an  in  

the  previous s ta g e . The pygidium lacks m arginal sp in e s . In s ta r s  

belonging to  th is  s tag e  a re  described  fo r  I s o te lu s  stegops G reenJJp.35/; 

p l .  21, f ig .  1^ ,15, 22-24, 27] ,  I so te lu s  ? (E v i t t ,  1961, p. 99, p l .  117,
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f ig .  20 -2 3 ), U-'juouaria genulunata Ross and /o r Scinocophalus s o l i t e c t l  

Ross (1951b, p. 581, pl* 81 , f ig .  14-19), and la r g e r  m eraspid crsuaidia 

o f W hittington (1959a, p. 399)* Q uestionable members o f t h i s  s tage  

■are Raw’s (1925) degrees 5 o r 6 to  12 of L eptop lastus s a l t e r i  (Callaway) 

and •Ibrwoodslla h a l l i  H esser (Hu, 19^3, P* 131, pl* 19, fig* 3 -^ ).

I t  should be poin ted  out th a t  the  e a r ly  p ro ta sp id es  o f Iso te lu s  ? 

of E v it t  (1981) and th e  l a t e  p ro tasp id es  o f Remopleurides of W hittington  

(.1959a) are p o ssib ly  a  continuous growth sequence o f th e  same species 

and genus; th i s  in te rp r e ta t io n  i s  based on b o th  th e  s iz e  o f  th e  ske le to n s  

and morphologic c h a ra c te rs ; fo r  example, th e  la r g e s t  p ro ta sp is  of 

I s o te lu s  i s  about 1 .0  mm. long w ith  a  rudim entary  protopygidium  and an 

in d i s t in c t ly  developed p o s te r io r  f ix ig e n a l  b o rd e r; th e  sm a lle s t m eraspis 

o f Remopleurides i s  about 1 .3  to  1 .5  nm. in  le n g th  ( s a g .) w ith  w e ll 

developed protopygidium , p o s te r io r  f ix ie g e n a l b o rd e r, and d o rsa l 

furrow s; both  show continuous morphologic and s iz e  v a r ia t io n .  F u rth e r­

more, both  genera came from th e  same lo c a l i t y  and were presumably etched 

ou t from the same m a te r ia l, th e  Remopleurides lack in g  e a r ly  p ro tasp id es  

and th e  Iso te lu s?  lack ing  e a r ly  m eraspides. Hence, th e se  la rv a e  could 

belong to  the  same growth sequence, o r i f  th ey  r e a l l y  belong to  the  two 

genera in d ic a te d , then  th ese  genera must be p h y lo g e n e tia lly  c lo se ly  

r e la te d .  U nfo rtunate ly , the  on togenetic  evidence o f I s o te lu s  stegops 

in  th e  C incinnati m a te ria ls  i s  no b e t t e r  th an  E v i t t ’s ,  and does no t 

h e lp  to  re so lv e  the  problem.

Phacopids and T rin u c le id s  

The ontogenetic in fo rm ation  on phacopids and t r in u c le id s  i s  m ostly
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incomplete., bo th  in  the published d a ta  and the p resen t m a te r ia l. The 

only s ig n if ic a n t  morphologic d iffe re n c e s  from th e  p ty ch o p ariid s  i s  the 

presence of an undivided lib rig en o -ro stru m . Otherwise the  d e sc r ip tio n  

o f p tychopariid  meraspides serves h e re , a t  l e a s t  u n t i l  f u l l e r  d a ta  are  

d iscovered . However, th e re  are  th re e  d i s t i n c t  types o f  development: 

B a ln a n itid , T rin u le id , and T r ia r th r id .

DaLmanltid. The cranidium i s  occupied by a  forward-expanded 

g la b e lla  and lacks an a n te r io r  b o rd er; the  p a lp eb ra l lobe v a r ie s  from 

sm all to  la rg e  and extends from th e  a n te r io r  l a t e r a l  margin o f  th e  

cranidium  back to  th e  p o s te r io r  f ix ig e n a l  b o rd er. Examples include 

C all!ops s tra sb u rg e n s is  U lrich  and Delo £ p .3 ^ p l .  18, f ig .  3-133> 

D alm anltina s o c ia l i s  (Barrande) (Barrande, 1852, p l .  26, f ig .  k - l l ) ,  and 

D alm anitlna o lin a  Temple (1952, p l .  9> fig*  ^ - 6 , and p l .  10, f ig .  1 -5 ).

T r in u c le id . The in s ta r s  a l l  have d i s t i n c t ly  sep ara ted  cephalic  

and p y g id ia l s h ie ld s ;  th e  cranidium i s  tra n sv e rse , sem ic irc u la r ; the  

f r in g e  in crease  in  w id th  and th e  ey e -rid g e  decreases in  le n g th  during  

growth. Examples include C ryp to lithus b e llu lu s  (U lrich ) £ p .3 ^ p l .  .20, 

f i g .  2 -3 , l l] ] , Onnia o rn a ta  (S ternberg) (Barrande, 1852, p l .  30, f ig .  

^3-50 ? ) , and R eedolithus ca rin a tu s  (Ang) (S tunner, 1930, p. 3^, pl* 

f i g .  2 -4 , p l .  5, f ig .  1 -3 ).

T r ia r th r id . The e a r ly  m eraspides a l l  have incom plete g la b e l la r  

furrow s, and a narrow a n te r io r  border appears along th e  p re g la b e lla r  

m argin. In  th e  l a t e  m eraspides, th e  g la b e l la r  furrow s a re  w e ll-se p a ra te d , 

and a  narrow p re g la b e lla r  f ie ld  appears. Types o f  th i s  group a re  

T r ia r th ru s  ea to n i (E a li)  (W hittington, 1957, P« Pl* f ig .  1 -9 ), 

P e ltu ra  scarabaeo iaes (Wahleriberg) (W hittington , 1958, p l .  38, f ig .  8 - l 8 ),
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ond Acerccaro ocorne Angelin jjp .3 lf lp l. 13, f ig .  9 -1 2 ,2 0 ,2 2 ,2 (0 , and 

possibly Shunardia pus i l i a  (S ars) (W hittington , 1959, p. 129, f ig .  87B-G).

3. Holaspid Period 

•The holaspid period  i s  th e  l a s t  period  o f th e  t r i l o b i t e  l i f e  

history. The terra was in troduced  by Raw (1925, P« 226): "the Holaspid

period covers th e  development a f t e r  th e  com pletion o f th e  th o ra c ic " , and 

also (1927, p. lo) "the Holaspid p e r i o d . . . i s  th a t  o f the  g r e a te s t  growth 

in size, accompanied by a  more modern development o f form". S tu b b le fie ld  

(1936 , p . 351) drew a t te n t io n  to  th e  l i t e r a l  meaning o f "H olaspis" - 

complete s h ie ld  -  and suggested th a t  i t  should be ap p lied  only to  

t r i l o b i t e s  in  which complete p o s t-ce p h a lic  segm entation has been 

a t ta in e d .  Raw’s d e f in i t io n  i s  adopted h e re . During th e  h o lasp id  period  

only  minor d i f f e r e n t ia t io n  tak es  p lace  and th e  s p e c if ic  c h a r a c te r is t ic s  

a re  achieved. Such changes tra n s p ire  as in c rease  in  s iz e ,  th e  sh o rten ­

in g  of leng then ing  of sp in e s , deepening or shallow ing o f th e  furrow s, 

w idening o r narrowing o f th e  b o rd er, e tc .  These changes p rogress slow ly 

and a re  complete only a f t e r  a  long period  o f tim e, and many m olts.

4 . Rates o f Growth in  T r i lo b ite s  

The sk e le to n  o f t r i l o b i t e s  covered th e  d o rsa l su rface  o f th e  animal 

and extended a v a r ia b le  d is ta n c e  under th e  v e n tra l  su rface  as th e  

doublure. The organic m a te r ia l was s treng thened  by m inera l s e c re tio n s , 

probably , m ainly o f calcium  carb o n a te , b u t seem ingly a lso  o f calcium  

phosphate. P rese rv a tio n  i s  extrem ely  v a r ia b le . The exoskele ton  may be 

com plete, b u t f a r  more o ften  i t  occurs as d is so c ia te d  p a r ts .  The
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cor.p lo ti skolcr.ou of many s p :c ie s  i s  unknown, and alm ost no tra c e  o f s o f t  

pares Is p reserved . There was undoubtedly a ls o  a  d e l ic a te  v e n tra l 

iutoguueni cut. i t  too is  unknown. From a few l o c a l i t i e s  have come 

specimens preserv ing  the appendages. These complete o r d isso c ia te d  

exoskeletons may be preserved in  v i r tu a l ly  any kind o f marine sedim ent.

In  T ine-grained  sediments the  sk e le to n s , though f la tte n e d , Eire sometimes 

only p a r t ly ,  or not a l l ,  d is a r t ic u la te d .  In  b o th  muddy and r e la t iv e ly  

cure lim estone the  exoskeletons a re  u su a lly  no t f la t te n e d  o r d is to r te d , 

though commonly d is a r t ic u la te d .  In  re c e n t years W hitting ton , Palmer, 

E css, M ntze , and Robison have a ls o  recorded  b e a u t i fu l ly  and d e l ic a te ly  

preserved s i l i c i f i e d  specimens o f bo th  a d u lts  and la rv ae  from lim estone 

d isso lv ed  in  g la c ia l  or hydroch loric  a c id . These m a te r ia ls  add g re a tly  

to  knowledge o f t r i l o b i t e  morphology.

A. V aria tio n  in  L arval S ize 

The E arly  Cambrian o le n e ll id  la rv a e , which have been found by many 

p a le o n to lo g is ts , a re  a l l  recognized  as l a t e  p ro toasp ides o r e a r ly  

m eraspides, and th e  most immature la rv ae  o f th e  l a t e r  Cambrian a re  mostly 

younger in  ontogeny. This phenomenon could be in te rp re te d  as being due 

to  th e  r a te  o f m in e ra liz a tio n  o f th e  anim al sk e le to n s . A s t a t i s t i c a l  

s tudy  has shown th a t  the  r a te  o f th e  s k e le ta l  m in e ra liz a tio n  has . 

Increased  during  geologic tim e ( te x t - f ig .  2 k ). E a rly  Cambrian t r i l o ­

b i te s  have m ostly la rg e  s iz e d  la rv ae  which a re  p reserved  only  in  the  

l a t e r  developm ental s tag e , whereas th e  l a t e r  Cambrian la rv ae  are  sm aller 

and are  of e a r ly  on togenetic  s ta g e s . This fea tu re , could r e f l e c t  the 

r e l a t iv e ly  unm ineralized co n d itio n  o f th e  exoskeleton  o f e a r ly  Cambrian
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T e x t- f ig .  2ki Graph showing th e  r a t e  o f  grow th o f  t r i l o h i t e s  and 
t h e i r  s iz e  d i s t r i b u t i o n  th ro u g h  th e  Cambrian and O rdov ic ian .
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io x t - f ig .  2k: Graph shoving th e  r a te  of growth o f t r i l o b i t e s  and
th e i r  s iz e  d is tr ib u t io n  through the  Cambrian and Ordovician.
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t r i l o b i t e s ,  such as o le n e ll id s . P ossib ly  th e i r  e a r ly  p ro tasp id es  were 

no t y e t m inera lized , th e re fo re , no f o s s i l s  rem ain; whereas the 

p ro ta sp id es  of la te  Cambrian or geologic younger t r i l o b i t e s ,  such as 

p ty ch o p ariid s  had m ineralized sk e le to n s . This assumption a lso  

c o r re la te s  w ith  the increase  in  th ickness of the t r i l o b i t e  sk e le to n : 

g e o lo g ica lly  e a r l i e r  forms have th in n e r  ske le tons than  l a t e r  forms.

W alcott (1918, p. 176) pointed out th a t  " a l l  known t r i l o b i t e s  had a more 

or le s s  ch itin o u s  sh ie ld  or carapace which was th ic k  and strong  in  the 

I lla e n id a e  e t c . ,  o r th in  and d e l ic a te  in  the  Mesonacidae, O lenellus etc.". 

When o le n e ll id  t r i l o b i t e  sk e le to n s  have been compacted to g e th e r  or 

two in d iv id u a ls  in te rp l ic a te d ,  then  the fe a tu re s  o f the lower in d iv id u a ls  

are  always im pressed upon the upper one during th e  compaction follow ing 

d ep o s itio n  (Howell and R esser, 1938, p. 207, pl* 12, f ig .  2 ) . This 

bespeaks the  y ie ld in g  n a tu re  o f the integument in  th e  e a r ly  forms.

The s iz e  of p ro tasp ides i s  not c o n ts ta n t. Stunner (19^2, p. 9*0 

noted th a t  "the s iz e  of the  p ro ta sp id  seems la rg e ly  to  correspond to  

th e  s iz e  of the a d u lt" . I t  appears th a t  th e  p ro ta sp id  in s ta r s  average 

about 0.28 mm. in  leng th  ( s a g . ). Extremely sm all in s ta r s  may be as 

sm all as 0.22 mm., such as th o se  of Pfcarmigania> Cedarina, and Dunderbergia,
'  , —  ̂ - v • „•  ■ ! !  ■ ■ ■ ■  m  !■ ■ I  wS m m m '

e t c . ;  th e  la r g e s t  ones a re  more than  0 .80  mm. in  len g th  ( s a g .) ,  as in  

O len e llu s , G lyphaspis, C repicephalus, I s o te lu s ,  e tc .  The g e o lo g ic a lly  

e a r ly  la rv ae  are  la rg e r  than  those  o f l a t e r  epochs. I t  i s  in te re s t in g ,  

however, to  note th a t  the  la te  Ordovician e a r ly  la r v a l  form s, such as 

C a llio p s , Flexicalym ene, I s o te lu s ,  e t c . ,  a re  very  much l ik e  those of the 

e a r ly  Cambrian w ith  la rg e  la rv a e . T heir p ro ta sp id s  average about 0 .h-5 mm. 

( s a g . ). Thus i t  would seem th a t  a  g e n e ra liz a tio n  w ith  re sp e c t to  the
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gradual decrease in  s iz e  o f e a r ly  in s ta r s  -through time i s  unacceptable . 

In  the  meraspid period , th e  cranidium  averages about 0.90 mm. in  len g th  

( s a g .) ,  th e  extreme forms may extend from O.kO to  2 .3  mm. long ( s a g .) .  

M issisquo ia , H ig h g a te lla , and Acerocare are the  sm a lle s t, and O lenellus 

K ep is is , C ry p o to lith u s , and I s o te lu s  are  the la rg e s t .

B. G row th-rate C orre la ted  w ith  I n s ta r  Periods 

P ro tasp id  p e rio d . During th e  anaprotasp id  and m etaprotasp id  s ta g e s , 

th e  sh ie ld  undergoes d i s t in c t  changes in  i t s  marphologic c h a ra c te rs ;  

th e  most s ig n if ic a n t  i s  th e  a d d itio n  of the new a x ia l  segment; whereas 

the  e a r l i e s t  s tage  has only fo u r , the  l a t e r  in s ta r s  develop f iv e ;  the 

a x ia l  rin g s  and th e  lo n g itu d in a l f is s u re  may d isap p ear, b u t l i t t l e  

in c rease  in  len g th . During th e  p arap ro tasp id  s ta g e , the  cephalon has 

f iv e  a x ia l  r in g s  and a p ro ta sp id  pygidium i s  added p o s te r io r  to  the 

cephalon. In  th is  stage  the  le n g th  may in c rease  more than  tw ice th a t  

o f th e  e a r l i e s t  s tage  ( t e x t - f ig .  2 5 ).

Meraspid p e rio d . The e a r ly  meraspid i s  th e  g re a t developm ental 

s tage  of a t r i l o b i t e  as i t  invo lves th e  d i f f e r e n t ia t io n  and growth of 

c r a n id ia l  s tru c tu re s .  The g la b e l la  grows longer than  th a t  o f th e  

p ro ta s p is ; th e  a n te r io r  and p o s te r io r  c r a n id ia l  borders a re  d efin ed .

The cranidium shows about a  fo u r- fo ld  in c rease  in  len g th  from th e  average 

s ized  p ro ta sp is  to  the  end of th e  e a r ly  meraspid p erio d . During th e  

la te  meraspid s ta g e , the  cranidium  develops a  p re g la b e lla r  f i e ld  and 

d i s t i n c t  g la b e l la r  furrow s, b u t th e  r a te  o f th e  in c rease  o f g la b e l la r  

len g th  i s  very much le s s  than in  the  e a r ly  m eraspid s ta g e ; the  

cranidium  i s  about f iv e  tim es longer than  the  average s ize d  p ro ta sp is

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



le
ng

ih
 

of
 

cr
an

id
iu

m

99

meraspid'otdspid holaspidl o t e  m c r o s i dcnc.

cumulative length of cranidium

T e x t-f ig . 25: Showing the  c ra n id ia l  g row th-ra te  a t  d i f f e r e n t
ontogenetic s tag es  o f t r i l o b i t e s .  N otice th a t  the  le n g th  of 
the  cranidium  in c reases  ra p id ly  during  th e  p a rap ro tasp id  and 
e a r ly  meraspid s ta g e s . (Data based on t e x t - f i g .  2k.)
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T e x t- f ig . 25a: Growth curve o f  c ru s ta c e a n  Daphnia magna, 
re a re d  in  th e  la b o ra to ry . Note th a t  th e  cuvo shows g e n e ra l 
c o n fig u ra tio n  o f th e  curve resem bles th a t  o f  t r i l o b i t e s  
( t e x t - f i g .  25 ) . ( A fte r  Green, 1961. )
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and about one-fourth  longer than th a t  o f the  e a r ly  meraspid s tag e . The 

growth r a te  is  g re a tly  reduced during th is  s ta g e , in  comparison w ith  

the p ro ta sp is  and e a r ly  m eraspid s ta g e s .

T e x t- f ig . 25: Showing th e  c ra n id ia l  g row th -ra te  a t  d if f e r e n t  on togenetic

s ta g e s  of t r i l o b i t e s .  N otice th a t  the le n g th  of the  cranidium  in c reases  

ra p id ly  during the p arap ro tasp id  and e a r ly  meraspid s ta g e s . (Data 

based on te x t - f ig .  24^

Raw (1927> P* 15) rep o rted  th a t  L ep top lastus s a l t e r i  in creased  

s ix - fo ld  during the me ra sp id  period  (between h is  degrees 1 and 12 ) 

and Sao h ir s u ta  te n  tim es during th e  meraspid p erio d . Westerg&rd (1936) 

c a lc u la te d  th a t  Paradoxides pinus ? Holm in creased  1 7 -fo ld . S tu b b le fie ld  

(1926 ) showed th a t  Shumardia p u s i l la  in creased  seven tim es. W hitting ton  

(1957, P» ^3^0 assumed th a t  "during th e  m eraspid period  th e  len g th  of 

the  t r i l o b i t e  increased  to  some 6 to  lh  tim es th a t  o f the. la rg e s t  

m e ra s p is .. ." .  I t  should be po in ted  out th a t  th e  r a te  of cephalic  

in c reases  may not correspond to  th e  in c reases  o f th e  th o rax . The r a te  

o f  in crease  of cephalon and thorax  are  unequal. The thorax  in c reases  

in  le n g th  f a r  f a s te r  than  the  cephalon, s in ce  the  th o ra c ic  segments are  

added mainly during meraspid period .

The increase  in  r a te  of body growth p o ss ib ly  in d ic a te d  th a t  the  

anim als underwent ra p id  ad ap ta tio n . I t  i s  reasonab le  to  assume th a t  as 

th e  p e lag ic  la rvae  o f t r i l o b i t e s  changes t h e i r  mode of l i f e  to  the 

benthonic o r borrowing h a b i ta t ,  the  r a te  o f growth should in c rease  in
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order to  adapt to  the new environment. Hupe (1953/ P* 3-5/ fig* 1/2 and 

195^/ P* ^ 3 - ^ /  fig* 28) has pointed  out th a t  th e  more s te e p ly  r is in g  

growth curves seem to  c h a ra c te r iz e  the  g eo lo g ica lly  younger t r i l o b i t e s .

The v a r ia tio n  of growth r a te  corresponding to  the  age of the 

in d iv id u a l i s  a lso  seen in  o th er tax a , th e  b e s t example th a t  has been 

given i s  th a t  of Xiphosura ( "Limulus") (p. 57 ) Green ( 1961, p . 66-

67 ) £  te x t- f ig *  25aJ s tu d ie d  on th e  growth o f  C rustacea .

5* Cephalic Segmentation 

Study of the segm entation o f t r i l o b i t e s  has to  depend on e x te rn a l 

s tru c tu re  only, fo r  nothing of th e  in te rn a l  s tru c tu re s  are  known except 

f o r  muscular markings on th e  in s id e  of th e  sk e le to n  which are  occasion­

a l ly  preserved . Commonly, in  the  modern arthropod th e  "head" i s  a 

complex s tru c tu re  co n s is tin g  of a la rg e  procephalon w ith  a  few forw ardly 

m igrated body segments jo ined  to  i t  to  form a cephalon. This phenomenon 

has been dem onstrated by em bryologists and an to m ists , b u t fo r  t r i l o b i t e s  

th is  c h a ra c te r is t ic  i s  in f e r e n t ia l  and th e  number o f cep h alic  segments 

i s  d i f f i c u l t  to  determ ine.

In  the la te  19th  cen truy  Bernard (189*0/ vho s tu d ied  a d u lt  t r i l o ­

b i t e s ,  considered th e  t r i l o b i t e  cephalon to  be composed o f f iv e  segments, 

of which four segments were supposed to  l i e  behind the l a t e r a l ly  

p ro jec ted  and p o s te r io r ly  curved f i r s t  segment. Beecher (1895)/ from 

h is  ontogenetic s tu d ie s  of t r i l o b i t e  carapaces, poin ted  out th a t  the 

e a r ly  la rv a l  in s ta r s  had an ax is  apparen tly  composed o f f iv e  segments. 

V ialcott (1910/ p. 2 37 ) id e n t i f ie d  seven segments in  th e  t r i l o b i t e  

cephalon: 1 , an a n te r io r  border segment; 2 , an o cu lar segment; 3 / a

p a lp e b ra l or f i r s t  g la b e l la r  segment; h -6 , th e  second to  fo u rth
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g la b e lla r  segments; and y, the o c c ip i ta l  segment. In a l a t e r  paper, 

Walcott (1913, p. 12(>) om itted the a n te r io r  border segment, thus 

postulating a t r i l o b i t e  cephalon composed of s ix  segments. Raw (1927., 

1937, P* 375, e t c . )  in  h is  sev e ra l papers be lieved  th a t  the g la b e lla  

o r ig in a lly  included s ix  segments as supposedly shown in  sev e ra l meraspid 

la rvae  and c e r ta in  ad u lt forms. St^rmer (1942) stud ied  the ontogenetic 

development of Olenus gibbosus and noted th a t  th e  e a r l i e s t  known larvae  

or "nnapro tasp is" s tag e  has f iv e  prim ary segments. He t r i e d  to  c o r re la te  

th ese  f iv e  segments w ith  the prim ary segments o f the Xiphosura embryo. 

Subsequently, Raw (1953), Hupe (1953), and Palmer (1957), from th e i r  

morphologic and on togenetic  s tu d ie s  o f o le n e l l id s ,  considered the  head 

to  be composed of a minimum of e ig h t prim ary d o rsa l segments.

The e a r l i e s t  p ro ta sp is  o r an ap ro tasp is  found in  the  course of th is  

study i s  about 0.22 mm. in  len g th  ( s a g .) w ith  fo u r segments. This has 

been observed in  Dunderbergia ? any ta  Hall and W hitfie ld  [p .JK ^pl. 9, 

f ig .  l j ,  Dytremacephalus granulosus Palmer [ jp .^ ’̂ 'p l. 10, f ig .  l j |,  

K is s isq u o ia c y c lo c h ila , n . sp . [ p l .  14, f ig .  l ] ,  Flexicalymene granulosa 

(F o ers te ) [ p . ^ p l .  19 , f ig .  1 -4 ] , W ellerasp is  l a t a  Howell (Hu, 1964, 

p .%  p l .  24, f ig .  19 ). A ll of the  specimens show e i th e r  a  sm all o r a 

la rg e  procephalon ( f ro n ta l  lobe) and th re e  p o s t-o ra l  segments. The 

p le u ra l  segmental furrow s, w hile commonly no t d i s t i n c t ,  a re  in  some 

specim ents c le a r ly  seen.

A. Primary segments

The segments of the  t r i l o b i t e  body from th e  a n te r io r  margin o f the 

cephalon to  the  p o s te r io r  end o f th e  pygidium a re  d if f e r e n t ia te d  in to
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th re e  regions.; the prim ary, secondary, and t e r t i a r y  segmental reg io n s.

The primary segmental reg io n , or a rch icep h a lic  reg io n , includes a 

procephalon and two p o s t-o ra l  segments; th e  secondary segmental reg ion  

co n s is ts  of the th ird  and fo u r th  a x ia l  segments, i . e . , the  p re o c c ip ita l  

and o c c ip i ta l  segment. The t e r t i a r y  segmental reg ion  c o n s is ts  of the  

th o ra c ic  and p y g id ia l segments.

Procephalon. The e a r l i e s t  in s ta r  of th e  t r i l o b i t e  c o n s is ts  of 

fou r cephalic  segments; th e  procephalon, two p o s t-o ra l ,  or prim ary, 

segments, and a  sm all te rm in a l p o rtio n , or the g en era tiv e  d is c .  The 

procephalon i s  the extreme a n te r io r  p o rtio n  of th e  t r i l o b i t e  head, or 

archicephalon . I t  i s  lo ca ted  a n te r io r ly  to  th e  p re o ra l reg io n , and i s  

composed of hypostoma, rostrum , an tennu les , l ib r ig e n a e , eyes, p reg la ­

b e l la r  f i e ld ,  and th e  f i r s t  g la b e l la r  segment. The procephalon is  

delim ited  by the  p o s te r io r  branch of the  f a c ia l  su tu re , p a lp eb ra l 

r id g e s , and d o rsa lly  by the  f i r s t  p a ir  o f g la b e l la r  furrow s. This 

p o rtio n  i s  probably homologous w ith  the  acron o r prostomium of po lychaetes, 

which i s  not segmented, b u t s u p e r f ic ia l ly  d iv ided  in to  a  few p la te s  

(p.

The hypostoma i s  the extreme a n te r io r  p o rtio n  of th e  procephalon.

I t  i s  separa ted  from the  rostrum  or lib rig en o -ro stru m  by the r o s t r a l  

su tu re . This p la te ,  of v a r ia b le  s iz e  and shape, l i e s  underneath the 

a n te r io r - c e n tra l  p o rtio n  of th e  cephalon. The e a r ly  hypostoma i s  

p ro p o rtio n a lly  considerab ly  la rg e r  in  r e la t io n  to  th e  body than  in  l a te  

growth s tag e . The e a r ly  hypostoma o fte n  bears  a  spinose margin and 

sm all, lo n g itu d in a l median body. This co n d itio n  i s  w e ll shown in  

O lenellus truemani [ p . / ^ p l .  2 , f ig .  2oJ, Dunderbergia ? anyta V-ZZ9.
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p l. 9, f ig .  2 8 , 29] ,  and by an asaphid described  by E v it t  (1961 , p l .  9> 

f ig .  5 -39). The m arginal sp ines a re  reduced during  th e  l a t e r  growth 

stag es  w hile the median body in c rease  in  s iz e  during ontogeny. The 

su rface  of the hypostoma v a rie s  from smooth to  g ranu lose , rid g ed , or 

m aculate.

The maculae, when p resen t, (and in  many t r i l o b i t e s  th i s  p o rtio n  

of the  hypostoma i s  p reserv ed ), are  loca ted  on the  c e n tr a l  l a t e r a l  s id es 

of the hypostoma or s l ig h t ly  a n te r io r  to  t h i s .  The maculae commonly 

shew a su rface  p a t te rn  of g ran u les , re g u la rly  or i r r e g u la r ly  d isposed , 

or a re  roughly r e t ic u la te d  or r a th e r  re g u la r ly  fa c e tte d  [ p l .  20 , f ig .  2&J. 

Lindstrtfm (1901,  p. 35 - 70 ) has published  a comprehensive study of th ese  

s tru c tu re s ,  and concluded th a t  the  maculae a re  tru e  v e n tra l  v isu a l 

organs. This in te rp r e ta t io n  i s  favored  by Hupe (1953)  ̂ whereas 

Raymond (1920) , St^rm er (19^9), and W hittington  and E v i t t  (1953) regard  

them as p laces o f muscle attachm ent. An a l te rn a t iv e  suggestion  i s  

th a t  th ese  s tru c tu re  r e f l e c t  th e  p o s itio n  of the  s ta to c y s t  sacs which 

are  seen in  many cu rs tacean s , po lychaetes, scyphozoans, e tc .  In  th e  

crustaceans th e  s ta to c y s ts  are r e s t r i c t e d  to  a few groups o f  

M alacostreca, where only  a s in g le  p a i r  are  p resen t and a re  d iv e rse ly  

lo c a te d , in  th e  base o f th e  an ten n u les , on th e  base o f th e  abdomen, 

uropods, o r te ls o n . Each s ta to c y s t  a r is e s  as an ectoderm al in v ag in a tio n  

and i s  u n u sa lly  expressed on th e  e x te r io r .  The s t a t o l i t h  may be a  

t is s u e -s e c re te d  s tru c tu re ,  but commonly i s  composed of a  mass o f 

ag g lu tin a ted  sand g ra in s . The physiology o f c ru stacean  s ta to c y s ts  i s  

b e s t  known in  th e  decapods (shrim p, c ra y fish , lo b s te r s ,  and c ra b s ) .

S ta to c y s ts  o f v arious kinds are  a lso  found in  c e r ta in  po ly ch aetes:
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in  sev e ra l spec ies  o f Arenxcola, in  s e v e ra l a r i c i id s ,  in  Loimia and 

Lanica among te r e b e l l id s ,  and in  s a b e l l id s .  A ll of th ese  a re  burrowers 

or tube-dw ellers  in  which o r ie n ta tio n  may be very  im portan t. Apart 

from the a r i c i id s ,  which may have se v e ra l p a irs  of s ta to c y s ts ,  a s in g le  

p a ir  i s  most commonly found, unusually  s i tu a te d  in  one o f the  most 

a n te r io r  segments. There i s  no doubt th a t  these  a re  a l l  g ra v ity  

p o rcep to rs . Removal or d e s tru c tio n  of th e  s ta to c y s ts  causes the  animal 

to  lo se  i t s  o r ie n ta tio n . The nuchal organ of th e  po lychaete , which i s  

lo ca ted  on the f r o n ta l  lobe of the  acron , may a ls o  have th e  same fu n c tio n  

as s ta to c y s ts .  This nuchal organ i s  ano ther cand idate  fo r  p o ss ib le  

c o r re la t io n  w ith  th e  maculae o f t r i l o b i t e s .

No d e ta ile d  exam ination o f th i s  problem has been made, but 

considering  the  lo c a tio n  o f th e  maculae, t h e i r  presence or absence on 

diverse hypoatornata, as v e il as their different morphologic features, 

th i s  in te rp r e ta t io n  should be reaso n ab le . I f  maculae are  s ta to c y s t ic ,  

t h e i r  study may he lp  very  much in  re c o n s tru c tin g  the  mode o f l i f e  o f 

t r i l o b i t e s ,  and h e lp  to  r e l a t e  them to  th e  h a b its  of modern anim als: 

burrowing, benthonic or p e lag ic . The so c a lle d  "panderian organ" may 

a lso  have had the same fu n c tio n  as s ta to c y s ts .

L ib ri geno-rostrum . This p la te ,  o f v ario u s s iz e s  and shapes, I s  

lo ca ted  underneath the  a n te r io r -v e n tra l  margin o f the  cephalon or 

r o ta te d  onto the  d o rsa l su rface  to  form v ario u s types o f l ib r ig e n a e , 

O n togenetica lly , the l ib r ig e n a , perrostrum  or rostrum  are  homologous.

The lib rig en o -ro s tru m  may be separa ted  in to  th re e  p a r ts  (a  p a ir  of 

lib r ig e n a e  and a  rostrum ) or two p a r ts  (a  p a ir  of lib r ig e n a e  only) or 

w ithou t any se p a ra tio n  ( t e x t - f i g .  2 6 ). In  th e  p ty ch o p ariid s  th e
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T e x t-f ig . 26: Showing the  ontogenetic development o f the
lib r ig e n a e  and th e  m igration  of th e  eyes o f  t r i l o b i t e s .  
Schematic.
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librigeno-rostx 'um  i s  separa ted  in to  th re e  p a r ts  by connective su tu re s . 

In  the  asaphids i t  i s  separa ted  in to  two p a r ts  by a  median su tu re , and 

the o le n e ll id s  and phacopids a re  w ithou t any sep a ra tio n . Hence the 

undivided perrostrura may be th e  o r ig in a l  co n d itio n  and the  two or 

th re e -p a r t  co n d itio n  derived  (see p .150  ) .

Jaek e l (1911), Hup6 (1951, p. ^73), and Raw (1953, P* 11*0 named 

th e  lib rig en o -ro s tru m  the  "ocu lar segment". M orphologically, the 

o cu lar segment i s  synonymous w ith  the  lib rig en o -ro s tru m , b u t onto- 

g e n e tic a l ly  i t  i s  d o u b tfu l i f  th i s  p a r t  i s  an independent segment. I t  

seems r a th e r  to  be a  p a r t  o f  th e  acron or procephalon which became 

separa ted  by secondary segm entation to  f a c i l i t a t e  m olting.

T e x t-f ig . 26: Showing th e  on togenetic  development o f the  lib r ig e n a e  

and th e  m igration  of th e  eyes of t r i l o b i t e s .  Schematic.

The eyes are  s itu a te d  on the  l ib r ig e n a e , as most au thors b e liev e  

(Jaek e l, 1901; Warburg, 1925j H errickson, 1926; Sterm er, 19^2; and 

Hupe (1951). Beecher (1897 ) po in ted  out th a t  during  th e  e a r l i e s t  

la r v a l  s tag e , the  l a t e r a l  eyes m igrate from th e  margin or submargin 

towards t h e i r  median p o s itio n  in  the  a d u lt .  This observ atio n  i s  

supported by th e  development o f most p tychoparids and a s im ila r  m igration  

i s  a lso  seen in  the development of Xiphosura (p . 62 and te x t - f ig u re  22). 

However, th e re  a re  ex cep tio n s . In  some forms th e  eyes a re  i n i t i a l l y  

lo ca ted  d o rs a l ly  of superm arg inally , e .g . , i n  o le n e l l id s ,  t r in u c le id s  

and harp ids (p i.  2 , and 20 ). T herefore , i t  seems s a fe r  to  a l lo c a te  

th e  eyes sim ply to  th e  procephalon or acron , and to  recognize th a t
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sev e ra l modes of ontogenetic  o cu lar s h i f t  occur among t r i l o h i t e s .

The f ro n ta l  lobe i s  the f i r s t  g la b e lla r  segment, and i s  probably 

homologous w ith  the  p o s te r io r  p o rtio n  of the acron o f the polychaete.

In  th e  e a r ly  ontogenetic  s tag es  th i s  segment i s  g e n e ra lly  la rg e r  than  

in  succeeding s tag e s , e .g . , P tarm igania a u r i ta  (p i .  ^ ) ,  Glyphaspis c f .  

parkensis  (p i.  5 ), and C alliops s tra sb u rg e n s is  (p i. 18) e t c . .  However, 

th i s  co n d itio n  does no t always p re v a il ;  C repicephalus deadwoodiensis 

(p i. 9 ) , P tychaspis b u lla su s  (p i. l l ) ,  Acerocare ecorne (p i. 13), and 

Flexicalym ene g ranulosa (p i .  19, f ig .  1-b) among o th e rs , show a f i r s t  

f i r s t  g la b e l la r  segment which in  i n i t i a l l y  r e l a t iv e ly  sm aller than  in  

l a t e r  in s t a r s .  The f ro n ta l  lobe shows varying degrees o f sep a ra tio n  

by g la b e l la r  furrow s. During l a t e r  development the  f ro n ta l  lobe may 

become expanded or reduced in  s iz e .  St^rmer (19^2, p. 117) b e lieved  

th a t  "the stro n g  development of th e  f ro n ta l  lobe i s  apparen tly  dependent 

on th e  more powerful development o f the  a lim en tary  c an a l, which 

probably  extended forward from th e  mouth in  a fo ld  below the g la b e lla ,  

j u s t  as in  "Limulus". I f  th e  procephalon of t r i l o b i t e s  i s  homologous 

w ith  th e  acron of p o ly ch ates , then  the f r o n ta l  lo b e , whether sm all or 

la rg e , o f th e  e a r ly  p ro ta sp is  may be re p re se n ta tiv e  of th e  corresponding 

b ra in -c a se , s in ce  we now know th a t  th e  lo n g itu d in a l f is s u re  which 

c h a ra c te r iz e s  the  e a r ly  p ro ta sp id  ax is  d isappears  during  the l a t e r  

growth s ta g e s . The d isappearance of th e  lo n g itu d in a l furrow may 

r e f l e c t  expansion of th e  a lim en tary  can a l. This metamorphosis of the  

a x ia l  lobe may in d ic a te  th a t  the  alim en tary  can a l was no t lo ca ted  

d i r e c t ly  underneath th e  f r o n ta l  lobe.

A n te rio r p i t s .  A p a ir  o f  p i t s  o f varying d e f in i t io n  i s  lo ca ted  a t
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the s id es  o f the f i r s t  g la b e lla r  segment o r f r o n ta l  lobe . These p i ts  

g e n e ra lly  appear very  e a r ly  on th e  a n te r io r  margin o f th e  p ro ta sp id  

s h ie ld , and become shallow er and in d i s t in c t  l a t e r .  In  e a r ly  ontogeny 

the p i t s  are  m ostly rounded to  oval b u t become elongate  or l in e a r  during 

the  l a t e r  s ta g e s . The p i t s  are  poorly  developed among th e  o le n e l l id s ,  

agnostids during e a r ly  stages b u t a re  r a th e r  w ell-im pressed  l a t e r  (p i .  2 , 

f i g .  16-18; p i .  1 , f ig .  U ,5). G enerally , w ith  th ese  ex cep tio n s , the 

a n te r io r  p i t s  a re  d i s t i n c t ly  marked in  th e  e a r ly  l a r v a l  s tag e  and become 

shallow  l a t e r  on. Ptarm igania:. a u r i ta  (p i .  f ig .  1 -23 ), Glyphaspls 

c f .  parkensis (p i. 5, f ig .  1 -15), and Acerocare ecorne (p i .  13, f ig .  1-13) 

a re  good examples.

The a n te r io r  p i t s  were thought to  be attachm ent fo r  an tennules or 

muscles by Beecher (1895, P« 179) and St^rm er (19^2, p. I l 6 ), W hittington  

(19^1 , and 1953, p. 50 ) , who s tu d ie d  bo th  s i l i c i f i e d  and c a lc if ie d  

m a te ria ls  o f Flexicalymene s e n a r ia  (Conrad) and F. meeki (F o e rs te ) , 

found th a t  th e  p i t s  correspond to  th e  a n te r io r  l a t e r a l  wing p rocesses 

of th e  hypostoma. His view was th a t  "the development o f a n te r io r  p i t s  

and corresponding wing processes on th e  a n te r io r  wings o f th e  hypostoma 

i s  in te rp re te d  as a mechanism fo r  support (cranidiura) b u t n o t a r t ic u la t io n  

o f th e  hypostoma". This was a  s ig n i f ic a n t  d iscovery .

P alp eb ra l r id g e s . The p a lp e b ra l r id g e  i s  a  ra is e d  s t r i p  connecting 

th e  proximal s id e  o f the  eye and th e  a x ia l  furrow  behind the  a n te r io r  

l a t e r a l  corners of th e  f i r s t  g la b e l la r  segment. In  th e  e a r ly  ontogenetic  

s tag es  the  rid g es  are  in d i s t in c t ;  th ey  presumably curve forward from the  

a n te r o - la te r a l  margin of the  s h ie ld  to  extend behind th e  a n te r io r  p i t s  

(p i.  8 , f ig .  5 , 7 ; pl» 11 , f i g .  2 ) , b u t they  a re  g e n e ra lly  n o t recognizable

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



110

u n t i l  the l a t e r  s ta g e s . These rid g es  sometimes appear in  the  immature 

stages h u t d isappear during l a t e r  immature s ta g e s , o r perhaps e a r ly  

h o la sp is , as in  C ryp to lithus b e llu lu s  (p i. 20, f ig .  1 -6 ). In  some 

forms such as I s o te l lu s  stegops (p i .  20 , f ig .  17- 30 ) the  r id g es  are  

always in d is t in c t  and another asaphid described  by E v it t  (1961, p i .  117/ 

f ig .  1 -23). In  th e  o le n e llid s  th e  rid g es  are  unknown.

The p a lp eb ra l rid g es  a lso  appear on the  cephalon o f agnostids 

(p i. 1 , f i g .  5 ) where they  curve forw ardly  from the a n te r io r  p i t s  to  

the  a n te r io r - l a t e r a l  margin.

The p a lp eb ra l rid g es  may l i e  along the  l in e  o f anky losis  o f the 

procephalon and th e  p o s t-o ra l segm ental t i p s .  An in te r e s t in g  comparison 

can be made w ith  th e  form ation o f th e  p ro to tro ch  o f th e  trochpore  la rv a , 

due to  forward m igration  o f th e  peristomium.

Cephalic s u tu re s . There i s  on the  head o f t r i l o b i t e s  a  s in g le  

major cephalic  su tu re  d e lim itin g  th e  cranidium  from the  lib rig en o -ro s tru m . 

I t  presumably r e f l e c t s  a major cleavage during m oulting . Various names 

have been applied  to  th is  su tu re  as a  whole (e .g . , grand su tu re )  or 

fo r  d iv e rse  courses th a t  i t  pu rsues: p e r ro s t r a l ,  o p is th o p arian ,

p ro p arian , hypoparian, gonatoparian  su tu re , e t c . .  Some o f  th ese  courses 

have been employed in  th e  p a s t as major taxobases.

Beecher (1895, P« 117-178) was o f th e  opinion th a t  th e  l ib r ig e n a  

had a  v e n tra l  p o s itio n  in  the e a r ly  s tag es and m igrated toward th e  

margin and "backward over th e  cephalon to  the a d u lt  p o s it io n . This 

in te rp re ta t io n  has been v a lid a te d  by subsequent on togenetic  s tu d ie s  of 

s i l i c i f i e d  t r i l o b i t e s .  Since th e  lib r ig e n a  o r ig in a te d  in  a  v e n tra l  

p o s itio n  and m igrated onto the d o rsa l su rface  during  th e  l a t e r  growth

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



Ill
s ta g e s , the  grand su tu re  or i t s  d e r iv i t iv e s  accompanied the  m igration  of 

the lib rig en o -ro stru m  onto the  d o rsa l su rfa c e . The submarginal p o s itio n  

of th e  f a c ia l  su tu re  i s  p rim ord ia l in  a l l  t r i l o b i t e s ;  from th is  lo c a tio n  

various p a tte rn s  a re  derived  (p i.  9, f ig .  3 , 6 , 11 , 2 7 ; p i .  10, f ig .  3 , 9 , 2 9 ). 

From the  p e r ro s tra l  or hypoparian s u tu ra l  ty p es , the o p is th o p arian , 

p roparian , and grand su tu re  plans are  developed.

Hupe (1953) presen ted  supposed evidence o f th e  ex is ten ce  of a  d o rsa l 

or m etaparian su tu re  in  th e  o le n e ll id  t r i l o b i t e s ,  where p rev io u sly  no 

f a c i a l  su tu re  had been observed. He suggested th a t  the d o rsa l su tu re  was 

p re sen t and open in  a n c e s tra l  o le n e ll id s  b u t became closed  during  l a t e r  

ev o lu tio n . V estiges of th e  supposed d o rsa l su tu re s  are  seen on some of 

h is  specimens from th e  Lower Cambrian. His i l l u s t r a t i o n  (1952, p i .  1-5) 

shows two rid g es  on th e  p re g la b e lla r  f i e ld  and a p a ir  on the  p o s te r io r  

l a t e r a l  f ix ig e n a l a re a s . However, th e  r id g e s  (p i.  1, f ig .  3 ,5 , e t c . )  on 

the  p re g la b e lla r  f ie ld  may not be su tu re  b u t im pressions o f th e  p e rro - 

strum . Most o f  the  Lower Cambrian t r i l o b i t e s  had th in  exoskele tons, as 

was poin ted  out e a r l i e r  (p. 9 7 ). Some o f Hup^'s i l l u s t r a t i o n s  (p i.  1 , 

f ig .  1 ,3 ,6 )  show a w ell preserved and undistu rbed  perrostrum . The 

coincidence of the l im its  of the  perrostrum  and th e  p re g la b e lla r  

"su tu res"  make one susp ic ious o f Hupe's conclusion . Moreover, the  

p o s te r io r  f ix ig e n a l r id g e s , which show in  h is  photographs, appear not to  

be a f a c ia l  su tu re  anky losis  bu t r a th e r  th e  p re o c c ip i ta l  segment 

an k y lo sis . The ex istance  of th i s  su tu re  as d escrib ed  by Hup^'was denied 

by St^rmer (19^2, p. l 4 l )  who says ”1 f in d  no d i r e c t  evidence o f th e  

a n te r io r  and p o s te r io r  e y e -lin e  re p re se n tin g  tra c e  o f a  f a c i a l  su tu re  

in  th e  O len e llid ae". Moreover, uncompacted calcareous specimens show no
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p re g la b e lla r  f i e ld  rid g es  o r l in e s  such as those seen in  Hupe's sh a ly  

specimens, and th e  p o s te r io r  l a t e r a l  f ix ig e n a l r id g e s  are  w e ll marked 

[ p i .  2 , f ig .  14-19; p i .  3> fiS* 28 - 31J .  I t  seems th a t  Hupe’s hypothesis 

i s  untenable , no f a c ia l  su tu res  are recorded on th e  d o rsa l su rface  of 

the o le n e ll id  dephalon.

B. P o s t-o ra l Segments

The p o s t-o ra l segments include the  2nd to  4 th  g la b e lla r  and 

o c c ip i ta l  segments, i . e . , two prim ary and two secondary segments. The 

secondary segments are  derived from the  g en era tiv e  d is c .  These segments 

are  p o ssib ly  homologous w ith  the  antennae, m adibles, and m axillae 1 and 

2 o f c ru stacean s. The segmental furrow may be d i s t i n c t ly  o r in d i s t in c t ly  

marked; the p le u ra l  furrows are  shown on O lenellus truemani (p i.  2, f ig .  

1-10) and are  le s s  impressed on Olenus gibbosus (p i.  32, f ig .  4 ,6 ) ,  

Dytremacephalus granulosus (p i. 10, f ig .  4 ,5 )  and o th e rs .

The p le u ra l segm ental furrows were f i r s t  dem onstrated by St^rmer 

(1942) from h is  ontogenetic  study of Olenus g ibbosus. W hittington  

(1957* P* 467) re in v e s tig a te d  S t^ rm er's  o r ig in a l  m a te r ia l and came to  

the  conclusion th a t  th e  p le u ra l segm ental furrow  i s  h y p o th e tic a l. 

W h ittin g to n 's  views a re  in  tu rn  su b je c t to  review , f o r ,  u n fo rtu n a te ly , 

most p tychopariid  in s ta r s  do no t show th e  w e ll im pressed p le u ra l 

furrows as c le a r ly  as o le n e ll id s  do. In  Olenus gibbosus and 

Dytremacephalus granulosus the  furrows a re  only v e s t ig i a l ,  very  f in e  and 

sometimes they  do not oppose each o th e r (due to  p re se rv a tio n  ? ) . However, 

upon c lo se r  in sp ec tio n , e sp e c ia lly  o f w e ll focused photographs on h igh- 

c o n tra s t  paper and d ark ly  p rin ted  p ic tu re s ,  th ese  furrows can sometimes
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be d isce rn ed . Hence, S t^rm er' s in te rp r e ta t io n  seems v a lid , on the b a s is  

of indepdent dem onstration. W hitting ton  i s  probably c o rre c t in  conclud­

ing th a t  S t^rm er’s m a te r ia l does no t re v e a l th e  furrcw . Hence S t^rm er's  

conclusions as to  i t s  presence were la rg e ly  i n tu i t i v e ,  a lb e i t  v in d ica ted  

by fu r th e r  study.

The form ation of the cep h a lic  segm ental furrows i s  here d iv ided  

in to  th ree  s te p s . In  the f i r s t  of which th e  furrows' are  simply p a r a l le l  

oh th e  p le u ra l  lobes (p i.  2 , f i g .  1 - 5 ); in  th e  second the  furrows fuse 

to  form in tro fu rrow  rid g e s  (p i.  2 , f ig .  6- 1 0 ); in  th e  th ird  the  furrow 

and rid g es  have a l l  d isappeared , and th e  su rface  i s  smooth (p i.  2 , f ig .  

13-18). S im ilar morphologic changes a re  dem onstrated by the  form ation 

o f th e  p y g id ia l furrow s. These s te p s  a re  i l l u s t r a t e d  by C ryp to lithus 

b e llu lu s  (p i .  20 , f ig .  10- 1 3 ) where the  f i r s t  two s te p s  are  w ell 

dem onstrated; f ig s .  10 and 11 c o r re la te  w ith  th e  f i r s t  s te p , and f ig s .

14 and 15 re p re se n t th e  f i r s t  s te p , and f ig u re  16 i s  the second s te p .

The development o f th e  p le u ra l  o r f ix ig e n a l  furrow s and th e  p le u ra l 

furrows of th e  pygidium follow  an analogous course .

The same s tep s  in  the  form ation  of th e  cep h a lic  furrows are  a lso  

seen in  Crepicephalus deadwoodiensis (p i.  8 , f i g .  2 8 ,2 9 ). Something 

comparable i s  a lso  seen in  the  form ation o f th e  a x ia l  lobe of the g la b e l la :  

in  most of the  e a r l i e s t  t r i l o b i t e  in s ta r s  th e  g la b e l la r  r in g s  are  

im pressed by a  lo n g itu d in a l f is s u re  sep a ra tin g  the  g la b e lla r  r in g s  in to  

two or th re e  p a irs  of nodes. The lo n g itu d in a l f is s u re  a t  c e r ta in  growth 

s tag es  becomes a f in e  r id g e , which subsequently  d isappears  as the  

g la b e l la r  r in g s  are  completed (p i.  2 , f ig .  7 ; pl» 10 , f ig .  7 / 8 ; p i .  13 , 

fig*  2 ,3 ) .  The process o f obsolescence of th e  lo n g itu d in a l f is s u re  i s
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e x ac tly  s im ila r  to  the obsolescence o f th e  f ix i f e n a l  and p le u ra l  furrows 

o f the pygldlum, which pass through a rid g e  s tag e  follow ed by d isap p ea r­

ance and a smooth su rface  in  m a tu rity .

The lo n g itu d in a l f is s u re  o f th e  a x ia l  g la b e l la r  lobe p o ssib ly  

rep re sen ts  a dep ression  along th e  course o f the  a lim en tary  can a l, and 

the  g la b e l la r  nodes the  mesodermal compartments o r m esoblasts such as 

a re  commonly seen in  th e  e a r ly  embryos of polychaetes (p. 25 ) and 

crustacean s  (p .51 , t e x t - f ig .  1 8 ).

Some meraspides a re  d i s t i n c t l y  marked w ith  3 or k p a ir s  o f nodes on 

the  f ix ig e n a l reg io n s; th ese  nodes supposedly c o r re la te  w ith  th e  fou r 

p o s t-o ra l  segments (p i.  8 , f i g .  10-13, and p i .  k, f ig .  14 ). These 

nodes d isappear in  the  l a t e r  on togenetic  s ta g e s . They may be re p re ­

s e n ta tiv e  segmental sense o rgans, s im ila r ly  d isposed  organs occur in  th e  

e a r ly  immatures of Xiphosura (p. 63, t e x t - f i g .  22A,B,C, So1*-).

P o s te r io r  f ix ig e n a l r id g e s . Moberg (1899) po in ted  out th e  presence 

in  K je ru lf ia  o f a f a in t ly  r a is e d  l i n e ,  which shows i t s  p o s itio n  

corresponds to  the  course o f th e  p o s te r io r  branch o f th e  f a c ia l  s u tu re . 

KLsaer (1916, p. 8l )  found "a f in e  ra is e d  l in e ,  th a t  runs in  an arc  from 

th e  p o s te r io r  edge of the eye to  th e  p o s te r io r  margin o f the  in te rg e n a l 

rim ". In  both  in s tan ces  th e  l in e s  were in te rp re te d  as v e s tig e s  o f fused  

f a c i a l  su tu re s . The same s tru c tu re s  a re  a lso  seen in  E ll ip to c e p h a la , 

O len e llu s , Holmia, and r e la te d  genera . The v e s t ig ia l  su tu re  th eo ry  was 

supported by Warburg (1925, p . 37), Raw (1936), and Hupe (1952). Most 

s p e c ia l i s t s ,  however, have e i th e r  r e je c te d  o r only  c o n d itio n a lly  supported 

t h i s  in te rp r e ta t io n .  Beecher (1897 , p. 191), W alcott (1916, p. 8 ), and 

Raymond (1917, p. 206) thought th e  su tu re  was in  a co n d itio n  o f symphysis,
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the  r e a l  su tu res  in  a co n d itio n  o f fu s io n . S t/rm er (19^2, p. 137), and 

Palmer (1957, p. 126) both out r ig h t ly  r e je c t  the  in te rp r e ta t io n .

S t/rm er (19*1-2 , p. 138) b e liev es  th a t  the  so -c a lle d  p o s te r io r  f a c ia l  

su tu re  i s  due to  the  procephalic  (o cu la r)  segment bending p o s te r io r ly  

to  the  d i s t a l  end of the p o s t-o ra l  segmented p leurae (1s t  and 2nd) and 

ending in  f ro n t o f the p re -o c c ip i ta l  segment (3rd  p o s t-o ra l  segment). 

Lindstrflm (1901, p. 16) suggested th a t  the  rid g es  o r l in e  re p re se n t a 

p re -e x is t in g  fe a tu re  p renuncia l o f the  next s te p  in  th e  development of 

the  tru e  f a c i a l  su tu re s . Beecher (1897) , no ting  the  same phenomenon, 

thought th e  rid g es  re p re se n t l in e s  o f  symphysis - a  fused  s u tu re . Raw 

(1936, p. 586) supports Beecher, b e lie v in g  th a t  the  p o s te r io r  f ix ig e n a l 

r id g e s  are  th e  ankylosis  of the  p o s te r io r  branch o f th e  f a c i a l  su tu re . 

W hittington  (1957, P* ^51) argued th a t  th e  " fix ig e n a l furrow s" are  

r e a l ly  th e  in t r a p le u ra l  furrow s. The form ation o f th e  furrow s o f both 

the pygidium and f ix ig en a  seems (p . ) to  support W h ittin g to n 's

in te rp r e ta t io n .

The ontogenetic  development o f th e  p o s te r io r  f ix ig e n a l  r id g e  i s  

c le a r ly  in d ic a ted  by the  d i f f e r e n t  growth s ta g e s . From th e  p ara - 

p ro tasp id  to  th e  e a r ly  meraspid s tag es  (p i. 2 , f ig .  1 - 1 0 ) th e  f ix ig e n a l 

furrows are  a l l  p a r a l le l  and curve s l ig h t ly  a n te r io r - l a t e r a l ly  from 

the d o rsa l furrow to  the  p a lp eb ra l lo b es, and th e  3rd  p o s t-o ra l  

(p re -o c c ip i ta l)  segment bears  a  p a ir  o f broad-based sp in es  po in ted  

p o s te r io r ly .  In  th e  la te  m eraspid s tag e  th e  f ix ig e n a l  furrow s a re  a l l  

s tro n g ly  ben t p o s te r io r ly , and th e  p re -o c c ip i ta l  segment g rad u a lly  

decreases in  w idth and becomes e lev a ted  in to  a  p a ir  o f  r id g e s ; th ese  

r id g e s  extend continuously  p o s te r io r - la te r a l ly  through th e  hind border
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to  form a p a ir  o f in te rg e n a l (o r m etagenal) sp in e s . This morpholic 

change i s  p o ssib ly  due to  p o s te r io r  bending of th e  p rocephalic  segment. 

This seems to  support S t/rm e r 's  in te rp re ta t io n .

Some o f the in s ta r s  o ften  b ear a  p a ir  o f r id g e s  o r furrow s a t  the 

s id es  of th e  median tu b e rc le  o f th e  o c c ip i ta l  segment. This fe a tu re  

i s  e s p e c ia lly  c le a r ly  in d ic a ted  by o le n u llid s  and r e la te d  forms, and 

a lso  in  Aceroeare ecorne (p i. 2 , f ig .  16; p i .  13.. f ig .  17-19) as 

p resen ted  by St^rmer (19^2, p i .  2 , f ig .  1*). This i s  a p o ss ib le  r e s u l t  

of th e  segm ent-generating d isc  o r caudal p a p i l la  warping forward under­

neath  the  p o s te r io r  m arginal border as we have seen in  c ru stacean s 

(p. 51, t e x t - f i g .  18). Hence, th i s  furrow could be homologous w ith  

the c e rv ic a l  groove of C rustacea. I f  th i s  in te rp r e ta t io n  i s  accep tab le , 

then  th e  p o s te r io r  f ix ig e n a l  r id g e s  a re  homologous w ith  the  m andiblar 

groove. This exp lan atio n  would make th e  "p o s te r io r  f ix ig e n a l  r id g e "  a 

combination fe a tu re  of th e  fused union o f b en t cep h a lic  segments and 

a t ra c e  of th e  m adiblar and m axillae I  segments. The same groove 

(c e rv ic a l groove) i s  p o ss ib ly  in d ic a te d  by a  ju n c tu re  which l i e s  between 

th e  7 th  and 8t h  segments o f X iphosura, and which i s  th e  r e s u l t  o f th e  

warping of the  g en era tiv e  d isc  (p. 60 )* Obviously much more d e ta i le d  

s tudy  i s  necessary  befo re  th i s  suggestion  has substance.

Cephalic sp in e . Most s i l i c i f i e d  t r i l o b i t e  la rv ae  have th re e  p a irs  

of m arginal sp ines along th e  cephalic  sh ie ld  (p i.  2 , f ig .  20- 22 , 28; p i .  

10 , f ig .  6 ; p i .  9 , f ig .  3- 6 ); th ese  sp in es  may be p reserved , one o r two 

p a ir s  l o s t  during  ontogeny. Acanthoparipha and O lenello ides have th re e  

a d u lt  p a ir s ;  Holanshina and D iceratocephalus have two p a i r s ,  and most 

p ty ch o p ariid s  lack  sp in es , o th e r th an  l ib r ig e n a l ,  in  adulthood. The
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o le n e ll id  cephalic  sp ines were termed procran id , genal, and m etagenal by 

Raw (1927, p. 11 ). Palmer (1962) proposed a n te r io r ,  m id-, and p o s te r io r  

f ix ig e n a l sp ines fo r  the  p tychopariid  forms, Hupe ( i 960) d es ig n a tes  

them as f ix ig e n a l 1 ,2 ,3  from f ro n t  to  re a r .  These sp ines are  supposedly 

homologous in  o le n e l l id  and p tychopariid  forms. However, th ese  desig n a­

tio n s  may not apply  (or may be only very  questionab ly  ap p lied ) to  a l l  

form s, since'som e sh ie ld s  have only two p a irs  of apines (E v it t ,  1961 , 

p i .  117; Ross, 1951, p i .  81 ; W hitting ton , 1959, pi* 11 ,16 ,23 ,26 , e t c . )  

or only one p a ir  [ j? l. 17, f ig .  1 -3 ]. I t  i s  d i f f i c u l t ,  i f  no t im possib le , 

to  know whether th e  sp ines are  f ix ig e n a l  or p y g id ia l, o r i f  f ix ig e n a l,  

which. Therefore the g en era l term s a n te r io r ,  l a t e r a l ,  and p o s te r io r  

m arginal sp ines a re  recommended w ithou t any im plied homologies. St^rmer 

(19I+2 , p. 12) and Palmer (1957, P« 106) both adopt th e  term  " in te rg e n a l 

sp ine"  in s tead  o f "metagenal sp ine" fo r  ad u lt o le n e l l id  specimens.

Palmer (1962 , p. 8 8 ) b e liev es  th a t  "the l ib r ig e n a l  sp ine i s  not 

acquired  by t r a n s f e r  of any one of the f ix ig e n a l s p in e s . . . " .  As was 

brought out p rev iously  in  th e  p resen t study , th e  lib rig en o -ro stru m  i s  

c le a r ly  a sso c ia ted  w ith  the  procephalon, when i t  m igrates onto th e  d o rsa l 

su rface  to  become the  lib r ig e n a e . The genal sp ines are  e s s e n t ia l ly  to  

p o s te r io r  t ip s  o f the  lib rig en o -ro stru m ; hence l ib r ig e n a l  sp ines are  

derived  from the procephalon, and th e  f ix ig e n a l ones a re  thus n e c e s sa r ily  

derived  from the p o s t-o ra l  segments. The two kinds o f sp ines a re  of 

q u ite  d if f e r e n t  o r ig in s  and cannot be derived one form the  o th e r . Palm er's 

in te rp re ta t io n  o f the  o r ig in  of the genal spine i s  w e ll supported .

Raw (1937, P« 585) found th a t  th e  p ro cran id a l sp ines a re  absen t in  

Holmia E llip to c e p h a la , and Paedeumias, b u t p resen t in  th e  O lenello ides
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cephalon. T herefore , h is  view was th a t  "the p ro c ran id a l sp ines must 

have reached the  genal angle p o s it io n  by e v o lu tio n  and th i s  would 

n e c e s s a r i ly  involve a lso  re v o lu tio n  o f th e  a n te r io r  branch of the 

su tu re  in  advance o f i t " .  He thought the  p ro c ra n id ia l sp ines moved to  

th e  genal p o s itio n  during  ev o lu tio n . This ex p lan a tio n  has no develop­

m ental ev idence, fo r  a l l  sp ines remain in  co n s tan t p o s it io n  throughout 

ontogeny (p i.  3 , f ig .  20 - 31 ) , except th a t  th e  a n te r io r  p a ir  g rad u a lly  

d isap p e a rs , whereas the  l a t e r a l  o r p o s te r io r  p a ir s  g rad u a lly  in c rease  

in  len g th . The la r v a l  sp ines may be an e c o lo g ic a l ad ap ta tio n , comparable 

w ith  those  of p lank ton ic  la rv a e  of po lych ae tes , c ru stacean s , m ollusks, 

e tc .  Contrary to  th e  opin ion  o f most s tu d e n ts , th ey  seem to  be of 

l i t t l e  or no phylogenetic s ig n if ic a n c e .

I t  should be po in ted  ou t th a t  "genal sp in e"  i s  a  common term  fo r  

th e  sp ines lo ca ted  a t  th e  p o s te r io r  l a t e r a l  angle o f  th e  cephalon. But 

th e  genal sp in es  are  o f two d e r iv a tio n s :  one i s  l ib r ig e n a l ,  and the  

o th e r f ix ig e n a l.  The sp ines o r ig in a tin g  from th e  lib r ig e n a e  should 

be donmoniated " l ib r ig e n a l  s p in e : ,  and those  from th e  fix ig en a e  

" f ix ig e n a l sp in e" . I f  th e re  i s  more than  one p a ir  of e i th e r  type of 

genal sp in e , they  become, from r e a r  to  f ro n t ,  1 s t ,  2nd, 3rd f ix ig e n a l 

o r l ib r ig e n a l  sp in es . See, f o r  example, such forms as Sphaerocoryphe c f .  

g ran u la tu s  (Angelin) (H arring ton , 1959, P* 52, f ig .3 7 E ) , Ac anthoparypha 

p e r fo ra ta  W hitting ton  and E v i t t  (W hittington and E v i t t ,  1953, P* 7^, 

p i .  13, and t e x t - f i g .  18), and th e  o d o n to p leu rid s , e tc .
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6 . Formation of th e  P o st-cephalic  Segments 

The t r i l o b i t e  body segments, lo ca ted  p o s te r io r  to  the  cephalon and 

c o n s ti tu t in g  the thorax  and pygidium, are  t e r t i a r y  in  o r ig in . These 

segments have a s l ig h t ly  d i f f e r e n t  o r ig in  from those  o f polychaetes 

(see below), b u t are  e x a c tly  s im ila r  to  c ru stacean s ; however, in  the 

C rustacea th e re  i s  no s p e c ia l term fo r  th ese  segments, a l l  are  named 

secondary somites or segments as th ey  are  in  th e  po lychaetes.

A. Thoracic segm entation 

In  th e  crustaceans a f t e r  the m ax illar' som ites are  developed, the  

segm ental g en era tiv e  d isc  or caudal p a p i l la  i s  r e f le c te d  underneath the 

p o s te r io r  margin o f th e  s h ie ld  and proceeds to  form th e  p o s t-cep h a lic  

segment ( te x t - f ig .  18). The more a n te r io r  som ites, o r proxim al s id e  of 

the  segmental s e r ie s ,  a re  th e  e a r l i e s t  formed and e a r ly  acqu ire  the  mature 

s tr u c tu re .  The same phenomenon may occur among th e  T r i lo b i ta ,  where th e  

g en era tiv e  d isc  may have undergone th e  same r e f le c t io n .  In  th e  an n e lid s , 

on th e  o th e r hand, the  segmental generative disc, or pygidium, does not 

undergo th i s  d e f le c tio n  process and extends to  th e  extreme p o s te r io r  

end of th e  body ( te x t - f ig .  1 0 ).

Although the  segm ental g en era tiv e  d isc  of t r i l o b i t e s  has never 

been observed, i t  may w e ll be p re se n t, b u t s in ce  i t ,  would l i e  underneath 

th e  s h ie ld ,  i t  w i l l  never be d o rsa lly  observab le . In  a d u lt  specimens o f 

Paedeumias yorkense R esser and Howell the  sk e le to n  has 14 th o ra c ic  

segments, a  te ls o n , 3 o r !*■ rudim entary segments, and a  sm all pygidium. 

W ithin th e  14 th o ra c ic  segments th e  3rd one i s  a  macrosomite, and the  

15th  i s  th e  te ls o n . These som ites rem ain in  co n stan t p o s it io n  during
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growth, i . e . , the macrosomite i s  always in  the 3rd  p o s itio n  and th e  te lso n  

formed during the t r a n s i t io n  to  the  h o la sp is . This o rg an iza tio n  could 

"be w ell explained by the hypothesis o f a  r e f le c te d  g en era tiv e  d is c .  In  

S tu b b le f ie ld 's  (W hittington, 1957# P* ^ #  fig* H )  study o f th e  onto- 

generic  development o f Shumardia p u s i l ia  (Sar3 ) a  f i f t h  segment was shown. 

to  be added to  the  pygidium a f t e r  th e  complete number of th o ra c ic  

segments had been developed. This would mean th a t  a f t e r  th e  proxim al 

s id e  o f th e  p y g id ia l segment i s  added to  th e  th o rax , th e  d i s t a l  s id e  

gained a segment which would be necessary  in  o rder to  m ain tain  a  co n stan t 

segmental number in  th e  pygidium. I t  th e re fo re  appears t h a t  th o ra c ic  

segments a re  developed by t r a n s f e r  from th e  pygidium during  th e  growth 

s ta g e s ; th e  proxim al s id e  o f the  pygidium g ives up segments to  th e  

thorax  w hile concom itantly th e re  i s  d i s t a l  replacem ent o f  p y g id ia l seg ­

ments from the  g en era tiv e  d is c .  This i s  known to  be th e  process 

o pera tive  in  th e  ontogeny o f the  cephalocarid  c ru stacean , L lg h t ie l la  

in c is a  (Sander and H essler, 19&3# P* 93# fig* 1#2).

S t^ rm er's  (19^2, p. 130) views on th i s  m atter a re  th a t  " . . . i t  i s  

probable th a t  in  t r i l o b i t e s  the  tra n sv e rse  jo in ts  between the  p leu rae  

of the  th o ra c ic  segments, o r between th ese  and th e  cephalon o r pygidium, 

a re  secondary form ations c rossing  the  prim ary segments. Each th o ra c ic  

p leu ra  probably con ta ins p o rtio n s  o f two succeding segments coalesced  

along the  p le u ra l  furrow s". Raw (1937# P* 580), and W hitting ton  (1957# 

p. ^51 ) "both in te r p r e t  the f ix ig e n a l  furrows o f th e  e a r ly  in s ta r s  o f 

o le n e ll id s  and th e  p le u ra l furrows on th e  th o ra c ic  and p y g id ia l segments 

as being s e r i a l l y  homologous; a l l  are  in t r a p le u r a l  furrow s, and the  

in te rseg m en ta l grooves run  along th e  convex l in e .  As was p rev io u sly
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poin ted  out h ere in  (p. 116 ) W h ittin g to n ’s and Raw's view seem3 v a lid .  

S t/rm e r 's  observation  was s tro n g ly  in fluenced  by the  body s tru c tu re s  of 

Xiphosura, and h is  conviction  th a t  t r i l o b i t e s  are  merostomstous. I t  i s  

po ssib ly  tru e  th a t  the  jo in t  of th e  prosoma and opisthosoma i s  due to  

secondary segm entation of a prim ary segment, b u t th is  i s  no t a funda­

m ental p a t te rn .  The fundamental process of segm entation has to  be 

prim ary, th e  new segments being added to  the  previous ones along th e  

prim ary in tersegm en ta l boundaries. An a l te rn a t iv e  in te rp r e ta t io n  of th e  

secondary segm entation ly ing  between th e  7 th  and 8 th  segments i s  th a t  

i t  i s  a  r e s u l t  o f under-warping of th e  segmental d isc  a f t e r  th e  6 th  

segment was formed in  the manner seen in  the on togenetic  development o f 

crustaceans (p. 52 , p. 60 )• According to  th i s  view, th e  7 th  and 8 th

segment of Xiphosura are e s s e n t ia l ly  one segment d iv ided  in to  two halves 

by the a c t iv i ty  o f the  generative  d isc  (p. 6 l ,  t e x t - f i g .  21 ).

B. P yg id ia l Segmentation 

In  t r i l o b i t e  system atics the  r e la t iv e  s iz e  o f the  pygidium compared 

w ith  th e  cephalon has been used as taxonomic c r i te r io n .  A t r i l o b i t e  i s  

sa id  to  be "micropygous", "macropygous" o r "isopygous" according to  

w hether the  pygidium i s  sm alle r, la r g e r ,  or subequal in  s iz e  to  the  

cephalon. The pygidium i s  e s s e n t ia l ly  a fu s io n  o f a  c e r ta in  number of 

p o s t-cep h a lic  segments. A la rg e  number of p y g id ia l segments g e n e ra lly  

c o r re la te s  w ith  a pygidium of la rg e  s iz e ;  a  sm all number w ith  one of 

sm aller s iz e .  Scutellum and D ic ra n o p e ltls, e tc .  a re  excep tions to  th i s  

r u le .  In  th ese  genera of few p y g id ia l segments and a  very  broad m arginal 

f r in g e  c re a te  a  la rg e  pygidium. The sm a lle s t pygidium may c o n s is t  o f  one
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or two segements and a term inal p o rtio n , such as in  o le n e l l id s ,  r e d l i -  

c h i id s ,  Remopieurides, e t c . .  The la rg e s t  pyg id ia  co n ta in  more than  

tw enty segments, as in  p h i l l ip s i id s ,  asaph ids, and d a lm an itid s, e t c . .

The p y g id ia l segm ental g en era tiv e  d isc  would seem to  have been 

lo ca ted  behind the extreme end of the pygidium, or w ith in  the  te rm in a l 

zone, s in ce  the segments are always c o n c e n tr ic a lly  arranged around th is  

p o r tio n  (p i.  20, f ig .  14; p i. 19, f ig .  23,21+; p i .  9 , f ig .  32-37)• Hence, 

th e  segments which l i e  near th e  te rm in a l p o s itio n  o r d i s t a l  reg io n  are  

younger than  those more proxim al. The g en era tiv e  d isc  supposedly lo s t  

i t s  g en era tiv e  power during  th e  end of la te  meraspid or e a r ly  ho lasp id  

s tage  a f t e r  the  anim al gained the  s p e c if ic  c o n d itio n , ju s t  as in  the  

a rch a ic  c restacean s  Hemimysls and Nebalia (p. 54 ) . The g en era tiv e  d isc  

i s  ap p aren tly  homologous w ith  th e  pygidium o f polychaetes and the  caudal 

p a p i l la  o f c ru stacean s . The growth zone of the  t r i l o b i t a ,  or in  

C rustacea, presumably remained proxim al to  th e  caudal fu rcae  which 

presumably ch a rac te r iz e d  most i f  no t a l l  t r i l o b i t e s  d e sp ite  t h e i r  r a r i t y  

in  the  reco rd . The b e s t  reco rd  o f th ese  caudal appendages i s  in  

Olenoides s e rra tu s  (R&ninger) found by W alcott (1912, 1918) from th e  

Middle Cambrian o f B r i t i s h  Columbia.
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I  V . PHYLOGENY OF TR ILO BITA

Current thought favors a x iphosuran, arachnid  a f f in i ty  fo r  the 

T r i lo b i ta ,  hu t the m atter i s  hy no means f irm ly  reso lv ed . T r ilo b ite s  

were long considered to  be r e la te d  to  the  c ru s tacean s , e .g . , works of 

W alcott ( 1881, 1894), Bernard (1894), Beecher (1895, 1897 ), Carpenter 

(1903), Raymond (1920) , and o th e rs . They considered th a t  the t r i l o b i t e s  

were tru e  crustaceans of a p r im itiv e  ty p e , i . e . , an e a r ly  o ff-sh o o t from 

the  l in e  lead in g  from the a n n e llid s  to  the  c ru stacean s . This hypothesis 

was g e n e ra lly  supported by p a le o n to lo g is ts  and z o o lo g is ts  fo r  a  long 

p erio d , and re c e n tly  Sanders (1957), from h is  s tu d ie s  o f the 

C ephalocardia, r e a s s e r ts  t h e i r  c ru stacean  a f f in i t y .  B u tt ( i 960) , from 

h is  comprehensive study of th e  arthropod head s tr u c tu r e s ,  i s  o f th e  same 

view and proposes a  T rilo b ita -C ru s ta c e a  major group o f  Arthropoda (p .131  ) .

The xiphosuran hypothesis was a lso  e s ta b lish e d  e a r ly  by Dohn (1871), 

Packard (1880), and many o th e r s tu d en ts  who po in ted  ou t th e  general 

resem blance between the  T r i lo b i ta  and Merostomata, e s p e c ia lly  between 

th e  l a r v a l  development of Xiphosura ( "Limulus” ) and th e  la r v a l  s tag es 

o f t r i l o b i t e s .  They suggested a g en e tic  r e la t io n s h ip  between th e  two 

groups. Fedotow (192*0, Iwanoff (1933), Snodgrass (1938), and St^rmer 

(19^2 , 19^ ,  1950 ) fo rc e fu lly  dem onstrated im portan t and challeng ing  

s im i la r i t ie s  between th e  merostomes and t r i l o b i t e s .  The su b jec t was 

e s p e c ia lly  s tu d ied  by St^rmer (l9*+2, I 9MO working m ainly w ith  t r i l o b i t e  

morphology. He took sharp is su e  w ith  th e  cru stacean  concept. He f e l t  

th a t  the  t r i l o b i t e  fe a tu re s  which d e c is iv e ly  sep ara ted  them from

123
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crustaceans a r e :

a . The t r i - lo b a ta t io n  of the  d o rsa l sh ie ld  and tendency to  form 

a s ty lifo rm  te lso n .

b . The presence of 4 p o s te r io r  la r v a l  or prim ary som ites.

c . Highly ram ified  i n t e s t i n a l  d iv e r tic u la e .

d . Homologous appendages in  the  T r i lo b i ta  and C h e lice ra ta  and 

th e  absence o f t r i l o b i t a n  appendages from the  C rustacea.

Among th ese  fo u r c r i t e r i a  he s tro n g ly  emphasized the  c o n tra s tin g  

on togenetic  development and appendage morphology between xiphosurans- • 

t r i l o b i t e s  and cru stacean s . He viewed th e  supposedly d i f f e r e n t  number 

of prim ary som ites and a lle g e d ly  d i f f e r e n t  appendage o rg an iza tio n  of 

c rustaceans and t r i l o b i t e s  as fundam ental d i f f e r e n t ia .  Manton and Tiegs 

(1957) and Manton ( i 960) s tro n g ly  supported th e  C h e lic e ra ta  a f f i n i t y  

o f T r i lo b i ta .

The p resen t study of th e  on togenetic  development of t r i l o b i t e s  

does n o t seem to  support the  Xiphosuran hy p o th esis . The development 

of t r i l o b i t e s  does n o t appear to  be s im ila r  to  t h a t  o f  x iphosurans, b u t 

very c lo se ly  resem bles th a t  o f  c ru s tacean s . The e a r ly  c ru stacean  

n au p liu s  and t r i l o b i t e  an ap ro tasp is  bo th  possess two prim ary som ites, 

whereas c h e l ic e ra ts  (X iphosura) la rv a e  have fo u r (iw anoff, 1933)* The 

r e s u l t  independently  supports B u t t 's  ( i 960 ) conclusion  as to  th e  common 

T rilo b ita -C ru s ta c e a  taxonomic l in e .  The fo llow ing  d iscu ss io n  i s  m ainly 

a summary of the p rev io u sly  p resen ted  d a ta  r e s u l t in g  from s tu d ie s  o f 

th e  on togenetic  development o f a v a r ie ty  o f in v e r te b ra te s  o f p o ss ib le  

relevance to  the  problem of t r i l o b i t e  phylogeny.

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



125

1. The Problem o f Primary Somites

I t  i s  unfo rtunate  th a t  Iw anoff 's  (1928, 1933, 1 9 ^ )  hypo thesis  o f

prim ary and secondary segm entation o f the  a r t ic u la te s  has been re je c te d

by se v e ra l authors (see p .45 ), s in ce  ectoderm al segm entation e x is ts

in  bo th  the  heteronomic and nonheteronomic polychaetes (p. 46 ) , and

sin ce  both are  rep resen ted  by forms w ith  p e lag ic  and non-pelag ic  modes

of l i f e .  Assuredly in  th e  search  fo r  r e l i a b e l  in d ic a to rs  o f  po lychaete

prim itiveness a m orphologic-ontogenetic t r a i t  such as segm entation i s  of

g re a te r  r e l i a b i l i t y  than  mode of l i f e .  Whatever th e  p rim o rd ia l ecology

of segmented marine worms, they  have undergone many environm ental

adjustm ents, w hile they  a l l  show i n i t i a l  ectoderm segm entation follow ed

by mesodermal. To abandon the  m orphologic-ontogenetic approach to

system atics and phylogeny i s  se rio u s  re tro g re s s io n .

In  ev a lu a tin g  Iw an o ff 's  hypothesis th a t  th e  la r v a l  ectoderm al

segm entation in  polychaetes i s  a rc h a ic , th e  on togenetic  h is to ry  o f

c e r ta in  low er, and p o ss ib ly , an teced en t, groups i s  p e r t in e n t.  In  th e

kinorhynchs and p ria p u lid s  th e  f i r s t  segment i s  th e  head; th e  second

segment, the neck; th e  tru n k  in  most sp ec ies  con ta in s e leven  segments.

The c u tic le  o f each segment i s  subdivided in to  one d o rsa l and two

v e n tra l  p la te s ,  and th e  c u t ic le  between th e  p la te s  i s  very  th in  and

f le x ib le ,  p erm ittin g  a r t ic u la t io n .  The body w a ll o f th e  kinorhynchs i s

th e  epiderm is th ickened to  form lo n g itu d in a l epiderm al cords which

bulge s l ig h t ly  in to  the  pseudocoel. I t  i s  to  be noted th a t  th e se  anim als 
out

develop w iti^  coelom or mesoderm. They a re  a grade below th e  coelom ates, 

b u t s u p e r f ic ia l ly  they  are  segments, and a re  very  s im ila r  i n  appearance 

to  the  annelid  body s tru c tu re .  This ’’segm entation" i s  i n i t i a t e d  from
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the  epiderra, and i s  remarkably l ik e  th e  i n i t i a l  phase of ectoderm al 

segm entation in  an n e lid s . I t  may have g en e tic -p h y lo g en e tic  b earin g , 

and, i f  so , lends support to  Iw anoff 's  id ea  th a t  th i s  i s  the  p rim ord ia l 

annelidan  t r a i t .

I t  i s  now knew th a t  th e  anap ro tasp is  of t r i l o b i t e s  and th e  nauplius 

o f c rustaceans both  c o n s is t o f two prim ary segments; a  p re o ra l segment 

and a genera tive  d isc  o r caudal p a p i l la .  C o n tra r ily , the  e a r ly ,la r v a  or 

" t r i lo b i t e "  s tage  (Stj^rmer, 1$)M0 of Xiphosura ( "Limulus") has more than  

two prim ary som ites ly in g  between the p re o ra l segment and th e  g en era tiv e  

pygidium.

2 . The Problem of Secondary Segments

The secondary or body segments in  polychaetes a re  developed from a 

p rep y g id ia l growth zone. S im ilar development i s  observed in  t r i l o b i t e s  

and c ru stacean s . The a n te r io r  margin o f th e  g en era tiv e  d isc  or caudal 

p a p i l la  generates the  secondary segments from th e  te lo b la s t s .  In  

c ru stacean s , a f t e r  two secondary segments develop th e  caudal p a p i l la  

bends forward beneath  the  p o s te r io r  p o rtio n  o f th e  s h ie ld ;  hence, 

th e r e a f te r  the  te lo b la s ts  o f  th e  caudal p a p i l la  are  e s s e n t ia l ly  lo ca ted  

along th e  p o s te r io r  margin of th e  second body segment, and from th i s  new 

lo c a tio n  they  continue to  generate a d d it io n a l  body segments. The same 

a c tio n  (g enerative  d isc  warping) p o ss ib ly  a lso  occurred in  t r i l o b i t e s  

and Xiphosura ( "Limulus11) although i t  has not been suggested b e fo re .

The s tru c tu re  and o r ig in  of the o c c ip i ta l  segment o f  t r i l o b i t e s  and th e  

p o s t-6t h  (7 th -8 th )  segment of "Limulus" makes a  p la u s ib le  comparison. 

Primary and e a r ly  secondary segments fu se  to g e th e r  to  form a  cephalon.
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The a d d itio n a l th o ra c ic  and p y g id ia l segments ly in g  between the cephalon, 

are  th e  tru e  body segments. They are  added s e r i a l l y  from the  t e l o ­

b la s ts  w hile the caudal p a p il la  or g en era tiv e  d isc  moves backward s te p  

by s te p  u n t i l  the anim al reaches the  a d u lt  s tag e  when i t  i s  endward 

w ith  the  s p e c if ic  c h a ra c te rs . The composite cephalon o f t r i l o b i t e s  and 

C rustacea comprises f iv e  segments whereas the  merostome (C h e lice ra ta )  

cephalon has s ix  o r s ix  and a h a lf .

3. The Problem o f Cephalic Segments

Id e a l ly ,  th e  segm entation o f annelid s  and arthropods i s  e x te rn a lly

d e lin ea ted  by grooves, and each segment has a  p a ir  o f appendages 

e x te rn a lly  and a p a ir  o f coilom ic sacs and g an g lia  in te rn a l ly .  The 

n a tu re  of the  segments can sometimes be seen from the  e a r ly  s tag es  of 

embryonic development and may p e r s i s t  during  th e  l a t e r  growth s ta g e s .

The in te rn a l  c r i t e r i a  fo r  th e  reco g n itio n  of segm entation i s  lack in g  in  

f o s s i l  arthropods where one must r e ly  on groove evidence preserved  in  the  

carapace of e a r ly  in s ta r s .  The p o in t i s  made by B u tt ( i 960) th a t  " i t  

i s  apparen t, th e re fo re , th a t  the id e a l  type o f  segment marked o f f  by 

r in g - l ik e  grooves, w ith  p aired  appendages, coelomic sa c s , and a ganglion

ju s t  does no t e x is t" .  This i s  p a r t  of th e  p e ren n ia l problem of

re c o n c il ia t io n  of neontology w ith  paleon to logy , and w hile d i r e c t  compari­

sons are  commonly im possible when c r i t e r i a  p e r ta in  to  s o f t  p a r ts ,  an 

oblique approach may be rew arding.

In  th e  development o f many segmented anim als, an n e lid s , a rth ropods, 

and v e r te b ra te s , th e  young forms o fte n  acq u ire  an a c tiv e  ex is ten c e  during  

the  s tag e  o f growth when they  possess very, few segments; th ese  few e a r ly
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A B

T e x t- f ig . 2J: A nnellid and arthropod "brains: A, a  polychaete
an n e lid ; B, m andiblate arth ropod; C, a  c h e lic e ra te  arthropod, 
Al, nerve of an tennu les; A2, nerve o f an tennae; ch, nerve of 
c h e lic e ra e ; co, o p tic  ganglion; cp, peduncular body; g l - a n t , 
an tennal ganglion; g l .p a lp ,  p a lp a l ganglion ; no, o p tic  nerve; 
p , nerve to  f i r s t  tru n k  segment. (From H anstr6m, 1928 a f te r  
Vendel, 19^9*)
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segments are  o fte n  added to  th e  acron in  forming an a d u lt  cephalon 

during cen tra liza tio n . A r a th e r  s im p lif ie d  concept of head segm entation 

has been presented  by Htilmgren (1916) and -Hanstrtim (1928) and has been 

e lab o ra ted  upon by Snodgrass (1938). According to  th i s  th in k in g , the 

h y p o th e tica l head ( te x t - f ig .  2 7 ) c o n s is ts  o f an acron which con ta in s a 

protocerebrum  and a deuterocerabrum  ( to g e th e r , th e  archicerebrum ) 

in te rn a l ly .  The mouth i s  lo ca te d  between th e  acron  and the  follow ing 

segment, the second an ten n a l which co n ta in s  th e  trito ce reb ru m . The 

trito cereb ru m  sometimes m igrates forw ard to  jo in  w ith  th e  archicerebrum  

to  form the composite b ra in ,  b u t such forms always r e t a in  a  commissure 

passing  beneath  th e  stomodaeum. The trito ce reb ru m  re p re se n ts  the  f i r s t  

p o r t-o ra l  segment, and th e  protocerebrum  and deutocerebrum  re p re se n t th e  

eye and antennule re sp e c tiv e ly . Chaudonneret (1950 ), on th e  b a s is  o f 

s tu d ie s  o f thysanuaran Thermabia dem estica (Packard), concludes th a t  th e  

head comprises 7 segments behind th e  acron; Weber (1952 ) was o f the  

opin ion , th a t  th e  a rc h e ty p ic a l head had 6 head segments behind th e  acron , 

and B u tt 's  ( i 960) m odified th eo ry  c a l l s  fo r  ^ segments behind th e  acron. 

The p resen t study  o f th e  cep h a lic  segm entation o f th e  e a r l i e s t  t r i l o b i t e s ,  

i . e . ,  an ap ro tasp is , and r e la te d  anim als seems to  be keeping th e  H&Lmgren 

and Hanstrdm theory .

T e x t-f ig . 27: A nnellid  and arth ropod  b ra in s :  A, a  polychate an n e lid ;

B, m andiblate arth ropod; C, a  c h e l ic e ra te  a rth ro p o d , A l, nerve of 

an tennu les; A2, nerve o f an tennae; ch , nerve o f c h e lic e ra e ;  co, o p tic  

ganglion ; cp, peduncular body; g l - a n t ,  an ten n a l gang lion ; g l .  p a lp , pdpal 

ganglion ; no, o p tic  nerve; p, nerve to  f i r s t  tru n k  segment. (From 

Hanstr&n, 1928 a f t e r  Vendel, 19^9*)• •
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Archicephalon. The archicephalon  i s  th e  embryonic head o f the 

arthropods vhich  according to  Crampton ( in  Snodgrass, 1933), c o n s is ts  

of an acron w ith  eyes and the  l a b r a l ,  an tennu lar antenna and m andiblular 

segments. This s tru c tu re  would c o r re la te  w ith  the  " id e a l head.".of 

Hfilmgren and Hanstrflm. In  th e  annelid s  th i s  would correspond to  the  

prostomium p lus two p o s t-o ra l  segments; to  the  p rocephalic  reg io n  

(o cu la r and an tennule) and two p o s t-o ra l  segments (2nd and 3rd  g la b e l la r  

segments) of t r i l o b i t e s ;  to  the  p rocephalic  reg io n , an te n n a l, and 

mandibular segments o f c ru s tacean s ; and to  th e  p ro cep h alic  reg io n  

(o cu la r only, w ithout an ten n u la r) , c h e l ic e ra l ,  and f i r s t  leg -b ea rin g  

segment of x ip h o su ran s ,n o t w ithstand ing  th e  arguments o f B utt ( i 960), 

Manton ( i 960) , and Tiegs and Manton (1958) as to  th e  cep h a lic  segm entation 

of arth ropods.

According to  H&Lmgren and Hanstrfim's th eo ry , th e  arch icephalon  

would be composed o f th e  archicerebrum  and trito ce re b ru m  ( te x t - f ig .  2 7 ); 

however bo th  th e  an ap ro tasp is  and naup lius la rv ae  have an acron plus 

prim ary segments, whereas th e  " t r i lo b i t e "  s tag e  o f "Limulus" has an 

acron plus th re e  prim ary segments. I f  th e  " t r i l o b i t e "  s tag e  rep re sen ts  

an arch icephalon , then  obviously  th e  a rch icep h a lic  s tru c tu re  o f "Limulus" 

i s  no t homologous to  th a t  o f T r i lo b i ta  and C rustacea. I f  i t  i s  assumed 

th a t  the  c h e lic e rae  are  homologous w ith  th e  an tennules o f crustaceans and 

t r i l o b i t e s ,  th en  the  a rc h ice p h a lic  s tru c tu re  o f th e  two groups would be 

s im ila r ,  fo r  the  second and th i r d  p a ired  appendages o f "Limulus" would 

then  c o r re la te  w ith  the antennae and mandibles o f c ru s ta c e a , and the  

ch e lic e rae  w ith  the  an tennu les . This f a c i le  ex p lan a tio n  i s  no t ten ab le , 

however, s in ce  embryonic s tu d ie s  by Milne-Edwards (1883) , B anstr8m (1928)
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and Johansson (1938) shew th a t  th e  nerves of the c h e llc e rae  beLone to  the 

v e n tra l  nerve cord which i s  innervated  by th e  secondary b ra in . They 

expressed th e  opinion th a t  the p re o ra l appendages, i . e . , an ten n u les , are 

absen t or reduced in  "Limulus11, whose ontogeny dem onstrates forward 

m igration  of the  p rim arily  p o s t-o ra l ,  o r c h e l ic e ra l  segments. In  the 

a d u lt the  ch e lic e ra e  a t t a in  a d i s t in c ly  p re o ra l p o s it io n , w hile  th e  gang lia  

m igrate a n te r io r ly  and u n ite  w ith  the  p re o ra l b ra in . T herefo re , the 

deuterocerebrum  has apparen tly  d isappeared  during th e  forward m igration  

of the  trito ce reb ru m , and c e r ta in ly  no antennules a re  p re sen t on th e  

p rocephalic  reg io n  of "Limulus".

The tru e  cephalon of t r i l o b i t e s  c o n s is t  o f a procephalon o r acron 

and 4 p o s t-o ra l  segments, which c o r re la te  w ith  th e  prostomium and If 

body segments of an n e lid s; w ith  th e  p rocephalic  reg io n , antenna, 

m andib lu lar, and a m ax illa ry  segment o f c ru s tacean s ; and w ith  

p rocephalic  re g io n , c h e lic e ra , and 1-3 le g  segments of x iphosurans. The 

xiphosuran cephalon c o n s is ts  o f 6 complete and one incom plete ( c h i la r i a l ) ,  

segments. T herefore , th e  H h  and 5 th  leg  segments o f x iphosurans 

c o r re la te  w ith  the  f i r s t  two p o s t-cep h a lic  segments o f t r i l o b i t e s  and 

c ru stacean s , and w ith  6t h  and 7 th  segments of annelid s  ( t e x t - f ig .  28).

B utt ( i 960 ) proposes th re e  main groups o f a rth ro p o d s, which he has 

defined  as fo llo w s: In  "the f i r s t  group, the  f i r s t  p a ir  o f antennae

and a w ell-form ed labrum, second antennae, m andibles, f i r s t  m axillae  

and second m axillae a re  p resen t behind th e  mouth. This i s  th e  group 

thought to  be c lo s e s t  to  the  t r i l o b i t e s ,  as in d ic a te d  by Sanders (195T)# 

Dahle (1956) and o th e rs , and in c ludes th e  c la s s  C rustacea. The second 

g re a t  group a lso  preserves the  f i r s t  p a ir  antennae, has a  w e ll  formed
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T e x t-f lg . 28: C o rre la tio n  ch a rt showing the  head components
o f th e  Polychaeta and non-Hexapoda groups of Arthropoda.
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T e x t- f ig . 28: C o rre la tio n  ch a rt showing the head components o f the

Polychaeta and non-Hexapoda groups of Arthropoda.

Labrum, b u t th e  second antennae are  very  rudim entary or w anting e n t i r e ly .  

The mandible, th e  f i r s t  m axillae and th e  second m axillae  a re  p resen t 

behind the mouth. This group includes the Pauropoda, Diplopoda,

Chilopoda and In se c ta . In  th e  th ird  g re a t group, the  Arachnida, th e re  

i s  no sep ara te  head, antennae and an tennal lobes of th e  b ra in  are  w anting, 

the  labrum i s  p resen t and ce p h a liz a tio n  has taken  a  r a th e r  unusual 

cou rse , s in ce  according to  the  theory  presen ted  here the  second p o s t-o ra l  

p a ir  of appendages have moved forward around the mouth and a lso  have 

taken  a  p o s itio n  a n te r io r  to  th e  labrum. Thus, the  c h e lic e rae  would 

correspond to  th e  m andibles o f th e  in s e c t ."

B u tt 's  second group has not come.under sc ru tin y  in  the  p resen t study , 

bu t the  developm ental and anatom ical exam ination o f t r i l o b i t e s  and 

lim u lid s  supports h is  views on th e  major c la s s i f ic a t io n  o f arth ropods.

4. The Problem of Appendages

The g re a t s tu d ie s  o f t r i l o b i t e  appendages were made by W alcott 

(1880, 1918), Raymond (1920 ), and S t/rraer (19^2, 1950). S everal genera 

have revealed  w ell-p reserv ed  cep h alic  and body appendages; among these  

a re :  O lenu llus, O lenoides, K ootenia, P tychoparia , C ry p to lith u s ,

T r ia th ru s , Phacops, A steropyge, C eraurus, Ogygopsis, Flexicalym ene, 

I s o te lu s ,  e tc .  These s tu d ie s  were made b y 'd i r e c t  exam ination of n a tu ra l  

p re se rv a tio n  or by g rin d in g  s e r i a l  sec tio n s  and re c o n s tru c tio n  therefrom .
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The appendage s tru c tu re s  are  e sp e c ia lly  w e ll shown by St^rmer 

(1939, 1942, 1950)* A ll appendages are  uniramous; the antennules are  

sim ple, whereas the uniramous leg s  each b ea r a  g i l l  branch ( te x t - f ig .

31E). The legs were thought by Beecher (1895), W alcott (1918), Raymond 

(1920), and Caiman (1939) to  be biramous s tru c tu re s ,  corresponding to  

those of- C rustacea. According to  th is  o ld e r view, the endopodite and 

exopodite o f crustaceans correspond to  th e  segmented leg  and g i l l  branch 

(ep ip o d ite ) of t r i l o b i t e s ,  ap p aren tly  th is  i s  m is in te rp re ted  (see P . / ^ / ) # 

Garstang (19^0) and Heegaard (19^5) argued th a t  th e  d iffe re n c e s  in  

s tru c tu re  o f the appendages of t r i l o b i t e s  and crustaceans are  due to  an 

in creased  development o f the  p ro to p o d ite  and concom itant red u ctio n  of 

the endopodite segments. St^rmer in  a  s e r ie s  papers dem onstrates th a t  

the  t r i l o b i t e  appendage i s  more c lo se ly  s im ila r  to  the  appendage s tru c tu re  

of xiphosurans ( "Lumulus" ) :  bo th  have m u ltip le  jo in ts  (9 segments, text- 

f ig .  31, A and E) and a re  uniramous; b o th  possess a  g i l l  branch ( te x t-  

f ig .  31, C and E ). St^rmer concludes la rg e ly  on th e  evidence th a t  the 

T r i lo b i ta  a re  p h y lo g en e tica lly  more c lo se ly  r e la te d  to  the  Xiphosura than  

to  the  C rustacea. Sanders (1957, 1959), in  connection w ith  h is  ex tensive  

work on the cephalocarid  c ru stacean s , m ain tains th a t  the  triram ous 

(p ro to p o d ite , endopodite, and exopodite) tru n k  appendages o f cephalocarids 

are  comparable to  the tru n k  appendages of t r i l o b i t e s ,  and p o s tu la te s  a 

t r i l o b i t e  o r ig in  fo r  c ru stacean s . Moreover, he b e liev es  th i s  triram ous 

s tru c tu re  i s  the  p rim itiv e  one fo r  a l l  c ru stacean  groups.

So much of t r i l o b i t e  o rg an iza tio n  and development now seems to  be 

crustaceous th a t  S anders’ re s u r re c tio n  of th e  c restacean  assignm ent of 

t r i l o b i t e s  seems h igh ly  p la u s ib le . There has ap p aren tly  been f a r  too

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



| || III V VII IX XI XIV XVI-XIX

enen\\ ien
fern.

T e x t-f ig . 2 9 : Types of appendages o f the  c ra y f is h  (Cambarus).
I - I I ,  sensory ; I I I ,  chewing; V-VII, food-handling ; IX, g rasp ing ; 
XI, w alking; XIV, male m ating; XVI, female eg g -carry in g ; XIX, 
swimming; p r , p ro to p o d ite ; ex, exopodite; en, endopodite; ep, 
e p ip o d ite ; g , g i l l .  (From S to re r , 19^3*)
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T e x t-f ig . 29: Types o f appendages o f th e  c ra y f ish  (Cambarus).

I - I I ,  sensory; I I I ,  chewing; V-VII, food-handling; IX, g rasp ing ;

XI, w alking; XIV, male m ating; XVI, female egg ca rry in g ; XIX, 

swimming; p r , p ro topod ite ; ex, exopodite; en, endopodite; ep, 

e p ip o d ite ; g,_ g i l l .  (From S to re r , 19^3*)

much re lia n c e  of la te  upon the  s tru c tu re  of appendages as fundamental 

taxobases, e sp e c ia lly  a t  a s tage  when they  a re  s t i l l  inadequate ly  

understood. Moreover, i t  would be hard to  imagine any organs more 

responsive  to  ecologic adjustm ent, more m utable, than  aq u a tic  arthropod 

appendages. Homeomorphy may w e ll be rampant in  appendages. Moreover 

w ith in  the  appendage s e r ie s  of an in d iv id u a l th e re  i s  enormous d i f f e r e n t ­

ia t io n  among the p o s t - t r i lo b i te s .  In  h igher c ru stacean s , the  same 

anim al body commonly possesses both  uniramous and biramous (b ifu rc a te :  

endopodite and exopodite) appendages, and a lso  bo th  of th ese  appendages 

may be of q u ite  d if f e re n t  shape and s tru c tu re .  The same phenomenon i s  

a lso  found in  c h e lic e ra te s , th e  prosomal and opisthosom al appendages are  

no t a l l  o f th e  same s tru c tu re  or fu n c tio n . In  Cambarus, the  c ra y f ish  

( te x t - f ig .  29 , 31)f fo r  example, the a n te r io r  two p a irs  o f appendages 

are  biramous and have a sensory fu n c tio n ; I I I  and IV a re  uniramous, and 

serve fo r  chewing and food-handling; V to  V III a re  biramous and fu n c tio n  

fo r  touch , t a s te  and food-handling; IX-XIV are  uniramous and fu n c tio n  fo r  

r e s p ir a t io n ,  g rasp ing , w alking, and m ating; XV to  XIX a re  biramous and 

fu n c tio n  f o r  egg-carry ing  and swimming. To d efine  the  C rustacea as a l l
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T e x t-f ig . 30: Showing th e  d i f f e r e n t ia t io n  of
appendages of Xiphosura polyphemus (L inne).
I ,  c h e lic e ra ; II--VI, c h i la r ia ;  V III, opercu la; 
IX -X III, abdomen; ab, abdominal appendages; 
lm, labrum; o l ,  v e n tr a l  o lfa c to ry  organ; op, 
operculaum; t e ,  te ls o n . (A fter von der Hoeren 
from L. F ag e ,-19^9•)
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possessing  biramous appendages i s  m an ife s tly  f a ls e .  Pelag ic  and 

benthon'ic crustaceans have q u ite  d i f f e r e n t ly  c o n s titu te d  appendages.

One need only compare isopods, decapods, c ir r ip e d s ,  and phyllopods.

The same d i f f e r e n t ia t io n  occurs in  c h e l ic e r a te s . In  Xiphosura 

( "Limulus") ( te x t - f ig .  30, 3 l)  the appendages I  to  V a re  uniramous, 

fu n c tio n  as g rasp ing , d igg ing , and food-handling , and a re  q u ite  

s im ila r  to  appendages I I I  and IV of c ru stacean s . The s tru c tu re  o f 

V III to  X III of lim u lid s  a re  s im ila r  to  IX and XII and XV to  XIX of 

c ru stacean s , because b o th  fu n c tio n  fo r  r e s p ir a t io n  and swimming 

( te x t - f ig .  29 and 31, C).

T e x t-f ig . 30: Showing th e  d i f f e r e n t ia t io n  of appendages of Xiphosura

polyphemus (L inne). I ,  c h e lic e ra ; I I -V I , c h i la r ia ;  V III , opercu la ; 

IX -X III, abdomen; ab, abdominal appendages; lm, labrum; o l ,  v e n tra l  

o lfa c to ry  organ; op, operculaum; t e ,  te ls o n .  (A fter von d e r Hoeren 

from L. Fage, 19^9*)

Returning to  the t r i l o b i t e s ,  th e  appendages are  m ostly uniform  and 

uniramous ( te x t - f ig .  31, E) except th a t  b o th  a n te r io r  and p o s te r io r  

ones are  somewhat sm alle r. T heir shapes a re  s im ila r  to  thos o f 

w alk ing-legs of c rustaceans ( te x t - f ig .  29 , IX to  X I) and x iphosura 

( te x t - f ig .  31, A, B). This s im ila r i ty  presumably r e f l e c t s  s im ila r  

fu n c tio n : w alking, d igg ing , and food-handling . They a lso  s t r u c tu r a l ly  

resemble the w alking leg s  of c ru stacea  and the  abdominal appendages of 

Xiphosura ( te x t- f ig .  31, A, C) in  bearing  g i l l  branches, which in  a l l  

th re e  served f o r  r e s p ir a t io n  and swimming.
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T e x t- f ig . 31: A comparison of the appendages in  x iphosurans, 
t r i l o b i t e s ,  and c ru stacean s . A,B,C, Xiphosura appendages o f I I ,
VI, and IX; D,F,G, c ru stacen a  appendages; D, th i r d  l e f t  periepocLof 
th e  c rustacean  A naspides; F, l e f t  second m axilliped  of the  
c ra y f is h  Cambarus; G, th i r d  l e f t  le g  of Cambarus, Brn, b ran ch is; 
Bsp, b a s ip o d ite ; Cx, coxopodite; End, endopodite; Epd, ep ip o d ite ; 
Exp, exopodite. (A ll redrawn from Snodgrass, 1956 . )
E. t r i l o b i t e  appendage.
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It is assumed th a t  t r i l o b i t e s  were non-predaceous and g en e ra lly  

walked, dug, and swam along the  bottom or burrowed in to  th e  s u b s tra te ;  

th is  r e la t iv e ly  simple mode of l i f e  perm itted  th e  re te n t io n  of the 

p rim o rd ia l, uniform ly sim ple, appendages. In  t h e i r  s e r i a l  un ifo rm ity  

and lack  of fu n c tio n a l d i f f e r e n t ia t io n ,  t r i l o b i t e  appendages are  

s im ila r  to  the parapodia of most po lychaetes. The t r i l o b i t e  are  the 

most p rim itiv e  arthropod ra d ic a l  out of which the  h ig h ly  d iv e r s i f ie d  

phylum evolved. There took p lace both  s e r i a l  " d i f f e r e n t ia t io n "  of 

appendages, from uniform to  polymorphic fo r  d i f f e r e n t  fu n c tio n s , and 

" s im p lif ic a tio n "  or red u c tio n  of th e  appendage segm ental number, 

req u ired  fo r  increased  e f f ic ie n c y  in  th e  d i f f e r e n t  eco lo g ies  which they  

e v en tu a lly  assumed. "Com plication", a lso  occurred , i . e . ,  development 

o f new types of appendage such as th e  biramous appendage (endopodite and 

exopodite ; t e x t - f ig .  31, D, F) of many C rustacea which r e s t r i c t  th e  g i l l  

branches to  re s p ira to ry  fu n c tio n , and consequently  a  new organ (exopodite) 

was needed fo r  swimming and c lean in g . The exopodite seems to  be a 

subsequent development.

T e x t-f ig . 31: A comparison o f the  appendages in  x iphosurans, t r i l o b i t e s ,  

and c ru stacean s . A,B,C, Xiphosura appendages o f I I ,  VI, and IX; D,F,G, 

c ru stacen a  appendages; D, th i r d  l e f t  period  of th e  c ru stacean  A naspides;

F, ' l e f t  second m axilliped  o f th e  c ra y f is h  Cambarus; G, th i r d  l e f t  leg  

o f Cambarus. Brn, b ran ch is ; Bsp, b a s ip o d ite ; Cx, coxopodite; End, 

endopodite; Epd, ep ip o d ite ; Exp, exopodite. (A ll redrawn from Snodgrass, 

1956.)
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Raw ( l 0* ^ )  believed  th a t  the pleural, sp ines o f t r i l o b i t e s  were 

modified appendages, in h e r ite d  from the po lychaetes. thus once having 

been p a rt o f the worm's com plicated parapodia. I f  h is  hypothesis th a t  

the  notopodium i s  homologous w ith  p le u ra l spine i s  accep tab le , then  the 

neuropodium should be eq u iva len t to  the  uniramous appendage (endopodite), 

and th e  ep ip o d ite  or g i l l  branch lo ca te d  between might c o r re la te  w ith  the 

se ta e . This would mean th a t  th e re  i s  no branch to  homologize w ith  the 

exopodite o f c ru stacean s; thus th i s  b ifu rc a te d  appendage (exopodite) 

would seem to  have been subsequently  derived  from the  uniramous appendage 

of the c restacean  n au p liu s, in  many ways r e c a l l in g  the  parapodium o f the 

polychaetes, a re  a la rv a l  ad ap ta tio n . T heir evo lu tion  may c o r re la te  

w ith  the development o f th e  ch itin o u s  exoskeleton in  th e  naup liu s, 

whereas the  polychaete m etatrochophore was naked. For a  c h i t in -  

sheathed. and consequently heavy, p lan k to n ic  la rv a  s tro n g  swimming 

organs would be necessary  to  keep i t  a f lo a t ,  whereas c i l i a  s a t i s f ie d  

in  the  polychaete. The eco log ic  c o r re la t io n  of n a u p lia r  appendages i s  

dem onstrated by th e  f a c t  th a t  when n a u p lii  l iv e  in  w ater o f  h igher than  

normal s a l in i ty ,  the  appendages are  reduced in  len g th , and i f  in  

abnormally low s a l in i ty ,  they  in c rease  in  len g th  and number o f se tae  

req u ired  to  m ain tain  bouyancy*. This would c le a r ly  in d ic a te  th a t  the  

w eight o f th e  body in flu en ces  the  s tru c tu re  of appendages in  th ese  

p e lag ic  organisms. Undoubtedly, N atu ra l S e le c tio n  operated  along th ese  

l in e s  in  the process o f appendage ev o lu tio n . I t  i s  in te re s t in g  to  note 

th a t  P isione remota a lso  seem ingly possess s le n d e r , segmented, and

*Personal communication, Dr. W illiam  A. Spoor, P ro fesso r o f B iology, 
Department o f Biology, U n iv e rs ity  o f C in c in n a ti.
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T e x t- f ig . 32: Showing th e  c o r re la t io n  o f various arthropod
p leurae  (in d ica ted  by s o lid  b lack ) to  th e  notopodium o f 
polychaete . A, the po lychaete , N eries; B, se c tio n  of 
th o ra c ic  segment of a  t r i l o b i t e ;  C, s e c tio n  o f th e  second 
th o ra c ic  segment of c ru stacean , L igydia; D, s e c tio n  o f 
prosoma behind th e  th i r d  leg  of Xiphosura. cp, carapace; 

cpd, coxapodite; ep, ep iderm is; g l ,  g i l l ;  i n t ,  in te s t in e ;  
n tp , notopodium; nep, neuropodium; o s t ,  o s te g i te ;  p i ,  p leuron ; 
s t ,  sternum . (Modified from Snodgrass, 1938; 1956.)
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T e x t-f ig . 32: Shewing the  c o r re la t io n  of various arthropod p leurae

(in d ica te d  by s o lid  b lack ) to  th e  notopodium o f polychaete . A, the 

po lychaete , N eries; B, se c tio n  o f th o ra c ic  segment o f a  t r i l o b i t e ;

C, se c tio n  of th e  second th o ra c ic  segment of c ru stacean , L igydia;

D, se c tio n  of prosoma behind the th i rd  leg  o f Xiphosura. cp, carapace; 

cpd, coxapodite ; ep, ep iderm is; g l ,  g i l l ;  i n t ,  in te s t in e ;  n tp , notopodium; 

nep, neuropodium; o s t ,  o s te g i te ;  p i ,  p leuron ; s t ,  sternum.

(Modified from Snodgrass, 1938, 1956.)

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



bifurcate appendages (p. 31, 33, te x t- f ig s . 11 and 12).

5. Polychaete O rigin of the  T r i lo b i ta  

I t  was the view o f Haw (1953) th a t  t r i l o b i t e s  a re  the  most 

p rim itiv e  arth ropods, the tru e  p ro ta rth ro p o d s , and th a t  th ey  occupied an 

o rg an iza tio n a l s tag e  between polychaetes and eu arth ropods. He s a id :  

"Their p rim itiv e  n a tu re  i s  in d ic a te d  by: I .  th e  un ifo rm ity  o f th e

segments and appendages throughout the  body; I I .  th e  r e te n t io n  of p leu ra  

throughout the  body unreduced; I I I .  th e  re te n t io n  o f a  la rg e  hypostoma 

and, IV. the r e te n t io n  of s o f t  ventrum". These c h a ra c te rs  o f t r i l o b i t e s  

and of c e r ta in  o th e r arth ropods in d ic a te  a d e r iv a tio n  o f the  c la s s  from 

a polychaete, and q u ite  probably  from an a rch a ic  po lychaete . This theo ry  

of t r i l o b i t e  o r ig in  i s  w holly com patible w ith  th e  observa tions made in  

th e  p resen t in v e s tig a tio n . Raw's f iv e  h y p o th e tic a l s tag e s  in  the 

t r a n s i t io n  from an n e lid  to  t r i l o b i t e  and arth ropod  (p h y lio d o c id - life , 

merocyclism, e a r ly  p ro ta rth ro p o d , l a te  p ro ta rth ro p o d , and deu tarth ropod  

s tag e s)  a re , of co u rse , u n su b stan tia te d , b u t h is  i s  an ingenious and 

s tim u la tin g  hypo thesis .

The study of th e  on togenetic  development of po lychaetes i s  o f 

g re a t  s ig n if ic an ce  in  tra c in g  b o th  the  ontogeny and phylogeny of 

t r i l o b i t e s .  Akesson (1961) has found an amazing polychaete in  the  

North Sea, P is io n e , which looks q u ite  s im ila r  to  a  Lower Cambrian 

o le n e ll id  t r i l o b i t e .  The mode o f on togenetic  development o f th i s  

anim al leads one to  sp ecu la te  th a t  th e  e a r ly  l a r v a l  development o f th e  

Lower Cambrian t r i l o b i t e  must be re c a p itu la to ry  o f an ad u lt po lychaete 

o f th e  genera l P isione o rg an iza tio n  ( te x t - f ig .  11, 12).
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The e a r ly  p elag ic  embryos of P isione have a  prostomium in  f ro n t of 

a few body segments; as metamorphosis con tinues, the  animal assumes a 

benthonic mode of l i f e ;  whereupon the  f i r s t  th re e  body segments g rad u a lly  

m igrate forward and fuse  w ith  the  prostomium to  form the  head. During 

th i s  process the prostomium i s  elongated and th e  mouth i s  warped beneath 

th e  head, and the eyes a re  s tre tc h e d  and elongated to  form a p a ir  of 

s ick le-sh ap ed  ey e -rin g s . This head s tru c tu re  i s  very  s im ila r  to  the  

a d u lt  form o f O lenello ides and to  immature s tag es  o f o le n e ll id s  such as 

O lenellus, Laudonia canad iensis  (p. 1 7 3> Pi* 3> fig* 20-31), Paedeumias, 

E llep to cep h a la , e tc .  I f  P isione a lso  sec re ted  a  calcium -phosphate 

te r g a l  carapace i t  would be v i r tu a l ly  in d is t in g u is a b le  from o le n e l l id s ,  

e sp e c ia lly  O len e llo id es . This d iscovery  may ren d er Raw's h y p o th e tic a l 

t r a n s i t io n  stages unnecessary. This in te rp r e ta t io n  of P isione would 

seem to  be strengthened by the f a c t  th a t  th e  o le n e l l id s  and th i s  new 

an n e lid  seem to  share s im ila r  modes o f l i f e .  Both were la r v a l ly  p e lag ic  

and ep h eb ica lly  ben thonic . The main d iffe re n c e  i s  th a t  the  o le n e ll id s  

developed a th in  exoskeleton , whereas P isione does n o t. However, th i s  

d iffe ren c e  i s  probably n o t of major im portance. P a le o n to lo g is ts  have 

no t found any e a r ly  p ro tasp id es  o f o le n e l l id s ,  in  c o n tra s t  w ith  o th e r 

t r i l o b i t e s ;  moreover, a d u lt  o le n e ll id s  have very  th in  exoskele tons. 

A pparently the  s h e l l  s e c re tio n  of o le n e llid s  was bo th  delayed and slow 

and c lo se ly  c o rre la te d  w ith  th e  ontogenetic  change in  th e i r  mode o f  l i f e .

6. On th e  Major C la s s if ic a tio n  of T r i lo b ite s  

I t  i s  the concensus here th a t  a sound tax o b as is  f o r  major sub­

d iv is io n  o f the  T r i lo b i ta  has y e t  to  be p resen ted . The d iscovery  o f the
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in te re s t in g  ontogenetic r e la t io n s  of the lib rig en o -ro s tru m , whether 

undivided or d iv e rse ly  separa ted  ( te x t - f ig .  3 3 )> o ffe rs  the  b a s is  fo r  

a new, and perhaps fundam ental, regrouping. Five c a teg o rie s  based on 

these  t r a i t s  a re  l i s t e d  below. F u rth e r study may e le v a te  them to  tax a .

A. M onorostraloid group. In  t h i s  group th e  lib rig en o -ro stru m  i s  a 

narrow ly c re sce n tic  perrostrum , which l i e s  underneath  th e  a n te r io r  h a lf  

o f  th e  cephalon. I t  has subm arginal and hypostoraal su tu re s . Examples: 

O lenellu s, E llip to cep h a la , Nevadia, Holmia, O len e llo id es , C a llav ia , 

K je ru lf ia ,  Wanneria, e tc .  These are  m ostly O len e llid ae . This group of

t r i l o b i t e s  i s  absen t (o r unknown) from the O rien ta l reg io n . The 

geologic d is t r ib u t io n  i s  l im ite d  to  th e  Lower Cambrian.

B. T r iro s tr a lo id  group. Here th e  lib rig en o -ro s tru m  i s  d iv ided  in to  

th re e  p a r t s : th e  rostrum  and p a ired  l ib r ig e n a e ; th e se  p a r ts  are

separa ted  by the  hypostomal, connective, and f a c ia l  s u tu re s . Examples 

inc lude  R ed lich ia , Paradoxides, the p ty ch o p a riid s , Conocoryphe, A phelaspis, 

C edaria , P roetus, O ryctocephalus, D underbergia, F lexicalym ene, S c u te llu s , 

e t c . .  This i s  the dominant group among the t r i l o b i t e s ,  having th e  g r e a te s t  

geographic and geologic d is t r ib u t io n .  The l ib r ig e n o - r o s t r a l  s tru c tu re s

o f c e r ta in  Lower and Middle Cambrian forms (R ed lich ia , and c e r ta in  

corynexonechids) are  w e ll known, bu t th e  most o f th e  forms are  unknown.

C. B ira s tra lo id  group. The lib rig e n o -ro s tru m  i s  s e p a ra te d .in to  

two p a r ts :  pa ired  lib r ig e n a e  only ; median, hypostomal, and f a c ia l  

su tu re s  a re  p re sen t. Ho rostrum  i s  p re sen t. In  t h i s  group belong: 

B athynotus, P terocephala , Housia, Norwoodella ?, th e  asap h id s, Xenostegium, 

T heodenisia, Rem opleurides,. Menoparia, Homalopyge, e t c . .  The e a r l i e s t  

known b i r a s t r a l  t r i l o b i t e  i s  Bathynotus from th e  Middle Cambrian of
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T e x t- f ig . 33: Showing cep h alic  s tru c tu re  (so lid  l in e )  in  r e la t io n
to  th e  lib rig en o -ro stru m . A, A rc h itr i lo b ito id ;  B ,' M onorostraloid; 
C, T r iro s tr a lo id ;  D, B iro s tra lo id ;  E, F, H b lo ro stra lo id . Rules 
a reas re p re sen t th e  empty c a v ity  of th e  Cephalon as seen from 
th e  c e n te r . (Redrawn from H arrington, 1959*)
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T e x t-f ig . 33: Showing cephalic  .s tru c tu re  (so lid  l in e )  in  r e la t io n  to

the  lib rig en o -ro stru m . A, A rc h itr i lo b ito id ;  B, M onorostraloid; C, 

T r i r o s t r a lo id ; D, B iro s tra lo id ;  E, F, H o lo ro stra lo id . Ruled areas 

re p re se n t the  empty c a v ity  o f th e  cephalon as seen from the  c e n te r . 

(Redrawn from H arrington, 1959*)
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North America, h u t the dominant forms are  the asaphids which were 

world-wide in  d is t r ib u t io n  during  the Ordovician period .

D. H oJorostralo id  group. The lib rig en o -ro stru m  is  here a s in g le  

p la te ,  w ithou t any sep a ra tio n ; i t  i s  lim ite d  by th e  hypostomal and 

super-m arginal or grande su tu re s . This group con ta in s the  i l la e n u r id s ,  

Hungia, L oganopeltis , L auzenella , L e v ise lla , th e  n i le id s ,  Entom aspis, 

th e  t r in u c le id s ,  phacopids, d a lm an itid s; and p o ssib ly  T r ia r th ru s , 

P e ltu ra , e t c . .  The e a r l i e s t  known t r i l o b i t e s  o f th i s  group are  

L e v is e lla , Kungia, and p o ssib ly  P e ltu ra  from th e  upper-most Cambrian, 

b u t the  dominant forms are  t r in u c le id s ,  d a lm an itid s , and phacopids, of 

world-wide d is t r ib u t io n  from th e  Lower Ordovician through th e  Devonian.

E. A rc h itr i lo b ito id  group. The r o s t r a l  p la te  of c e r ta in  agnostids 

i s  very s im ila r  to  th a t  of o le n e ll id s  o r c e r ta in  h o lo ro s tra lo id  forms 

(th e  rostrum  of th e  eod isc id s rem ains unknown), b u t the body s tru c tu re  

and the on togenetic  development of th i s  group a re  e n t i r e ly  d i f f e r e n t  

from those o f ty p ic a l  t r i l o b i t e s  (see p. 72 ). Resser (1938) placed 

a l l  agnostids in  a separa te  su b c la ss , equal in  rank  to  th e  T r i lo b i ta ;  

however, he gave no reason fo r  th i s  move. Comparison of th e  cephalic  

s tru c tu re  o f th i s  group w ith  th a t  o f  ty p ic a l  t r i l o b i t e s  shows th a t  

agnostids have fo u r cephalic  segments whereas ty p ic a l  t r i l o b i t e s  have 

f iv e .  Hence, the  agnostids d i f f e r  from ty p ic a l  t r i l o b i t e s  n o t only

in  ephebic morphology b u t in  on togenetic  development. There i s  a  grow­

ing  tendency to  sep ara te  them in to  d i f f e r e n t  c la s se s . The re la t io n s h ip  

o f t r i l o b i t e s  to  agnostids i s  much l ik e  th a t  o f  polychaetes to
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a rc h ia n n e lid s .

7. Remarks

In  many t r i l o b i t e s  the  l ib r ig e n a l  s tru c tu re s  rem ain unknown, 

e s p e c ia lly  fo r  the  Middle and Upper Cambrian "p tychopaiids". R ecently  

R a s e t t i  (1952) reviewed th e  l i t e r a t u r e  on th i s  problem and suggested 

th a t  i f  the v e n tra l  s tru c tu re s  were w e ll understood, they  might g ive 

g re a t  in s ig h t  to  bo th  phylogeny and taxonomy of t r i l o b i t e s .  R ich te r 

(1932) and S tu b b le fie ld  (1938, p. k l l ,  f ig .  2) showed th a t  th e  rostrum  

tended to  become reduced in  s iz e  and the  lib r ig e n a e  u ltim a te ly  met so 

th a t  th e  connective su tu re  became a median su tu re . They suggested 

th a t  th i s  ev en tu a lly  d isappeared . There seems to  be no on togenetic  

evidence to  support th i s  h y p o th esis . In s te a d , i t  appears th a t  the  t r i - ,  

b i - ,  and h o lo ra s tra lo id  types derived  from the  monorostrum or perrostrum  

of th e  o le n e ll id  form. S i l i c i f i e d  m a te r ia ls  o f Dunderbergia ? anyta  and 

Dytremacephalus granulosus show p ro tasp id es  w ith  a s in g le  rostrum  and a 

sp iny  hypostoma. This e a r ly  co n d itio n  of th e  lib rig en o -ro s tru m  i s  

e x a c tly  l ik e  th a t  of the  perrostrum  o f o le n e l l id s ;  during  th e  l a t e r  

growth stages the  rostrum  d iv ided  in to  th re e  p a r t s : th e  rostrum  and

p a ired  l ib r ig e n a e . In  asaph ids, th e  development of th e  rostrum  i s  the  

same as th a t  o f D. any ta , and D. g ranu losus; the  e a r ly  p ro ta sp is  has a

*
I t  should be poin ted  out th a t  some of th e  g e o lo g ic a lly  l a t e r  t r i l o b i t e s :  

such as t r i r o s t r a lo id  and b i r o s t r i l o id  forms have th e i r  lib r ig e n a e  
o r  lib rig en o -ro stru m  so fused to g e th e r  as to  c re a te  a p seu d o -h o lo ro stra lo id  
co n d itio n  in  the a d u lt s ta g e . This i s  seen in  O ryctocephalus, the 
p ro e t id s ,  p h i l l ip s i id s ,  and some i l la e n id s .  This fe a tu re  i s  in d ic a te d  
by th e  an k y lo tic  rid g es  along th e  p o s itio n  of th e  su tu re  l in e s .  This 
i s  the  secondary c h a rac te r  i s  n o t included  in  th e  p re se n t taxonomic 
ca teg o ry .
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s in g le  rostrum  which l a t e r  separa ted  in to  two p a rt3 . In  th e  development 

o f  C alliops s tra sb u rg e n s is , the  rostrum  lacked any se p a ra tio n  throughout 

th e  t r i l o b i t e 's  l i f e .  No such re c a p itu la t io n  o f the phylogenetic 

development of the rostrum  such as was suggested by Warburg (1925)> 

R ich te r (1932), and S tu b b le fie ld  (1938) has been observed.

In  any case, the d a ta  on the  s tru c tu re  of the  lib r ig e n a e  are 

very  obscure; more study o f th is  s tru c tu re  i s  bad ly  needed, both fo r  

mature and immature forms. Both s i l i c i f i e d  p re se rv a tio n  and shale  

specimens can be most rev e a lin g .

Much of the ad u lt s im i l i a r i ty  between t r i l o b i t e s  i s  ap paren tly  

convergence or homeomorphy. I t  may be th a t  l ib r ig e n o - r o s t r a l  fe a tu re s  

w i l l  be excep tionally  u se fu l in  so r tin g  out t ru e  from apparent 

re la tio n s h ip s . Note, fo r  example, the  s im i la r i t ie s ,  probably bespeaking 

s im ila r  ecologies and convergent m orphologies, between o le n e ll id  

(m onorostraloid) and r e d l ic h i id s  and .ZAOanthoidids ( t r i r o a t r a l l o id )  

o r the  s im ila r i ty  to  th e  rem opleurids ( b i r a s t r a lo id ); n i le id s  

(h o lo ro s tra lo id )  to  i l la e n id s  ( t r i r o s t r a lo id ) ,  e tc .
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V . SYSTEMATIC PALEONTOLOGY

Family Spinagnostidae Howell, 1935 

Genus Kormagnostus R esser, 1938 

Kormagnostus sim plex Resser 

P I. 1, f ig .  1-lb and t e x t - f ig .  3^

Kormagnostus simplex R esser, C .E ., 1938, p. b$, p i .  9; f ig s .  11-13; 

R a s e t t i ,  F . ,  19^5&; P* bbb, p i .  69 , f ig s .  32-3^; Palmer, A. R .,

195^; P* 718, p i .  76, f ig s .  8-12; Lochman, C. B. and Hu, C. H., 

i 960 , p. 822 , p i .  99 , f ig s .  5- 31 .

K. h a rlan en sis  R esser, C. E ., 1938, p. ^9; pl« 10; f ig s .  11, 12.

X. e s te r iu s  Lochman, C. B ., 19^0, p . 2b, p i .  2 , f ig s .  32-35; Lochman,

C. B. and Duncan, D ., 1 9 ^ ,  p . 77; pi* 5; f ig s .  15; 16, and p. 1^1, 

p i .  12, f ig s .  13-18; Lochman, B. C ., 1950, p. 3^8, p i .  51; f ig s .  6- 9 . 

K. splendens Lochman, C. B ., 1940, p. 25 , p i .  2 , f ig s .  23-31.

D iagnosis. Cephalon re g u la r ly  convex. G labella  c o n ic a l, convex, 

w ith  rounded p o s te r io r  margin and a  p a ir  o f p a ra g la b e lla r  nodes a t  the  

base . O c c ip ita l r in g  narrow, curving backward along the  p o s te r io r  margin 

o f  the  g la b e lla .  D orsal furrow deeply  marked. P le u ra l lobes s tro n g ly  

convex, w ith  a  very  broad p re g la b e lla r  f i e ld .  M arginal bo rder wide and 

convex, sep ara ted  by deep and broad m arginal furrow. Two th o ra c ic  

segments, broad a x ia l  lobe and s h o r te r  p le u ra l  bands, pygidium w ith  

s tro n g ly  convex a x ia l  lobe and borad concave m arginal furrow . Axis 

expanded s l ig h t ly  p o s te r io r ly . D orsal furrow w e ll d efin ed . M arginal 

b o rder w ide, m oderately convex, w ith  a  p a ir  o f sh o rt b lu n t sp in es .

152
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Surface f in e ly  g ranulose.

D esc rip tio n . The cephalon i s  s tro n g ly  convex, w ith  a co n ica l 

g la b e lla  and broad p re g la b e lla r  f ie ld  and m arginal brim . The g la b e lla  

i s  delim ited  by a d o rsa l furrow , and d iv ided  in to  th re e  a x ia l  r in g s  by 

f a in t  g la b e lla r  furrow s; the  f ro n ta l  lobe or the  f i r s t  g la b e l la r  r in g , 

i s  tra n sv e rse , subquadrate, and has a p a ir  o f  a n te r io r  p i t s  a t  th e  

p o s te ro - la te ra l  co rn ers ; the  second a x ia l  r in g  i s  narrow and b ears  a 

median tu b e rc le ; the th i rd  a x ia l  r in g  i s  longer and tr ia n g u la r  w ith  a 

rounded p o s te r io r  margin. The o c c ip i ta l  r in g  i s  rep resen ted  by a  p a ir  

of t r ia n g u la r  base lobes o r p a ra g la b e lla r  lobes i s  s itu a te d  a t  th e  

p o s te r io r  l a t e r a l  corners o f the  g la b e lla .  The p re g la b e lla r  f i e ld  i s  

occupied by a low in d i s t in c t  median boss im m ediately a n te r io r  to  the  

g la b e lla r  margin. The cheeks o r p le u ra l  lobes are  rounded, convex, 

broad a n te r io r ly  and narrowing p o s te r io r ly ;  a  p a ir  o f f a in t  p a lp eb ra l 

rid g es  extend l a t e r a l l y  from the  a n te r io r  p i t s ;  the m arginal furrow  i s  

concave, b road ly  arching forward and narrowing p o s te ro - la te ra l ly ;  a  

median notch i s  d ire c te d  to  th e  a n te r io r  margin of th e  p re g la b e lla r  f i e ld ;  

the  m arginal bo rder i s  medium-narrow, convex, and w ithou t a  m arginal sp in e .

The th o ra c ic  segments a re  narrow, and convex, w ith  a broad a x ia l  

lobe and sh o rt p le u ra l bands; the  ax is  i s  m oderately convex; th e  p le u ra l  

bands are d i s t in c t ly  marked by p le u ra l furrow s, and th e  ends o f th e  t ip s  

a re  d ire c te d  s l ig h t ly  a n te r io r ly .

The pygidium i s  quadrate in  o u tlin e  and s tro n g ly  convex. The a x ia l  

lobe i s  d iv ided  in to  th re e  r in g s  by a f a in t  furrow ; th e  f i r s t  r in g  i s  

narrow and arches s l ig h t ly  a n te r io r ly ;  th e  second i s  of th e  same n a tu re  

as th e  f i r s t  one, except th a t  i t 'b e a r s  a  median tu b e rc le ; th e  l a s t  r in g
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i s  broad, sem ic ircu la r  and expanded bo th  s l ig h t ly  l a t e r a l ly  and 

p o s te r io r ly .  The d o rsa l furrow i s  d i s t i n c t .  The p le u ra l  lobes a re  

narrow, tap e rin g  p o s te r io r ly  and downsloping l a t e r a l l y  to  th e  broad, 

shallow  m arginal furrow ; the  m arginal bo rder i s  o f medium w id th , convex, 

w ith  a p a ir  o f  sh o rt b lu n t sp ines d ire c te d  p o s te r io r ly  from the 

p o s te r io r  l a t e r a l  co rn ers .

The su rface  i s  covered w ith  minute g ran u les.

Remarks. This sp ec ies  i s  rep resen ted  by more than  30 immature 

and mature specimens, a l l  recovered from a few p ieces of l ig h t-g re y , 

m edium -crystalline lim estone. The sm a lle s t in s t a r  i s  about 0 .30 mm. 

long (sa g .)  and th e  a d u lt  forms a re  more than  3*00 mm. The sm a lle s t 

pygidium i s  0.40 mm. long , and th e  la rg e r  ones are  2 .30 ram. in  len g th  

( s a g .) ;  arranged in  o rd er o f s iz e ,  they  show a co n tin u a l growth 

sequence. In  th e  growth s ta g e s , th e  pygidium shows more morphologic 

change than  th e  cephalon; th e  p y g id ia l a x is ,  which in  the  meraspid 

s tag e  i s  co n ica l in  form and la rg e ly  sep ara ted  from the  p o s te r io r  

m arginal border by the  p le u ra l  lo b es , develops f i r s t  in to  a subquadrate 

form and then  in to  a p o s te r io r ly  expanded form, se p a ra tin g  th e  p le u ra l  

lobes and a b u ttin g  the  p o s te r io r  m arginal bo rd er. The g la b e lla  develops 

from a co n ica l to  a  tru n c a te -c o n ic a l  form; and the median furrow 

d isappears  in  the la rg e r  cephala.

As seen in  the  synonomy, some o f R e sse r 's  (1938) and Lochman's (19^+0) 

"sp ec ie s"  a re  here in te rp re te d  as re p re se n ta tiv e s  o f  d i f f e r e n t  growth 

s tag e s  of K. simplex R esser. K. sim plex R esser (U.S.N.M. 9^81*2) and K. 

e s te r iu s  Lochman, bo th  w ith  la rg e ly  expanded p y g id ia l lo b e s , a re  th e  

a d u lt  forms, and th e  K. h a rlan e n s is  R esser (U.S.N.M. 9^863) and K.
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splendens Lochman (U.S.N.M. 98697), "both developed w ith  sm alle r narrower 

p y g id ia l a x is , are  p o ssib ly  th e  re sp e c tiv e ly  l a t e  and e a r l i e r  mature 

form s. Although the  cond itions o f p re se rv a tio n  may a ls o  have in fluenced  

the  form in  the types of th ese  "sp ec ies" , i t  seems more l ik e ly  th a t  they  

re p re se n t d if f e r e n t  growth s tag es  o f a s in g le  sp ec ie s .

The agnostid  o r ie n ta tio n  employed here i s  th a t  urged by Raymond 

(1917, 1924, 1925) and supported by Kobayashi (1935)* Raymond reversed  

th e  g en era lly  accepted o r ie n ta tio n  of th ese  t r i l o b i t e s ,  u rin g  th a t :  

l )  p le u ra l ex trem itie s  should p o in t p o s te r io r ly ,  and 2 ) th e  "v e n tra l 

p la te "  appears to  be separa ted  from the d o rsa l s h ie ld  by a su tu re . 

Kobayashi (1935, P* 75) showed, l )  th a t  in  th e  Condylopygidiae which 

a re  p rim itiv e  ag n o stid s , th e  p le u ra l  e x tre m itie s  p o in t p o s te r io r ly ;  the  

forward bending o f l a t e r  forms was apparen tly  an ad a p ta tio n  which aided 

in  enrolem ent. Moreover 2) a  "v e n tra l p la te "  has been found on bo th  

sh ie ld s  in  one agnostid  sp ec ies  by W estergard and Holm (1930) who, 

however, regarded th e i r  "p la te s"  as doublures.

In  the  course o f the  p re sen t s tudy , i t  has been observed th a t  th e  

cephalon of K. simplex shows a p a i r  of r id g es  extending  l a t e r a l l y  from 

th e  a n te r io r  p i t s  (p i. 1 , f ig .  5, and t e x t - f ig .  35*0. They a re  

presumably p a lp eb ra l r id g e s  and th e i r  presence supports  th e  Kobayashi fs 

in te rp re ta t io n  as to  agnostid  o r ie n ta tio n .

Horizon and L o c a lity . Upper Cambrian, C edaria zone, Bonneterre 

Dolomite, Southern B onneterre, S t .  F rancois County, M issouri.

Figured specimens. Complete sk e le to n , U.C.M. 38722.

Cephala, U.C.M. 38722a-e. 

iV g id ia , U.C.M. 38722f-k.

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



'(

156

T e x t- f ig . 3h: A growth sequence o f Kormagnostus sim plex R esser. 
A,G,H, e a r ly  m eraspides, A, cephalon, x 53; G, H, two pyg id ia  
each asso c ia ted  w ith  one th o ra c ic  segment, x  35> x 3^; B -F ,I, 
l a t e  m eraspides, B, cephalon, x 30, C-F, d o rsa l ,  p o s te r io r ,  
and s id e  views o f a  complete specimen, x 17; I, pygidium, x 30; 
J,K , to p  views o f a  cephalon and a pygidium, x 13 x 8.
(Drawings made from photographs. )
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Kormagnostus simplex R esser, ontogeny

E arly  meraspid stage (p i. 1 , f ig .  1, 6-8 and t e x t - f ig .  34, A,G,H). 

The cephalon i s  sp h e rica l convex and about 0 .30 mm. in  le n g th  ( s a g .) .

The g la b e lla  i s  su b tr ian g u la r , e lo n g a te , c o n ic a l, and r e s t r i c t e d  to  

th e  p o s te r io r  h a lf  of the sh ie ld ;  g la b e l la r  furrows a re  not d i s t in c t ly  

marked; the p re g la b e lla r  f i e ld  i s  marked by a  lo n g itu d in a l furrow . The 

m arginal border i s  narrow and sep ara ted  by a m arginal furrow .

The pygidium i s  convex, q u ad ra te -sp h e ric a l in  o u tl in e , and about 

0.40 mm. in  len g th . The a x ia l  lobe i s  c o n ic a l, tap e rin g  p o s te r io r ly ;  

the  a x ia l  furrows are  not d i s t i n c t ly  marked; th e  median tu b e rc le  i s  borne 

a t  the  m id-length  o f the a x ia l  lobe . The d o rsa l furrow i s  d i s t i n c t .

The p le u ra l lobes are  about o n e-h a lf els wide as the  a x is ,  convex, 

tap e rin g  s l ig h t ly  p o s te r io r ly . The m arginal furrow i s  d i s t i n c t ly  

impressed and w ith  th e  d o rsa l furrows a t  th e  p o s te r io r  margin o f th e  

a x ia l  lobe; the  m arginal border i s  f l a t ,  b road, and ta p e rs  a n te r io r ly .  

F igures 6 and 7 show a pygidium a sso c ia te d  w ith  one th o ra c ic  segment.

The su rface  o f the  sk e le to n  i s  rough, being covered by f in e  

g ranu les.

L ater meraspid stage (p i. 1 , f ig .  2 -4 , 9*10,12-14 and t e x t - f i g .  34 

B-F, I ) .  The cephalon i s  convex and about 0 .50-1 .20  mm. in  le n g th  ( s a g .) .  

The g la b e lla  i s  tru n c a te -c o n ic a l. The p re g la b e lla r  f i e ld  i s  occupied 

by a sm all, s l ig h t ly  convex median boss im m ediately in  f ro n t  o f  th e  

g la b e l la .  The pygidium i s  subquadrate, convex, w ith  a  broad m arginal 

brim . The a x ia l  lobe i s  c y l in d r ic a l ,  w ith  a  rounded p o s te r io r  m argin; 

th e  f i r s t  a x ia l  r in g  i s  narrow and tra n sv e rse ;  th e  second i s  th e  same as 

th e  f i r s t  one except th a t  i t  b ears  a  median tu b e rc le ;  th e  th i r d  r in g  i s
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rounded and extends to  th e  p o s te r io r  m arginal furrow. The p le u ra l 

lobes are  r a th e r  narrow, tap e rin g  p o s te r io r ly ,  and ending a t  th e  s id es  

of the  p o s te r io r  l a t e r a l  margin of the  a x ia l  lobe . The m arginal furrow 

i s  broad and concave; the  m arginal border i s  broad, s l ig h t ly  upturned 

from the  m arginal furrow and bears a  p a ir  of sp ines a t  the  p o s te r io r  

l a t e r a l  margin.

The su rface  i s  covered by f in e  g ranu les.

The im portan t fe a tu re s  of th i s  s tage i s  th e  absence in  the 

p re g la b e lla r  f i e ld  of a  median furrow and the presence o f th e  median boss. 

The g la b e l la r  furrow s have f i r s t  become d i s t i n c t ;  th e  p y g id ia l ax is  

becomes subquadrate to  c y l in d r ic a l  and th e  l a t e r a l  lobes a re  narrower 

than p rev io u sly .

Figured specimens. E arly  m eraspides. U.C.M. 38722a,f-h.

Late m eraspides, U.C.M. 38722.

38722b - d , i , j .
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Family Pagetidae Kobayashi, 1935 

Genus P agetia  W alco tt, 1916 

P ag etia  c ly t i a  W alcott 

PI. 1, f ig s .  15-32 and t e x t - f i g .  35

P ag etia  c ly t i a  W alco tt, C. D ., 1916 , p. 4-08, p i .  67, f ig s .  2 , 2a -e . 

P ag etia  (M esopagetia) c ly t i a  W alcott, Kobayashi, T .,  1944, p. 63- 66 , 

p i .  1 , f ig .  14.

D iagnosis . Skeleton  e lo n g a te -o v a te , convex. Cranidium having 

broad, f l a t  m arginal f r in g e  and s to u t  o c c ip i ta l  sp in e . G lab e lla  

s le n d e rly  co n ic a l, w ith  two p a ir s  o f  g la b e l la r  furrow s. P a lp eb ra l 

lobes sm all. P ro p a ria l f a c ia l  su tu re . Pygidium s l ig h t ly  convex, 6 o r 

7 a x ia l  r in g s ,  each bearing  a  t in y  median tu b e rc le . P le u ra l lobes 

d iv ided  in to  p le u ra l  bands. M arginal b o rd er narrow, f l a t ,  and smooth. 

Surface f in e ly  g ranu lose .

D esc rip tio n . The cranidium  i s  rounded in  o u tlin e  and m oderately 

convex. The g la b e l la  i s  s le n d e r ly  c o n ic a l and d iv id ed  in to  th re e  

g la b e l la r  r in g s ; th e  f i r s t  g la b e l la r  r in g  i s  convex and t r ia n g u la r ;  

th e  second i s  narrow ly tra n sv e rse ; and th e  th i r d  la rg e ,  b road , and 

s l ig h t ly  convex. The o c c ip i ta l  furrow  i s  deep along th e  s id e s  o f the  

g la b e l la  and shallow  acro ss  th e  a x ia l  l i n e ;  th e  o c c ip i ta l  r in g  i s  

p o s te r io r ly  convex and b ears  a  s to u t  p o s te r io r ly  d ire c te d  sp in e . The 

d o rsa l furrow i s  broad and deeply  marked. The a n te r io r  brim  i s  broad , 

concave, w ithou t c le a r ly  sep ara ted  p re g la b e lla r  f i e ld  and a n te r io r  furrow ; 

th e  a n te r io r  b o rd er i s  b road , f l a t ,  and f r in g e - l ik e ,  w ith  many e longate  

r a d ia l  p i t s .  The f l a t  f ix ig en a e  a re  s l i g h t ly  w ider th an  th e  g la b e l la
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and s l ig h t ly  upturned; a  p a ir  o f tu b e rc le s  occurs on th e  p o s te r io r - la te r a l  

a rea  o f th e  fix igenae  near the  m arginal furrow ; the p a lp eb ra l r id g e s  are 

f a in t  and curved a n te r io r ly ;  the p a lp eb ra l lobe i s  narrow, medium 

s iz e d , and loca ted  opposite  ( t r . ) th e  m id -lin e  of th e  g la b e l la ;  the 

p o s te r io r  f ix ig en a  slope s te e p ly  downward and have g e n icu la te  p o s te r io r -  

l a t e r a l  bo rd ers . The p o s te r io r  l a t e r a l  furrow s are  deeply  marked and 

broad, running a n te r io r - l a te r a l ly  befo re  reach ing  the  s id e  m argins.

The a n te r io r  branches o f th e  f a c ia l  su tu re  a re  s tro n g ly  d iv e rg en t and 

th e  p o s te r io r  branches normal to  th e  s a g i t t a l  l in e .

The pygidium i s  t r ia n g u la r  in  o u tlin e  and h ig h ly  convex along th e  

a x is ;  the  a x ia l  lobe i s  d iv ided  in to  6 o r 7 r in g s  by d i s t i n c t ly  marked 

r in g  furrow s; a median tu b e rc le  occurs on each a x ia l  r in g ;  th e  te rm in a l 

p o r tio n  i s  t r ia n g u la r  w ith  a  long , p o s te r io r ly  d ire c te d  sp in e . The 

p le u ra l  lobes are  convex, slo p in g  down to  th e  narrow, f l a t  m arginal 

b o rd er; 5 o r 6 p le u ra l  segments a re  d i s t i n c t l y  sep ara ted  by f in e  i n t e r ­

p le u ra l  grooves; th e  p le u ra l  furrows a re  wide and deep ly  im pressed. The 

su rface  i s  covered by g ran u les .

Remarks. This sp ec ies  i s  rep resen ted  by more th an  80 immature and 

m ature specimens; a l l  were recovered from a few p ieces  o f dark  grey , 

medium c ry s ta l l in e  lim estone. The sm a lle s t i n s t a r  i s  approxim ately 0.30 

mm. in  t o t a l  len g th  (sag . f i g .  2 3 ) , and th e  mature forms a re  about 2 .0  

mm. long (exclusive  o f the  pygidium). This sp ec ies  d i f f e r s  from P. 

bootes W alcott, P. (E opagetia) r e s s e r i  Kobayashi, and P. m aladensis 

R esser in  having a  narrow, concave p re g la b e lla r  f i e ld  w ith o u t any median 

furrow ; i t  should be poin ted  ou t th a t  the  sm all forms o f the  p re sen t 

sp ec ies  a l l  show a wide p re g la b e lla r  f i e ld  and occupied by a  median furrow ,
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T e x t-f ig . 35J P ag e tia  c ly t i a  W alcott. A, a  complete p a rap ro ta sp is , 
x 50; B, an e a r ly  meraspid cephalon, x 2b; C,D,G, l a te  m eraspides, 
C,D, two c ra n id ia , x 26, x 28; G, pygidium, x  25; E ,F ,I ,H , 
h o lasp id es ; E,F, two c ra n id ia , x 14, x 13; I ,H , two pyg id ia , 
x 13, x  15. (Drawings made from photographs.)
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whereas the la rg e r  one lack  bo th  wide f ie ld  and furrow . The g la b e lla  i s  

made o f fou r r in g s :  a f ro n ta l  lobe , two a x ia l r in g s  and an o c c ip i ta l  

r in g .

Horizon and L o c a lity . Middle Cambrian, B a th y u riscu s-E lra th in a  

zone. N ortheast s id e  o f road in  Santaquin Canyon, Wasatch M ts., Utah.

F igures specim ens. Cephala, U.C.M. 38732, 387231 -<!•

Eygidia, U.C.M. 38732a-h.

P ag e tia  c ly t i a  W alcott, ontogeny

P arapro tasp id  s tag e  (P I. 1, f ig .  23, and t e x t - f i g .  35A). The 

s h ie ld  i s  d i f f e r e n t ia te d  in to  cephalon and pygidium and i s  about 0.30 

mm. in  t o t a l  le n g th  ( s a g .) .  The cephalon i s  m oderately convex, quadrate 

in  o u tl in e ,  w ith  a  rounded a n te r io r  border. The g la b e lla  i s  s len d e rly  

c o n ic a l w ith  f in e  but recogn izab le  g la b e lla r  furrow . The d o rsa l furrow 

i s  shallow  and broad. The a n te r io r  brim i s  deeply  concave. The 

o c c ip i ta l  r in g  i s  d i s t i n c t ly  d e lim ited , p o ssib ly  bearin g  a  sm all 

o c c ip i ta l  sp in e . No th o ra c ic  segments are seen. The f l a t  f ix ig en ae  are  

about tw ice as wide as g la b e lla  and are g en tly  upturned from th e  d o rsa l 

furrow , w ith  sw ollen l a t e r a l  m argins; the p a lp eb ra l lobes are  not 

known. The p o s te r io r  l a t e r a l  border i s  broad, convex, and separa ted  by 

shallow , concave m arginal furrow s. The protopygidium i s  s e m i-c irc u la r , 

convex, and s te e p ly  downward from the p o s te r io r  margin o f th e  cephalon; 

th e  a x ia l  and th e  p le u ra l  lobes are  w ithout d i s t in c t  segm entation.

E a rly  m eraspid s tage  (EL. 1 , f ig s .  15-17*24,25 and t e x t - f i g .  35®)• 

The convex cranidium  i s  quadrate in  o u tlin e , w ith  p a lp eb ra l lobes 

appearing on th e  d o rsa l su rfac e . I t  v a r ie s  from 0 .40 -0 .50  mm. in  len g th .
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The g la b e l la  i s  s le n d e rly  co n ica l w ith  w e ll developed f r o n ta l  lo b e , two 

recogn izab le  g la b e l la r  r in g s ,  and a  p o s te r io r ly  arched o c c ip i ta l  r in g .

The f r o n ta l  lobe i s  t r ia n g u la r ,  convex, and bearing  a p a ir  o f w e ll 

developed a n te r io r  p i t s  on th e  p o s te r io r  l a t e r a l  bases. The d o rsa l furrow 

i s  broad, shallow , and deeply  im pressed. The o c c ip i ta l  r in g  i s  sm all 

and f a in t l y  separa ted  by the  o c c ip i ta l  furrow ; the  median sp ine i s  

la rg e ,  s to u t ,  d ire c te d  p o s te r io r ly  and has a p a ir  o f narrow rid g e s  

p ro je c tin g  l a t e r a l l y  and a n te r io r ly  connected w ith  the  f ix ig e n a l borders. 

The p re g la b e lla r  f i e ld  i s  wide and has a lo n g itu d in a l median furrow.

The a n te r io r  bo rder i s  narrow, arch ing  a n te r io r ly  and i s  d e lim ited  by 

th e  a n te r io r  furrow . The convex fix ig en a e  a re  s l ig h t ly  w ider than  the  

g la b e lla ,  w ith  p a lp e b ra l lobes lo ca ted  a t  the  m id-line  o f th e  g la b e lla  

( t r . ); th e  p o s te r io r  f ix ig e n a l  borders a re  narrow and g e n ic u la te , about 

th e  same w id th  as th e  g la b e l la r  base .

The pygidium i s  rounded, h ig h ly  convex, w ith  a  narrow, f la g  

m arginal b o rd er; th e  a x ia l  lobe i s  s l ig h t ly  c o n ic a l, tap e rin g  p o s te r io r ly  

and ending in  a te rm in a l sp in e ; th e  a x ia l  r in g s  are  no t d i s t i n c t ly  

d iv id ed ; th e  convex p le u ra l  lobes a re  tw ice as wide as th e  a x ia l  lobe 

and la c k  d i s t i n c t  p le u ra l  furrow s. The pygidium i s  p o ss ib ly  asso c ia ted  

w ith  a th o ra c ic  segment.

The su rface  i s  covered by f in e  g ran u les .

The specimens o f th i s  s tag e  a re  d is tin g u ish e d  from those  o f previous 

ones in  having a  w ell-developed a n te r io r  b o rd er, a  d i s t i n c t  f r o n ta l  lobe 

and a n te r io r  p i t s ;  th e  f a c ia l  su tu re s  a re  d i s t i n c t ;  th e  pygidium i s  

a r t ic u la te d  w ith  one f re e  th o ra c ic  segment.

Late meraspid s tag e  (P I. 1 , f ig s ,  18 ,19 ,26 ,27 , and t e x t - f i g .  35C,B,G).
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The cranidium  i s  about 0 .50-0.55 mm* in  len g th  (sa g .)  and m oderately 

convex. The g la b e lla  i s  c y c l in d r ic a l ,  s l ig h t ly  tap e rin g  forw ard, w ith  

a rounded a n te r io r  margin, and d iv ided  in to  th re e  g la b e l la r  r in g s  by 

f a in t l y  im pressed g la b e lla r  furrow s. The a n te r io r  p i t s  and lo n g itu d in a l 

median furrow are  shallow er and have d isappeared  in  th e  la rg e r  specimens. 

The fix ig en ae  are  o f the same w id th  as the  g la b e lla  o r s l ig h t ly  w ider.

The pygidium has f a in t ly  marked a x ia l  and p le u ra l  furrows and does not 

in co rp o ra te  any th o ra c ic  segments.

Granules cover the c ra n id a l su rface  and th e  pyg idal p le u ra l  bands.

The p re sen t s tag e  d i f f e r s  from th e  e a r l i e r  one in  having a  s h o r te r  

and wide g la b e lla  and f ix ig en a  o f  n ea rly  the same w id th  as th e  g la b e lla .

F igured specimens. P a rap ro ta sp is , U.C.M. 38723i*

E arly  m eraspides, U.C.M. 3 8 7 2 3 a-c ,j,k .

Late m eraspides, U.C.M. 38723d ,e ,m . 38723*
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Family O lenellidae  Vogdes, 1893 

Genus O lenellus H all, i860 

O lenellus bruemani W alcott 

P I. 2 , f ig .  1-26, and t e x t - f ig .  36 

O lenellus truemani W alcott, C. D ., 1913; P» 3 l6 , pl» 5^; f ig s .  2-10 

O lenellus (O len e llu s) truemani W alcott, Lochman, C. B ., 1952, p. 89 , 

p i .  18 , f ig s .  6-12.

D iagnosis. Cephalon se m i-c irc u la r  in  o u tl in e , m oderately convex; 

g la b e l la  w ith  la rg e , subrounded f ro n ta l  lobe , and th re e  unequal 

g la b e l la r  segments; d o rsa l furrow d i s t i n c t ly  d efin ed . P a lpeb ra l lobe 

s tro n g ly  a rcu a te , running from s id e  of f ro n ta l  lobe p o s te r io r - la te r a l ly  

to  o c c ip i ta l  furrow . Metagenal sp ines sm aller than  genal sp in es . 

P re g la b e lla r  f i e ld  narrow, f l a t ,  and d i s t i n c t ly  d e lim ited  by a n te r io r  

furrow . A f a in t  p o s te r io r  f ix ig e n a l r id g e  extends p o s te r io r - la te r a l ly  

from the  p re -o c c ip i ta l  segment to  th e  r e a r  margin to  become continuous 

w ith  a sh o rt m etagenal sp ine .

D esc rip tio n . The cephalon i s  s e m i-c irc u la r  in  o u tl in e , m oderately 

convex a t  th e  cen te r  and uniform ly in c lin e d  to  the  o cu la r p la tfo rm  tod  

p re g la b e lla r  f i e ld .  The g la b e lla  i s  c y l in d r ic a l  w ith  a  broad and 

forw ardly  expanded f r o n ta l  lobe which i s  tra n sv e rse ly  su b c irc u la r , 

convex above the  p re g la b e lla r  f i e ld ,  and bearing  a p a ir  of f a in t  

l a t e r a l  furrow s; the  second g la b e l la r  r in g  i s  narrower (sa g .)  and w ider 

th an  the fo llow ing ; the  th i rd  r in g  i s  medium-sized; th e  fo u r th  one i s  

la rg e r  than  the  previous ones and broad ly  chevron-shaped; th e  o c c ip i ta l  

r in g  i s  the  same s iz e  as th e  fo u r th  one and bears a  minute median p o s te r io r  

tu b e rc le . The g la b e l la r  furrows a re  a l l  deeply im pressed l a t e r a l  bu t
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«■

T e x t- f ig . 36 : O lenellus truemani W alcott. A, p a ra p ro ta sp is , x ^0;
B,C, two e a r ly  m eraspides, x 25 , x 30; D,E, two l a t e  m eraspides, 
x  17, x 15; F,G, two ho lasp id es , x 8, x 6; H, an e a r ly  meraspid 
hypostoma, x 10; I ,  a  l a te  meraspid hypostoma, x 3. (Drawings 
made from photographs. )
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shallow  across the a x is . They are  d ire c te d  p o s te r io r - la te r a l ly  from the  

d o rsa l furrow . The o c c ip i ta l  furrow curves p o s te r io r ly  and i s  deep 

l a t e r a l l y  and shallow a x ia l ly .  The d o rsa l furrows are  d i s t in c t ly  

im pressed l a t e r a l ly  b u t absen t a t  th e  l a t e r a l  m arginals o f the  f ro n ta l  

lo b e . The fix ig en ae  a re  e lo n g a te , sem i-ovate, g e n tly  convex, and 

d e lim ited  by f in e  and shallow p a lp eb ra l furrow s. The p a lp eb ra l lobes 

a re  paren thesis-shaped  and extend p o s te r io r - la te r a l ly  from the  l a t e r a l  

bases o f th e  f ro n ta l  lobe , to  the  r e a r  f ix ig en a e , b u t te rm inate  before 

reach in g  th e  p o s te r io r  b o rd ers . The eye r in g s  a re  v e r t ic a l ly  disposed 

and extend th e  f u l l  len g th  of the  lo b es. The occu la r p la tfo rm  i s  

s l ig h t ly  b roader both  a n te r io r ly  and p o s te r io r ly  than  m ed ially . A 

narrow m arginal furrow runs con tinuously  around the  cephalon. I t  has 

a median notch towards the p re g la b e lla r  f i e ld ;  th e  m arginal border i s  

narrow , convex and continuous w ith  a p a ir  o f s h o r t ,  s len d e r genal sp in es . 

A f a i n t  p o s te r io r  f ix ig e n a l rid g e  extends from th e  s id e  o f p re -o c c ip i ta l  

r in g  p o s te r io r - l a te r a l ly  to  th e  hind f ix ig e n a l b o rd er, th en  curves 

backwardly, crossing  th e  p o s te r io r  border to  from th e  m etagenal sp ine .

The hypostoma i s  roundly t r ia n g u la r  in  o u tl in e ,  w ith  a s tro n g ly  

convex median body, which i s  t r ia n g u la r  in  p lan  w ith  th e  a n te r io r  reg io n  

a rch in g  forw ard. The hypostomal maculae are  deep and narrow, extending 

p o s te r io r - l a te r a l ly  from the  l a t e r a l  bo rd ers ; th e  r e a r  lobe i s  c re s c e n tic , 

conves, curving p o s te r io r ly ,  w ith  a  ra th e r  narrow m arginal border.

The su rface  of th e  sk e le to n  i s  covered by a  f in e  i r r e g u la r  re ticu lu m  

o f r id g e s ;  a  row of d i s t in c t  p i t s  occurs along th e  cep h a lic  furrow .

Remarks. This spec ies  i s  rep resen ted  by more than  one hundred 

immature and mature s k e le ta l  fragm ents; a l l  a re  prepared  from a  few
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sm all p ieces of dark -g rey , f in e ly  c ry s ta l l in e  lim estone. The assignment 

and re la tio n s h ip  of th is  spec ies  were thoroughly d iscussed  by Lochman 

(1952), where she a t tr ib u te d  i t  to  her new subgenus O len e llu s . I t  seems 

th a t  the Mexico specimens here being presen ted  have a w ider p re g la b e lla r  

f ie ld  and broader fix igenae  in  comparison to  ty p ic a l  (Canadian specimens) 

re p re se n ta tiv e s  o f 0. truem ani. These d iffe re n c e s  might be due to  

p re se rv a tio n . The Canadian specimens were deformed, s in ce  they  are  

preserved in  a shale  m atrix , whereas the Mexican ones occur in  lim estone. 

D iscounting d iscrepancy  fa c to rs  a t t r ib u ta b le  to  d iag en sis  and deform ation, 

the  Mexican and Canadian m a te r ia l seems to  be n o n sp ec ific . The p resen t 

form seems to  be ty p ic a l ly  0. truemani W alcott and no u se fu l purpose 

seems to  be served in  employing the  subgeneric d es ig n a tio n  o f  Lochman.

The e a r ly  in s ta r s  o f th i s  sp ec ie s , which I  have judged to  re p re sen t 

the  parap ro tasp id  s tag e , are  about 0.^5 to  0 .6 0  mm. in  le n g th  ( s a g .) .

They are  sp h e ric a l in  o u tlin e  and s tro n g ly  convex. The a x ia l  lobe i s  

e longate-fusifo rm  and f a in t ly  d iv ided  in to  an obscure median f is s u re  

along the  a x ia l  lobe , a x ia l  nodes, and cephalic  segmental furrow s.

Due to  these  unique c h a ra c te r is t ic s  o f th i s  in s t a r ,  th i s  seems to  be 

th e  e a r l i e s t  growth s tag e  ye t known among o le n e ll id  t r i l o b i t e s .

The e a r ly  meraspid a re  p o ss ib ly  c o rre la te d  w ith  P alm er's  (1957) 

stages I  and I I ,  and th e  la te  meraspides c o r re la te  w ith  h is  s tag e s  I I I  

and IV, judged bo th  from th e i r  morphology and s iz e .

Horizon and L o c a lity . B uelina Formation, Lower' Cambrian, near 

Caborca, northw estern  Sonora, Mexico.

Figured specimens. Cephala, U.C.M. 3872^, 38724o-q.

Hypos toma, U.C.M. 3872^

Fragments, U.C.M. 3872^-x-z.
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O lenellus truemani W alcott, ontogeny 

P arapro tasp id  s tag e  (P I. 2 , f ig s .  1-5 and t e x t - f ig .  36A). The 

s h ie ld ’ i s  about 0 .k3-0.60 mm. in  le n g th  ( s a g .) .  I t  i s  ch a ra c te r iz e d  by 

a fusiform  a x ia l  lo b e , lo n g itu d in a l a x ia l  f i s s u r e ,  cephalic  segmental 

furrow s, and paren thesis-shaped  d o rsa l furrow s. There are  th re e  p a irs  

o f p i t s  d i s t in c t ly  impressed a t  the  in te r s e c t io n  of th e  d o rsa l and 

cep h alic  segmental furrow s. The cep h alic  segm ental furrows are  shallow  

b u t w ell d efin ed ; they  arch  s l ig h t ly  forward to  the  a x ia l  lobe and 

curve backward to  the  p a lp eb ra l furrow s. The cep h alic  segm ental bands 

a re  g en tly  convex, of which th e  second and th i r d  end in  th e  in n er 

p a lp eb ra l lo b es , and th e  fo u r th  bends l a t e r a l l y  and p o s te r io r ly  to  th e  

r e a r  cephalic  margin, continuous w ith  a p a ir  o f  long sp in es . The l a s t  

or o c c ip i ta l  segment i s  very  sh o rt and b ears  a  sm all o c c ip i ta l  r in g .

The f i r s t  cep h alic  segment, o r the f r o n ta l  lo b e , i s  g e n tly  convex and 

rounded, w ith  a  p a ir  of p a lp eb ra l lobes extending from th e  l a t e r a l  

m argin, running p o s te r io r - la te r a l ly  and te rm in a tin g  in  f ro n t  of the  

fo u r th  cephalic  segment. The p a lp e b ra l lobes a re  elongate  and e lev a ted  

v e r t ic a l ly  above th e  m arginal b o rd er. The p a lp eb ra l furrows are 

d i s t i n c t ly  marked. The m arginal border i s  very  narrow and concave, 

broad a n te r io r ly  and narrow p o s te r io r - la te r a l ly .  N either a n te r io r  

cep h alic  o r genal sp ines have been observed. The s to u t  m etagenal 

sp ines show p o ss ib le  a s so c ia tio n  w ith  a  sm all protopygidium a t  th e  

hind .of th e  o c c ip i ta l  segmental bo rder.

E arly  meraspid s tage  (P I. 2 , f ig s .  6 ,1 0 ,2 0 ,2 3 , and te x t  f ig ,  36B,C,H). 

The sh ie ld  v a rie s  from 0.65 to  1 .0  mm. in  le n g th  ( s a g .) .  I t  i s  

s p h e ric a l in  o u tl in e , w ith  m oderately to  s tro n g  convexity . The a x ia l
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lobe i s  divided in to  a la rg e  f ro n ta l  lo b e , th re e  a x ia l  r in g s ,  and a 

sm all te rm inal r in g . The lo n g itu d in a l furrow i s  ab sen t. The d o rsa l 

furrows are  d i s t i n c t ly  marked. There a re  th re e  p a ir s  o f p i t s  deeply  

impressed a t  the in te rs e c t io n s  of th e  cep h a lic  segm ental and d o rsa l 

furrow s. The cephalic  segmental furrows are  in c ise d  l a t e r a l l y  b u t 

become shallow across th e  a x ia l  lobe. The r e s u l t in g  cephalic  segments 

a re  g en tly  convex and arc  p o s te r io r ly  to  the  p a lp e b ra l lo b es ; th ey  are  

e lev a ted  above th e  m arginal border and extend from th e  l a t e r a l  margin 

o f th e  f ro n ta l  lo b e , whence th ey  curve p o s te r io r - l a te r a l ly ,  and end in  

f ro n t  of the  fo u r th  cep h alic  segment. No p re g la b e lla r  f i e ld  has been 

observed except fo r  a narrow concave a re a . The sm all o c c ip i ta l  segment 

occupies a narrow su b tira n g u la r  a rea  w ith  a  sm all subrounded o c c ip i ta l  

r in g , which bears a  m inute, p o s te r io r ly  d ire c te d  median node o r s h o r t 

sp in e . A n terio r cep h a lic  and genal sp ine  have n o t been observed. The 

metagenal sp ines are  long and s to u t  ( f ig .  2 3 ), and extend con tinuously  

from th e  p r e -o c c ip i ta l  segment.

The convex hypostoma i s  e lo n g a te -su b tr ia n g u la r  in  o u tl in e ,  w ith  a 

p o s te r io r  margin showing 15 d e n ta tio n s . The convex median body i s  

t r ia n g u la r  and d e lim ited  by deep maculae.

The d is t in c t iv e  fe a tu re  o f th i s  s tag e  i s  the  d isappearance o f th e  

median lo n g itu d in a l f u r r o w T h e  a x ia l  lobe i s  narrower and lo n g e r; th e  

m arginal border i s  b roader; and th e  f r o n ta l  lobe i s  f a i n t  w ith  a  p a ir  

of furrow s.

Late meraspid s tag e  (P I. 2 , f ig s .  11-1^ and t e x t - f i g .  3 6 D ,E ,l). The 

sh ie ld  ranges from 1 .2  to  1 .8  mm. in  le n g th  ( s a g .) ,  i s  rounded i n  o u tlin e  

and m oderately convex. The a x ia l  lobe i s  c y l in d r ic a l  and d iv id ed  in to
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f iv e  a x ia l r in g s  lay furrow s; the f ro n ta l  lobe or the  f i r s t  g la b e l la r  

segment i s  rounded w ith  a p a ir  o f f in e ly  marked, e longate  p i t s  a t  th e  

s id e s ; the second g la b e lla r  segment i s  sm aller and narrower than  the 

f i r s t  and th r id  ones; the th i rd  g la b e l la r  segment i s  b roader ( s a g .)  than  

the second and fo u r th  ones. The fo u rth  g la b e l la r  segment i s  rounded and 

t r ia n g u la r ;  the  o c c ip i ta l  r in g  i s  sm aller and d i s t i n c t ly  separa ted  by an 

o c c ip i ta l  furrow. I t  becomes a  minute median sp in e . The d o rsa l furrow 

i s  f a in t .  The d i s t in c t  cephalic  segmental furrows arch  p o s te r io r -  

l a t e r a l ly  to  the p a lp eb ra l furrow ; the  p r e -o c e ip i ta l  segment extends 

l a t e r a l ly  and p o s te r io r ly  to  become continuous w ith  a p a ir  o f m etagenal 

sp in es . The p a lp eb ra l lobes are  narrow and c re s c e n tic , running from the 

l a t e r a l  margin of th e  f ro n ta l  lobe to  te rm inate  in  f ro n t  o f th e  fo u r th  

cephalic  segment. The a n te r io r  m arginal border i s  narrow and w e ll 

e lev a ted . The narrow and f l a t  p re g la b e lla r  f i e ld  i s  d e lim ited  by a 

broad, concave a n te r io r  furrow . Genal sp ines are  p re sen t on th e ' 

p o s te r io r - la te r a l  margin of the  s h ie ld .

Both the complete hypostoma and th e  median body a re  o f su b tr ia n g u la r  

in  o u tlin e ; th e  median body i s  more convex than  th a t  of th e  previous 

s ta g e , b u t le s s  expanded than  th a t  o f th e  h o la sp is ; th e  p o s te r io r  

m arginal d en ta tio n  has d isappeared .

The su rface  i s  covered by f in e  g ran u les.

The im portant fe a tu re s  o f t h i s  s tage  a re  the  presence o f a  p a ir  o f 

genal sp in es , the  c y l in d r ic a l  g la b e lla ,  and the  appearance o f the 

p re g la b e lla r  f i e ld .  This s tag e  d i f f e r s  from th e  h o lasp id  in  th a t  the  

l a t t e r  has longer genal sp ines and the  cep h a lic  segm ental furrows are  

ab sen t. A p a ir  of s tro n g ly  e lev a ted  r id g es  extends from th e  fo u r th
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g la b e lla r  segment; they are  continuous v i th  a p a ir  o f s len d e r metagenal 

sp in e s . The ocu lar p latform s a re  of uniform w idth .

Figured specimens. P arap ro tasp ides, U.C.M. 3872l*a-c, e.

E arly  m eraspides, U.C.M. 3872Uf-j, t ,  w.

Late m eraspides, U.C.M. 38724k-m, u.
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Genus Laudonia H arrington, 1956 

Laudonia can ad ien s is , n . sp.

PI. 3, f ig s .  20-31, and t e x t - f i g .  37 

D iagnosis. Cephalon tra n sv e rse ly  pentagonal in  o u tlin e , m oderately 

convex, w ith  roundly arching  a n te r io r  "border, and two p a irs  of sp ines 

which p ro je c t p o s te r io r - l a te r a l ly  from th e  fou r co rners . G labella  

c y l in d r ic a l  w ith  rounded and expanded f r o n ta l  lo b e; th ree  d i s t in c t ly  

marked g la b e lla r  r in g s ,  and a b road ly  convex o c c ip i ta l  r in g . P a lpeb ra l 

lobe narrow, e lev a ted  above th e  o cu la r p la tfo rm . Marginal border narrow, 

convex, d e lim ited  by m arginal furrow . P o s te r io r  fix igenae  marked -with 

a p a ir  of r id g e s , which extend l a t e r a l ly  from th e  base of th e  p a lp eb ra l 

lobes and continue in to  th e  m etagenal sp in e s . Hypostoma prom inently 

convex, w ith  la rg e  median body and sp inose p o s te r io r  m arginal border. 

Thoracic segments having long p le u ra l  sp ines and s e r ra te  l a t e r a l  margins. 

Pygidium unknown.

D e sc rip tio n . The cephalon has a tra n sv e rse ly  pentagonal o u tlin e  

and i s  m oderately convex. The g la b e lla  i s  expanded s l ig h t ly  both  

a n te r io r ly  and p o s te r io r ly ;  th e  th i r d  g la b e l la r  segment i s  t r ia n g u la r  

and narrower than  the fo u rth  one; and th e  fo u rth  segment i s  broader ( t r . ) 

and la rg e r .  The o c c ip i ta l  r in g  i s  broad and convex, w ith  a  median node 

o r  s h o r t  tu b e rc le . The g la b e l la r  furrows a re  separa ted  by the  c e n tr a l  

ax is  except f o r  the  f i r s t  furrow s, which cro ss  th e  ax is behind the  

f r o n ta l  lobe-. The d o rsa l furrow i s  deeply  im pressed a t  the s id es  of the 

second g la b e lla r  r in g , b u t shallow er bo th  p o s te r io r ly  and a n te r io r ly .

The narrow p a lp eb ra l lobes extend in  a  low arc  to  th e  m id-line o f the  

fo u r th  g la b e l la r  segment ( t r . ) .  The p a lp eb ra l furrows are  deeply im pressed .
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T e x t- f ig . 37: Laudonia ca n a d ie n s is , n . sp . A, an e a r ly
m erasp is, x 14; B, a  l a t e  m erasp is, x 10; C, h o la sp is , 

x  U.5; D, a  l a t e  m eraspid hypostoma, x 11; E, a broken 
ho lasp id  hypostoma, x 2 .5 . (Schematic drawings from 
pho tographs.)
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The eyes have v e r t ic a l  s id es  and extend th e  f u l l  le n g th  of the  p a lp eb ra l 

lo b es . The in n er f ix ig en a  i s  sm all and h a lf  moon-shaped. The o u te r 

fix igenae  are  o f medium w id th , widening s l ig h t ly  a n te r io r - la te r a l ly .

The p o s te r io r  fix igenae  are  narrow, marked w ith  a p a ir  o f  w e ll e lev a ted  

r id g e s , which extend from the  fo u r th  g la b e l la r  segment l a t e r a l l y  and 

p o s te r io r ly  to  the  p o s te r io r  m arginal bo rder, and a re  continuous w ith  

a p a ir  of sh o rt metagenal sp in es . The m arginal borders a re  narrow and 

convex, d i s t in c t ly  marked o f f  by m arginal furrow s. The genal sp ines 

are  strong  and p o r je c t outwards from th e  a n te r io r  l a t e r a l  borders 

opposite  the  f i r s t  g la b e l la r  furrows ( t r . ). The m etagenal sp ines a re  

s len d e r and extend p o s te r io r ly  and l a t e r a l ly .

The hypostoma i s  su b tr ia n g u la r  in  o u tl in e ,  w ith  a  la rg e ,  convex 

median body; the maculae a re  deeply  marked; th e  p o s te r io r  m arginal 

border bears 15 sh o rt sp in es .

The p le u ra l lobes of th e  th o ra c ic  segment a re  long and f l a t ,  and 

deeply  impressed by broad and shallow  p le u ra l furrow s; th e  p le u ra l  

sp ines are  long and d ire c te d  p o s te r io r ly  and l a t e r a l l y  w ith  saw -toothed 

a n te r io r - la te r a l  borders.

The su rface  i s  covered by f in e  g ran u les; tra c e a b le  r id g es  are  

developed along th e  cephalic m argins.

Remarks. The p resen t spec ies  was obtained from a s in g le  sample o f 

b lack , m edium -crystalline lim estone which y ie ld ed  about 15 immature and 

mature cephala, th re e  hypostomata, and a few th o ra c ic  segments. The 

m a te ria l a lso  con tains O lenellus and S a l t e r e l l a . The morphologic 

fe a tu re s  o f the  p resen t sp ec ies  a re  c lo se  to  those  of Laudonia b is p in a ta  

H arrington (1956) and Wanneria ( "Laudonia” ) mexicana prima Lochman (1952),
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Taut i t  d i f f e r s  from those two forms in  th a t  th e  p a lp eb ra l lobes are 

sm alle r, the  m arginal furrow i s  shallow er, and the a n te r io r  g la b e lla  i s  

le s s  expanded. I t  i s  in te re s t in g  to  note th a t  the e a r ly  m eraspis most 

n e a rly  resem bles O lenello ides armatus Beach (189*0, which was found in  

w est o f R oss-Shire , Scotland , in  th e  Lower Cambrian, and s tu d ied  by Peach 

(189*0 and W alcott (1910). Both forms have a pentagonal to  hexagonal 

cephalon, th re e  p a irs  o f cephalic  sp in e s , and no f a c i l a  s u tu re s ; however, 

th e  immature forms of L. canad iensis  show th e  p a ir  of p a lp eb ra l lobes 

i s  la rg e r  and th e  s k e le ta l  measurements sm alle r. Undoubtedly th ese  two 

genera are  c lo se ly  r e la te d .

Horizon and L o c a lity . Lower Cambrian. North o f Radium, w est s id e  

o f th e  Columbia R iver, B r i t i s h  Columbia, Canada.

Figured specimens. Holotype, Cranidium, U.C.M. 38726.

P aratype, C ran id ia , U.C.M. 38726a-c, g - i .

Hypostomata, U.C.M. 38726e, d .

Thoracic fragm ent, U.C.M. 38726f.

Laudonia can ad ien s is , n. s p . , ontogeny 

E arly  m eraspid s tag e  (P I. 3, f ig s .  20,21 and t e x t - f ig .  37A). The 

sm a lle s t cephalon v a r ie s  from 1 .2  mm. to  1 .7  mm» in  le n g th  ( s a g . ); the 

o u tlin e  i s  hexagonal, convex, and bears  th re e  p a ir s  of cep h a lic  sp in es .

The c y lin d r ic a l  a x ia l  lobe i s  separa ted  in to  a  rounded, convex f ro n ta l  

lobe and fou r tra n sv e rse  and u n d if fe re n tia te d  a x ia l  r in g s ; the  l a s t  

a x ia l  r in g  o r o c c ip i ta l  r in g  bears a  minute median sp in e . The p a lp eb ra l 

lobes are  s ick le-sh ap ed  and extend from th e  p o s te r io r  l a t e r a l  margins 

o f  the  f ro n ta l  lobes to  th e  m id-length  o f th e  fo u r th  a x ia l  r in g  ( t r . ) .
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They a re  e levated  abovo the fix ig en ae  and d e lim ited  by p a lp eb ra l furrow s. 

The ou ter fix igenae  are  broad a n te r io r - la te r a l ly ,  and narrow p o s te r io r -  

l a t e r a l ly ;  the narrow p o s te r io r  f ix ig en a  i s  marked by a p a ir  o f prominent 

r id g e s ; the p o s te r io r  f ix ig e n a l r id g es  extend from th e  p r e -o c c ip i ta l  

r in g  to  the  p o s te r io r - la te r a l  corners and are  continuous w ith  a p a ir  o f 

sp ines p ro je c tin g  from the p o s te r io r  l a t e r a l  b o rd e rs . The m arginal 

bo rder i s  narrow, and convex, and w e ll-d e lim ited  by a deep m arginal 

furrow . Three p a irs  o f cephalic  spines p ro je c t outward a t  the  cephalic  

c o rn e rs .

The su rface  of the  sk e le to n  i s  covered by f in e  g ran u les .

Late meraspid stage  (EL. 3, f ig s .  25,28-29, and t e x t - f ig .  37B). The 

cephalon i s  n ea rly  pentagonal in  o u tlin e , convex, arch ing  forward 

a n te r io r ly .  I t  ranges from 1 .20-2 .50  mm. in  len g th . The g la b e lla  i s  

c y l in d r ic a l  bu t expands s l ig h t ly  both  a n te r io r ly  and p o s te r io r ly  from 

the  th i r d  r in g ; th e  f ro n ta l  lobe i s  sp h e ric a l and convex above th e  o u te r 

f ix ig en a e ; the second g la b e lla r  r in g  i s  narrow (sa g .)  and tra n sv e rse ; 

the  th ird  g la b e l la r  r in g  i s  t r ia n g u la r  w ith  th e  apex p o in tin g  backward; 

th e  fo u r th  one i s  of medium w id th , convex and arches p o s te r io r ly ;  th e  

g la b e l la r  furrows a re  a l l  s te e p -s id ed ; the  f i r s t  and th e  second cross  

the  ax is ,an d  th e  th i rd  i s  sep a ra ted . The convex o c c ip i ta l  r in g  i s  

w ider than  the  o ther g la b e l la r  r in g s  and defined  by a  s tee p -s id ed  

o c c ip i ta l  furrow ; i t  bears  a  minute median sp in e . The p a lp eb ra l lobe 

i s  e lev a ted  above the f ix ig en ae , s ick le-shaped  and d iv ided  by p a lp eb ra l 

furrow . The o u te r fix igenae  are  narrow, g e n tly  convex, and slope 

downward to  the  deep m arginal furrow . The convex m arginal border i s  

narrow and bears  a  p a ir  o f cephalic  sp ines a n te r io r - l a t e r a l ly ,  a  p a ir
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l a t e r a l ly ,  and one p a ir  p o s te r io r - la te r a l ly ;  the  p o s te r io r  l a t e r a l  sp ines 

are  continuous w ith  a p a ir  of p o s te r io r  f ix ig e n a l r id g es  which extend 

to  the  s id es  of th e  p re -o c c ip i ta l  r in g . The hypostoma i s  su b trian g u la r 

in  o u tl in e , e lo n g a te  and has a  convex median body; th e  maculae are 

deep l a t e r a l ly  and shallow  across the  c e n tra l  a x is ;  the  p o s te r io r  lobe i s  

U-shaped, g e n tly  convex, and b ears  15 d en ta tio n s  along th e  p o s te r io r  

margin.

The su rface  i s  covered by f in e  g ran u les .

The morphologic changes during  th e  growth s tag es  are  as fo llo w s : 

th e  shape of th e  cephalon changes from a hexagonal to  a pentagonal 

o u tl in e ;  the a n te r io r  cep h a lic  sp ine  becomes s h o r te r  and d isap p ears ; 

th e  g la b e l la r  r in g s  change in  co n fig u ra tio n  from s tag e  to  s tag e ; the  

p o s te r io r  f ix ig e n a l  bo rders are  expanded l a t e r a l l y  ( t r . ) ; and the  s iz e  

of the  median body o f th e  hypostoma in c reases  w hile the  p o s te r io r  m arginal 

d en ta tio n s  sh o rten .

Figured specimens. E a rly  m eraspides, U.C.M. 38726a , b.

Late m eraspides, U.C.M. 38726d, g - i .
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Family Dolichometopidae W alcott, 1916 

Genus Ptarm igania Raymond, 1928 

Ptarm igania a u r i ta  Resser 

PI. f ig s .  1-23 and t e x t - f ig .  38 

Ptarm igania a u r i ta  R esser, C. E .,  1939# P* 37> pi* 3> f ig s .  35*36. 

P tarm igania sp. undeterm ined, R esser, C. E ., 1939* P* Pi* 3, fig*  3^

D iagnosis. Dolichometopid t r i l o b i t e s  v i t h  subquadrate g la b e lla  

expanding a n te r io r ly ;  la rg e  p a lp e b ra l lobes lo ca ted  f a r  behind the  

m id-leng th  of g la b e lla  ( t r . ) .  F ix igenae about h a lf  as wide as g la b e lla  

(between p a lp e b ra l furrow and d o rsa l fu rrow ); narrow in  f ro n t ;  narrow 

behind (subequal to  w idth  o f o c c ip i ta l  r in g ) ;  d o rsa l furrow d i s t i n c t ;  

o c c ip i ta l  r in g  bearing  a m inute, sh o r t, median sp in e . A nterio r border 

very  narrow. L ibrigenae, th o ra c ic  segment, and pygidium unknown.

D esc rip tio n . The cranidium  i s  t r ia n g u la r  in  o u tl in e . The sub­

quadrate g la b e lla ,  which expands s l ig h t ly  a n te r io r ly ,  i s  marked by 

fou r p a irs  o f g la b e l la r  furrow s; th e  a n te r io r  p a ir  i s  shallow and fa iix t 

and d ire c te d  a n te r io r ly  from th e  d o rsa l furrow s; th e  p o s te r io r  two p a ir s  

a re  deeper, and d ire c te d  p o s te r io r - la te r a l ly  from th e  d o rsa l furrow s.

The o c c ip i ta l  furrow i s  deep and narrow; the o c c ip i ta l  r in g  i s  c re sc e n tic , 

convex, arch ing  p o s te r io r ly ,  and bearin g  a medium-sized median sp in e .

The fix ig en a e  are  g e n tly  convex, and f la t te n e d  near th e  p a lp eb ra l 

furrow a re a , and about o n e-h a lf as wide as th e  g la b e lla  between th e  

d o rsa l furrow and the  p a lp eb ra l lo b e . The la rg e  and narrow p a lp eb ra l 

lobes a re  d e lim ited  by p a lp eb ra l furrow s, extending p o s te r io r ly  from 

between th e  f i r s t  and second g la b e l la r  furrows and ending in  f ro n t  of 

p o s te r io r  f ix ig e n a l  furrow s; th e  p a lp e b ra l r id g e s  a re  sh o rt and prom inent.
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T e x t-f ig . 38: A growth s e r ie s  o f P tarm igania a u r i ta  R esser.
A-C, th re e  an ap ro tasp id es, x 1*0, x  43, x 38 ; a  rae tap ro tasp is, 
x 40; E-G, th re e  p a rap ro ta sp id es , x 37# x 35# x  33; H, I ,  
two e a r ly  m eraspides, x  28, x 30; J ,  a  l a t e  m eraspis, x 25;
K, L, d o rsa l and s id e  views o f  an ho lasp id  cranidium , x 12. 
(Drawings from photographs.)
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Both a n te r io r  and p o s te r io r  fix igenae  are  r a th e r  narrow and convex; the  

narrow (sag .)  p o s te r io r  l a t e r a l  "borders a re  about the same w idth  ( t r . )  as 

the  g la b e lla  and are  convex above the  deep border furrow s. The narrow 

and convex a n te r io r  border i s  ad jacen t to  a n te r io r  g la b e l la r  margin.

The a n te r io r  f a c i a l  su tu re  l in e s  are  convergent convex; the  p o s te r io r  

ones are  alm ost p a r a l le l  to  th e  p o s te r io r - la te r a l  b o rders . The su rface  

i s  f in e ly  g ran u la ted .

The l ib r ig e n a e , hypostoma, th o ra c ic  segments, and pygidium a re  

unknown.

Remarks. This spec ies  i s  rep resen ted  by more than 55 immature and 

mature specimens. A ll were prepared from a  few sm all p ieces o f dark  

g rey , m edium -cyrstalline lim estone. The samples a lso  include b o th  e a r ly  

in s ta r s  and a d u lts  o f  E lra th in a , A lok istocare  and P a g e tia . The immature 

forms are d i f f e r e n t  from those o f p ty ch o p ariid s  in  having a  r a th e r  narrow 

a x ia l  lobe, and im possible to  m istake f o r  those  of P agetia  s in ce  th e  

forms are so c h a r a c te r is t ic  (see p. 162 and p i .  1 , f ig .  23-26).

The complete sk e le to n  of th e  type o f P tarm igania ( flB a th y u rlscu s11) 

ro sse n s ls  (W alcott) (type o f genus) (1917) shows a  cephalon w ith  long 

genal sp in es , 9 th o ra c ic  segments, and a  pygidium w ith  a broad m arginal 

border and a p a ir  of a n te r io r - la te r a l  sp in e s . Resser (1939) assigned  

to  th i s  genus a  few sp ec ies  based on d isa s so c ia te d  body p a r ts .  I t  i s  

th e re fo re  d i f f i c u l t  to  ev a lu a te  h is  assignm ents. I t  i s  l ik e ly ,  as 

po in ted  out by R a s e tti  (1951, P* 169 )> "that in  most corynexochid 

t r i l o b i t e s ,  secure generic  and s p e c if ic  d e term ina tions can only  be based 

on e s s e n t ia l ly  complete specimens which show th e  number o f  th o ra c ic  

segments and th e  shape o f th e  pygidium. I t  i s  obviously un trustw orthy
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to  a t t r ib u te  any s in g le  cranidium  to  spec ies  o r genus w ith in  th e  group. 

In  th e  absence of any c lo se ly  s im ila r ly  l ib r ig e n a  which can be 

secu re ly  co rre la te d  w ith  the  p resen t cranidium  and w ith  no p o te n tia l ly  

assig n ab le  pygid ia  known, R esse r 's  u n s a tis fa c to ry  assignm ent i s  perfo rce  

here adopted.

Horizon and L o c a lity . Middle Cambrian, E lra th in a -B athyurlscus zone. 

Santaqiun Canyon, N ortheast s id e  o f road, Wasatch M ts., Utah.

Figured specimens. Cranidium, U.C.M. 38727*

C ran id ia , U.C.M. 38727&-U.

Ptarm igania a u r i ta  R esser, ontogeny

A naprotaspid s tage  (P I. 4, f ig s .  1-5 t e x t - f ig .  38A-C). The

s h ie ld  i s  sp h e ric a l to  s l ig h t ly  tra n sv e rse , convex, w ithou t d i s t in c t  

d o rsa l furrow s, and ranges from 0.28-0.35 mm* in  le n g th  ( s a g .) .  The 

a x ia l  reg io n  i s  s l ig h t ly  e lev ated  w ith  a  f a in t  lo n g itu d in a l f is s u re  along 

the  a x is . No a x ia l  r in g s  or furrcw s are  p re se n t, and th e  f ro n ta l  lobe 

i s  poorly  d efin ed ; th e  a n te r io r  p i t s  are  tra n sv e rse ly  elongate  and 

d i s t i n c t ly  impressed on the  s id es  of th e  f r o n ta l  lo b e; a  p a ir  o f sh o rt 

eye-brow-shaped rid g es  extend l a t e r a l ly  from th e  a n te r io r  l a t e r a l  margin 

o f th e  f ro n ta l  lobe . A te rm in a l tu b e rc le  i s  s l ig h t ly  e lev a ted  on the 

edge of th e  p o s te r io r  median margin of th e  s h ie ld .  The p o s te r io r  l a t e r a l  

margin has a  p a ir  of s h o r t ,  broad sp ines d ire c te d  backward.

The su rface  i s  covered by f in e  g ran u les .

M etaprotaspid s tag e  (P I. 1*-, f ig s .  6 ,7  and t e x t - f i g .  38D). The 

s h ie ld  i s  rounded, convex, w ith  d i s t i n c t ly  d iv ided  a x ia l  and p le u ra l  

lo b es , i t  i s  approxim ately 0 .^0  mm. long ( s a g .) .  Both ends o f th e  a x ia l
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lobe expand from the second a x ia l r in g ;  both  a x ia l  r in g s  and furrows 

are  d i s t in c t ly  defined ; the  f ro n ta l  lobe i s  rounded, t r ia n g u la r ,  w ith  a  

p a ir  o f s u p e rc ilio id  r id g e s  d ire c te d  l a t e r a l l y  and p o s te r io r ly  from the 

a n te r io r  l a t e r a l  margin; the  a n te r io r  p i t s  a re  e longate  and deeply 

marked; the second a x ia l  r in g  i s  sm all, narrow and e lo n g a te ; the  th ird  

and fo u r th  a re  oval and la rg e r ,  rounded, and h ig h ly  convex. The p le u ra l  

lobe i s  convex a n te r io r ly  and g e n tly  s lop ing  downward p o s te r io r - la te r a l ly  

towards the  margin. A p a ir  of sh o r t, broad sp in es p ro je c t  backward 

from th e  p o s te r io r - la te r a l  margin. The protopygidium  i s  unknown. The 

su rface  i s  f in e ly  granulose.

This s tag e  d i f f e r s  from the previous one in  having th e  sh ie ld  

d i s t i n c t ly  d iv ided  in to  a x ia l  and p le u ra l  lo b es , and th e  a x ia l  lobe 

segmented in to  f iv e  d i s t in c t  r in g s .

P arapro tasp id  s tage  (P I. k, f ig s .  8-13, 15 and t e x t - f i g .  38E-G).

The crandium, which i s  tra p e z o id a l to  su b trap ezo id a l in  o u tl in e ,  bears 

w e ll developed a x ia l  and p le u ra l lobes and ranges from 0 .45-0 .55  mm. in  

le n g th  ( s a g .) .  The axial lobe expands both anteriorly and posteriorly 

from th e  second a x ia l  r in g ; the  f ro n ta l  lobe i s  t r ia n g u la r ,  convex, and 

arching  forward w ith  a  p a ir  of ey e -rid g es ; th e  a n te r io r  p i t s  are  d i s t i n c t ;  

the  second r in g  i s  narrowing e longate , the  th i r d  and fo u r th  ones are  

la r g e r ,  rounded to  roundly tra n sv e rse ; th e  o c c ip i ta l  r in g  i s  sm aller and 

tra n sv e rse . The d o rsa l furrow i s  deeply  im pressed. The fix ig en ae  are 

convex, very  broad, about th re e  tim es as wide as th e  g la b e lla  ( t r .  a t  

m id -leng th ). The su p e rc il io id  r id g e s  a re  prom inently  e le v a ted , B ituated  

behind the  f ro n ta l  p i t s ,  and d ire c te d  p o s te r io r - l a te r a l ly  to  be 

connected w ith  the  narrow p a lp eb ra l lo b es . The p o s te r io r  l a t e r a l
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furrows are  d i s t in c t .  The p o s te r io r - la te r a l  borders are  narrow and have 

a p a ir  of sh o rt sp ines p ro je c tin g  backward from th e i r  m id-line ( t r . ) .

The a n te r io r  branches of the  f a c ia l  su tu re s  a re  convergent and the 

p o s te r io r  branches are  d iv erg en t and th e i r  course i s  e i th e r  sinous or 

s t r a ig h t .  The su rface  i s  covered by f in e  g ran u les .

The c h a ra c te r is t ic s  o f th i s  s tage are th e  tra p e z o id a l crandium, the  

d o rsa l f a c i a l  su tu re s  and th e  appearance o f th e  protopygidium .

E arly  meraspid s tage  (EL. k, f ig s .  ll+, 16-18 and t e x t - f i g .  38H, I ) .  

The cranidium  i s  tra p e z o id a l in  o u tl in e ,  m oderately convex, and v a r ie s  

from 0.55 to  O.65  mm. long ( s a g .) .  The g la b e l la  i s  s tro n g ly  expanded 

forw ard, w ith  d i s t i n c t  a n te r io r  p i t s  on th e  s id e s  o f the  f i r s t  g la b e l la r  

segment; th e  g la b e l la r  furrows a re  f a in t  b u t s te e p -s id e d . The d o rsa l 

furrow i s  deep; the  convex o c c ip i ta l  r in g  bears  a  minute median sp ine .

The fix ig en a e  a re  b road ly  t r ia n g u la r ,  convex, le s s  than  tw ice as wide 

as th e  g la b e lla  ( t r . ); th e  eye r id g es  a re  prom inently  e lev a ted  and 

d ire c te d  p o s te r io r - la te r a l ly  from the  s id es  o f the  a n te r io r  p i t s ;  the 

p a lp e b ra l lobe i s  narrow and long ; th e  p o s te r io r  l a t e r a l  bo rder i s  narrow 

( s a g .) and about tw ice as wide as  the o c c ip i ta l  r in g  ( t r . ). The su rface  

i s  f in e ly  g ranu lose , and th re e  p a ir s  o f prominent nodes occur on the  

f ix ig e n a e .

In  comparison to  previous s ta g e s ,, the  specimens o f th i s  s tage  have
•

a marked forward expansion of th e  g la b e lla  and narrow fix ig en a e .

Late m eraspid s tag e  (P I. 4, f ig s .  19 , 20 and t e x t - f i g .  38J ) .  The 

convex cranidium  i s  about 0 .80-1 .00  mm. long ( s a g .) .  The im portant 

c h a r a c te r is t ic s  o f th i s  s tag e  a re  th e  f i r s t  appearance o f th e  a n te r io r  

b o rd e r; the  leng then ing  o f th e  p a lp eb ra l lo b es , which here extend
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p o s te r io r ly  to  the  p o s te r io r - la te r a l  bo rder; and d isappearance o f th e  

a n te r io r  p i t s .  The specimens o f  th e  meraspid s tage  a re  d i f f e r e n t ia te d  

from those o f th e  holasp id  s tag e  in  having w ider fix ig en ae  and the 

pa lp eb ra l lobes s itu a te d  a t  the m id-length  of the  g la b e lla  ( t r . ). 

Figured specimens. A naprotaspides, U.C.M. 38727a-e.

M etaportaspides, U.C.M. 38727*** 6* 

P arap ro tasp id es, U.C.M. 38727h-m, o.

E arly  m eraspides, U.C.M. 38727n, p - r .

Late m eraspides, U.C.M. 38727s* t .
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Family Anomocaridae Poulsen, 1927 

Genus Glyphaspis Poulsen, 1927 

Glyphaspis c f .  parkensis R a se tti  

PI. 5, f ig s .  1-30 and t e x t - f ig .  39 

Glyphaspis parkensis  R a s e t t i ,  F . , 1951> P* 224, p i .  34, f ig s .  5-7;

Poulsen, V ., 1964, p. 51, p i .  3> f ig s .  8 , 9 .

D iagnosis. Skeleton very  s im ila r  to  th a t  o f Anomocare; cranidium  

quadrate in  o u tl in e , w ith  very  wide and concave f ro n ta l  hrim . Fixigenae 

medium-narrow. P alpeb ra l lobe long, s ick le -sh ap ed , and lo ca ted  behind 

the m id-line o f g la b e lla  ( t r . ). L ibrigenae e longate  w ith  along genal 

sp ine . Pygidium la rg e  w ith  broad, u su a lly  concave, m arginal bo rder. 

A xial lobe co n ica l and backwardly ta p e rin g , d iv ided  in to  7 o r 8 a x ia l  

r in g s  and a sm all p o s te r io r  te rm in a l p o rtio n .

Glyphaspis c f . parkensis  R a s e t t i ,  male?

PI. 5; f ig s .  15-18, 22, 27 and t e x t - f i g s .  391, L.

D escrip tio n . The sk e le to n  i s  la rg e , convex, w ith  se m i-c irc u la r  

cephalon and pygidium. The cranidium  i s  quadrate in  o u tl in e . The 

g la b e lla  i s  co n ica l w ith  a  rounded a n te r io r  margin and r a th e r  shallow , 

broad g la b e lla r  furrow s. The d o rsa l furrow i s  shallow  b u t w e ll d e fin ed . 

The shallow o c c ip i ta l  furrow curves s l ig h t ly  forward a t  th e  m id -line  

( s a g .) .  The f ro n ta l  brim  i s  very  in d is t in c t ly  sep ara ted  in to  an 

a n te r io r  border and p re g la b e lla r  f i e ld  by a furrow ; th e  a n te r io r  border 

i s  broad and concave, and marked l a t e r a l l y  w ith  very  d e l ic a te  furrow s; 

the  a n te r io r  furrow i s  f a in t  bu t w e ll d e fin ed ; th e  p re g la b e lla r  f i e ld  i s  

narrow, i . e . , th e  a n te r io r  border i s  more than  th re e  tim es as wide as the
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T e x t-f ig . 39? G lyphaspis c f .  parkensis R a s e t t i .  A,B, two 
anap ro tasp ides, x 53; C, a  m etap ro ta sp is , x k5‘, D,E, two 
pa rap ro tasp id es, x kO, x 30; F,G, two e a r ly  m eraspides, x 26, 
x 2k; H, a l a t e  m eraspis, x 20; I ,  a  "male” pygidium, x 1 .7 )
J ,  a  "fem ale” pygidium, x 1 .7 ; K, l lb r ig e n a ,  x  10; L, a  "male" 
cranidium , x 1 .6 ; M, a  "female" cranidium , x 7« (Drawings 
made from pho to g rap h s.)
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p re g la b e lla r  f ie ld .  The fix ig en ae  are  about o n e-h a lf the  w idth of the 

g la b e l la ;  the p a lp eb ra l lobes are  c re sc e n tic , more than  h a lf  as long 

as th e  g la b e lla ,  s ick le -sh ap ed  and located  behind the  m id-line o f the 

g la b e l la  ( t r . ) j  ey e-rid g es  a re  d i s t in c t ly  marked; th e  p o s te r io r  f i x i ­

genae are  narrow and marked by narrow d is t in c t  border furrow s; the 

p o s te r io r  l a t e r a l  borders  are  narrow and s len d e r. The a n te r io r  f a c ia l  

su tu re  i s  considerab ly  d iv erg en t and cu ts  the  a n te r io r  border roundly; 

th e  p o s te r io r  f a c ia l  su tu re  i s  alm ost p a r a l le l  to  th e  p o s te r io r  l a t e r a l  

b o rder.

The lib r ig e n a e  a re  e longate  and have long genal sp in e s ; the l i b r i -  

genal l a t e r a l  border i s  very broad, and f l a t  or s l ig h t ly  concave, w ith  

a  very  f a in t  furrow along th e  in n er m arginal bo rder; the  l a t e r a l  furrow 

i s  f a in t  b u t c le a r ly  reco g n izab le ; the  o cu lar p la tfo rm  i s  narrow and 

g e n tly  convex; the genal sp ine i s  long and a rc u a te , w ith  a  broad base 

t h a t  tap e rs  g rad u a lly  to  the  t i p .

The pygidium i s  e longate  sem i-ovate i n  o u tl in e , w ith  a  convex a x ia l  

lobe and broad concave bo rder. The a x ia l  lobe i s  s le n d e rly  c o n ic a l, 

broad a n te r io r ly  and tap e rin g  p o s te r io r ly  to  the  in n e r  m arginal furrow ;
A

6 o r 7 sm all a x ia l  r in g s  and a  sm all p o s te r io r  p o r tio n  are  seen; th e  r in g  

furrows are  shallow  and they  are  s l ig h t ly  curving a n te r io r ly  a t  th e  

c e n tr a l  a x is . The p le u ra l  lobes are  convex, g en tly  s lo p in g  downward from 

th e  d o rsa l furrow to  the in n e r m arginal furrow , and d i s t i n c t ly  d iv ided  

in to  6 o r 7 p le u ra l furrow s.

The su rface  o f  th e  sk e lto n  i s  covered by f in e  g ran u le s ; r a d ia l  

r id g e s  a re  marked on the p re g la b e lla r  f i e ld  and o cu la r p la tfo rm  o f the  

l ib r ig e n a e , the o u te r  o f  the  cephalic  margins a re  surrounded by f in e
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w rin le s .

Figured specim ens. C ran id ia , U.C.M. 387280-q .

L ib rigena , U.C.M. 38728S.

Rygidium, U.C.M. 38728»f.

Hypostoma, U.C.M. 38728r.

G lyphaspis c f . parkensis  R a s e t t i ,  female?

PI. 5, f ig s .  19 ,20 ,26 ,28-30  and t e x t - f i g .  39J, M.

The c h a r a c te r is t ic s  o f  what i s  presumed to  he th e  females d i f f e r  

from those  o f the  presumed males in  th a t  th e  female body i s  remarkably 

la rg e r  th an  th e  male and has a  narrower and le s s  conves a n te r io r  border; 

th e  g la b e l la  i s  narrow and longer, and th e  pygidium has a rounded o u tlin e .

Remarks. This sp ec ies  i s  rep resen ted  by 20 mature and 60 immature 

specimens, a l l  a re  prepared from a  few sm all p ieces o f dark -g rey  o f l l i t ic ,  

m edium -crysta lline lim estone. The fe a tu re s  o f th e  p re se n t species 

conform to  R a s e tt i  fs d e s c r ip tio n , b u t u n fo rtu n a te ly  th e  holotype and 

th e  paratypes o f G. p ark en sis  are  a l l  s l ig h t ly  deformed; moreover, the 

holotype was a  sh a le  specimen, hence i t s  c h a r a c te r is t ic s  a re  no t ex a c tly  

id e n t ic a l  w ith  those o f th e  lim estone specimens here s tu d ie d . The main 

p o rtio n  o f th e  p re g la b e lla r  f i e ld  o f th e  paratype (U.S.N.M. 116286a) i s  

s l ig h t ly  w ider and th a t  o f  th e  holotype (U.S.N.M. 116825) and was 

e x fo lia te d . T herefore , i f  d iag en e tic  fa c to rs  a re  considered , the  

p re sen t m a te r ia l may p re sen t th e  o r ig in a l  shape and convexity . The 

specimens id e n t i f ie d  as t h i s  form which were found in  northw estern  

Greenland by Poulsen (196b) show a  narrower f r o n ta l  brim , and narrower
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p y g id ia l m arginal "border than both  R a s e t t i 's  and p resen t m a te r ia ls . 

Poulsen 's m a te ria l may rep re sen t a  v a r ie ty  o f th i s  sp e c ie s . The sexual 

r a t io  of the p resen t species i s  125 .

Horizon and L o c a lity . Meagher Form ation, Middle Cambrian, 

B athyuriscus-E lra th in a  zone. West s id e  of South Boulder Creek, West 

Madison County, Montana.

Figured specimens. Cranidium, U.C.M.' 38728

P ygid ia , U.C.M. 38728w, x , z , r .

Glyphaspis c f . parkensis R a s e t t i ,  ontogeny 

Anaprotaspid s tage  (P I. 5, f ig s .  1-3 and t e x t - f ig .  39A, B). The 

convex sh ie ld  i s  rounded to  subrounded in  o u t l in e ,  w ith  a r a th e r  narrow 

sh ie ld  margin and v a r ie s  from 0.25 to  0 .30 mm. i n  len g th  ( s a g .) .  The 

a x ia l  and p le u ra l lobes a re  undivided; a  narrow b u t tra c e a b le  lo n g itu ­

d in a l a x ia l  f is s u re  i s  w e ll-d e fin ed  on sm all s h ie ld  b u t absent on la rg e r  

ones. The f ro n ta l  lobe i s  d e lim ited  by two d i s t i n c t  a n te r io r  p i t s ;  a 

p a ir  of sh o rt s u p e rc il io id  r id g es  extend from th e  a n te r io r - l a t e r a l  margin 

of th e  f ro n ta l  lo b e . The hind margin o f th e  s h ie ld  bears a  rounded to  

e longate  median tu b e rc le  o ro o c ip i ta l  r in g . A p a ir  o f  s h o r t ,  broad- 

based m arginal sp ines p ro je c t from th e  p o s te r io r - la te r a l  margin of the 

s h ie ld . The su rface  i s  covered by f in e  g ran u le s . A narrow m arginal 

border surrounds th e  s h ie ld .

M etaprotaspid stage  (P I. 5, f ig s ,  4 , 5 and t e x t - f i g .  39C). The 

s h ie ld  i s  subrounded in  o u tl in e , convex and about OAO-O.50  mm. in  

le n g th  ( s a g .) ,  w ith  w e ll defined  a x ia l  and p le u ra l  lo b es . No a x ia l  r in g  

o r g la b e l la r  furrows are  seen. The a n te r io r  p i t s  a re  deeply  im pressed;
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th e  f ro n ta l  lobe i s  broad and convex, w ith  a p a ir  of s u p e rc i l io id  r id g e s  

extending p o s te r io r - la te r a l ly  along the  f ro n t  margin. The a x ia l  lobe i s  

c y lin d r ic a l  but w ith  a  b road ly  expanded f ro n ta l  lo b e; th e  p o s te r io r  

a x ia l  lobe i s  d is tin g u ish e d  by a  prominent tu b e rc le . The l a t e r a l  lobe 

i s  convex and tw ice as wide as the  a x ia l  lobe. The p o s te r io r  margin o f 

th e  sh ie ld  arches to  th e  a x ia l  lo b e , w ith  f l a t ,  narrow, and unsegmented 

m arginal f r in g e . The m arginal border i s  p resen t along most the  p o s te r io r -  

l a t e r a l  sh ie ld  margin. The su rface  i s  covered by f in e  g ran u les.

The im portant fe a tu re s  o f th i s  s tag e  ax e : th e  ax is  and the  p le u ra l  

lobes a re  w e ll d i f f e r e n t ia te d ;  th e  c e n tr a l  a x ia l  f is s u re  has d isappeared ; 

and the  p o s te r io r  s h ie ld  margin bears  a narrow, f l a t  f r in g e .

P arapro tasp id  s tage  (P I. 5,  f ig s .  6, 7 and t e x t - f ig .  39 D, E). The 

s h ie ld  i s  composed o f a  cephalon and a  protopygidium ; i t  i s  su b sp h erica l 

i n  o u tlin e  and convex, w ith  th e  le n g th  about 0 . 55- 0.75  nmi* (8a g . ).

The a x ia l  and p le u ra l  lobes a re  d i s t i n c t ly  separa ted  by d o rsa l furrow s.

The g la b e lla  i s  c y l in d r ic a l  w ith  a s l ig h t ly  expanded f ro n ta l  lobe , fo u r 

f a in t  g la b e l la r  r in g s  and a  r a th e r  prom inently  e lev a ted  o c c ip i ta l  r in g ;  

th e  g la b e l la r  furrows a re  s te e p ly  sided  and extend across  the  a x is .

The a n te r io r  p i t s  a re  shallow er th an  those  o f th e  previous s ta g e , b u t 

c le a r ly  reco g n izab le . The p le u ra l  lobes o r fix ig en ae  a re  convex and 

about one and o n e-h a lf th e  w idth  of the  g la b e l la ;  th e  p o s te r io r - la te r a l  

border are  backwardly p ro je c te d . The tra n sv e rse ly  su b tr ian g u la r  

protopygidium i s  composed o f  1 or 2 segments. The su rface  i s  f in e ly  

g ran u lo se .

This s tage  d i f f e r s  from th e  previous one in  th a t  th e  s h ie ld  i s  

composed o f a  c le a r ly  d if f e r e n t ia te d  protopygidium and cephalon; th e
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p le u ra l lobes are  narrower, and th e  f ro n ta l  p i ts  a re  shallow er; the  

p a lp eb ra l rid g es  are  prominently e lev a ted .

E arly  meraspid stage (P I. 5> f ig s .  8-11, 23-2k and t e x t - f ig .  39?>G)* 

The convex crandium i s  tr ia n g u la r  in  o u tlin e  and about 0 .60-0 .80  mm. 

in  le n g th  ( s a g .) .  The g la b e lla  i s  b road ly  c y l in d r ic a l  w ith  in d is t in c t  

g la b e l la r  furrow s. The d o rsa l furrows are  narrow and deep ly  im pressed. 

The a n te r io r  border i s  narrow and arches forw ard. The o c c ip i ta l  r in g  

i s  convex, and bears a  sm all median tu b e rc le . The fix ig en a e  are  about 

th e  same w idth as the g la b e lla  and are  b road ly  t r ia n g u la r  w ith  a 

d i s t i n c t  p o s te r io r  l a t e r a l  border; th e  eye r id g e s  are  prom inently 

e lev a ted ; th e  p a lp eb ra l lobe i s  la rg e  and s itu a te d  in  f ro n t  o f the  

m ed-line of the  g la b e lla  ( t r . ). The pygidium i s  tra n sv e rse ly  oval and 

d iv ided  in to  2 or 3 segments by d i s t in c t  furrows ( f ig .  23, 2k) .  The 

su rface  i s  covered w ith  la rg e  g ranu les.

This s tag e  i s  ch arac terized  by the  appearance of th e  a n te r io r  

b o rd e r; th e  fix igenae  are about the same w idth  as th e  g la b e lla ,  which 

here becomes c y lin d r ic a l.  The pygidium i s  sep ara ted  from th e  cephalon 

by a few th o ra c ic  segments.

Late meraspid stage  (P I. 5, f ig s .  12-11+, 25 and t e x t - f i g .  39H).

The cranidium  i s  tra p ez o id a l in  quadrangular in  o u tl in e ,  m oderately 

convex, and about 1 .00 to  1.80 mm. in  len g th  ( s a g .) .  The g la b e lla  i s  

tru n c a te -c o n ic a l w ith  broad, shallow ly  im pressed g la b e l la r  furrow s.

The o c c ip i ta l  r in g  i s  c re sc e n tic , convex, and has a  sm all median 

tu b e rc le . The p reg la b e lla r  f ie ld  f i r s t  appears in  th i s  s tag e  and i s  

sep ara ted  by th e  a n te r io r  furrow from the  b o rd e r; th e  a n te r io r  brim  

v a r ie s  in  w idth , narrower on sm aller forms and broader and f l a t  on
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la rg e r  ones. The fixigenae are about one-half the width of the g lab e lla ; 

th e  palpebral lobe i s  c re scen tic , and located a t  the m id-line of the 

g la b e lla  ( t r . ) .  The pygidium i s  oval or sub triangu lar w ith  6-7 seg­

ments; the marginal border i s  narrow. The surface i s  covered by coarse 

granules in  sm aller specimens, but f in e r  in  the la rg e r  forms.

The most d is t in c tiv e  c h a ra c te r is tic s  of th is  stage a re : cranidium

bears a c le a r ly  defined p reg lab e lla r  f ie ld ;  the g lab e lla  becomes 

tru n ca te -co n ica l, and the  palpebral lobes are located  a t  the  m id-line 

of the g lab e lla  ( t r . ). This stage d if fe rs  from the holaspid stage in  

th a t  the g lab e lla  of the meraspis i s  le ss  rounded a t  the fro n ta l  margin; 

the  a n te r io r  margin has no border furrow; and the palpebral lobe of 

the ho lasp is i s  located  s l ig h t ly  behind the  m id-length of the g lab e lla .

Figured specimens. Anaprotaspides, U.C.M. 38728a-c.

M etaprotaspides, U.C.M. 38728d, e.

Paraprotaspides, U.C.M. 38728f, g.

E arly  m eraspides, U.C.M. 38728h-k, t ,  u .

Late meraspides, U.C.M. 38728l-n, v.
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Genus Iohomia, n. gen.

D iagnosis. Cranidium subquadrate in  o u tlin e ; g la b e l la  co n ica l; 

g la b e l la r  furrows f a in t ;  d o rsa l furrow deep and board; p re g la b e lla r  

f i e ld  m oderately narrow; a n te r io r  furrow broad, w ell d e fin ed , bearing  

a median p i t ;  a n te r io r  border broad and f l a t .  F ixigenae narrow, convex 

above d o rsa l furrow ; pa lp eb ra l lobes la rg e  and s ick le -sh ap ed , s itu a te d  

p o s te r io r  to  th e  m id-length of th e  g la b e lla ;  p o s te r io r  fix igenae  r a th e r  

narrow; lib r ig e n a e  w ith  broad, f l a t  l a t e r a l  b o rd ers ; genal spine unknown. 

Pygidium rounded to  su b trian g u la r  in  o u tlin e , h igh ly  convex along th e  

a x is ;  p o ssib ly  div ided  in to  more than  te n  segments; m arginal border 

r a th e r  broad and f l a t .

D e sc rip tio n . The cranidium  i s  subquadrate, e lo n g a te , m oderately 

convex, w ith  a  broad f l a t  f r o n ta l  brim . The g la b e lla  i s  co n ica l, 

rounded in  f ro n t ,  and marked w ith  very  shallow  g la b e l la r  furrow s. The 

d o rsa l furrow i s  deep and broad, b u t shallow along th e  a n te r io r  

g la b e l la r  m argin. The o c c ip i ta l  r in g , which i s  broad c e n tra l ly ,  and 

narrow er l a t e r a l l y ,  bears a minute median tu b e rc le . The o c c ip i ta l  

furrow i s  d i s t i n c t ,  shallow across  the c e n tra l  a x is , and s te e p -s id e d .

The p re g la b e lla r  f ie ld  i s  narrow and slopes downward to  th e  shallow 

a n te r io r  furrow , which arches forward to  a tra n sv e rse , ovate median 

p i t .  The a n te r io r  border i s  broad and f l a t ,  su b tr ia n g u la r  to  c re sc e n tic . 

The fix ig en ae  are  narrow, about o n e -th ird  as wide as th e  g la b e lla  and 

s te e p ly  convex above the d o rsa l furrow . The la rg e r  p a lp eb ra l lobes are  

s ick le -sh ap ed , and located  behind th e  m id-line o f th e  g la b e l la .  The 

prominent p a lp eb ra l rid g es a re  ob liquely  d ire c te d  a n te r io r -m id ia lly  

from th e  a n te r io r  pa lp eb ra l lobes to  po in ts  im m ediately behind the
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T e x t- f ig . hO: Iohomia s ic k ia ,  n . gen. e t  sp . A, "male"
cranidium , 2 .5 ; B, 'ffem ale'r cranidium , x h .3 ; C, a  "female" 
pygidium, x 2 .2 ;  D, l ib r ig e n a , x 5 ,k ;  E, a  l a t e  m eraspid cranidium , 
x 10; F, a "male" pygidium, x 3* (Schematic drawings from 
photographs. )
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a n te r io r - la te r a l  corners of the  g la b e l la .  The narrow p o s te r io r  

fix igenae are deflexed s te e p ly  from the  p o s te r io r  p a lp eb ra l lobes to  

the deep and broad border furrow , and a re  la rg e r  l a t e r a l l y  ( t r . ) 

than  the o c c ip i ta l  r in g . The a n te r io r  f a c i a l  su tu re s  a re  s tro n g ly  

convergently convex, and the  p o s te r io r  ones a re  d iv e rg en tly  sinuous, 

and n early  tra n sv e rse .

The lib rig e n a e  may lack  genal sp in e s . The o cu la r r in g  i s  la rg e  

and located  above th e  o cu lar p latform . The l a t e r a l  border i s  broad and 

f l a t ,  or s l ig h t ly  concave, a n te r io r ly ,  and d e lim ited  by a  broad , 

shallow l a t e r a l  furrow.

The pygidium is  e lo n g a te -su b tr ia n g u la r  in  o u tlin e  and convex 

along the a x is . The a x ia l  lobe i s  s le n d e rly  co n ic a l, ta p e rin g  p o s te ­

r io r ly ,  and ending befo re  reach ing  th e  p y g id ia l margin. I t  i s  d iv ided  

in to  a t  l e a s t  te n  narrow a x ia l  r in g s  and a sm all su b tr ia n g u la r  te rm in a l 

p o rtio n . The p le u ra l lobes a re  more than  o n e-h a lf tim es as wide as th e  

ax is  and marked by very shallow  p le u ra l  furrows which extend in to  th e  

broad, f l a t  m arginal border.

The s k e le ta l  su rface  i s  covered by f in e  g ran u les; r a d ia l  r id g es  

are  marked on th e  p re f la b e l la r  f i e ld ,  and w rink les occur along th e  

cephalic  margin.

Remarks. The p resen t genus i s  very  s im ila r  to  Anomocare and 

Glyphaspis, b u t i t  d i f f e r s  in  having a  cranidium  bearing  an a n te r io r  

median p i t ,  narrower g la b e l la ,  and su b tr ia n g u la r  a n te r io r  bo rd er.

The pygidium i s  h ig h ly  convex along th e  a x ia l  lo b e . The g en e ra l 

appearance in d ic a te s  c lo se  r e la t io n s h ip  to  o th e r genera in  th e  

fam ily  Anomocaridae.
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Type sp ec ies . Iohomia s ic k ia ,  n. gen. e t  sp .

196

Iohomia s ic k ia ,  n. gen. e t  s p . , male ?

PI. 6 , ’f ig s .  15, 18, 19, 21, 22, 25 , 26, and t e x t - f ig .  ItOA, D, F. 

The cranidium  is  t r ia n g u la r  in  o u tlin e  w ith  b road ly  su b tr ia n g u la r  

a n te r io r  border; g la b e l la  c o n ic a l, broad and s h o r t;  a n te r io r  furrow 

occupied by a tra n sv e rse , ovate median p i t .  L ibrigenae w ithou t genal 

sp in es , jygidium  e lo n g a te , su b tr ia n g u la r , and h igh ly  convex along the 

a x ia l  lobe.

Holotype. Cranidium, U.C.M. 38737*

P aratypes. Cranidium, U.C.M. 387371*

Fygidia, U.C.M. 38737c, f*

L ib rigena , U.C.M. 38737 e .

M eraspis, U.C.M. 38737a*

Iohomia s ic k ia ,  n . gen. e t  s p . , female ?

PI. 6 , f ig s .  17, 20, 23, 2k and t e x t - f i g .  kOB, C.

The cranidium  i s  subquadrate in  o u tl in e ,  w ith  a  narrow tra n sv e rse , 

c re sc e n tic  a n te r io r  bo rder; the  g la b e l la  i s  s l ig h t ly  narrower and 

longer than  th a t  o f  the  male form. The pygidium i s  s e m i-c irc u la r  o r 

sem i-oval in  o u tlin e  and uniform ly convex.

Remarks. This spec ies  i s  rep resen ted  by more than  30 specimens; 

the  sm alle s t form i s  about 1 .5  mm. in  le n g th  ( s a g .)  and re p re se n ts  the 

meraspid s ta g e ; th e  la r g e s t  crandium i s  about 1 5 .0  mm. and th e  la r g e s t

pygidium 14 .0  mm. in  le n g th  ( s a g .) .  A ll o f  th e  specimens were prepared

from a  few sm all p ieces of dark -g rey , m edium -crysta lline lim estone .
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Horizon and L ocality . Meagher Formation, B athyuriscus-E lrathina 

zone, Middle Cambrian. West side of South Boulder Creek, West 

Madison County, Montana.

Figured specimens. Paratypes.

Cranidia, U.C.M. 38737g, h.

Pygidia, U. C. M. 38737b, d.
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Family P arabo lino id idae  Lochman, 1956 

Genus Apomodocia, n. gen.

D iagnosis. Cranidium tr ia n g u la r  in  o u tl in e , e lo n g a te , m oderately 

convex. G labella  s le n d e rly  co n ica l w ith  th re e  p a ir s  o f f a in t  g la b e l la r  

furrow s. D orsal furrow narrow and shallow . O c c ip ita l r in g  c re sc e n tic , 

convex, bearing  a minute median tu b e rc le . A n terio r furrow w ith  median 

notch. A n terio r border narrow and convex. F ixigenae narrow about 

o n e -th ird  as wide as g la b e l la .  P a leb ra l lobe sm all, lo c a te d  in  f ro n t 

o f th e  m id -line  o f g la b e l la  ( t r . ). F ixigenae broad, p o s te r io r ly  sub­

t r ia n g u la r ,  w ith  th e  border th e  same w idth as th e  o c c ip i ta l  r in g . 

L ibrigenae c re sc e n tic , e longate  w ith  a sh o rt genal sp in e . Hypostoma 

subquadrate and bearing  a broad median body. Convex pygidium, sub­

tr ia n g u la r  in  o u tl in e , c o n s is tin g  o f 3 o r 4 segments, w ith  a  narrow 

m arginal bo rd er.

D esc rip tio n .' The cranidium  i s  t r ia n g u la r  in  o u tl in e ,  e lo n g a te , 

and m oderately convex. The g la b e lla  i s  a  s le n d e r  cone, ta p e rin g  

forward w ith  a rounded a n te r io r  margin; th re e  p a ir s  o f very  f a in t  

g la b e l la r  furrows a re  p re sen t; th e  f i r s t  p a ir  i s  sh o rt and lo ca ted  in  

f ro n t  o f th e  tra n sv e rse  l in e  o f th e  p a lp eb ra l lo b es; th e  second p a ir  

i s  of medium le n g th  and d ire c te d  p o s te r io r ly  from behind the  tra n sv e rse  

l in e  o f th e  p a lp eb ra l lo b es; th e  th ird  p a ir  o f  g la b e l la r  furrows i s  

longer and deeper than  the  preceding p a ir s .  The d o rsa l furrow i s  

narrow and deeply d efin ed . The o c c ip i ta l  furrow i s  deep and s te e p ­

sided  l a t e r a l l y  bu t shallow  across the  c e n tra l  a x is .  The o c c ip i ta l  

r in g  i s  b road ly  convex, c re sc e n tic  and bears a  minute median tu b e rc le . 

The a n te r io r  brim  extends o n e - th ird  the  le n g th  o f  th e  g la b e l la  and i s
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T e x t- f ig . 1+1: A growth s e r ie s  o f Apomodocia con ica , n. gen.
e t  sp . A, an ap ro ta sp is , x  1+3; B, m etap ro tasp is , x 38;
C-E, p a rap ro tasp id es, x 36 , x 36, x 36 ; F, an e a r ly  m eraspis, 
x 1+0; G, a  l a t e  m eraspis, x 17; H.L, d o rsa l and s id e  views 
o f an ho lasp id  cranidium , x 5*4; I ,  a  l ig r ig e n a , x 1+.3;
J,K , to p  and s id e  views o f  a  pygidium, x 3 . 6 . (Schematic 
drawings made from photographs. )
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g en tly  convex. The a n te r io r  furrow is  shallow , "broad and d i s t i n c t ly  

defined  w ith  a median notch d ire c te d  towards the a n te r io r  margin of 

the  p re g la b e lla r  f i e ld ;  the  convex a n te r io r  border i s  o f medium w idth . 

The fix igenae  are  w ith  s l ig h t ly  expressed p a lp eb ra l lo b es , which are 

o n e-th ird  as wide as th e  g la b e lla  ( t r . ); th e  narrow p a lp eb ra l lobes 

are  sm all and lo ca ted  in  f ro n t o f  th e  m id -line  of the g la b e l la ;  the 

p a lp eb ra l furrows a re  f a in t .  The p o s te r io r  fix ig en ae  are  su b tr ia n g u la r  

in  o u tlin e  and marked by broad, deeply im pressed border fu rrow s. The 

a n te r io r  branches o f the  f a c ia l  su tu res  a re  s t r a ig h t  and d iverge  

a n te r io r ly ;  th e  p o s te r io r  branches a re  s tro n g ly  d iv e rg en t p o s te r io r ly  

and a re  g e n tly  sinuous.

The lib r ig e n a e  a re  c re sc e n tic  w ith  sh o rt p o s te r io r  l a t e r a l  genal 

sp in es . The o cu lar p latfo rm  i s  m oderately narrow. The l a t e r a l  border 

i s  medium - arrow, s l ig h t ly  convex, and d i s t i n c t ly  d e lim ited  by a 

shallow , broad l a t e r a l  furrow.

The m oderately convex pygidium i s  tra n sv e rse ly  su b tr ia n g u la r  to  

ovate in  o u tl in e . The a x ia l  lobe i s  c o n ic a l, ta p e rin g  p o s te r io r ly  and 

marked by 3 o r U a x ia l  r in g s  and a se m i-c irc u la r  p o s te r io r  p o rtio n .

The d o rsa l furrow i s  d i s t i n c t .  The p le u ra l  lobes are  g e n tly  convex, 

w ith  th re e  p a irs  o f d i s t in c t  segments; th e  p le u ra l  furrows and the  

in te rp le u ra l  grooves are  d i s t i n c t ly  d e fin ed . The m arginal b o rd er i s  

o f medium w idth , narrowing s l ig h t ly  p o s te r io r ly ,  and m oderately convex.

The su rface  i s  covered by f in e  g ran u les , and r a d ia l  r id g e s  are  

marked on th e  p re g la b e lla r  f ie ld  and th e  o cu la r p latform s o f th e  

l ib r ig e n a e .

Remarks, This genus d i f f e r s  from Modocia W alcott (19SU) by i t s
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t r ia n g u la r  cranidium of lew convexity ; th e  g la b e l la  o f Apomodocia i s
i

longer and narrow er; the  d o rsa l furrow i s  shallow ; the  p re g la b e lla r  

f ie ld  i s  w ider and fix ig en ae  a re  narrow er; the  l ib r ig e n a e  have sh o r te r  

genal sp in es ; the pygidium lacks m arginal sp in es . The Modocla sk e le to n  

i s  covered by very la rg e  granules whereas th a t  o f Apomodocia i s  smooth 

or covered w ith  f in e  g ran u les.

The g en era l fe a tu re s  o f Apomodocia a re  very s im ila r  to  those o f 

Parabolinoides F rederickson (19^9),  and Maustonia Raasch ( in  Lochman,

C. B ., 1950), b u t Apomodocia shows a  s l ig h t ly  more s len d e r g la b e l la ,  

narrower a n te r io r  b o rd e r, s h o r te r  genal sp in e s , and a  pygidium lack ing  

m arginal sp in es . On th e  o th e r hand, th e  lo c a tio n  o f th e  p a lp eb ra l lo b es , 

the  narrow fix ig e n a e , th e  sm all o cu la r r in g ,  th e  shallow  d o rsa l  furrow , 

and th e  p o s te r io r ly  broad fix ig en ae  a re  s im ila r  in  a l l  th ese  genera.

Like th e re , Apomodocia should be a member o f fam ily  B arabo lino id idae .

Type sp e c ie s . Apomodocia con ica , n . gen. e t  sp .

Apomodocia con ica , n . gen. e t  sp .

EL. 3, f ig s .  1-19 and t e x t - f i g .  4 l .  .

Armonia l a t e  (Howell and Duncan), Lochman, C. B. and Duncan, D ., 19M-, 

p . 122, p i .  15 , f ig s .  30-36 only (no t f ig s .  29 , 37); Lochman, C.

B ., 1950, p. 3^6, p i .  51, f ig s .  11-15 only (no t f ig .  10, 12).

Remarks. This sp ec ies  i s  rep resen ted  by more th an  50 immature and 

mature specimens, a l l  prepared from a  few p ieces o f ligh t-b row n , medium- 

coarse c ry s ta l l in e  lim estone. The m a te ria l co n ta in s  a lso  bo th  la r v a l  

and a d u lt forms of Cedarina c o rd i l le r a e  (Howell and Duncan). The 

la rv ae  of A. conica d i f f e r  from those  o f C. c o rd i l le r a e  by t h e i r
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narrower a x ia l  lobes and absence of o c c ip i ta l  sp in es .

The p resen t genus and spec ies  p resen t c e r ta in  taxonomic problems.

The holotype (M.S.U.M. T l6l 6 ) o f Armonia l a t a  (Howell and Duncan) was 

o r ig in a l ly  assigned  as P erioura l a t a  Howell and Duncan, (1938). A fter 

a  re-exam ination  o f th e  holotype o f A. l a t a , Lochman and Duncan (19*^*0 

removed th e  o r ig in a l  assignm ent as a new species  of Armonia l a t a  and 

subsequently  assigned  se v e ra l specimens to  th is  sp e c ie s . Lochman (1959> 

T re a tis e , P art 0, p . 306 ) synonymized Armonia W alcott (192*0 w ith  

Modocia W alcott (192*0 w ithout g iv ing  any reaso n s. The w r i te r  had an 

oppo rtu n ity  to  c a re fu l ly  study  th e  o r ig in a l  m a te ria ls  o f th e  type spec ies  

o f  Modocia, Armonia, and P erioura  w ith  Dr. Lochman a t  th e  New Mexico 

I n s t i t u t e  o f Mining and Technology a  few years ago. I t  i s  unfo rtunate  

th a t  the holotype o f A. e lo n g a ta  W alcott (192*0 (U.S.N.M. 62811) i s  an 

in te r n a l  mold o f an im perfect cranidium  and th a t  o f P eriou ra  ("Amonia") 

l a t a  (M.S.U.M. T l 6l 6 ) i s  a cranidium  from w e ll compacted sh a le .

Thus, th ey  could no t be ex a c tly  compared, b u t ta k in g  in to  account th e  

p re se rv a tio n , the  g en era l shape o f the cranidium , th e  p o s itio n  of 

th e  p a lp e b ra l lo b es , e t c . ,  i t  was our conclusion  th a t  th e  types of 

Armonia e longata  (W alcott) and Perioura ("Armonia") l a t a  Howell and 

Duncan should belong to  th e  genus Modocia, and th a t  th e  subsequent 

assignm ents by Lochman and Duncan (l9*+*0 and Lochman (1950) p e r ta in  to  

o th e r  genera.

Lochman’s Armonia l a t a  (1950, p i .  51, f ig .  10, 12 only) may 

belong to  th e  genus B lo u n tia . However, t h i s  i s  sp e cu la tiv e  because 

o f  the  poor p re se rv a tio n  o f th e  m a te ria l.

Horizon and L o c a lity . Upper Cambrian, C edaria zone. P rin ce to n ,
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Wasatch M ts., Utah.
i

Figured specim ens. Holotype, Cranidium, U.C.M. 38725

Paratype, C ran id ia , U.C.M. 38725a-p.

Apomodocia co n ica , n . gen. e t  s p . , onotgeny

Anaprotaspid s tage  (P I. 3,  f ig .  1 and t e x t - f ig .  UlA). The sh ie ld  

i s  rounded in  o u tl in e ,  m oderately convex, and approxim ately 0 .3 0  mm. 

in  le n g th  ( s a g .) .  The a x ia l  and p le u ra l  lohes are  no t w e ll d i f f e r e n ­

t i a te d  except fo r  an e longate  median f i s s u r e ,  which extends from the 

a n te r io r  margin to  th e  m id-length  of th e  s h ie ld .  A p a ir  o f a n te r io r  

p i t s ,  which suggest the  in s ta r s  ’ o r ie n ta tio n , a re  d i s t i n c t ly  marked 

on th e  a n te r io r  l a t e r a l  margin of th e  s h ie ld . The su rface  i s  covered 

by f in e  g ran u les.

M etaprotaspid s tag e  (P I. 3> f ig s .  2 , 3 and t e x t - f i g .  4 lB ). The 

sh ie ld  i s  subrounded, m oderately convex, and about 0 . 30-0 .Uo ram. in  

le n g th  ( s a g .) .  The a x ia l  and p le u ra l lobes a re  d i s t i n c t ly  sep ara ted ; 

th e  d o rsa l furrows a re  r a th e r  f a in t  and p a r a l le l ;  no a x ia l  r in g  or 

r in g  furrows occur b u t a  sm all te rm in a l tu b e rc le  i s  s i tu a te d  a t  the  

p o s te r io r  margin o f th e  s h ie ld .  The a n te r io r  p i t s  a re  rounded and 

d i s t i n c t ly  marked. A p a ir  o f s u p e rc il io id  rid g es  a re  d ire c te d  

l a t e r a l l y  and p o s te r io r ly  from the a n te r io r  l a t e r a l  margin o f the 

f r o n ta l  lo b e . The p o s te r io r  tu b e rc le  i s  rounded, tra n sv e rse , and 

f a in t l y  sep ara ted  from th e  a x ia l  lobe by a  furrow . The convex p le u ra l  

lobes a re  b roader th an  a x is ;  th e  m arginal border i s  rounded and 

depressed .

The in s ta r s  o f  t h i s  s ta g e  are  ch a ra c te r iz e d  by th e  w e ll developed
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a x ia l  and p le u ra l lo b es; the lo n g itu d in a l f is s u re  i s  absen t.

Parapro tasp id  s tage  (P I. 3, f ig s .  k-B, and t e x t - f ig .  41C-E). The 

sh ie ld , which i s  d i s t in c t ly  d iv ided  in to  cephalon and protopygidium , 

i s  su b sp h erica l and about 0 . 1*5 to  0 .50  mm. in  t o t a l  le n g th  ( s a g .) .

The a x ia l  lobe i s  c y l in d r ic a l  and has d i s t i n c t ly  defined  d o rsa l 

furrow s. The a n te r io r  p i t s  are  rounded and d i s t in c t ly  marked; the  

eye-brow -like ridge  ta p e r  p o s te r io r - la te r a l ly  from the a n te r io r  

l a t e r a l  f ro n ta l  lobe . The o c c ip i ta l  r in g  i s  tra n sv e rse , o v a l, convex, 

and defined  by the o c c ip i ta l  furrow . The convex p le u ra l  lobes are  

about one and a h a lf  tim es as wide as th e  g la b e lla  and have p o s te r io r  

borders te rm inating  in  a p a ir  of p o s te r io r ly  d ire c te d  sp in e s . The 

protopygidium is  tra n sv e rse ly  ovate and composed o f one o r two 

segments; th e  r in g  and p le u ra l furrows a re  sh a rp ly  d efin ed . No 

m arginal sp ines a re  observed. The su rface  o f th e  sk e le to n  i s  

covered by f in e  g ran u les .

This s tag e  i s  ch a rac te rize d  by a w e ll  developed cephalon and 

protopygidium.

E arly  meraspid s tag e  (P I. 3> f ig s .  9,  10 and t e x t - f i g .  1*1F).

The cranidium  is  convex, tra p e z o id a l in  o u tl in e ,  and about 0.1*5 "to 

0 .70  mm. in  len g th  ( s a g .) .  The g la b e lla  i s  s le n d e rly  c o n ic a l w ithout 

d i s t i n c t  g la b e l la r  furrow s; the  d o rsa l furrow i s  narrow and deeply 

im pressed; the  o c c ip i ta l  r in g  i s  b road ly  convex and defined  by the  

o c c ip i ta l  furrow. A narrow and forw ard-arching  a n te r io r  bo rder i s  

p re sen t. The convex fix ig en ae  a re  about th e  same w id th  as th e  

g la b e lla  and have a p a ir  o f prominent p a lp eb ra l r id g e s , which a re  

d ire c te d  l a t e r a l ly  from th e  a n te r io r  l a t e r a l  s id e s  o f  th e  g la b e l la .
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The sm all p a lp eb ra l lobes are  lo ca ted  In  the  a n te r io r  q u a r te r  of the 

cranidium . The p o s te r io r  f ix ig en ae  a re  b road; the  p o s te r io r  l a t e r a l  

borders a re  narrow, separated  by wide and deeply  im pressed furrow s. 

The a n te r io r  branches o f the  f a c ia l  su tu re s  a re  convergent and th e  

p o s te r io r  branches are  tra n sv e rse , and d iv erg en t im m ediately from 

behind th e  p a lp eb ra l lo b e . The su rface  i s  f in e ly  g ranu lose .

The skeletons of th is  stage d i f f e r  from the skeletons of the 

previous ones by th e ir  tr ia n g u la r  to  trapezo ida l crandium, slender 

g lab e lla , absence of a n te r io r  p i ts ,  and narrower fix igenae .

Late meraspid s tag e  (P I. 3, f ig s .  11, and t e x t - f i g .  UlG). The 

cranidium  i s  t r ia n g u la r  in  o u tl in e , convex, and about 1 .00  mm. long 

( s a g .) .  The g la b e lla  i s  s len d e rly  co n ic a l w ith  th re e  p a irs  o f  sh o rt 

g la b e l la r  furrow s; the  d o rsa l furrow i s  deeply  d e fin ed ; th e  o c c ip i ta l  

r in g  i s  broadly  convex and bears a  t in y  median tu b e rc le . The 

p re g la b e lla r  f i e ld  i s  narrow and convex; th e  a n te r io r  furrow i s  f a in t  

b u t has a median notch d ire c te d  to  th e  p re g la b e lla r  f i e ld ;  the  

a n te r io r  border i s  very  narrow. The fix ig en a e  are  about o n e-h a lf as 

wide as the  g la b e lla  and bear a  p a ir  o f  pronounced p a lp eb ra l lo b es; 

the  p o s te r io r  fix ig en ae  are  b road ly  t r ia n g u la r ,  convex, and a re  

d e f le c te d  l a t e r a l ly .  The su rfac’e i s  covered by f in e  g ran u les .

This s tage  i s  ch a rac te rized  by the  appearance o f th e  p re g la b e lla r  

f i e ld ,  the  a n te r io r  furrow w ith  a  median notch  towards th e  a n te r io r  

g la b e l la r  margin, and th e  narrow er f ix ig e n a e .

Figured specimens. A naprotasp is, U.C.M. 38725a

M etaprotaspides, U.C.M. 38725b , c . 

P a rap ro tasp id es, U.C.M. 38725d-h,
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E arly  m eraspidea, U.C.M. 387251/ J« 

Late m eraspis, U.C.M. 38725k.
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Family Raymondinidae C lark, 192*+

Genus Cedarina Lochman, 19^0 

Cedarina c o rd i l le ra e  (Howell and Duncan)

PI. 7, f ig s .  1-29 and t e x t - f i g .  1+2.

Piem ontia c o rd i l le a re  Hcwell, B. F . , and Duncan, D ., 1939# P* 9# pl» 1# 

f ig .  1+.

Cedarina c o rd i l le ra e  (Howell and Duncan), Lochman, C. B ,, and Duncan, D ., 

19I+I+, p. 89 , p i .  17, f ig s .  1-10, and Lochman, C. B ., 1950, p. 3^7# 

p i .  50 , f ig s .  20 , 21 .

D iagnosis. Conical g la b e l la  having th re e  p a ir s  of f a in t ,  broad 

g la b e l la r  furrow s. O c c ip ita l furrow s teep -s id ed  and deep. O cc ip ita l 

r in g  e lev a ted  w ith  a la rg e  p o s te r io r ly  d ire c te d  median sp in e . D orsal 

furrow  d i s t in c t .  P re g la b e lla r  f ie ld  about o n e -th ird  as long as 

g la b e l la .  A n te rio r border s l ig h t ly  narrower than  p re g la b e lla r  f i e ld .  

F ixigenae narrow, le s s  than  o n e-h a lf th e  w id th  ( t r . ) o f  the  g la b e lla .  

P a lp eb ra l lobes sm all, lo ca ted  in  f ro n t  o f  th e  m id-length  o f the 

g la b e l la .  P o s te r io r  l a t e r a l  f ix igenae  broad l a t e r a l l y  w ith  border 

furrow s curving forward befo re  reach ing  l a t e r a l  margin. L ibrigenae 

w ith  long sp ines and s tro n g ly  arched genal an g les . Hypostoma subquadrate 

and bearing  a  s tro n g ly  convex median body. Pygidium se m i-c irc u la r ;

4 or 5 fused segments, w ith  a  f l a t ,  narrow m arginal bo rder.

D esc rip tio n . The e longate  t r ia n g u la r  cranidium  has cedarld  form 

f a c i a l  su tu re s . The co n ic a l g la b e lla  i s  rounded a n te r io r ly  and bear 

th re e  p a irs  of f a i n t  g la b e l la r  furrow s. The d o rsa l furrows are  narrow 

and deeply  im pressed. The o c c ip i ta l  furrow i s  shallow  b u t s te e p -s id e d . 

The o c c ip i ta l  r in g  i s  medium w idth  and bears a  sm all median node and
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T e x t- f ig . 42: Cedarina c o rd i l le ra e  (Hcwell and Duncan). A,
an ap ro ta sp is , x 52 ; B, m etap ro tasp is , x 40; C,D,E, th re e  
p a rap ro tasp id es , x 42, x 35, x 36; F , an e a r ly  m eraspis, 
x 26; G, a  l a te  m eraspis, x 19; H, hypostoma, x 8 ; I ,  a 
'’fem ale" cranidium , x 6 ; J ,K , an a d u lt and a  juvenive 
pygidium, x 6 .3 , x 26; L, a  l ib r ig e n a , x 2 .7 ; -M, "male" .• 
cranidium , x 4 .2 . (Drawing made from pho tographs.) ..

i ! .

r
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a  long p o s te r io r ly  d ire c te d  o c c ip i ta l  sp in e . The p re g la b e lla r  f i e ld  

i s  about o n e-th ird  as long as the  g la b e lla ,  and g e n tly  slopes downward 

to  th e  broad a n te r io r  furrow . The a n te r io r  furrow arches forward b u t 

has a p o s te r io r ly  d ire c te d  median notch . The a n te r io r  border i s  broad 

and s l ig h t ly  convex. The f l a t  to  convex fix ig en ae  a re  narrow and le s s  

th an  one-half as wide as th e  g la b e lla .  The sm all p a lp eb ra l lobes la ck  

d i s t i n c t  p a lp eb ra l furrows and are  lo ca ted  a n te r io r ly  from the  m id -line  

o f th e  g la b e lla  ( t r . ). The broad p a lp eb ra l r id g e s  curve p o s te r io r -  

l a t e r a l l y  from the a n t e r io r - l a t e r a l  edge of th e  g la b e l la .  The p o s te r io r  

margina of th e  fix ig en ae  are  broad. The wide p o s te r io r  l a t e r a l  furrows 

a re  shallow , b u t w e ll-d e fin ed . The p o s te r io r  borders a re  broad, about 

th e  same w idth  as the  o c c ip i ta l  r in g  ( t r . ) ,  and a rch  forward before  

reach ing  the  l a t e r a l  m argins. The a n te r io r  f a c ia l  su tu re s  are  

convergen tly  convex, and the p o s te r io r  ones are  d iv e rg e n tly  tra n sv e rse .

The elongate lib r ig e n a e  a re  narrow w ith  a narrow , s l ig h t ly  convex 

o cu la r p la tfo rm . The m arginal furrow i s  narrow and w e ll-d e fin e d ; th e  

m arginal border i s  o f medium w id th , convex, w ith  a  long , la rg e  genal 

sp in e .

The hypostoma i s  subquadrate w ith  a rounded p o s te r io r  margin; i t s  

median body i s  convex. The m oderately convex p o s te r io r  lobe i s  

d i s t i n c t ly  separated  from th e  median body by a shallow , broad m acular 

furrow .

The pygidium i s  narrow ly tra n sv e rse , i t s  a x ia l  lobe i s  co n ic a l, 

ta p e r in g  s l ig h t ly  p o s te r io r ly  and d iv ided  in to  3 o r 4 a x ia l  r in g s  and 

a  te rm in a l p o rtio n ; th e  p le u ra l  lobes a re  alm ost f l a t ,  narrower them 

th e  a x is ,  w ith  th re e  broad p le u ra l segments. The m arginal border i s
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of medium width, f l a t ,  and lacking a  marginal spine.

The outer surface i s  covered hy fine  granules; r a d ia l  ridges are 

marked on the p reg labe lla r f ie ld  and ocular platform s; f a in t  w rinkles 

are  present along the sk e le ta l  margins. The inner surface i s  m inutely 

puncta te .

Remarks. This species i s  represented by 75 immature and mature 

specimens. The adu lt crandia can he separated in to  two groups: one

w ith  a narrower and longer g la b e lla  and the other w ith  a  broader and 

sh o rte r  one. These c h a ra c te r is tic s  might in d ica te  sexual dimorphism, 

bu t Lochman (1944) s ta te d  th a t  th ere  i s  present s t i l l  another form, 

Cedarina prima Lochman, w ithout an o c c ip ita l  sp ine. She suggested 

th a t  C. prima may represen t a sexual v a ria n t. The w r ite r  agrees 

th a t  these forms often  do occur to g e th er, but in  the p resen t m ateria l 

no t r i lo b i te  resembling C. prima has been found. For the time being, 

i t  seems b e s t to  consider th a t  the  broader g lab e lla  forms are male and 

the  narrower ones female, since they ex h ib it bimodal d iscrepancies 

such as are commonly co rre la ted  w ith  sexual dimorphism (see p. 23 ).

The sexual r a t io  of the present species i s  115»5»

The m ateria l comes from a very fo s s il i fe ro u s , light-brow n, 

m edium -crystalline lim estone, containing C. c o rd ille a re  more 

abundantly than Apomodocia conica, n. gen. e t .  s p . ; the  in a r t ic u la te  

brachiopod, Dicellonmus s p . , i s  a lso  common.

Horizon and L ocality . Upper Cambrian, Cedarla zone. P rinceton, 

Wasatch M ts., Utah.

Figures specimens. Cranidia ("fem ale”), U.C.M. 38731a, o, q, r ,  t .

Cranidia ("male”), U.C.M. 38731, P, 8 , u.
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L ibrigena, U.C.M. 38731w.

Hypostoma, U.C.M. 38731v.

Pygidia, U.C.M. 38731a, a», b 1.

Cedarina c o rd ille ra e  (Howell and Duncan), ontogeny

Anaprotaspid stage (P I. 7, fig*  1 and t e x t - f ig .  42A). The s h ie ld

i s  s p h e ric a l in  o u tlin e  and about 0 .26 mm. in  le n g th  ( s a g .) .  A p a ir

o f a n te r io r  p i t s ,  which suggest th e  o r ie n ta tio n  o f  th e  specimens, are  

lo ca ted  on the  a n te r io r - l a te r a l  margin o f th e  s h ie ld . The a x ia l  and 

p le u ra l  lobes a re  not d if f e r e n t ia te d .  The su rface  i s  n ea rly  fe a tu re ­

le s s  except f o r  the  covering of f in e  g ran u les .
*

M etaprotaspld s tage (P I. 7 , f ig s .  2-4 and t e x t - f i g .  42B). The 

sh ie ld  i s  su b sp h erica l, convex and about 0 .40-0 .50  mm. long (s a g .) .

The a x ia l  lobe i s  c y lin d r ic a l  bu t s l ig h t ly  expanding a n te r io r ly .  The 

a n te r io r  p i t s  a re  rounded, d i s t i n c t ,  and sea ted  on the  a n te r io r  l a t e r a l  

margin of th e  f ro n ta l  lobe . The a x ia l  r in g s  a re  no t d e fin ed , b u t the  

te rm in a l tu b e rc le  has appeared; i t  i s  sm all, rounded to  subrounded, and 

lo ca ted  a t  th e  p o s te r io r  margin o f th e  s h ie ld .  A p a ir  o f  m arginal 

sp ines p ro je c t  p o s te r io r - la te r a l ly  from th e  r e a r  margin o f th e  s h ie ld . 

The su rface  i s  f in e ly  granulose.

This s tag e  i s  d is tin g u ish ed  from th e  anapro tasp id  s tag e  in  having 

th e  a x ia l  and p le u ra l  lobes d i s t i n c t ly  d iv ided  and by th e  su b sp h erica l 

s h ie ld .

Parapro tasp ld  s tage  (P I. 7 , f ig s .  5-8 and t e x t - f i g .  42C-E). The 

su b sp h erica l s h ie ld  c o n s is ts  o f a  cephalon and protopygidium , and 

ranges from 0 .48  to  0.60 mm. in  le n g th . The a x ia l  lobe i s  c le a r ly
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defined  by d o rsa l furrow s; no a x ia l  r in g  or r in g  furrows are  seen, 

except fo r  the  o c c ip i ta l  r in g  and th e  protopygidium. The a x ia l  lobe 

i s  c y l in d irc a l  b u t s l ig h t ly  expanding a t  th e  m id-length  and narrowing 

s l ig h t ly  bo th  a n te r io r  and p o s te r io r ly .  The p le u ra l  lobes are  the 

same w idth  as th e  g la b e lla  o r s l ig h t ly  w ider. The p o s te r io r  l a t e r a l  

borders  are d i r e c t ly  backwardly and te rm inate  in  sh arp ly  po in ted  sp in es . 

The o c c ip i ta l  r in g  i s  d i s t i n c t ly  marked, tra n sv e rse , oval, and convex. 

The protopygidium i s  tra n sv e rse ly  su b tr ia n g u la r  and curves v e n tr a l ly  

behind th e  p o s te r io r  margin of th e  cephalon; th e  co n ica l and 

p o s te r io r ly  tap e rin g  a x ia l  lobe i s  d iv ided  in to  one or two a x ia l  

r in g s ;  the  p le u ra l  lobes a re  g e n tly  convex w ith  two p a ir s  o f  f a in t  

p le u ra l  furrow s. No m arginal sp ines are  p reserved . The su rface  i s  

covered w ith  f in e  g ranu les.

In  th i s  s tag e  the s h ie ld  i s  c h a ra c te r iz e d  by a  d i s t i n c t ly  sep a ra te  

cephalon and protopygidium; the  p o s te r io r  l a t e r a l  f ix ig e n a l borders 

a re  c le a r ly  defined .

E arly  meraspid stage (F I. 7> f ig s .  26 and t e x t - f i g .  1j5 F ).

The cranidium  i s  tra p e z o id a l in  o u tl in e ,  m oderately convex, and v a r ie s  

from 0 ,55-0 .70  mm. in  len g th  ( s a g .) .  The g la b e lla  i s  s le n d e rly  c o n ic a l, 

ta p e r in g  forw ard, w ithout any d i s t i n c t  g la b e l la r  furrow s. The o c c ip i ta l  

r in g  i s  d e f in i te ly  separa ted  by an o c c ip i ta l  furrow ; th e  o c c ip i ta l  

sp ine  i s  d ire c te d  p o s te r io r ly . The a n te r io r  border i s  narrow and i s  

ad jacen t to  th e  a n te r io r  margin of th e  g la b e lla ;  no p re g la b e lla r  f i e ld  

i s  p re sen t. The a n te r io r  furrow arches forward and i s  d i s t i n c t .  The 

f l a t  to  g en tly  convex fix ig en ae  a re  o f th e  same w idth  as th e  g la b e l la ;  

t h e i r  p a lp eb ra l lobes a re  medium-size and occur in  f ro n t  o f th e  m id -lin e
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of th e  g la b e lla  ( t r . ) j  th e  p o s te r io r  l a t e r a l  fix ig en ae  are  tra n sv e rse  

and broad; th e  p o s te r io r - la te r a l  borders a re  narrow; the  prominent 

p a lp eb ra l r id g es  arch  a n te r io r ly  and o b liq u e ly  to  the  a n te r io r  l a t e r a l  

margin of th e  g la b e l la .  The f a c ia l  su tu re s  a re  convergently  convex 

a n te r io r ly  and d iv e rg en tly  tra n sv e rse  l a t e r a l ly .  The pygidium c o n s is ts  

o f 6 o r 7 segments; th e  p o s te r io r ly  ta p e rin g  a x ia l  lobe i s  co n ic a l, 

and 6 or 7 w e ll d iv ided  a x ia l  r in g s  and rin g -fu rro w s; the  p le u ra l 

lobes are  about the same w id th  as th e  a x ia l  lobe; th e  p le u ra l furrow 

i s  wide and deep; th e  in te rp le u r a l  grooves a re  narrow and d i s t i n c t ;  the 

p le u ra l  bands term inate  in  a  p a ir  o f s h o r t ,  b road, and p o s te r io r ly  

d ire c te d  sp in es . The pygidium may c o n s is t  o f th re e  segments.

This s tage  d i f f e r s  from the  p ro ta sp id  s tag e  in  th a t  th e  cranidium  

i s  tra p e z o id a l in  o u tl in e , th e  g la b e l la  i s  s l ig h t ly  c o n ic a l, the  

a n te r io r  border appears, and th e  pygidium develops a  few th o ra c ic  

segments.

Late meraspid s tag e  (P I. J, f ig s .  11-13, 25, and t e x t - f i g .  k2A). 

The cranidium  i s  t r ia n g u la r  in  o u tl in e ,  m oderately convex, and ranges 

from 0 .8 0 -1.kO mm. long ( s a g .) .  The s len d e r, forw ardly  tap e rin g  

g la b e l la  has th re e  p a irs  o f d i s t i n c t  g la b e l la r  furrow s; th e  d o rsa l 

furrow  i s  narrow and d i s t i n c t ;  th e  o c c ip i ta l  r in g  i s  convex w ith  a 

medium sp ine  d ire c te d  p o s te r io r ly .  The a n te r io r  brim  i s  d iv ided  by 

a  w e ll  defined  a n te r io r  furrow in to  a  narrow p re g la b e lla r  f i e ld  and 

a n te r io r  b o rd e r. ' The fix ig en ae  a re  narrow er th an  th e  g la b e lla  and 

b e a r  p a lp eb ra l lobes lo ca ted  in  f ro n t  o f th e  m id -line  o f th e  g la b e l la  

( t r . ). The pygidium i s  s e m i-c irc u la r  in  o u tlin e  and c o n s is ts  o f  3 

or k segments; th e re  a re  no m arginal sp in es . The su rface  i s  f in e ly  

g ranu lose .
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The d e f in i t iv e  fe a tu re s  o f th is  s tag e  a re  as fo llow : The

eranldiura appears w ith  a narrow p re g la b e lla r  f i e l d ; the  fix ig en ae  

are  narrower than  th e  g la b e lla ;  th e  g la b e l la  i s  p ro p o rtio n a lly  sh o rte r  

and b roader; and th e  pygidium lack s  m arginal sp in es . The meraspid 

s tag e  d i f f e r s  from th e  h o lasp id  s tag e  in  t h a t  th e  m eraspid cranidium  

has a s len d er g la b e l la ;  th e  p a lp eb ra l lobes a re  lo ca ted  a n te r io r ly ;  

th e  f ix ig en ae  a re  w id er, and th e  p re g la b e lla r  f i e ld  i s  narrow. The 

pygidium o f the  h o la sp is  i s  tra n sv e rse  whereas th a t  o f th e  l a t e  

merapid s tag e  i s  s e m i-c irc u la r .

F igured specim ens. A naprotasp is, U.C.M. 38731a*

M etaportaspides, U.C.M. 38731b-d. 

P a rap ro tasp id es, U.C.M. 38731e-h.

E a rly  m eraspides, U.C.M. 387311, j* y.

Late m eraspides, U.C.M. 38731k-m, x.
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Family C repicephalidae Kobayashi, 1935 215

Genus Crepichephalus Owen, 1853 

Crepichephalus deadwoodiensis, n. sp .

P I. 8, f ig s .  1-29  and t e x t - f ig .  43 .

D iagnosis. Cranidium tra p e z o id a l in  o u tl in e ,  g e n tly  convex. 

G lab e lla  re g u la r ly  co n ica l w ith  th re e  a p irs  o f  sh o r t shallow  g a lb e l la r  

furrow s. Eyes medium-sized and lo ca ted  a t  th e  m id -line  o f the  

g la b e lla  ( t r . ) .  F ixigenae and p re g la b e lla r  f i e ld  medium narrow. 

A n terio r border g e n e ra lly  th e  same w idth  as p re g la b e lla r  f i e ld  and 

convex. Elongate lib r ig e n a e  m oderately convex, w ith  la rg e  genal 

sp in es . Pygidium subquadrate, tra n sv e rse , g e n tly  convex w ith  4 o r 5 

a x ia l  r in g s .  P le u ra l lobes s l ig h t ly  w ider than  a x is .  I n d is t in c t  

m arginal border w ith  a  p a ir  o f p o s te r io r  l a t e r a l  sp in es .

D esc rip tio n . The m oderately convex cranidium  i s  tra p e z o id a l in  

o u tlin e . The g la b e lla  i s  co n ica l w ith  a rounded f ro n ta l  margin. The 

g la b e l la r  furrows are  wide and shallow ly  im pressed, a l l  p ro je c t 

p o s te r io r-m e d ia lly  from th e  d o rsa l furrow s. The o c c ip i ta l  r in g  i s  a 

p o s te r i ro r ly  curved c re scen t b earin g  a minute tu b e rc le ;  th e  o c c ip i ta l  

furrow i s  w e ll marked, broad a t  th e  c e n te r  and narrowing toward th e  

s id e s .  The d o rsa l furrow i s  deep and wide a t  th e  s id e s  o f the  p o s te r io r  

h a lf  of th e  g la b e lla  and shallow  across  th e  a n te r io r  margin. The 

f ix ig en ae  a re  m oderately narrow, about o n e -th ird  as wide as the  

g la b e lla  and g e n tly  convex a t  th e  p a lp eb ra l lobe a re a ; th e  p o s te r io r  

l a t e r a l  lobes a re  narrow w ith  d i s t i n c t  p o s te r io r - la te r a l  furrows and 

m oderately narrow m arginal b o rd ers . The g e n tly  convex p re g la b e lla r  

f i e ld  i s  about o n e -th rid  as long as th e  g la b e lla  and s lopes downward
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r .-vA^r-:..

T e x t- f ig . ^3: Crepicephalus deadwoodlensis, n . sp . A,B, two
anaprq tasp ides, x 05, x 66; C, m etap ro tasp is , x 63; D, 
p a rap ro ta sp is , x hO; E, an e a r ly  m eraspis, x 21; F,G, two 
l a t e  m eraspides, x  l 6 , x 12 ; H ,I, to p  and s id e  views of an 
ho lasp id  cranidium , x 5 .6 ; J,K,M, a growth sequence o f 
p y g id ia , x 27, x 16, x 12; L, l lb r ig e n a , x  17. (Drawings 
made from photographs. )
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toward th e  broad, shallow a n te r io r  furrow; th e  convex and forw ardly  

arching a n te r io r  border i s  the  same w idth  as th e  p re g la b e lla r  f i e ld ;  

th e  narrow p a lp eb ra l lobes are  located  a t  th e  ra id -line  o f th e  g la b e l la  

( t r . ) ;  th ey  a re  s tro n g ly  arched l a t e r a l ly  and separa ted  by d i s t i n c t  

p a lp eb ra l furrow s. The f a c ia l  su tu res a re  o p isth o p arian  in  form; 

th e  a n te r io r  branches are  convergently  convex and th e  p o s te r io r  ones 

a re  d iv e rg en tly  s inuous, alm ost p a r a l le l  to  the  p o s te r io r  bo rd ers .

The elongate  lib r ig e n a e  bear medium-sized genal sp in es ; the  

o cu la r p la tfo rm  i s  m oderately convex and g e n tly  down-sloping towards 

th e  l a t e r a l  bo rder, which i s  broad and shallow ly  concave, extending 

p o s te r io r ly  to  meet th e  p o s te r io r  furrow a t  th e  genal an g le , then  

con tinu ing  onto th e  genal sp ine fo r  a  sh o rt d is ta n c e ; th e  convex 

l a t e r a l  border i s  g e n e ra lly  narrow, bu t widens s l ig h t ly  p o s te r io r ly .

The pygidium i s  re c ta n g u la r, t ra n sv e rse ly  broad, and • 

convex; i t s  a x ia l  lobe i s  s l ig h t ly  narrower than  th e  p le u ra l  lobes 

and c o n s is ts  o f k o r  5 a x ia l  r in g s  and a  sm alle r te rm in a l p o r tio n ; 

th e  a x ia l  furrows a re  w e ll defined , deeply  marked l a t e r a l l y  b u t 

shallow  across th e  a x is .  The d o rsa l furrow i s  deeply  im pressed.

The p le u ra l  lobes slope g en tly  down from th e  a x ia l  lo b e , and become 

f l a t  towards the  m arginal border; th e re  a re  th re e  p a ir s  o f  d i s t i n c t ly  

im pressed p le u ra l  furrow s, which are  shallow  and broad ; a l l  p ro je c t  

p o s te r io r - l a te r a l ly  from the  d o rsa l furrow s. The m arginal bo rder i s  

broad and f l a t ,  w ith  an in d i s t in c t  in n e r border furrow . A p a ir  o f 

caudal sp in es  w ith  broad bases and s len d er p o s te r io r  ta p e r  p ro je c t  

from th e  p o s te r io r - la te r a l  bo rder. The under s id e  o f  th e  pygidium 

b ears  a broad and w rinkled  doublure.
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The s k e le ta l  su rface  i s  covered w ith  f in e  g ran u les ; the  

p re g la b e lla r  f i e ld  i s  marked w ith  r id g e s ;  and the  l a t e r a l  and a n te r io r  

borders a re  rid g ed . The p y g id ia l margin i s  f in e ly  im pressed w ith  

w rink les  along th e  f la t te n e d  b o rd er.

Remarks. This sp ec ies  i s  rep resen ted  by 15 a d u lt  c ra n id ia  and 

more than  80 immature specimens; a l l  specimens were prepared from a  

few p ieces  o f l ig h t-g re y ,  ca lcareous in te rfo rm a tio n a l conglom erate.

The la r g e s t  cranidium  i s  about 10 mm. long and th e  sm a lle s t immature 

forms a re  about O.25 mm. long ( s a g .) .  The prepared specimens e x h ib it  a  

continuous growth sequence. Both mature and immature forms are  p resen t 

w ith in  th e  in tra fo rm a tio n a l conglomerate c la s ts  and the  m atrix , 

in d ic a tin g  th a t  th e  conglom erate and th e  m atrix  formed contemporaneously.

This sp ec ies  i s  q u ite  s im ila r  to  C. b a t t s i  montanensis Lochman, 

b u t d i f f e r s  i n  having a more rounded g la b e l la ,  p o s te r io r ly  lo ca ted  

p a lp e b ra l lo b es , and s h o r te r  genal sp in e s . I t  d i f f e r s  from th e  type 

sp ec ies  C. iow ensis Owen, by possessing  a  w ider a n te r io r  border, 

narrow er p o s te r ! o r - la te r a l  f ix ig en a e , and s h o r te r  genal sp in es .

Horizon and L o c a lity . Upper Cambrian, Crepicephalus zone, Deadwood 

Form ation. Lead, n o rth e rn  Black H i l l s ,  South Dakota.

F igured specim ens. Holotype, Cranidium, U.C.M. 38732.

P aratype, C ran id ia , U*C.M. 38732z.

L ib rigena, U.C.M. 38732y.

P yg id ia , U.C.M. 38732, u , w, x .

C rip icephalus deadw oodiensls, n. s p . , ontogeny

A naprotaspid s tag e  (P I. 8 , f ig s ,  1, 2 and t e x t - f i g .  1*3A, B ). The
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sp h e ric a l sh ie ld  v a r ie s  from 0.23  to  0.25  mm. in  le n g th  ( s a g . ) and 

hears  a p a ir  o f d i s t in c t  a n te r io r  p i t s  and s h o r t ,  "broad p o s te r io r  

m arginal sp in es , which suggest the  o r ie n ta tio n  of th e  s h ie ld ; the 

a x ia l  and the  p le u ra l lobes a re  not d if f e r e n t ia te d .

The sm alle s t s h ie ld  shows no fe a tu re s  on th e  d o rsa l su rface  bu t 

th e  la rg e r  ones a re  marked w ith  a lo n g itu d in a l furrow along th e  a x ia l  

reg io n  from behind th e  f ro n ta l  lobe to  th e  m id -line  o f  the s h ie ld  ( t r . ). 

A t in y  elongate node occupies the extreme p o s te r io r  end of the  a x ia l  

a rea .

The su rface  i s  f in e ly  g ranulose.

M etaportaspid s tag e  (P I. 8 , f ig s .  3-7 and t e x t - f i g .  ^3C). The 

sp h e ric a l to  su b sp h erica l s h ie ld  v a r ie s  from 0 . 30- 0 .U0 mm. long ( s a g .) .  

The a x ia l  and the  p le u ra l  lobes a re  d i s t i n c t ly  d iv ided  by a x ia l  

furrow s; the  a x ia l  lobe i s  fu sifo rm , ta p e rin g  b o th  forward and back­

ward from th e  m id-line  o f th e  ax is  ( t r . ), th e  a x ia l  r in g s  are  n o t w e ll 

d e fin ed ; the f ro n ta l  lobe i s  d e lim ited  by a  p a ir  o f  d i s t in c t  a n te r io r  

p i t s ;  a  p a ir  o f s h o rt broad su p e c ilio id  r id g e s  extend from the p o s te r io r  

l a t e r a l  margin of th e  f ro n ta l  lo b e . The o c c ip i ta l  r in g  i s  d e lim ited  

by a furrow. The convex p le u ra l lobe i s  about one and o ne-half tim es 

w ider than th e  a x ia l  lo b e . A narrow f l a t  f r in g e  surrounds the  p o s te r io r  

s h ie ld  margin. The su rface  i s  f in e ly  g ranu lose .

P araprotasp id  s tag e  (P i. 8 , f ig s ,  8-10 and t e x t - f i g .  ^3D). The 

sh ie ld  i s  su b sp h e rica l, about 0.^5 to  0 .8 0  mm. in  le n g th  ( s a g .) ,  w ith  

w e ll  d i f f e re n t ia te d  cephalon and protopygidium . The crandium i s  sub­

rounded to  su b tr ia n g u la r  in  o u tl in e ,  w ith  d i s t i n c t  a x ia l  and p le u ra l  

lo b es; the a n te r io r  p i t s  are  shallow  and d isap p ear in  the la rg e r
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specim ens; the f ro n ta l  lobe ta p e rs  from the  f i r s t  segment o f the  

g la b e l la .  The o c c ip i ta l  r in g  i s  convex and tra n sv e rse . A narrow 

inw ard-curing  border appears along the  a n te r io r  margin of th e  cranidium . 

The fix ig en ae  a re  about one and o n e-h a lf tim es w ider than  the  g la b e l la  

and bear a  narrow and convex p o s te r io r  l a t e r a l  m arginal border. The 

p a lp e b ra l r id g es  are  prom inent; the  p a lp eb ra l lobes a re  lo ca ted  a t  

o n e -fo u rth  the  len g th  of the  g la b e l la  ( s a g .) from th e  a n te r io r  end o f 

th e  g la b e lla .  The f a c ia l  su tu re s  a re  p resen t along th e  a n te r io r -  

l a t e r a l  margin and form a convergen tly  convex o u tl in e .  The protopy- 

gidium i s  tra n sv e rse ; two segments a re  reco g n izab le . Three p a ir s  o f

prominent nodes a re  marked lo n g itu d in a lly  on the  p le u ra l  lo b es . The

su rface  o f th e  sk e le to n  i s  covered w ith  f in e  g ran u les .

The d i s t in c t  fe a tu re s  o f th i s  s tag e  a re  th a t  the  s h ie ld  i s

d i f f e r e n t i t a te d  in to  cephalon and protopygidium ; th e  f a c i a l  su tu re s  

a re  p re sen t on th e  d o rsa l su rfa c e ; th e  a n te r io r  border i s  p re sen t along 

th e  a n te r io r  margin, and th e  f ix ig en a e  bear th re e  p a ir s  o f la rg e  nodes.

E arly  meraspid s tage  (P I. 8 , f ig s .  11-13, 21 and t e x t - f i g .  ^ E ) .

The cranidium  i s  su b trap ezo id a l in  o u tlin e  and ranges from 1 .00  to  1.1+0 

mm. in  le n g th  ( s a g .) .  The g la b e l la  i s  c y l in d r ic a l  and g e n tly  rounded 

a n te r io r ly ;  i t  lacks d i s t i n c t  g la b e l la r  furrows b u t b ea rs  th re e  p a ir s  

o f  la rg e  g la b e l la r  nodes. The d o rsa l furrow i s  d i s t i n c t .  The o c c ip i ta l  

r in g  has a t in y  median tu b e rc le . The a n te r io r  border curves forw ard.

The fix ig en ae  a re  th e  same w id th  as th e  g la b e lla ;  th e  p o s te r io r -  

l a t e r a l  f ix ig en ae  a re  b road ly  t r ia n g u la r ,  w ith  bo rders  p ro je c tin g  

p o s te r io r  l a t e r a l ly .  The pygidium o f 3 o r ^ segments i s  s e m i-c irc u la r  

i n  o u tlin e  and i s  a sso c ia ted  w ith  th re e  th o ra c ic  segments; th e  a x ia l
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lobe i s  d iv ided in to  3 or k d i s t i n c t  r in g s  by d i s t in c t  r in g  furrow s; 

th e  p le u ra l lobes are  convex and m oderately s lo p in g  to  th e  margin; th re e  

p a irs  of f a in t ly  marked p le u ra l furrows a re  seen; the  p o s te r io r  

m arginal border i s  s l ig h t ly  recessed  and f l a t .

The im portant c h a ra c te r is t ic s  o f th i s  s tag e  are  th a t  th e  a n te r io r  

border curves forward; th e  g la b e lla  becomes c y lin d r ic a l;  the  f ix ig en ae  

a re  narrower than those o f the  previous s ta g e ; th e  f a c ia l  su tu re s  

extend d i r e c t ly  to  the  g la b e lla ,  and pygidium in c re a se s  in  number of 

segments.

Late meraspid s tage  (P I. 8, f ig s .  1^-17> 22, 23 and t e x t - f i g .  43F, 

G). The crandium i s  su b tr ia n g u la r  in  o u tlin e  and about 0 .90 to  1 .50 

mm. in  len g th  ( s a g .) .  The g la b e lla  i s  s l ig h t ly  c y l in d r ic a l  o r  c o n ic a l, 

w ithou t d i s t in c t  g la b e l la r  furrow s. The o c c ip i ta l  r in g  i s  c re sc e n tic , 

w ith  a  median tu b e rc le . The d o rsa l furrow i s  d i s t i n c t ly  marked. The 

a n te r io r  border i s  convex and about th e  same w id th  as th e  p re g la b e lla r  

f i e ld ;  th e  a n te r io r  furrow i s  d i s t i n c t  and in c lu d es  a  median notch .

The fix ig en ae  are about o n e-h a lf as. wide as th e  g la b e lla .  The su rface  

i s  f in e ly  granulose. The rec ta n g u la r  pygidium i s  preceded by 3 or U 

a r t ic u la te d  th o rac ic  segments, and has a  p a ir  o f sh o rt caudal sp ines 

p ro je c tin g  p o s te r io r - la te r a l ly  from th e  r e a r  l a t e r a l  margin; th e  a x ia l  

lo b e , which i s  co n ica l, and tap e rin g  p o s te r io r ly ,  i s  d iv ided  in to  

th re e  r in g s  by r in g  furrow s; th e  p le u ra l  bands extend onto the  broad 

and f l a t  m arginal border.

This stage d i f f e r s  from the  previous one in  th a t  th e  g la b e l la  

becomes co n ica l; the fix ig en ae  a re  narrow er; th e  a n te r io r  b o rd er i s  

w ider; and the  la rg e  p le u ra l nodes have d isappeared . The sm all pygidium
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i s  preceded by 3-4 ' a r t ic u la to ry  th o ra c ic  segments and has a  p a ir  

of sh o rt p y g id ia l sp in es . The meraspis d i f f e r s  from th e  h o lasp is  in  

having a s l ig h t ly  c y l in d r ic a l  g la b e lla  and w ider f ix ig e n a e ; th e  

pygidium i s  la rg e r  and has a  p a ir  o f longer p y g id ia l sp in es .

F igured specim ens. A naprotaspides, U.C.M. 38732a-b.

M etaprotaspides, U.C.M. 38732c-g.

P arap ro tasp id es , U.C.M. 38732h, j .

E arly  m eraspides, U.C.M. 38732k-m, r .

Late m eraspides, U.C.M. 38732n-q, s ,  t .
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Family A lok istocaridae R esser, 1939 

Genus Dunderbergia W alcott, 1924 

Dunderbergia ? any ta  (H all and W h itfie ld )

PI. 9, f ig s .  1-40 and t e x t - f ig .  44.

D underbergia anytus (H all and W h itfie ld ) , R esser, C. E .,  1937* P» 9» 

Dunderbergia ? anyta (H all and W h itfie ld ) , Palmer, A. R ., 1965, P* 39t 

p i .  4, f ig s .  8 , 10, 14-16.

D iagnosis. Cranidium tra p e z o id a l in  o u tl in e . G lab e lla  tru n c a te -  

c o n ic a l w ith  rounded a n te r io r  margin. Three p a irs  o f f a in t  g la b e l la r  

furrow s. P re g la b e lla r  f i e ld  o f  medium w id th . A n te rio r border convex, 

about o n e-h a lf as wide as  p re g la b e lla r  f i e ld .  F ixigenae narrow, 

t r ia n g u la r .  Hypostoma subquadrate w ith  a  medium-sized median body. 

L ibrigenae w ith  wide o cu la r p la tfo rm  and medium-sized genal sp in e . 

R o s tra l p la te  tra n sv e rse , w ith  x-shaped o u tl in e . Thoracic segments 

o f two d i f f e r e n t  forms: sh o rt and long p le u ra l  sp in e s . Convex, semi­

c i r c u la r  pygidium w ith  a x ia l  and p le u ra l  lobes o f th e  same w id th , and 

c o n s is tin g  o f 2 or 3 segments.

Surface covered w ith  f in e  g ran u les; r a d ia l  r id g e s  marked on 

p re g la b e lla r  f ie ld  and o cu la r p la tfo rm .

The taxonomic a n a ly s is  o f th i s  sp ec ies  was given by Palmer (1965 , 

p . 40) in  d e t a i l  and need no t be rep ea ted  h ere . The p re sen t m a te r ia l 

can be segregated  in to  two groups based on the  convexity  o f  th e  sk e le to n , 

w id th  and le n g th  of g la b e l la ,  and w id th  of th e  p y g id ia l margin.
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T e x t- f ig . 44: A growth sequence o f Dunderbergia ? any ta  ( Ha l l  and 
W h itfie ld ) . A, an ap ro tasp is , x 58 ; B,C, d o rsa l and v e n tr a l  views 
o f a  m etap ro tasp is , x 50; D,E,F, p a rap ro ta sp id es , x 48, x 42, x 40;
G, an e a r ly  m eraspis, x  20; H ,I, two l a t e  m eraspides, x 14, x 12;
J ,  "female" cranidium , x 4; K, "male" cranidium , x 7> L, an 
i m m a t u r e  hypostoma, x 46; M-0, a  growth s e r ie s  o f l ib r ig e n a e , x 16,
x  8, x 3*5; P, rostrum , x  8; Q, an immature pygidium, x  26; R, 
"female" pygidium, x 18; S, "male" pygidium, x 16. (Drawings 
made from pho to g rap h s.)
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Dui.;durbergia ? anyta (H all and W h itfie ld ) , male?

PI. 9, f ig s .  18,22,24,38,1*0, and t e x t - f i g .  U4k, S.

D esc rip tio n . The convex cranidium  i s  tra p e z o id a l in  o u tl in e .

The g la b e lla  i s  tru n c a te -c o n ic a l w ith  a  s l ig h t ly  rounded a n te r io r  

margin and th re e  p a irs  o f  f a i n t ,  broad g la b e l la r  fu rrow s. The d o rsa l 

furrow i s  deeply  marked; a  p a ir  o f  p i t s  i s  im pressed on th e  a n te r io r  

l a t e r a l  convexity  of th e  g la b e l la .  The narrow o c c ip i ta l  furrow  i s  

d i s t i n c t ,  composide, and branching l a t e r a l ly ;  th e  o c c ip i ta l  r in g  i s  

b road ly  convex and bears a  t in y  median node. The p re g la b e lla r  f i e ld  

i s  o n e -th ird  as long as th e  g la b e l la  ( s a g .) .  The a n te r io r  furrow  arches 

forw ard; i t  i s  d i s t in c t  and s te e p -s id ed  l a t e r a l l y  b u t becomes shallow  

across  the  a x is .  The convex a n te r io r  border i s  about o n e -h a lf  as wide 

as th e  p re g la b e lla r  f ie ld .  The fix ig en ae  are  f l a t  to  g e n tly  conves, 

and le s s  th an  o n e -th ird  as  wide as th e  g la b e lla .  The p a lp eb ra l lobes 

a re  s ick le -sh ap ed , d i s t i n c t ly  d iv ided  by p a lp eb ra l furrow s, and 

lo ca ted  in  f ro n t  of the m id -lin e  o f th e  g la b e l la  ( t r . ) . The p a lp eb ra l 

r id g es  are  f a in t ,  obliquely extended to the dorsal furrow, and terminate 

im m ediately behind the  a n te r io r  l a t e r a l  co rners o f th e  g la b e l la .  The 

p o s te r io r  fix ig en ae  are  broad and t r ia n g u la r ,  w ith  shallow  p o s te r io r  

l a t e r a l  furrow s. The p o s te r io r  l a t e r a l  borders a re  convex, w ider than  

th e  o c c ip i ta l  r in g  and p ro je c t s l ig h t ly  p o s te r io r - l a te r a l ly .  The 

a n d te r io r  f a c i a l  s u tu re - l in e s  a re  d iv e rg e n tly  s t r a ig h t  to  convergen tly  

convex a t  th e  a n te r io r - la te r a l  b o rd e r. The p o s te r io r  ones a re  

d iv e rg en tly  s in u a te .

The lib r ig e n a e  bear long , s len d e r genal sp in e s . The l a t e r a l  and 

p o s te r io r  furrows a re  n o t c le a r ly  jo in ed  a t  th e  genal an g le . The
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a n te r io r  t i p  o f th e  doublure i s  b lu n t,  which suggest th a t  th e  r o s t r a l  

p la te  has deep, sem i-parabolic  l a t e r a l  notch ( f ig .  23 ). The p la tfo rm  

i s  convex, and m oderately broad.

The m oderately convex pygidium i s  s e m i-c irc u la r  in  o u tl in e . I t s  

a x ia l  lobe i s  b road ly  co n ica l and ta p e rs  s l ig h t ly  backward, d iv ided  

in to  two a x ia l  r in g s  and a  broad te rm in a l p o rtio n . The f l a t  to  

m oderately convex p le u ra l lobes a re  w ider th an  the  ax is  ( t r . ), and 

have th re e  p a irs  o f shallow , broad p le u ra l furrow s. The m arginal 

furrow i s  narrow and concave, d e lim itin g  a narrow and s l ig h t ly  convex 

m arginal bo rder.

The s k e le ta l  su rface  i s  covered by f in e  g ran u les; r a d ia l  r id g e s  

a re  marked on the  p re g la b e lla r  f i e ld  and th e  o cu la r p la tfo rm  of th e  

l ib r ig e n a e , and f in e  w rink les surround th e  m arginal border o f the  

pygidium.

Deunderbergia ? anyta  (H all and W h itfie ld ) , female?

PI. 9 , f ig s .  19-21 ,25 ,35 ,39 , and t e x t - f ig .  WfJ, R.

Comparison. In  th e  presumed female form th e  g la b e l la  i s  narrow er 

and longer than  th a t  o f th e  male; th e  lib r ig e n a e  have narrow er p latfo rm s 

and le s s  s tro n g ly  arched l a t e r a l  b o rd e rs ; th e  pygidium i s  le s s  convex, 

w ith  a  s l ig h t ly  w ider m arginal bo rder and a  median no tch  on th e  p o s te r io r  

margin.

Remarks. This spec ies  i s  rep resen ted  by a few hundred immature and 

mature specimens, a l l  o f  which were etched from a  s in g le  p iece  of d ark - 

g rey , m ied ium -crysta lline  lim estone . The m a te r ia l a ls o  con ta ins 

Dytrmacephalus granulosus and a  few in a r t i c u la te  brach iopods. The
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sm alles t immature specimen i s  about 0.25  mm. long ( s a g .) and has fou r 

d i s t i n c t  a x ia l  r in g s  and a lo n g itu d in a l f is s u re  marked along th e  c e n tra l  

a x is .  These are  the s ig n if ic a n t  s tru c tu re s  which a re  a lso  seen  in  

some of th e  o th e r species d escrib ed  in  th i s  r e p o r t .  The la r g e r  c ra n id ia , 

l ib r ig e n a e , and pygidia are  m orphologically  d iv ided  in to  two groups, 

which have judged sexual dimorphism. The sexual r a t io  v a r ie s  115.

Horizon and L o ca lity . Upper Cambrian, Dunderbergia zone, Wah Wah 

Range, Utah (U.S.G.S. C o ll. Wo. 5503-CO).

. F igures specimens. "Male" form.

C ran id ia , U.C.M. 38733o, t .

L ib rigena , U.C.M. 3©733 v*

P ygid ia , U.C.M. 38733j ,  1 ' .

Rostrum, U.C.M. 38733u.

"Female";form.

C ran id ia , U.C.M. 38733P, 38733, 38733r.

L ib rig en a , U.C.M. 38733w.

P yg id ia , U.C.M. 38733h’, k ' .

Hypostoma, U.C.M. 38733b'.

Dunderbergia ? anyta (H all and W h itf ie ld ) , ontogeny 

Anaprotaspid s tage  (P I. 9, fig*  1 aad t e x t - f i g ,  kkA). The s h ie ld  

i s  s p h e r ic a l ,  about 0.25  mm. in  le n g th  ( s a g .) , and has th re e  p a i r s  of 

m arginal sp in e s . The a x ia l  lobe i s  fu sifo rm , bo th  ends ta p e r  a n te r io r ly  

and p o s te r io r ly  from th e  second p a ir  o f  a x ia l  nodes. The sm all f r o n ta l  

lobe i s  d e lim ited  by a  a p ir  o f d i s t i n c t  a n te r io r  p i t s .  The second and 

th i r d  a x ia l  r in g s  are formed by two p a ir s  o f c e n tr a l  a x ia l  nodes. The
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fo u r th  a x ia l  r in g  i s  su b tr ia n g u la r , and i t s  p o s te r io r  end i s  located  

a t  p o s te r io r  margin o f the s h ie ld . A narrow lo n g itu d in a l fiB sure is  

marked along the  c e n tr a l  a x is .  The d o rsa l furrows a re  f a in t .  The 

p le u ra l  lobes a re  about as wide as the  a x ia l  lobe . The f i r s t  p a ir  of 

m arginal sp ines are  lo ca te d  a t  o n e -th ird  o f the  t o t a l  le n g th  from the 

a n te r io r  margin; th ey  extend h o r iz o n ta lly  and l a t e r a l ly .  The second 

p a i r  o f m arginal sp ines a re  sh o r t and p ro je c t  p o s te r io r ly  and l a t e r a l ly  

from a p o in t tw o -th rid s  o f th e  cep h a lic  le n g th  p o s te r io r ly  from the 

a n te r io r  margin. The th i r d  p a i r  o f m arginal sp ines i s  sh o rt and 

s tro n g , and p ro je c t p o s te r io r ly  from th e  p o s te r io r  l a t e r a l  bases of th e  

te rm in a l a x ia l  r in g . The su rface  i s  covered by f in e  g ran u les.

M etaprotaspid s tag e  (P I. 9, f ig s .  2 -6  and t e x t - f i g .  44b, C). The 

convex s h ie ld  i s  rounded, about 0 .2 7  to  0.35 mm. in  le n g th  ( s a g .) ,  and 

b ea rs  th re e  p a irs  o f  m arginal sp in e s . The a x ia l  and p le u ra l  lobes 

a re  sh arp ly  d iv ided  by d o rsa l  furrow s. The a x ia l  lobe i s  s len d e rly  

fu sifo rm  b u t w ith  a  r a th e r  expanded f r o n ta l  lo b e . The la rg e  f ro n ta l  

.lobe i s  d e lim ited  by a  p a i r  o f a n te r io r  p i t s  and d o rsa l furrow s. The 

second, th i r d ,  and fo u r th  a x ia l  r in g s  a re  formed by th re e  p a irs  of 

a x ia l  nodes. The te rm in a l r in g  i s  sm a lle s t. A lo n g itu d in a l f is s u re  

i s  marked along the  a x is .  The p le u ra l  lobes a re  about tw ice as wide 

as  th e  g la b e lla  and a re  convex w ith  a s l ig h t ly  f l a t  m arginal border.

The f i r s t  p a ir  o f m arginal sp ines i s  lo ca te d  in  f ro n t  o f th e  m id-line 

o f  th e  s h ie ld  ( t r . ); th ey  a re  s h o r t ,  w ith  broad bases and p ro je c t 

l a t e r a l l y  o r p o s te r io r - la te r a l ly .  The second p a i r  o f  m arginal spines 

i s  s h o r te r  th an  th e  f i r s t ;  they  extend p o s te r io r - l a te r a l  from po in ts  

tw o -th ird s  o f th e  cep h a lic  le n g th  p o s te r io r ly  from th e  a n te r io r  margin.
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The th ird  sp ines p ro je c t p o s te r io r ly  from the  p o s te r io r  margin of th e  

p le u ra l  lo b es ; they  a re  s h o r t  w ith  broad b ases . The narrow p o s te r io r  

m arginal border i s  m ed ially  notched.

The underside o f th e  s h ie ld  shows a narrow r o s t r a l  p la te  w ith  a  

sp iny  hypostoma a n te r io r ly  and broad doublure p o s te r io r ly .  The narrow 

r o s t r a l  p la te  i s  p e r ro s t r a l  in  form, and i t s  p o s te r io r  p ro je c tio n s  in  

f ro n t  o f th e  th ird  p a ir  o f m arg inal sp in e s , where th e  doublure appears. 

The hypostoma i s  b road ly  fu sifo rm  w ith  a fused r o s t r a l  p la te  a n te r io r ly  

and spiny margin p o s te r io r ly ;  th e  t r ia n g u la r  median body i s  narrow w ith  

d i s t i n c t  l a t e r a l  furrow s; th e  f i r s t  p a i r  o f  m arginal sp in es i s  broad, 

s h o r t ;  they  extend l a t e r a l l y  from th e  m id-leng th  o f th e  hypostoma ( t r . ). 

The second and th i r d  p a ir s  a re  s h o r t ,  and p ro je c t  p o s te r io r ly  and 

l a t e r a l l y  along th e  p o s te r io r  l a t e r a l  m argin. The te rm in a l sp ine i s  

lo n g er and extends p o s te r io r ly  from th e  a x ia l  l in e .  The doublure i s  

broad and rounded along the  p o s te r io r  margin o f th e  s h ie ld  from th e  

f i r s t  p a ir  o f m arginal sp in e s .

The su rface  of th e  s h ie ld  i s  f in e ly  g ranu lose .

The c h a rac te rs  o f t h i s  s tag e  which a re  d i f f e r e n t  from those  o f  th e  

e a r ly  ones are  th e  presence o f f iv e  r in g s  on th e  a x ia l  lo b e , and th e  

la rg e r  f ro n ta l  lobe.

P arapro tasp id  s tag e  (P I. 9, f ig s .  7-12 and t e x t - f i g .  V+D-F). The 

s h ie ld  i s  s e p h e rica l in  o u tlin e  and ranges from 0 .4 0 -0 .6 0  mm. long 

( s a g .) .  The c y l in d r ic a l  g la b e l la  i s  composed of fo u r d i s t i n c t ly  

sep ara ted  r in g s ;  th e  f i r s t  r in g ,  o r f r o n ta l  lo b e , i s  la rg e  and expanded 

a n te r io r ly ;  th e  second to  fo u r th  ones a re  t ra n sv e rse , o v a l, and uniform . 

The o c c ip i ta l  r in g  i s  convex, o v a l, and sep ara ted  by o c c ip i ta l  furrow s.
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The elongate  a n te r io r  p i t s  a re  shallow ly  impressed in  the  d o rsa l 

furrow s and delim ited  by a  p a ir  o f s h o r t ,  l a t e r a l l y  p ro je c tin g  eye-brow- 

shaped rid g e s  from the  a n te r io r  l a t e r a l  margin o f th e  f ro n ta l  lobe.

The p le u ra l lobe are  approxim ately one and o n e-h a lf tim es as wide as 

th e  g la b e lla ;  th e  p o s te r io r  borders a re  w e ll-d e fin ed  and p ro je c t  

p o s te r io r - la te r a l ly .  The protopygidium i s  su b tr ia n g u la r ,  w ith  one or 

two a x ia l  r in g s  and sharp , l a t e r a l l y  d ire c te d  p le u ra l  sp in e s . The 

underside o f  th e  sh ie ld  shows a narrow doublure along th e  p ro to p y g id ia l 

m argin. The hypostoma has reduced m arginal sp in es  and a  widened median 

body. The su rface  i s  covered by f in e  g ran u le s .

This s tag e  i s  ch a ra c te r iz e d  by th e  appearance o f th e  protopygidium ,, 

th e  fu sio n  o f th e  a x ia l  nodes, and th e  se p a ra tio n  o f  th e  r o s t r a l  p la te ,  

l ib r ig e n a e , and hypostoma.

E arly  meraspid stage  (EL. 9* f ig s .  13A 1*-*27,28,33* te x t - f ig .

W-G.).The cranidium  i s  tra p e z o id a l in  o u tlin e  and v a r ie s  from 0 .70-1 .00  

mm. in  len g th  ( s a g .) .  The g la b e lla  i s  c y l in d r ic a l  o r s l ig h t ly  c o n s tr ic ­

ted  a t  th e  second g la b e l la r  r in g . The g la b e l la r  r in g s  a re  a l l  n e a r ly  

o f th e  same form and separa ted  by shallow  g la b e l la r  furrow s. The 

g la b e l la r  furrows are  shallow  ac ro ss  th e  c e n tra l  a x is  and s te e p -s id e d .

The d o rsa l furrows are  d i s t i n c t .  The convex o c c ip i t a l  r in g  i s  c re sc e n tic  

and arches p o s te r io r ly .  The narrow a n te r io r  b o rder appears; i t  i s  convex 

and curves a n te r io r ly .  The p a lp eb ra l lobes a re  narrow , d i s t i n c t ly  

d iv ided  by p a lp eb ra l furrow s, and lo ca ted  in  f ro n t  of th e  m id -lin e  of 

th e  g la b e l la  ( t r . ). The fix ig en ae  are  o f about th e  same w id th  as the  

g la b e lla .  The p o s te r io r  f ix ig en ae  are  broad; th e  p o s te r io r  bo rders  w ith  

t h e i r  l a t e r a l  ends d ire c te d  p o s te r io r - la te r a l ly .  The e lo n g a te  l i b r i -
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genae each have a narrow ocu lar p la tfo rm  and a medium-sized genal 

sp in e . The hypostoma i s  about 1 .2  mm. in  len g th , w ith  an e lo n g a te , 

oval median body; the l a t e r a l  furrows a re  deep and narrow. The 

p o s te r io r  lobe i s  U-shaped and b road ly  convex; the  m arginal border i s  

narrow and sep ara ted  by d i s t i n c t  m arginal furrow s; the  f i r s t  l a t e r a l  

m arginal sp ines a re  la rg e r  and s to u te r  th an  the  fo llow ing ones, which 

occur a t  th e  l a t e r a l  margins of the  m id -line  of the hypostoma ( t r . ); the  

p o s te r io r  m arginal sp ines are  sm all and a re  lo ca ted  along th e  p o s te r io r  

m arginal bo rd er. The pygidium i s  approxim ately 1.2 mm. in  le n g th  and 

b ears  5 or 6 m arginal sp in es ; the  a x ia l  lobe i s  d iv ided  in to  5 o r 6 

a x ia l  r in g s ;  th e  p le u ra l lobes a re  sep ara ted  in to  p le u ra l bands by 

d i s t i n c t  in te rp le u r a l  grooves; th e  m arginal sp ines extend continuously  

from th e  p le u ra l  bands; they  are  tu rned  upward and p ro je c t  p o s te r io r -  

l a t e r a l ly .  The pygidium may connect to  a few a r t ic u la te d  th o ra c ic  

segments. The su rface  of the  sk e le to n  i s  covered by m oderately la rg e  

g ran u les .

The d e f in i t iv e  c h a ra c te r is t ic s  of t h i s  s tage  a re :  th e  cranidium  

has a  narrow a n te r io r  bo rder; th e  g la b e l la  i s  c y l in d r ic a l;  th e  d ix i -  

genae a re  th e  same w idth  as th e  g la b e l la ;  th e  lib rig e n a e  a re  narrow er 

and th e  p y g id ia l segments a re  preceded by a  few th o ra c ic  segments.

Late meraspid s tage  (P I. 9, f ig s .  15-17,26,29,3^,35*37 and te x t -  

f ig .  I ) .  The cranidium  i s  tra p e z o id a l in  o u tl in e , about 1 .20 - 

1 .80  mm. in  le n g th  ( s a g .) .  The g la b e l la  i s  co n ica l and marked by th re e  

p a ir s  o f d i s t i n c t  g la b e l la r  furrow s. The d o rsa l furrows a re  narrow and 

d i s t i n c t .  The p re g la b e lla r  f i e ld  i s  about th e  same w idth  as th e  a n te r io r  ‘ 

b o rd e r. The fix ig en ae  are  narrower than  th e  g la b e lla .  Each l i b r i -
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genae has a  narrow ocu lar p latfo rm . The pygidium "bears a co n ica l a x ia l  

lobe , which i s  d iv ided  by r in g  furrow s; a  median notch a t  th e  p o s te r io r  

margin. The su rface  i s  f in e ly  g ranu lose , and r a d ia l  rid g es  a re  marked 

on the p re g la b e lla r  f i e ld .

The specimens of th is  s tage a re  d is tin g u ish ed  from those of e a r ly  

forms in  th a t  the  crandium has a co n ica l g la b e l la ,  the p re g la b e lla r  

f i e ld  appears, the  fix ig en ae  are  narrower th an  th e  g la b e lla ,  and each 

l ib r ig e n a  has a  broad o cu lar p la tfo rm ; th e  pygidium shows th e  g en era l 

o u tlin e  seen in  th e  holospid  pygidium, except th a t  a  median notch i s  

marked a t  th e  p o s te r io r  m argin, and the  pygidium i s  preceded by one o r 

two th o ra c ic  segments.

Figured specimens. A naprotasp is, U.C.M. 38733a*

M etaprotaspides, U.C.M. 38733b-e. 

P arap ro tasp id es, U.C.M. 38733f-j*

E arly  m eraspides, U.C.M. 38733k, 1 , y , z ,  e ' .  

Late m eraspides, U.C.M. 38733m, n , o, x , a 1,

f", gs i ’.
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Family P tero cep h aliid ae  Kobayashi, 1935 

Genus Dytremachephalus Palmer, 195^

Dytremacephalus granulosus Palmer 

P I. 10, f ig s .  1-36 and t e x t - f i g .  1*5 

•Dytremacephalus g ran u lo su s .Palm er. A. R ., 195^> P» 750, p i .  85 , f ig s .  5 

and 6 ; and 1965, p . 85, p i .  18 , f i g s .  Ik, 16-19 , 21.

D iagnosis . Cranidium tra p e z o id a l in .o u t l in e .  G lab e lla  b road ly  

c o n ic a l w ith  th re e  p a ir s  of g la b e l la r  fu rrow s. O c c ip ita l r in g  bearing  

a  s h o r t median, sp in e . P re g la b e lla r  f i e ld  m oderately narrow. A n terio r 

b o rd er about th e  same w idth  as p re g la b e lla r  f i e ld .  F ixigenae about 

o n e -th rid  as wide as g la b e l la .  P a lp eb ra l lobe s i tu a te d  in  f ro n t  o f 

th e  m id -line  o f g la b e l la  ( t r . ) .  A n terio r f a c i a l  su tu re  l in e s  

convergen tly  convex, and p o s te r io r  f a c ia l  su tu re  l in e s  d iv e rg e n tly  

s t r a ig h t .  Each l ib r ig e n a  w ith  broad o cu la r p la tfo rm  and sh o rt genal 

sp in e s , pygidium h igh ly  convex, s e m i-c irc u la r  in  o u tl in e ,  having 

b ro ad ly  c o n ic a l a x ia l  lo b e . Surface covered by m oderately la rg e  

g ra n u le s . .

Dybremacephalus granulosus Palmer, male?

P I. 10, f ig s .  2 1 ,2 3 ,2 5 ,2 6 ,2 8 ,35>, and t e x t - f i g .  k<?L, N.

D e sc rip tio n . The cranidium  i s  tra p e z o id a l  in  o u tl in e . The 

g la b e l la  i s  b road ly  c o n ic a l, w ith  th re e  p a ir s  o f w e ll defined  g la b e l la r  

fu rrow s. The o c c ip i ta l  furrow curves s l ig h t ly  backward and i s  deep ly  

im pressed l a t e r a l l y .  The o c c ip i ta l  r in g  i s  c re sc e n tic  and has a  sh o rt 

prominent median tu b e rc le . The p re g la b e lla r  f i e ld  i s  s te e p ly  d ec lin ed  

and s tro n g ly  depressed  l a t e r a l l y .  The a n te r io r  furrow i s  shallow  and
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T e x t- f ig . 1+5: Dytremacephalus granulosus Palmer.
A, an ap ro tasp is , x 56; B,C, v e n tra l  and d o rsa l  views 
o f  two m etapro tasp ides, x 55; v e n tr a l  view o f a 
m etap ro tasp is , x 58; E,F,G, v e n tra l  and d o rsa l  views 
o f two p a rap ro tasp id es , x 62, x 50 ; H, a  l a t e  p ara - 
p ro ta sp is , x k2; I ,  an e a r ly  m erasp is, x 25; J ,  a 
l a t e  m eraspis, x  15, K, a  ’'fem ale" cranidium , x  9;
L, a  "male" cranidium , x 10; M, an immature hypostoma, 
x 15; N, a  "male" pygidium, x 13; 0, a  "female" 
pygidium, x 15; P,Q, ju v e n ile  and a d u lt  l ib r ig e n a e , 
x 9 , x 22. (Drawings made from pho tographs.)
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■broad. The a n te r io r  "border i s  arched forw ard, convex, and about the 

same w idth  as the  p re g la b e lla r  f i e ld .  The f l a t  to  s l ig h t ly  convex 

fix ig en ae  are  approxim ately o n e -th ird  as wide as th e  g la b e l la .  The 

p a lp eb ra l lobes are  w e ll-d e fin ed  by p a lp eb ra l furrow s, lo c a te d  in  f ro n t 

o f the m id-length of th e  g la b e l la  ( t r . ). The p o s te r io r  l a t e r a l  f i x i ­

genae a re  convex and tr ia n g u la r .  The p o s te r io r  bo rders  a re  more than  

o n e-h a lf  as wide as th e  o c c ip i ta l  r i n g ( t r . ). The p o s te r io r  f ix ig e n a l 

furrows a re  deeply im pressed l a t e r a l ly .  The a n te r io r  branches o f the  

f a c i a l  su tu re s  are convergently  s t r a ig h t ,  and p o s te r io r  branches are  

g e n tly  d iv erg en t.

Each l ib r ig e n a  has a broad o cu lar p la tfo rm . The l a t e r a l  furrow i s  

shallow , w ider and becomes o b so le te  p o s te r io r ly  b efo re  m eeting the  

r e a r  bo rder furrow. The l a t e r a l  border i s  roundly  convex and has a 

long  and sh arp ly  poin ted  a n te r io r  p ro je c tio n . The doublure i s  the  

same w id th  as the  l a t e r a l  b o rd er. The p o s te r io r  border furrow  i s  deep 

b u t shallow  towards th e  genal ang le . The genal sp ine  i s  sh o r t and 

sh arp ly  poin ted  p o s te r io r - la te r a l ly .

The th o ra c ic  segments a re  h igh ly  convex; t h e i r  a x ia l  r in g s  are  

s l ig h t ly  narrower than  the p le u ra l  lobes and deep ly  sep ara ted  by r in g  

furrow s. The a n te r io r  h a lf - r in g  i s  c re sc e n tic , convex and arch ing  

forw ard. The p o s te r io r  r in g  i s  d e l in i te d  by a  r in g  furrow  and i s  about 

th e  same w id th  as th e  h a l f - r in g .  Each p le u ra l  lobe i s  f l a t  l a t e r a l l y  

fo r  a  sh o r t d is tan ce  and slopes s te e p ly  downward to  form a long and 

sh a rp ly  po in ted  p le u ra l sp in e .

The pygidium i s  s e m i-c irc u la r  in  o u tl in e ;  th e  d o rsa l lobe i s  

d iv ided  in to  two a x ia l  r in g s  and a  la rg e  te rm in a l p o r tio n . The p le u ra l
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lobes are  narrower than th e  ax is  and m oderately convex a n te r io r -  

l a t e r a l l y ,  and p ro g ressiv e ly  d e f le c t  p o s te r io r ly . The f l a t  m arginal 

"border i s  of medium w idth and d e lim ited  by a  poorly  defined  in n er 

m arginal furrow; the p le u ra l lobes a re  shallow ly im pressed by 2 o r 3 

p le u ra l  furrow s; a l l  curve p o s te r io r ly  and l a t e r a l ly  to  reach  th e  

inner-edge o f the border.

The su rface  of the  sk e le to n  i s  covered by m oderately la rg e  

g ran u le s ; rid g es  occur along the  a n te r io r  cephalic  margin.

Dytremacephalus granulosus Palmer> female?

P I. 10, f ig s .  20 ,22 ,27 ,36 , and t e x t - f i g .  45K, 0»

Comparison. The presumed female specimens d i f f e r  from those  of 

th e  males in  having a narrower co n ica l g la b e l la  w ith  a  rounded a n te r io r  

m argin; each lib r ig e n a  has a w ider o cu la r p la tfo rm , and th e  t r ia n g u la r  

pygidium has a narrower m arginal bo rd er.

Remarks. A few hundred immature and mature specimens were etched 

from a  sm all piece of dark -g rey , m edium -crysta lline lim estone. The 

m a te r ia l a ls o  contains immature and mature forms o f Dunderbergia ? 

anyta  and se v e ra l in a r t ic u la te  b rachiopods. The immature specimens 

o f th ese  two t r i l o b i t e  genera a re  q u ite  d i f f e r e n t  when compared w ith  the 

same s ized  in s ta r s  o f th e  p resen t s p e c ie s : those  of Dytremacephalus 

granulosus are  s tro n g ly  convex, th e  g la b e lla  i s  marked w ith  fo u r . 

complete a x ia l  r in g s , th e  hypostoma has one p a ir  of l a t e r a l  sp in e s , 

and the  p y g id ia l m arginal sp ines a re  s h o r te r  and b ro ad er; w hereas, 

those  of Dunderbergia ? anyta have a  low convex s h ie ld ;  th e  a x ia l  lobe 

i s  occupied by 2 or 3 p a ir s  of a x ia l  nodes; th e  hypostoma has th re e
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p a irs  o f p o s te r io r  m arginal sp in es; and th e  p y g id ia l m arginal sp ines 

a re  more s lender and longer. The sexual r a t io  i s  135*6.

Horizon and L o c a lity . Upper Cambrian, Dunderbergia zone, Wah Wah 

Range, Utah (U.S.G.S. C o ll. No. 5503-Co.).

F igured specimens, "male"form.

C ran id ia , U.C.M. 3873^s, v.

Pygidium, U.C.M. 3 873V *

L ibrigena, U.C.M. 3 8 7 3 V  

Thoracic segments, U.C.M. 3 8 7 3 V  x .

"female" form.

C ran id ia , U.C.M. 3 8 7 3 V  t .

Pygidium, U.C.M. 3873^-h*.

L ib rigena, U.C.M. 3 8 7 3 V

Dytremacephalus granulosus Palmer, ontogeny 

Anaprotaspld s tage  (P I. 10, f i g . .1 , and t e x t - f ig .  kbA). The 

h ig h ly  convex sh ie ld  i s  rounded to  subrounded in  o u tl in e , w ith  w e ll 

marked d o rsa l furrow s. I t  i s  about 0.23 to  0.25 ram. long ( s a g .) .  The 

a x ia l  lobe i s  d iv ided  in to  fo u r a x ia l  r in g s  by w e ll defined  tra n sv e rse  

furrow s; the  f ro n ta l  lobe i s  la rg e ,  convex, and d e lim ited  by a p a ir  

o f a n te r io r  p i t s ;  th e  l a t e r a l  margin of th e  f r o n ta l  lobe i s  continuous 

w ith  a  p a ir  of s u p e rc il io id  r id g e s ; th e  second and th i rd  r in g s  are  

tra n sv e rse ly  subrounded; the te rm in a l one i s  rounded; a  minute r id g e  

extends along the c e n tr a l  a x is .  T h e .p leu ra l lobes a re  convex and 

s l ig h t ly  w ider than th e  g la b e l la  ( t r . ) .  The presumed m arginal sp ines 

a re  not p reserved . The su rface  i s  covered by f in e  g ran u les .
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M etaprotaspid stage  (p i. 10, f ig s .  2-6  and t e x t - f i g .  44 B, C).

The s h ie ld  i s  rounded, r a th e r  convex, and approxim ately 0 .26 -0 .27  

mm. long ( s a g . ). I t  bears th ree  p a irs  o f m arginal sp ines and the  

su rface  i s  w e ll d iv ided  in to  a x ia l  and p le u ra l lobes by d i s t i n c t  d o rsa l 

furrow s. The a x ia l  lobe c o n s is ts  o f f iv e  r in g s ;  th e  f r o n ta l  lobe i s  

t r ia n g u la r  w ith  a p a ir  of eye-brow-shaped rid g es  p ro je c tin g  l a t e r a l l y  

and p o s te r io r ly  from th e  a n te r io r  l a t e r a l  margin; th e  second, th i r d ,  

and fo u rth  r in g s  a re  tra n sv e rse ly  subrounded and of subequal s iz e ;  the  

p o s te r io r  one i s  th e  sm a lle s t. The a n te r io r  p i t s  a re  w e ll-d e fin ed  and 

elongated  along th e  s id es  of the  f ro n ta l  l in e .  The convex p le u ra l  

lobes slope downward toward th e  r a th e r  narrow m arginal b o rd e r. The 

hypostoma i s  e lo n g a te ly  pentagonal i n  o u tl in e , w ith  a  s t r a ig h t  a n te r io r  

m argin, and a  p a ir  of s to u t l a t e r a l  sp ines p ro je c tin g  p o s te r io r -  

l a t e r a l ly ;  the median body i s  e lo n g a te - tr ia n g u la r , defined  by l a t e r a l  

furrow s. The underside o f the s h ie ld  i s  surrounded by a  narrow, 

rounded doublure along the  p o s te r io r  h a lf  o f th e  sh ie ld  m argin. The 

su rface  i s  covered by f in e  g ran u les; the  p le u ra l lobes a re  marked w ith  

a  few p a irs  of minute tran sv erse  furrow s, which p o ssib ly  a re  th e  v e s t i ­

g ia l  cephalic  segmental furrows ( f ig .  5 ) .

Parapro tasp id  s tage  (EL. 10,*f ig s .  J - lk  and t e x t - f i g .  45E-G). The 

s h ie ld  i s  sp h e ric a l ranging from 0 .2 9  to  0.40 mm. in  le n g th  ( s a g . ) ,  and 

having th re e  p a irs  of m arginal sp ines a t  th e  s h ie ld  margin ( f ig .  8 ) .

The p le u ra l  and a x ia l  lobes a re  d iv ided  by d o rsa l fu rrow s; th e  

c y l in d r ic a l  a x ia l  lobe i s  only s l ig h t ly  expanded forw ard; th e  la rg e  

f r o n ta l  lobe i s  convex and expanded forward w ith  a  p a ir  o f  narrow 

s u p e rc il io id  r id g es  p ro je c tin g  l a t e r a l ly  from th e  a n te r io r  l a t e r a l  m argin.
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The second to  fo u rth  a x ia l  r in g s  are  tra n sv e rse  and a re  a l l  o f  subequal 

s iz e ;  the te rm in a l r in g  i s  sm all. The elongate  a n te r io r  p i t s  are  

lo ca ted  along th e  d o rsa l furrows a t  th e  p o s te r io r  l a t e r a l  margin o f the 

f r o n ta l  lobe . The p le u ra l lobes are  convex and about one and o n e-h a lf 

tim es as wide as the  g la b e lla .  The f i r s t  p a ir  o f m arginal sp ines i s  

lo ca ted  on the a n t e r io r - l a t e r a l  margin of the  sh ie ld ;  th e  second ones 

a re  lo ca ted  l a t e r a l ly ;  th e  th i rd  are  s i tu a te d  p o s te r io r ly  and p ro je c t 

from the extreme ends o f th e  p o s te r io r  l a t e r a l  bo rd er. The protopy­

gidium i s  tra n sv e rse ly  su b tr ia n g u la r  w ith  one or two segm ents. The 

underside of th e  s h ie ld  e x h ib its  th e  p e r ro s t r a l  p la te  and hypostoma 

a n te r io r ly  and th e  narrow doublure along th e  p o s te r io r  margin of th e  

protopygidium . The su rface  i s  covered by f in e  g ra n u le s .

The specimens of th i s  s tag e  a re  su b sp h erica l w ith  well defin ed  

cephalic  and p y g id ia l s h ie ld ;  th e  la rg e r  specimens possess only  one 

p a ir  of sp in e s , which a re  a t  extreme ends of th e  p o s te r io r  l a t e r a l  

bo rder of the  cephalon; th e  tra n sv e rse  p le u ra l  furrow and. th e  a x ia l  

r id g e  are ab sen t.

E arly  meraspid s tag e  (P I. 10, f ig s .  15-17*24,29-32 and t e x t - f i g .  

451). The cranidium  i s  tra p e z o id a l in  o u tl in e ,  h igh ly  convex, w ith  a 

w e ll defined  a n te r io r  border and f a c i a l  s u tu re s . I t  v a r ie s  from 0 .50 - 

0 .80 mm. in  le n g th  ( s a g .) .  The g la b e lla  v a r ie s  from c y l in d r ic a l  to  

s l ig h t ly  c o n ic a l. I t  i s  d iv ided  in to  th re e  g la b e l la r  segments by 

complete g la b e lla r  furrow s; th e  g la b e l la r  furrows a re  shallow , f a i n t ,  

and d ire c te d  s l ig h t ly  postero -m ed la lly  from th e  d o rsa l fu rrow s; th e  

o c c ip i ta l  r in g  i s  b road ly  convex and c re sc e n tic  w ith  a  t in y  median 

tu b e rc le . The a n te r io r  b o rd er i s  narrow, arch ing  forw ard, and sh a rp ly
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defined  by the  a n te r io r  furrow . The d o rsa l furrow i s  d i s t i n c t .  The 

convex fix igenae  a re  subequal in  w id th  to  th e  g la b e lla .  The p o s te r io r -  

l a t e r a l  f ix igenae  a re  broad, w e ll defined  by border furrows and b o rd e rs ; 

th e  w idth  ( t r . )  of the  p o s te r io r  border corresponds w ith  th e  w id th  ( t r . ) 

o f  th e  o c c ip i ta l  r in g ; the narrow, elongated  p a lp eb ra l lobes are  

lo ca ted  a t  the f i r s t  p a ir  of g la b e l la r  furrow  in  the  sm alle r specimens 

b u t move p o s te r io r ly  to  th e  second g la b e l la r  in  the  la rg e r  ones. The 

f a c i a l  su tu re  l in e s  a re  convergently  s t r a ig h t  a n te r io r ly  and d iv e rg e n tly  

s t r a ig h t  p o s te r io r ly  from th e  p a lp eb ra l lo b e s . The convex hypostoma 

i s  e longate-pen tagonal; i t s  a n te r io r  margin i s  s t r a ig h t  or s l ig h t ly  

arch ing  forw ard; th e  l a t e r a l  sp ines a re  lo ca ted  s l ig h t ly  p o s te r io r ly  

from th e  m id-length  of th e  median body. They extend l a t e r a l ly  and 

s l ig h t ly  p o s te r io r ly .  The p o s te r io r  m arginal bo rder i s  convex 

p o s te r io r ly ;  th e  median body i s  narrow ly t r ia n g u la r ,  convex, wedge- 

shaped, and sh arp ly  po in ted  p o s te r io r ly  to  th e  p o s te r io r  m argin; th e  

l a t e r a l  furrows are  d i s t i n c t ,  deeply  marked a t  th e  m id-leng th , and 

shallow  b o th  a n te r io r ly  and p o s te r io r ly .  Each l ib r ig e n a  i s  narrow w ith  

an o cu lar p latfo rm  o f alm ost uniform  w id th ; th e  g en al sp ine  i s  very  

s h o r t  and broad, p ro je c tin g  p s o te r io r  l a t e r a l l y .  The pygidium i s  

tra n sv e rse ly  su b sp h erica l w ith  a narrow, convex a x ia l  lobe and w ider 

p le u ra l  lo b es; th e  a x ia l  lobe o f 6 o r 7 a x ia l  r in g s  i s  c o n ic a l and 

ta p e rs  sharp ly  p o s te r io r ly .  The p le u ra l  lobes a re  m oderately convex, 

b road , each having p le u ra l  bands running s l i g h t ly  p o s te r io r - l a t e r a l ly  

and ending w ith  a  broad te rm in a l sp in e ; th e  p le u ra l  furrow  i s  broad and 

shallow , and th e  in te rp le u r a l  grooves a re  m inute. The su rface  i s  

covered w ith  f in e  g ran u le s . The p y g id ia l a x is  b ears  a  sm all tu b e rc le
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. on each r in g .

The specimens of th i s  s tag e  are  c h a rac te rized  by a  fo rw ard -tap er­

ing  g la b e lla ,  w e ll separa ted  g la b e lla r  segments, d i s t i n c t  a n te r io r  

b o rd er, pygidium preceded by 2 o r 3 a r t ic u la te d  th o ra c ic  segments, and 

lib r ig e n a e  of uniform w id th  p o s te r io r ly  and a n te r io r ly .

Late meraspid s tag e  (P I. 10, f ig s .  18 ,19 ,33 ,34 , and t e x t - f ig .  45S). 

The cranidium i s  tra p e z o id a l in  o u tlin e  and about 1 .0  to  1 .5  mm. in  

le n g th  ( s a g .) .  The g la b e lla  i s  co n ica l w ith  a  rounded f ro n ta l  margin; 

th e  g la b e lla r  furrows a re  im pressed, except fo r  th e  f i r s t  p a ir  which 

are  f a in t .  The o c c ip i ta l  r in g  i s  b road , w ith  a  tiny , median spine 

extending p o s te r io r ly . The fix ig en ae  a re  about o n e-h a lf as wide as the  

g la b e lla  bu t have broad p o s te r io r  l a t e r a l  p o r tio n s . The p a lp eb ra l lobes 

are  sm all and lo ca ted  nex t to  th e  second g la b e l la r  furrows ( t r . ) .  The 

p a lp eb ra l rid g es  are  prominent and p ro je c t o b liq u e ly  to  the a n te r io r -  

l a t e r a l  margin of the  g la b e l la .  The f a c ia l  su tu re  l in e s  a re  convergently  

s t r a ig h t  a n te r io r ly  and d iv e rg en tly  s t r a ig h t  p o s te r io r ly .  The pygidium 

i s  tra n sv e rse ly  sem i-c irc u la r  and has a  median notch a t  th e  p o s te r io r  

m argin. I t  i s  a sso c ia ted  w ith  one o r two th o ra c ic  segments. The su rface  

i s  covered by d i s t in c t  g ran u les .

This stage d i f f e r s  from th e  previous one in  having a  s le n d e r , 

co n ica l g la b e lla ,  the  p a lp eb ra l lobes lo ca ted  a t  th e  le v e l  o f the 

second g la b e lla r  furrow , a narrow p re g la b e lla r  f i e ld ,  th e  pygidium 

separa ted  from th e c e p h a lo n  by one or two th o ra c ic  segments, and a  notch  

a t  th e  p o s te r io r  margin.

Figured specimens. A napro tasp is, U.C.M. 3873ta«

M etaprotaspides, U.C.M. 38734b-e.
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P arap ro tasp id es , U.C.M. 38 t3^f-l*  

E a rly  m eraspides, U.C.M. 38T3^ni-o, 

Late m eraspides, U.C.M. 3873^P> <Jt
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Family P tychaspididae Raymond, 1924 

Genus P tychaspis H a ll, 1863 

Pbychaspis b u lla su s  Lochman and Hu 

P I. 11, f ig s .  1-34 and t e x t - f i g .  46.

P tychaspis b u lla sa  Lochman, C. B ., and Hu, C. H ., 1959, p. 422, p i .  58, 

f ig s .  21-42; B e ll , W. C ., and Ellinwood, H .L., 1962, p. 405, pi..

58 , f ig s .  14-17.

D iagnosis. Convex crandium tra p e z o id a l in  o u tl in e . G lah e lla  

n e a r ly  p a r a l le l - s id e d ,  w ith  rounded f r o n ta l  margin and two tra n sv e rse  

g la b e l la r  furrow s. O c c ip ita l r in g  c re sc e n tic  and convex, bearing  a  

median tu b e rc le . F ro n ta l margin narrow and s tro n g ly  convex. F ixigenae 

convex, about o n e -th ird  as wide as g la b e l la .  P a lpebral lobes lo ca ted  in  

f ro n t  of th e  m id-length  o f g la b e l la .  P o s te r io r  fix ig en ae  b road ly  

t r ia n g u la r .  L ibrigenae e longate  w ith  a  broad-based genal sp in e . 

Hypostoma narrow, e lo n g a te , w ith  a convex median body and broad t r i ­

angular w ings. Pygidium narrow ly tra n sv e rse , w ith  broad a x ia l  lobe and 

narrow v e r t ic a l ly  upturned m arginal b o rd e r. Surface densely  granulose 

w ith  la rg e  g ran u les, and w e ll e lev a ted  r id g e s  a re  marked along th e  

s k e le ta l  m argin.

D e sc rip tio n . The cranidium  i s  tra p e z o id a l in  o u tlin e  w ith  a 

rounded a n te r io r  b o rder. The d o rsa l  furrow s a re  deeply im pressed and 

broad. The g la b e lla  i s  b ro ad ly  c y l in d r ic a l ,  convex, long , n e a rly  

p a ra l le l- s id e d  w ith  a  rounded a n te r io r  m argin. The f i r s t  p a ir  of 

g la b e l la r  furrows i s  f a i n t ;  th e  second and th i r d  ones a re  tra n sv e rse , 

deeply  im pressed l a t e r a l ly  b u t shallow  across  th e  c e n tra l  a x is .  The 

o c c ip i ta l  r in g  i s  c re sc e n tic  w ith  a  sm all median node; th e  o c c ip i ta l
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T e x t- f ig . 1^6: P tychaspis b u lla su s  Lochman and Hu.
A, m e ta p ro ta sp is /  x 1+5; B, p a ra p ro ta sp is , x 35; 
C,D, two e a r ly  m eraspides, x 20, x 13; E, a  l a t e  
m erasp is, x 12; F , G,H, th re e  h o la sp id es , x 8 .6 , 
x 3? x 2 .7 ;  I ,  l ib r ig e n a , x 6 .6 ; J ,K , a  sm all and 
a  la r g e r  s ize d  pygidium, x  8, x 3- (Drawings 
made from p h o to g rap h s.)
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furrow  i s  "broad and deep. The f ro n ta l  a rea  i s  narrow, convex and 

s te e p ly  d ec lin ed ; the  a n te r io r  margin i s  v e r t ic a l  w ith  a b lu n t median 

p o in t.  The fix ig en ae  a re  h o r iz o n ta l, s l ig h t ly  convex and more than 

h a lf  as wide as the  g la b e lla ;  th e  sm all and narrow p a lp eb ra l lobes a re  

separa ted  by deeply marked p a lp eb ra l furrows s i tu a te d  opposite  th e  

a n te r io r  o n e-th ird  o f the  g la b e l la .  The p o s te r io r  fix ig en ae  a re  

b road ly  tr ia n g u la r ,  and extend s l ig h t ly  p o s te r io r - l a te r a l ly ;  th e  

narrow p o s te r ! o r - la te r a l  borders a re  defined  by broad p o s te r io r -  

l a t e r a l  furrow s; the  w id th  ( t r . )  of th e  re a r  l a t e r a l  border i s  th e  

same as th a t  of th e  o c c ip i ta l  r in g  ( t r . ) .

Each l ib r ig e n a  i s  e longate  w ith  an o cu la r p la tfo rm  b earin g  a 

sm all ocu lar r in g ; the  l a t e r a l  and p o s te r io r  furrows jo in  a t  an acu te  

an g le , where they  are  shallow ; they a re  deeper a n te r io r ly  and l a t e r a l l y ;  

th e  convex l a t e r a l  border i s  of medium w idth  and g en tly  d e f le c te d  along 

th e  margin; i t  i s  continuous p o s te r io r ly  w ith  a  long and broad-based 

genal sp ine .

The pygidium i s  tra n sv e rse ly  semi - c i r c u la r  in  o u tlin e  and moder­

a te ly  covex; th e  a x ia l  lobe i s  broad , p a ra l le l - s id e d  to  s l ig h t ly  ta p e r ­

ing  backward.and d iv ided  in to  th ree  w ell-m arked a x ia l  furrows and a  

broad te rm in a l p o r tio n , which has a  p a ir  of nodes on th e  p o s te r io r  

l a t e r a l  margin. The p le u ra l  lobes a re  board , w ith  th re e  shallow  b u t 

w e ll  defined  p le u ra l  furrow s and the  same number of narrow in te rp le u r a l  

grooves. The m arginal border i s  narrow and upturned v e r t ic a l ly ;  th e  

p o s te r io r  m arginal border i s  s l ig h t ly  indented  m edially .

The su rface  i s  covered by la rg e  g ran u le s , except in  th e  furrow s 

and w e ll e lev a ted , i r r e g u la r  rid g es  a re  marked along th e  s k e le ta l  m argin.
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Remarks. This species i s  rep resen ted  "by more than 30 a d u lt and 

. 20 immature specimens. The m a te ria ls  are  those  described  in  1959 by 

Lochmand and Hu. The p resen t work attem pts a more d e ta ile d  an a ly s is  of 

th e  ontogenetic development of th e  sp ec ie s . The m a te ria ls  a lso  co n ta in  

some meraspides o f M inkella ( "S a ra to g ia ") am ericana (Lochman and Hu) 

and Id'ahoia w isconinensis (Owen). The d iffe re n c e s  between them a re  

obvious. The p resen t spec ies  has a  more convex s h ie ld ,  a  more s le n d e rly  

c o n ic a l or n ea rly  f is ifo rm ed  g la b e l la ,  and broader f ix ig e n a e , whereas 

those  of th e  o th e r two genera have le s s  convex cranidium , c y l in d r ic a l  

g la b e l la ,  and narrower f ix ig e n a e .

Horizon and L o c a lity . S t.  Charles Form ation, Upper Cambrian, 

P tychasp is-P rosauk ia  zone. N orth o f Mink Creek, P reston  quadrangle, 

Idaho.

Figured specimens. C ran id ia , U.C.M. 38735/ 38735®”s *

L ib rigenae, U.C.M. 38735t-v.

P yg id ia , U.C.M. 38735y, z and 

U.S.N.M. 137100h.

P tychaspis b u lla su s  Lochman and Hu, ontogeny

M etaprotaspid s tag e  (P I. 11, f ig .  1 , and t e x t - f i g .  46a ). The 

sh ie ld  i s  about 0.24 mm. in  le n g th  w ith  sep a ra te  a x ia l  and p le u ra l  lo b es . 

The a x ia l  lobe i s  composed of a  b ig  f ro n ta l  lo b e , th re e  p a ir s  of a x ia l  

nodes, and a  sam ll te rm in a l r in g ;  th e  f r o n ta l  lobe i s  rounded and 

convex, delim ited  by a  p a ir  o f deeply  marked a n te r io r  p i t s  on i t s  

a n te r io r - l a t e r a l  m argins; th e  th re e  p a ir s  o f a x ia l  nodes a re  d iv ided  

by lo n g itu d in a l f is s u re  along th e  ax is  and tra n sv e rse  furrows across  the
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a x is  j a sm all term inal tu b e rc le  i s  p resen t near th e  p o s te r io r  margin of 

the  s h ie ld . The p le u ra l lobes are  convex and g en tly  dcw n-sloping toward 

the m arginal bo rder. The surface  i s  covered by f in e  g ran u les .

Parapro tasp id  s tag e  (P I. 11, f ig s .  2-1* and t e x t - f i g .  1*6b ). The 

s h ie ld  i s  sp h e ric a l to  su b sp h erica l in  o u tlin e  and about 0 .28 to  0.1*5 

mm. in  len g th  ( s a g .) .  The a x ia l  lobe i s  d e lim ited  by d o rsa l furrows 

and i s  c y l in d r ic a l  to  s l ig h t ly  fu sifo rm ; i t  i s  composed o f f iv e  a x ia l  

r in g s  and a sm all p ro to p y g id ia l r in g ; th e  g la b e l la r  or a x ia l  r in g s  are  

tra n sv e rse , oval, convex, and connected by a f a in t  median rid g e  along 

th e  c e n tra l  a x is ;  the a n te r io r  p i t s  a re  shallow er than  in  th e  meta- 

p ro ta sp is  b u t v e i l  d efined . A very  narrow border appears along the  

a n te r io r  margin of the  s h ie ld . The p le u ra l  lobes a re  the  same w idth 

as the g la b e lla ,  and marked by a p a ir  of d i s t in c t  p a lp eb ra l lobes a t  

th e  a n te r io r  l a t e r a l  margin. The p o s te r io r - la te r a l  borders extend 

l a t e r a l l y  from the s id es  of the o c c ip i ta l  r in g  w ith  a  p a ir  of p o s te r i ­

o r ly  d ire c te d  sp ines a t  the  extreme ends. The protopygidium  i s  narrow, 

tra n sv e rse , and curves v e n tra lly  from th e  p o s te r io r  cep h a lic  margin; 

one or two segments may be p re se n t, b u t the  n atu re  of th e  p le u ra l  lobe 

i s  obscure.

This s tag e  i s  d is tin g u ish ed  from th e  previous one in  th a t  the 

th re e  p a ir s  o f a x ia l  nodes are  fused to g e th e r  to  form th re e  a x ia l  r in g s ;  

th e  a n te r io r  border and p a lp eb ra l r id g e s  a re  reco g n izab le , and the  

protopygidium appears.

E arly  meraspid s tage (EL. 11, f ig s .  5“7>29,30 and t e x t - f i g .  1*6C,

D). The cranidium  v a rie s  from 0 .50 -1 .00  mm. in  le n g th  ( s a g .) ,  i s  

tra p e z o id a l in  o u tlin e  w ith  a rounded a n te r io r  bo rd er. The a x ia l  lobe
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tap e rs  s l ig h t ly  forward and is  oub-hernicylindrical in  co n fig u ra tio n ; 

th e  f i r s t  a x ia l  r in g  furrow i s  f a i n t ,  bu t the follow ing furrows are  

d eeper, w id er, and s tro n g ly  im pressed l a t e r a l ly .  The o c c ip i ta l  r in g  

i s  deeply  separa ted  by the o c c ip i ta l  furrow and bears a  median sp in e . 

The p le u ra l  lobe i s  narrow and tr ia n g u la r  w ith  p a lp eb ra l lobes loca ted  

opposite  ( t r . ) th e  f i r s t  g la b e l la r  furrow s; the  p o s te r io r  l a t e r a l  

borders a re  d e lim ited  by border furrows and have p o s te r io r - la te r a l  

p ro je c tio n s . The pygidium c o n s is ts  of 6 o r 7 segments w ith  sh o rt 

b lu n t m arginal sp in e s ; i t  may r e t a in  a  few a r t ic u la te d  th o ra c ic  

segments. The su rface  i s  densely  covered w ith  la rg e  g ran u les .

The d is tin g u ish in g  c h a r a c te r is t ic s  o f th i s  s tage  a r e :  th e  some­

what c o n ic a l a x ia l  lobe w ith  th re e  long a x ia l  r in g s  a n te r io r ly  and 

two sh o rt ones p o s te r io r ly  ( s a g .) .

Late m eraspid s tag e  (P I. 11, f ig s .  8 -13 ,26 ,27 ,31 , and t e x t - f ig .  

46E). The tra p e z o id a l cranidium  i s  about 1 .1 -1 .8 0  mm. in  len g th  ( s a g .) .  

The g la b e l la  i s  c o n ic a l w ith  a rounded f ro n ta l  margin. The f i r s t  p a ir  

of g la b e l la r  furrow s i s  f a i n t ,  shallow , and sep ara ted . The second and 

th i r d  ones a re  deeper and extend s l ig h t ly  backward. The o c c ip i ta l  

furrow i s  as deep and as wide as  th e  th i rd  g la b e l la r  furrow ; the 

o c c ip i ta l  r in g  i s  convex and bears a  median tu b e rc le . The narrow 

fix ig en a e  are  d iv ided  by p a lp eb ra l furrows and lo ca ted  opposite  ( t r . )  

th e  second g la b e l la r  furrow s. The l ib r ig e n a  i s  broad , c re sc e n tic , w ith  

l a t e r a l  and p o s te r io r  furrow s, connected a t  th e  genal an g le ; the gened 

sp ine i s  s h o r t  w ith  a  broad b ase . The pygidium i s  su b tr ia n g u la r  in  o u t­

l in e ,  and has th e  a x ia l  and p le u ra l  lobes d iv ided  in to  th re e  segments 

by furrow s; the  p le u ra l  lobes a re  broad and deep; th e  in te rp le u re d
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grooves are  narrow and minute.

The su rface  i s  covered by la rg e  g ran u les, and i r r e g u la r  ridges 

a re  marked along the a n te r io r  cephalic  margin and o cu lar p latfo rm .

In  comparison, the sk e le to n  of th is  s tag e  d i f f e r s  from those of 

e a r ly  ones in  th a t  the g la b e lla  i s  w ider and s h o r te r ;  th e  pygidium i s  

g en e ra lly  of holasp id  shape. The meraspid specimens d i f f e r  from 

ho lasp is  forms by th e i r  co n ica l g la b e l la ,  p a lp eb ra l lobes lo ca ted  a t  

th e  second g la b e l la r  furrow ( t r . ), and l ib r ig e n a e  w ith  w ider ocu lar 

p latform s and sh o rte r  genal sp in e s . The pygidium lacks a  p o s te r io r  

median notch and i s  s e m i-c irc u la r .

Figured specimens. M etapro tasp is, U.C.M. 38735a*

P arap ro tasp id es, U.C.M. 38735b-d.

E arly  m eraspides, U.C.M. 38735e-f, w, x .

U.S.N.M. 137100a.

Late m eraspides, U.C.M. 387356-1* 9*
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Family Olenidae B urm eister, 18^3 

Genus Olenus Dalman, 1827 

Olenus gibbosus (Wahlenberg)

P I. 12, f ig s .  1-32, and t e x t - f i g .  kl 

Entom ostracites gibbosus Wahlenberg, G ., 1821, p. 39* pi* 1> fig*  ^ only 

Olenus gibbosus (Wahlenberg), A ngelin, N .P ., 1878, p . kh, p i .  2 5 , f ig .

5; S trand , T ., 1921, P* 320-329, p i .  2 , f i g .  1 -llfd ; S t^rm er, L ., 

19^2, p i .  8l ,  f ig s .  9 a -e , and lO a-e; Henningsmoen, G ., 1957> P*

105 , p i .  1 , f ig .  1 , p i .  3 , and pi* 9, fig*  7*

D iagnosis. Cranidium tra p e z o id a l in  o u tl in e ,  m oderately convex 

w ith  a tru n c a te -c o n c ia l g la b e l la .  D orsal furrow deeply  im pressed. 

Fixigenae broad w ith  the  p a lp eb ra l labe lo ca ted  a t  the m id-leng th  of 

crandium. L ibrigena o f medium w idth ; genal sp ine  continuous w ith  

course of l a t e r a l  margin. ftygidium su b tr ia n g u la r  w ith  1 o r 2 p a ir s  of 

m arginal sp ines and 5 or 7 a x ia l  r in g s .  Hypostoma subquadrate in  o u t­

l in e ,  w ith  a  la rg e  convex median body.

D esc rip tio n . The tra p ezo id a l, crandium i s  m oderately convex; the  

g la b e lla  i s  tru n c a te -c o n ic a l, tap e rin g  s l ig h t ly  forw ard, w ith  th re e  

p a irs  of oblique l a t e r a l  furrow s; th e  p re g la b e lla r  f i e ld  i s  g en tly  

convex, more than o n e-half th e  le n g th  o f th e  g la b e l la  ( s a g . ); th e  

a n te r io r  border i s  narrow and separa ted  by a  d i s t i n c t  a n te r io r  furrow ; 

th e  fix ig en ae  are  broad and more than  o n e-h a lf th e  w idth  o f th e  

g la b e lla  ( t r . ) ;  th e  p a lp eb ra l lobes a re  m oderately sm all and lo ca ted  

s l ig h t ly  in  f ro n t  of th e  m id -line  o f th e  g la b e l la  ( t r . ) ;  th e  p a lp e b ra l 

rid g es  are  a t  a  r ig h t  angle to  the  a n te r io r - l a t e r a l  corners of th e  

g la b e l la ;  th e  o c c ip i ta l  r in g  bears a  sm all node. The l ib r ig e n a  bears
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T e x t- f ig . 1+7: A growth s e r ie s  of Olenus gibbosus (Wahlenberg).
A,By two m etapro tasp ides, x 50; C,D, two p a rap ro ta sp id es , x 50, 
x 30; E,F, two e a r ly  m eraspides, x 20, x 18; G, a l a t e  m eraspis, 
x 10 ; H, holaspid  cranidium , x 7; I ,  a  pygidium, x 7 j J ,  hypostoma, 
x 20; K. l ib r ig e n a , x k. (Drawings made from p h o to g rap h s.)
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a broad ocu lar p latform  and a medium-sized genal sp in e . The convex and 

e longate  hypostoma i s  subquadrate in  o u tlin e  and has a la rg e  median 

body. The f l a t  pygidium i s  t r ia n g u la r  in  o u tlin e  and has 5 to  7 a x ia l  

r in g s  and furrow s; the p le u ra l lobe i s  f l a t ,  g e n tly  uptruned from the 

d o rsa l furrow , w ith  w ell developed p le u ra l  furrow s; a  p a ir  of m arginal 

sp ines extend from the  a n te r io r - la te r a l  co rners of th e  pygidium.

The su rface  of the  sk e le to n  i s  covered by f in e  g ran u le s , and minute 

r a d ia l  r id g es  occur on th e  p re g la b e lla r  f i e ld  and th e  p latform s o f the  

l ib r ig e n a e .

Remarks. The ontogeny of th is  spec ies  was f i r s t  e s ta b lish e d  by 

S trand  (1927 ) and subsequently  re-examined by St^rm er (19^2). The 

m a te r ia l here s tud ied  was c o lle c te d  by K. E. C aster du ring  a  f i e ld  t r i p  

o f th e  In te rn a tio n a l Geologic Congress, 1962. More th an  90 immature 

and mature ske le tons have been freed  from a  sm all p iece  o f fo s s i l i f e ro u s  

bitum inous lim estone. The sm alle s t specimen i s  O.27 mm. long and the  

l a r g e s t  cranidium  about 15.0 mm. in  len g th .

S t/rm e r’s observation  th a t  the  e a r l i e s t  in s ta r s  have th e  cephalic  

segm ental furrows impressed on the  p le u ra l  lobes i s  c o r re c t ,  b u t they  

a re  very  minute and alm ost im possible to  sb serv e . In  a d d itio n , a  few 

in s ta r s  were found in  which th e  a x ia l  lobe con ta in s f iv e  r in g s ,  o f which 

two a re  formed by fou r a x ia l  nodes, s i tu a te d  in  between the  f ro n ta l  lobe 

and p o s te r io r  two r in g s  ( f ig .  1-3)* These a re  s im ila r  to  fe a tu re s  

occurring  in  o ther young t r i l o b i t e s ,  which a re  d escrib ed  in  th i s  r e p o r t .

Horizon and L o c a lity . Upper Cambrian, Zone I I ,  R ingsaker S ta tio n , 

n o r th  of Oslo, Norway.

Figured specimens. C ran id ia , U.C.M. 38736 and 38736s, d 1, e*.
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Hypostoma, U.C.M. 38736t, u.

L ibrigenae, U.C.M. 38736x, y.

Pygidia, U.C.M. 38736b', c ' .

Olenus gibbosus (Wahlenberg), ontogeny 

M etaprotaspid stage (p i. 12, f ig s .  1-3 and t e x t - f i g .  47A, B).

The m oderately convex sh ie ld  i s  sp h e ric a l to  su b sp h e rica l in  o u tlin e  and 

about 0.27 mm. in  leng th  ( s a g .) .  The g la b e lla  i s  composed o f a  la rg e  

f ro n ta l  lobe, two p a irs  of a x ia l  nodes, and two sm all p o s te r io r  a x ia l  

r in g s .  A minute f is s u re  i s  impressed along the  a x is  of the  g la b e l la  

( s a g .) .  The d o rsa l furrow i s  w ell-developed. The p le u ra l  reg ions are  

g en tly  convex, w ith  3 or k poorly defined  cep h a lic  segm ental furrow s.

The m arginal border i s  lim ited  by an in d is t in c t  m arginal furrow . The 

m arginal sp ines a re  obscure except fo r  th e  p o s te r io r  p a i r .  The su rface  

i s  covered by f in e  g ranu les.

Parapro tasp id  stage (P I. 12, f ig s .  4-8  and t e x t - f i g .  bjC, D). The 

s h ie ld  i s  c i r c u la r  in  o u tlin e  and about 0 .30-0 .40  mm. in  le n g th  ( s a g .) .  

The ax is  i s  expanded a n te r io r ly  and d iv ided  by f a i n t ,  tra n sv e rse  

furrow s. The f ro n ta l  lobe , which c o n s is ts  of a  p a ir  of eye-brcw -like 

r id g e s  i s  la rg e r  than  most of th e  a x ia l  r in g s .  The a n te r io r  p i t s  a re  

shallow  and e lo n g a te ; the  p le u ra l  lobe i s  about one and o n e-h a lf th e  

w idth  of the g la b e l la  ( t r . ) ,  and i s  surrounded by a  narrow m arginal 

b o rd er. The prominent p a lp eb ra l rid g e  extends from behind th e  a n te r io r  

p i t  and p o s te r io r - la te r a l  margin of the f r o n ta l  lobe and curves 

l a t e r a l l y  and p o s te r io r ly  to  the m arginal b o rd er. The m arginal sp ines 

a re  obscure, except fo r  th e  p o s te r io r  p a i r ,  which a re  produced from th e
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p o s te r io r - la te r a l  margin.

The protopygidium appears a t  th e  p o s te r io r  margin of th e  s h ie ld ,  

curving v e n tra l ly  "between the p o s te r io r  sp in es . I t  i s  t r ia n g u la r  and 

co n s is ts  of two segments. The su rface  of the  sh ie ld  i s  covered by f in e  

g ran u le s .

The new fea tu res  in  th is  s tag e  a r e : th e  fu s io n  o f th e  two p a irs  of 

m etaprotaspid  g la b e lla r  nodes to  form two complete g la b e l la r  r in g s ;  

the  p le u ra l segm ental furrows a re  no t v i s ib le ;  th e  protopygidium  

appears; and a  p a ir  of sh o rt furrows a re  newly developed on th e  s id es  

of th e  f ro n ta l  lobe .

E arly  m eraspid s tage  (P I. 2 , f ig s .  9-12, 29  and t e x t - f i g .  4-7E, F ). 

The tra p e z o id a l s h ie ld  i s  about O.5O-O.85  mm. in  len g th  ( s a g .) .  The 

g la b e lla  i s  h em i-c y lin d rica l to  s l ig h t ly  expanded a n te r io r ly .  The 

f ro n ta l  lobe i s  la rg e r  than  th e  fo llow ing a x ia l  r in g ,  and b ears  a  p a ir  

of sh o rt furrows l a t e r a l ly .  The prominent p a lp eb ra l r id g es  extend from 

the  l a t e r a l  margin of the f ro n ta l  lobe and a re  lo ca ted  s l ig h t ly  p o s te r io r  

to  th e i r  p o s itio n  in  the  e a r l i e r  s ta g e . The a n te r io r  p i t s  a re  ab sen t.

The p o s te r io r  l a t e r a l  border i s  expanded l a t e r a l l y  w ith  a  p a ir  of 

p o s te r io r  sp ines a t  the  extreme ends. The pygidium i s  e lo n g a ted , sub- 

t r ia n g u la r ,  w ith  f iv e  d i s t in c t  a x ia l  r in g s .  The p le u ra l  lobes are  

s l ig h t ly  convex above the d o rsa l furrow ; th e  narrow m arginal border 

bears sh o rt m arginal sp in e s , which are  continuous p ro je c tio n s  of the  

p le u ra l  segments. The su rface  i s  covered by medium s ized  g ran u les .

The im portant fe a tu re s  of th i s  s tag e  a re :  th e  tra p e z o id a l o u tlin e  

of the  crandium, th e  h em i-c y lin d rica l form o f th e  g la b e l la ,  and the 

f i r s t  appearance of the  a n te r io r  b o rd er.
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Late meraspid stage  (P I. 12, f ig s .  13-18,25 ,26 ,30  and t e x t - f i g .  

VfG). The tra p e z o id a l crandium i s  about 0 .90 to  I .50  mm. in  len g th  

( s a g .) and m oderately convex. The co n ica l g la b e l la  i s  marked by th re e  

p a irs  of g la b e l la r  furrow s, which a re  deeper l a t e r a l l y  and become more 

shallow toward th e  a x is .  The o c c ip i ta l  r in g  i s  convex and bears  a 

t in y  median tu b e rc le . The d o rsa l furrows a re  deep and d i s t i n c t .  The 

a n te r io r  border i s  narrow and separa ted  by a w e ll developed p re g la b e lla r  

f i e ld .  The p a lp eb ra l lobes are  prominent r id g e s . The fix ig en a e  are  

broad ly  tr ia n g u la r  in  o u tlin e  and about th e  same w id th  as th e  g la b e lla  

( t r . ) .  The p o s te r io r  l a t e r a l  border i s  narrow b u t prom inent. The 

tr ia n g u la r  pygidium, which i s  not a r t ic u la te d  w ith  th e  cephalon, 

co n ica l, o f 4 or 5 segments, a l l  o f  which a re  sep ara ted  by furrow s; 

th e  co n ica l a x ia l  lobe ta p e rs  s l ig h t ly  p o s te r io r ly ;  th e  f l a t  to  s l i g h t ­

ly  convex p le u ra l lobes are  d iv ided  in to  3 o r k broad, p le u ra l  bands; 

th e  m arginal border i s  narrow and d i s t i n c t ly  d e lim ited  by th e  m arginal 

furrow ; no m arginal sp ines a re  p reserved . The l ib r ig e n a  i s  e lo n g a te , 

narrow, and c re sc e n tic , w ith  a medium-sized genal sp in e .

The fe a tu re s  which d if f e r e n t ia te d  t h i s  s tag e  from th e  e a r l i e r  one 

a r e : the  appearance of th e  p re g la b e lla r  f i e l d ,  th e  a x ia l  se p a ra tio n  of 

th e  g la b e l la r  furrow s, and th e  change of th e  p y g id ia l ax is  from hemi- 

c y l in d r ic a l  to  c o n ica l.

Figured specimens. M etapro tasp ides, U.C.M. 38736a-c.

P arap ro tasp id es, U.C.M. 38736d-h.

E arly  m eraspides, U.C.M. 387361-1, z .

Late m eraspides, U.C.M. 38736m-r, v , w, a 1.
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Genus Acerocare Angelin, 1854 

Acerocare ecorne A ngelin 

PI. 13, f ig s .  1-34 and t e x t - f i g .  48.

Acerocare ecorne Angelin, N. P .,  1878, p i .  25 , f ig .  10, p. 47; Mober,

J .  C ., and M tfller, H., 1898, p i .  10, f ig s .  1-10, p . 231;

Heningsmoen, G ., 1957> pl» 2 , f ig .  3 , p i .  7 ,  p i .  30, f ig s .  1 -8 , 

p i .  31, P- 2^3.

D iagnosis. Convex crandium bearing  a  broad subquadrate g la b e l la  

and a n te r iro ly  s i tu a te d  p a lp eb ra l lo b es . P re g la b e lla r  f i e ld  very  narrow, 

lim ite d  by a narrow, su b tr ian g u la r  f r o n ta l  b o rd e r. P o s te r io r  f i x i -  

genae wide, bearin g  a  p a ir  of sh o rt sp ines a t  th e  p o s te r io r  l a t e r a l  

b o rd e r. The sem i-c irc u la r  l ib r ig e n a  b ea rin g  a  s h o r t ,  broad and r a th e r  

curved te rm in al sp in e . Ifypostoma e longate  and occupied by an oval and 

convex median body. S u b trian g u la r pygidium w ith  6 o r more a x ia l  r in g s  

and a  sm all te rm in al p o rtio n .

Cephalic su rface  covered by sm all g ra n u le s ; f in e ,  r a d ia l  r id g e s  

a re  p resen t on th e  p re g la b e lla r  f ie ld  and o c u la r  p la tfo rm . A p a ir  o f 

d i s t i n c t  sm all nodes i s  p resen t on the  s id e s  o f th e  p re g la b e lla r  f i e ld .

Acerocare ecorne A ngelin, male?

• P I. 13, f ig s .  15 ,17 ,19 ,24 ,32 ,34 , and t e x t - f i g .  48H, L.

D escrip tio n . The cephalon i s  se m i-c irc u la r  in  o u tlin e  and w ider 

( t r . ) than  long (sa n g .) . The g la b e lla  i s  b road ly  subquadrate, marked 

by fo u r p a irs  o f g la b e l la r  furrows and a  shallow  a n te r io r  median p i t .

The d o rsa l furrow curves around the  g la b e l la  and has a  sm all median 

s a l i e n t  in to  the  f r o n ta l  margin o f the  g la b e l la ;  a t  i t s  m id -line  o f th e
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T e x t- f ig . 48: A growth,sequence o f Acerocare ecorne Anglin.
A, m etap ro tasp is, x 50; B,C, two p a rap ro ta sp id es , x 56, x 4-7; 
D, e a r ly  m eraspis, x 32; E ,F , two l a t e  m eraspides, x  26, x  22; 
G, pygidium, x 6 . 8 ; H, ’’male" crandium, x  6 .7 ; I# "fem ale” 
cranidium , x 8 ; J ,  hypostoma, x 3*8; K, "female" l ih r ig e n a , 
x 7 ; L, "male" l ih r ig e n a , x 5. (Drawings from pho tographs.)
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g la b e lla  ( t r . ) i t  i s  s l ig h t ly  expanded l a t e r a l ly .  The c re sc e n tic  

o c c ip i ta l  r in g  i s  marked l a t e r a l l y  by a p a ir  of curving furrows and 

m edially  by medium-sized sp ine or node. A median o c c ip i ta l  r id g e  runs 

along the o c c ip i ta l  r in g  ( t r . ) .  The narrow p re g la b e lla r  f i e ld  i s  lim ited  

■ by a f in e ,  bu t w e ll-d e fin ed  f ro n ta l  furrow . The a n te r io r  border i s  very 

narrow, s l ig h t ly  e lev a ted  and b lu n tly  pointed a n te r io r ly .  The i n t e r ­

o cu la r cheek i s  narrow. The sm all p a lp eb ra l lobes are  lo ca ted  feu: 

forward from th e  m id-line o f th e  g la b e l la  ( t r . ) .  The p o s te r io r  f i x i -  

. genae are broad and tra n sv e rse . The prominent and narrow p o s te r io r  

l a t e r a l  border i s  delim in ted  by p o s te r io r  l a t e r a l  furrow s, which curve 

a n te r io r - la te r a l ly .  A p a ir  of sh o r t f ix ig e n a l spine i s  borne a t  the 

l a t e r a l  margin o f the  p o s te r io r  l a t e r a l  border.

The lib r ig e n a  i s  s e m i-c irc u la r  in  o u tlin e  and g e n tly  convex. The 

o cu lar p latform  i s  broad . The convex l a t e r a l  border i s  of medium w idth 

and defined  by a  shallow and broad l a t e r a l  furrow . The a n te r io r  and 

p o s te r io r  ends of th e  l ib r ig e n a e  a re  sh arp ly  po in ted .

The pygidium i s  su b tr ia n g u la r  in  o u tlin e . The c o n ic a l a x ia l  lobe
0

ta p e rs  p o s te r io r ly , i s  d iv ided  in to  4 o r 5 a x ia l  r in g s  and a sm all 

te rm in a l p o r tio n . The d o rsa l furrow i s  deeply im pressed a n te r io r ly  and 

shallow  around the  p o s te r io r  m argin. The p le u ra l lobes are  s l ig h t ly  

narrower than  th e  ax is  ( t r . ) ,  g e n tly  convex, and down-sloping to  the  

narrow margin; th e  k o r 5 p le u ra l  bands a re  a l l  marked by broad , concave 

p le u ra l  furrow s; th e  f a in t  in te rp le u r a l  grooves are  ob lique to  th e  

p le u ra l  fu rrow s.

The su rface  of the sk e le to n  i s  covered by f in e  g ran u le s , and 

i r r e g u la r  r id g e s  a re  developed around th e  margin o f th e  pygidium.
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Figured specimens. C randia, U.C.M. 3873811, p , r .

L ib rigena , U.C.M. 387381/.

P yg id ia , U.C.M. 38738e', g ' .

Hypostoma, U.C.M. 38738t.

Acerocare ecorne A ngelin, female?

P I. 13, f ig s .  13 ,1^ ,1 6 ,1 8 ,2 5 ,3 0 ,3 1 ,3 3  and t e x t - f i g .  481, K.

Comparison. The g la b e l la  o f the  presumed female form i s  narrow er, 

longer and more c y l in d r ic a l  than  th a t  o f th e  male form; th e  lib r ig e n a  

i s  longer and narrow er; and th e  pygidium i s  t r ia n g u la r .  The sexual r a t io  

i s  115 .

Horizon and L o c a lity . Upper Cambrian, Acerocare zone (2da )^

Nye, Joukoping, Sweden.

Figured specimens. C randia, U.C.M. 387381, m, o , q.

L ib rigena , U.C.M. 38738x.

P yg id ia , U.C.M. 38738c', d ' ,  f .

Acerocare ecorne, A ngelin, ontogeny

M etaprotaspid s tag e  (P I. 13, f ig s .  1-2 and t e x t - f i g .  48 a). The 

s h ie ld  i s  rounded to  subrounded, convex, and about 0 . 20 - 0 .2 9  mm. in  

le n g th  ( s a g .) .  The m arginal border o f th e  s h ie ld  i s  narrow and has a 

p a ir  of sh o rt and broad sp ines p ro je c tin g  p o s te r io r ly  from the  

p o s te r io r - l a te r a l  b o rd er. The fu sifo rm  a x is  i s  about th e  same w idth  

as th e  p le u ra l  lobe ( t r . ) and i s  d e lim ited  by d o rsa l fu rrow s. I t  i s  

composed of a  f r o n ta l  lo b e , two p a irs  o f a x ia l  nodes and two te rm in a l 

r in g s .  The p a ired  a n te r io r  p i t s  a re  d i s t i n c t l y  marked i n  th e  a n te r io r
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l a t e r a l  margin of the f ro n ta l  lobe. The p a lp eb ra l r id g es  and the  

p a lp eb ra l lobes are in d i s t in c t .  The su rface  of th e  sh ie ld  i s  covered 

by f in e  g ran u les .

Parapro tasp id  s tag e  (P I. 13; f ig s .  3*6 and t e x t - f i g s .  48B, C). The 

subrounded, convex sh ie ld  v a r ie s  from 0 .30 -0 .40  mm. in  len g th  ( s a g .) ,  

i s  surrounded by narrow m arginal b o rder. The fu sifo rm  a x is  i s  the  same 

w idth  as the  p le u ra l  lobe and i s  d iv ided  in to  f iv e  convex, w e ll defined  

r in g s .  The r in g s  are  connected by a  very  narrow r id g e  along the 

median ax is  ( s a g .) ,  and th e  sm all te rm in a l r in g  bears a  minute median 

sp in e . The convex f ro n ta l  lobe i s  sem ic ircu la r  in  o u tlin e  and bears 

a  p a ir  of e longate  p i t s  on th e  a n te r io r  l a t e r a l  p o r tio n . The d i s t i n c t  

p a lp eb ra l r id g e s  extend l a t e r a l l y  from behind th e  a n te i ro r  p i t s  to  th e  

l a t e r a l  b o rd e rs . The extreme ends o f th e  bo rders  a re  arched p o s te r io r ly
r~

and la te ra ll'y ^an d  /bear a  p a ir  o f sharp -po in ted  sp in e s . A sm all t r i ­

angu lar protopygidium , which p o ss ib ly  c o n s is ts  o f only  one segments, 

i s  curved v e n tra l ly  between th e  p o s te r io r  sp in es  from the  p o s te r io r  

cep h a lic  m argin. The su rface  i s  covered by m oderately la rg e  g ra n u le s .

This s tag e  d i f f e r s  from the  preceding one in  th a t  here the  a x ia l  

nodes are  fused  to  form f iv e  complete r in g s  and th e  protopygidium 

f i r s t  appears.

E arly  meraspid s tag e  (P I. 13; f ig s .  7 -9 ; 26 and t e x t - f i g .  48D).

The cranidium  i s  tra p e z o id a l in  o u tlin e  about 0 .40 -0 .70  mm. in  le n g th  

( s a g .) ,  and the  cranidium  i s  d isa sso c ia te d , from th e  pygidium. The 

fu sifo rm  g la b e lla  may be s l ig h t ly  expanded a n te r io r ly ;  and i s  composed 

of f iv e  d i s t i n c t  a x ia l  r in g s .  The te rm in a l o r o c c ip i ta l  r in g  i s  sm aller 

th an  th e  preceding r in g s  and bears  a  medium-sized median sp in e . The
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p a lp eb ra l rid g es  and the  p a lp eb ra l lobes a re  s i tu a te d  a t  th e  a n te r io r  

l a t e r a l  margin of the  s h ie ld . The p o s te r io r  f ix ig e n a l  borders are  

expanded l a t e r a l ly ,  and bear a  p a ir  o f sp ines d ire c te d  p o s te r io r -  

l a t e r a l l y  from th e  l a t e r a l  b o rders . The f a c ia l  su tu re s  are  obscure 

b u t may be lo ca ted  a t  th e  a n te r io r - l a t e r a l  corners o f th e  cranidium , 

as i s  suggested by th e  p a lp eb ra l lobes and th e  p o s te r io r  f ix ig e n a l 

b o rd e rs .

The pygidium i s  e lo n g a te - tr ia n g u la r  in  o u tlin e  and s l ig h t ly  convex; 

i t s  a x ia l  lobe i s  s len d e rly  c o n ic a l, tap e rin g  p o s te r io r ly  and d iv ided  

in to  fo u r r in g s ,  b u t some of which may be th o ra c ic  segments. The 

p le u ra l  lobes a re  convex above th e  d o rsa l furrow , and each segment 

p ro je c ts  m arg ina lly  as a  p a ir  of s h o r t ,  broad sp in e s . The su rface  i s  

r e g u la r ly  ornamented w ith  la rg e  g ran u les .

In  th is  s tag e  th e  in s ta r s  d i f f e r  from the  p arap ro tasp id es in  

th a t  th e  sh ie ld  assumes a tra p e z o id a l o u tlin e  and th e  p o s te r io r  

f ix ig e n a l  border becomes l a t e r a l l y  expanded.

Late meraspid s tag e  (P I. 13# f ig s .  10-12,20 ,22 ,27-29 , and t e x t -  

f ig .  48E, F ). The cranidium  i s  tra p e z o id a l in  o u tlin e  and about 0 .60 - 

0 .80 mm. in  le n g th  ( s a g .) .  The subconcial g la b e l la  i s  s l ig h t ly  

expanded a t  th e  m id -line  ( t r . )  and d iv ided  by th re e  p a irs  o f complete 

furrow s. The c re sc e n tic  o c c ip i ta l  r in g  i s  sm alle r than  the g la b e l la r  

r in g s ;  i t  arches p o s te r io r ly  and bears a  sm all median tu b e rc le . The 

a n te r io r  border i s  narrow, convex, and curves a n te r io r ly .  The fix ig en ae  

a re  broad p o s te r io r ly  and narrow a n te r io r ly ;  th e  d i s t i n c t  p a lp eb ra l 

lobes and rid g e s  a re  lo ca ted  a t  th e  a n te r io r - l a t e r a l  co m ers  o f th e  

crandium; th e  p o s te r io r  f ix ig e n a l borders a re  de lim in ted  by furrow and
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curve a n te r io r ly  and la t e r a l ly  before reach ing  the  margin; a  p a ir  of 

sh o r t sp ines p ro je c ts  from the  p o s te r io r - la te r a l  m argins. The convex 

hypostoma i s  subquadrate in  u t l in e ,  w ith  rounded p o s te r io r  m arginal 

b o rd er; i t s  median body i s  sm all, su b tr ia n g u la r  and convex; the 

p o s te r io r  lobe i s  wide, convex, and U-shaped. The f l a t  pygidium which 

i s  su b trian g u la r in  o u tlin e , has a  s le n d e rly  c o n ic a l a x ia l  lo b e; the  

a x ia l  lobe i s  divided in to  5 or 6 r in g s ;  the  p le u ra l  lobes are  about 

the  same w idth  as the ax is  and marked by 3 o r U d i s t i n c t  p le u ra l bands 

th e  m arginal border is  narrow and no m arginal sp ines a re  preserved .

The su rface  i s  covered by medium-sized g ran u les .

This s tag e  i s  ch arac te rized  by a subconical g la b e l la ,  incom plete 

g la b e l la r  furrow s, and a narrow a n te r io r  b o rder; th e  hypostoma has a  

sm all median .body and a  broad p o s te r io r  lo b e ; th e  p y g id ia l ax is  i s  

s le n d e rly  c o n ic a l; and the lib r ig e n a e  have a  narrow p la tfo rm .

Figured specimens. M etaprotaspides, U.C.M. 38738a-b.

P arap ro tasp id es, U.C.M. 38738d-f.

E arly  m eraspides, U.C.M. 38738g-i, y .

Late m eraspides, U.C.M. 38738h-k, s ,  u .
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Genus H lghgate lla  Show, 1955 

H ighgate lla  f a c i l a ,  n. sp .

P I. 15, f ig s .  1-26 and t e x t - f i g .  ^9 

D iagnosis . Cranidium tra p e z o id a l to  subquadrate in  o u tlin e , 

m oderately convex. G labella  tru n c a te -c o n ic a l, marked by th re e  p a irs  

o f g la b e l la r  furrow s. P re g la b e lla r  f ie ld  about o n e-half th e  len g th  of 

g la b e l la .  A n te rio r border narrow. Fixigenae narrow. Eyes medium­

s ize d  and lo ca ted  a t  m id -line  o f g la b e lla .  P o s te r io r  l a t e r a l  f ix ig en a  

t r ia n g u la r .  D orsal furrow deeply  marked. L ibrigena having medium- 

wide o cu la r p la tfo rm  and genal sp in e . Hypostoma subquadrate, w ith  

a  la rg e ,  convex median body. Pygidium oval, convex w ith  two p a irs  o f 

m arginal sp ines and same number of a x ia l  r in g s ;  p le u ra l  lobe narrower 

th an  a x is  and having d i s t i n c t l y  im presssed p le u ra l  furrow .

H ig h g ate lla  f a c i l a ,  n . sp . male?

PI. 15, f ig s ,  1 3 , lM 7 ,2 0 ,2 l ,2 3 ,2 5 ,2 6 ,  and t e x t - f i g .  1+9H, L.

D e sc rip tio n . The cranidium  i s  tra p e z o id a l in  o u tlin e  and convex 

in  p r o f i le .  The g la b e lla  i s  b road ly  co n ica l w ith  a  s l ig h t ly  rounded 

f r o n ta l  margin, th re e  p a ir s  o f  w e ll defined  g la b e l la r  furrow s; the 

f i r s t  p a ir  o f g la b e l la r  furrow s, which are  opposite  the  p a lp eb ra l 

r id g e s ,  i s  sh o rt and p o rr ly  im pressed; the second p a ir  o f  g la b e l la r  

furrow s i s  deeper and extends a  sh o rt d is tan ce  behind the  p a lp eb ra l 

r id g e ;  th e  l a s t  p a ir  i a  longer and d i s t i n c t ly  marked. The d o rsa l 

furrow  i s  narrow and deep. The o c c ip i ta l  furrow i s  shallow  bu t 

w e ll marked, deep l a t e r a l ly  and shallow acro ss  th e  a x ia l  l in e  ( s a g .) .  

The c re sc e n tic  o c c ip i ta l  r in g  bears  a  median node. The p re g la b e lla r
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T e x t- f ig . ^9: A growth s e r ie s  of H ighgate lla  f a c i l a ,  n, sp .
A, a  m etap ro tasp is , x 62; B,C, two p a rap ro tasp id es , x 53;
D, e a r ly  m eraspis, x kO; E, l a t e  m eraspis, x 30; F, an e a r ly  
ho lasp id  cranidium , x 14; G, l ih r ig e n a , x  5; H, "male" 
cranidium , x 10; I ,  "female" cranidium , x  9; J ,  immature 
pygidium, x 30; K, hypostoma, x 2k} L, "male" pygidium, x 25; 
M, "female" pygidium, x 12. (Drawings made from photographs.)

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



265

f i e ld  i s  o n e -th ird  as long as the  g la b e lla ,  s l ig h t ly  convex and curves

ab ru p tly  in to  the a n te r io r  furrow , whieh i s  narrow, d i s t i n c t  and

arches a n te r io r ly .  The rounded and arched a n te r io r  border i s  narrow,

being about one-fou rth  as wide as th e  p re g la b e lla r  f i e ld .  The fix igenae

are  narrow and f l a t ,  approxim ately o n e-fo u rth  as wide as th e  g la b e lla .

The prominent ey e-rid g es extend from th e  a n te r io r  edges o f the

p a lp eb ra l lobes m ed ially  to  th e  d o rsa l furrow j u s t  behind the  a n te r io r

l a t e r a l  corner o f the  g la b e lla ;  the  medium-sized p a lp e b ra l lobes are

lo ca ted  on, or s l ig h t ly  forward from th e  m id -lin e  o f th e  g la b e l la ;

the  p o s te r io r  fix ig en ae  are  t r ia n g u la r ,  convex, s lo p in g  down from the

d o rsa l furrow to  th e  im pressed p o s te r io r - la te r a l  fu rrow s; th e  narrow

p o s te r io r  border i s  about tw o -th ird s  th e  le n g th  o f th e  o c c ip i ta l  r in g .

The a n te r io r  f a c i a l  su tu re s  a re  s l ig h t ly  d iv e rg en t to  p a r a l le l ;  the

p o s te r io r  f a c ia l  su tu re s  are  d iv e rg en tly  sinuous and cu t th e  p o s te r io r

l a t e r a l  border w ith  a  sharp ang le .

L ibringena i s  convex, w ith  a medium-wide o cu la r p la tfo rm ; the

l a t e r a l  furrow i s  shallow and broad; the  l a t e r a l  border i s  o f medium-

w id th , convex, and slopes g e n tly  down to  th e  o u te r  m argin; the genal

spine i s  s len d er and of medium len g th .

The pygidium i s  oval, tra n sv e rse , and convex; th e  a x ia l  lobe i s

broad and convex above th e  p le u ra l  lobes and d iv ided  in to  two a x ia l  *
r in g s  and a  long te rm in a l p o rtio n ; the  p le u ra l  lobe i s  narrow er than  

th e  ax is  and marked by two p a irs  of p le u ra l  furrow s; th e  m arginal 

border bears  two p a irs  o f s h o r t ,  broad sp in e s , which extend continuously  

from th e  p le u ra l segmental t i p s .

The su rface  of th e  sk e le to n  i s  covered by f in e  g ran u le s ; r a d ia l
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rid g es  are p resen t on the  p re g la b e lla r  f i e ld ,  and a row o f d i s t i n c t  p i ts  

i s  p resen t along th e  cephalic  m arginal furrow .

Figured specimens. Paratype, Crandia, U.C.M. 38740n, m, q, r .

L ibrigenae, U.C.M. 3874Ow, x.

Hypostoma, U.C.M. 38740s.

Pygidium, U.C.M. 387^0u.

H ighgate lla  f a c i l a ,  n . sp . female?

PI. 15, f ig s .  12 ,15 ,16 ,18 ,19 ,22 ,24 , and t e x t - f i g .  k^I, M.

Comparison. The cranidium  o f th e  female d i f f e r s  from th a t  o f the  

male by having a narrower and longer g la b e lla ,  w ider p re g la b e lla r  

f i e ld ,  broader p y g id ia l ax is  w ith  two a x ia l  r in g s  and narrower p le u ra l  

lo b e s .

Remarks. This spec ies  i s  rep resen ted  by 20 mature and 50 immature 

specimens, which show a .c o n tin u a l growth sequence. The la r g e s t  female 

cranidium  i s  about 20 mm. long and th e  male cranidium  i s  about 15 mm. 

( s a g .) .  The m atrix m a te r ia l i s  lig h t-b ro w n ish , m edium -crysta lline 

lim estone. This species i s  d is tin g u ish ed  from th e  type sp ec ies  

H. g e la s in a ta  (Show) (1951 , 1955) "by i t s  la rg e r  and more p o s te r io r ly  

lo ca ted  p a lp eb ra l lo b es.

Recently Winston and N icholls (1967 ) assigned  Lochman's (1964) 

Euloma c o r d i l l e r i  from th e  W illis to n  Basin to  H ig h g a te lla . The 

assignm ent i s  d o u b tfu l. Dr. Lochman's specimens were prepared by th e  

w r i te r  w hile serv ing  as her re sea rc h  a s s i s ta n t ;  a t  th a t  tim e a  d e ta i le d  

comparison was made among th re e  c lo se ly  s im ila r  genera, Euloma, High­

g a te l la ,  and P a ra b o lin e lla . The d iffe re n c e s  a re :  Euloma has a  quadrate
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. cranidium , co n ica l g la b e lla , and deeply  marked d o rsa l furrow ; whereas 

H ighgatella  and P a rab o lin e lla  have a tra p e z o id a l to  subquadrate 

cranidium , broadly subquadrate g la b e lla ,  and shallow er d o rsa l furrow . 

Moreover th e  p re g la b e lla r  f ie ld  of Euloma has a  s tro n g ly  e levated  

median boss whereas th is  f ie ld  in  H ighgate lla  and P a rab o lin e lla  has 

none. They are  c le a r ly  d i f f e r e n t ,  but u n fo rtu n a te ly , the specimens 

which were figu red  by Lochman are  not a l l  id e n t ic a l .  The specimens 

which she shows on her p i .  63, f ig s .  27-30, 32-3*t> 36-38 (U.S.N.M. 

Ih071^, 140715a, c - f ,  h - j )  are  ty p ic a l  Euloma, whereas her f ig .  31 

(U.S.N.M. Ih0715"h) i s  e i th e r  a  member o f H ighgate lla  or P a ra b o lin e lla , 

and f ig .  35 (U.S.N.M. 1^0715g) i s  a  ju v e n ile  pygidium of Symphysurina 

w ith  a peeled su rface . These d iffe ren ce s  are  e a s i ly  d isc e rn ib le . 

W inston and N ic h o ll 's  (1967) specimens on th e i r  p i .  13> f ig s .  8 ,11 ,13  

(Ut 12651-12653) a re  c lo se ly  s im ila r  to  Lochman's f ig .  31 (U.S.N.M. 

1U0715U) and appear to  belong to  H ighgate lla  o r P a ra b o lin e lla , whereas 

Lochman's specimens are  re fe ra b le  to  Euloma, except fo r  her p i .  63 , 

f ig s .  31 and 35 (U.S.N.M. lh0715h and lh0715g). This conclusion was 

reached a f t e r  comparison of p resen t m a te ria ls  w ith  D r; Lochman's 

d u p lica te s  and to p o ty p e s (?) of Euroma ornatum Angelin, from Tremadocian 

Ceratopyge lim estone, Bjerkasholmen, Norway, which were c o lle c te d  by 

Dr. K. E. C aster during  a f ie ld  t r i p  o f th e  In te rn a tio n a l G eological 

Congress, 1962 .

Horizon and L o c a lity . Deadwood Formation, M issisquia zone, Lower 

O rdovician. Sheep M t., Sundance, e a s te rn  Wyoming.

Figured specimens. Holotype, Cranidium, U.C.M. 387^0.

Paratype, C ran id ia , U.C.M. 387^010, p.
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Pygidia, U.C.M. 387^0t, v.

H ighgate lla  f a c i l a ,  n. sp . ontogeny 

M etaprotaspid stage (PI. 15, f ig s .  1-5 and t e x t - f i g .  U9A). The 

sp h e ric a l to  subspherica l sh ie ld  i s  about 0 .26 - 0 .3 0  nun. in  len g th  

( s a g . ) and d i s t in c t ly  divided in to  a x ia l  and p le u ra l  lobes by the 

d o rsa l furrow. The a x ia l  lobe i s  fusifo rm , ta p e rin g  s l ig h t ly  a n te r io r ly  

and p o s te r io r ly , and lacking  d i s t i n c t  r in g s  or r in g -fu rro w s . The 

a n te r io r  p i t s  are  f a in t ;  the f ro n ta l  lobe ta p e rs  con tinuously  from th e  

a x ia l  lo b es; the  l a s t  a x ia l ,  or o c c ip i ta l ,  r in g  i s  oval, t ra n sv e rse , 

and convex. No protopygidium i s  seen from the  d o rsa l view. The 

su rface  i s  covered w ith  f in e  g ran u les.

Parapro tasp id  stage  (PI. 15 > f ig .  6, and t e x t - f i g .  1+9B, C). The 

cranidium  v a r ie s  from 0.35-0*^0 mm* in  le n g th  ( s a g .) ,  i s  tra p e z o id a l 

in  o u tlin e  w ith  a rounded a n te r io r  m argin. The a x ia l  lobe i s  fu sifo rm  

to  c y lin d r ic a l  and divided in to  5 r in g s  by f a in t  r in g  furrow s; i t s  

f r o n ta l  lobe i s  la rg e  and rounded; the  o c c ip i ta l  r in g  i s  d i s t i n c t ly  

separa ted  by a deep o c c ip i ta l  furrow and arches p o s te r io r ly .  The f a in t  

and elongate  a n te r io r  p i ts  are  lo ca ted  a t  th e  a n te r io r  l a t e r a l  margin 

of th e  f ro n ta l  lobe; a  p a ir  o f sh o rt s u p e rc il io id  r id g es  extends 

l a t e r a l ly  from the a n te r io r  l a t e r a l  margin of th e  f r o n ta l  lo b e . The 

p le u ra l lobes are  about one and one-half th e  w id th  of th e  a x ia l  lo b e .

No protopygidium i s  a sso c ia ted  w ith  th e  cranidium . The su rface  i s  

f in e ly  g ranulose.

The d is t in c t io n  from the  m etaprotaspid s tag e  l i e s  in  th e  p a ra - 

p ro ta sp id s  having th e  cranidium  tra p e z o id a l in  o u tl in e ,  and th e  a x ia l
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lobe c y l in d r ic a l  w ith  defined  rin g -fu rro w s.

E arly  meraspid stage  (P I. 15, f ig s .  7-9 and te x t  f ig .  1+9D). The 

convex cranidium  is  tra p e z o id a l in  o u tlin e  and v a r ie s  from 0 . 1*0 -0 .6 0  

mm. in  len g th . The g la b e lla  i s  c y l in d r ic a l  to  a n te r io r ly  tapered  and 

bears th re e  p a irs  of g la b e l la  furrow s. The d o rsa l furrow i s  deep and 

narrow. The o c c ip i ta l  r in g  i s  c re sc e n tic  and convex, p o ssib ly  bearing  

a median tu b e rc le . The narrow a n te r io r  border appears in  co n ta c t w ith  

the  f ro n ta l  margin of th e  g la b e l la ;  the  a n te r io r  furrow i s  w e ll defined  

and bends backward a t  the  m id-point o f th e  f r o n ta l  g la b e l la r  margin 

( s a g .) .  The broad ly  tr ia n g u la r  fix ig en ae  are  o f th e  same w id th  as the  

g la b e lla .  The e lev ated  p a lp eb ra l lobes are  lo ca ted  a t  the  a n te r io r  

o n e -th ird  of th e  g la b e l la r  le n g th , and are  defined  by d i s t i n c t  p a lp eb ra l 

furrow s. The p o s te r io r  f ix ig e n a l border i s  tw ice as wide as the  

• g la b e l la r  base, and d iv ided  by a  wide and deep p o s te r io r - l a te r a l  furrow . 

The f a c ia l  su tu res  converge a n te r io r-m e d ia lly  to  form a  tra p e z o id a l 

cranidium . The su rface  i s  covered w ith  numberous sm all g ranules and 

o ccasio n a lly  la rg e  ones.

The d is t in c t iv e  c h a r a c te r is t ic s  o f th i s  s tag e  a re  th e  co n ica l 

g la b e lla  w ith  th re e  p a irs  of g la b e lla r  furrows and th e  development 

o f the  a n te r io r  border.

Late meraspid s tage  (P I. 15, f ig s .  10-11 and t e x t - f i g .  1+9E). The 

convex cranidium  is  tra p e z o id a l in  o u tlin e  and v a r ie s  from O.65  to  

0 .9 0  mm. long ( s a g .) .  The s le n d e rly  c o n ica l g la b e lla  i s  marked by 

th re e  p a ir  of w e ll defined  g la b e l la r  furrow s. The d o rsa l furrow i s  

narrow and deeply marked. The convex o c c ip i ta l  r in g  i s  d i s t i n c t ly  

sep ara ted  by an o c c ip i ta l  furrow and bears  a  sm all median node. The
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p re g la b e lla r  f i e ld  appears, s l ig h t ly  depressed in  f ro n t  o f the 

p re g la b e lla r  a re a . The narrow and convex a n te r io r  border i s  defined  

by an a n te r io r  furrow which curves s l ig h t ly  inward to  form a median 

notch . The fix igenae  are  about o n e - th ird  as wide as th e  g la b e lla  

( t r . ) and b ear prominent p a lp eb ra l r id g e s ;  th e  sm all c re sc e n tic  

p a lp eb ra l lobes are  deeply sep ara ted  by p a lp e b ra l fu rrow s. The 

p o s te r io r  f ix ig e n a l borders a re  t r ia n g u la r  and o f th e  same w idth as 

th e  g la b e lla r  base ( t r . ) .  The su rface  i s  g e n e ra lly  covered by numerous 

f in e  g ranules and s c a tte re d  la rg e  g ranu les  a re  seen on th e  f ix ig e n a e .

This s tag e  d i f f e r s  from th e  e a r l i e r  one in  th a t  th e  p re g la b e lla r  

f i e ld  f i r s t  appears, the  fix ig en ae  become narrow , and th e  p a lp eb ra l 

lobes have moved p o s te r io r ly . The m eraspis d i f f e r s  from the  h o la sp is  

in  having th e  g la b e lla  s le n d e rly  c o n ica l and th e  p o s te r io r  l a t e r a l  

f ix ig en ae .w id e r. The g la b e lla  of th e  h o lasp id  i s  t ru n c a te -c o n ic a l;  

the  p o s te r io r  fix ig en ae  are  narrow er; and p re g la b e lla r  f i e ld  i s  w ider.

F igured specimens. M etapro tasp ides, U.C.M. 387^0a-d, e .

P a ra p ro ta sp is , U.C.M. 387^0f.

3  E a rly  m eraspides, U.C.M. 387^0g-i»

Late m eraspides, U.C.M. 387^0j, k.
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Family L e io stcg iid ae  B radley, 1925 

Germs K ep is is , n. gen.

.D iagnosis. Cranidium tra p e z o id a l in  o u tl in e ,  convex; g la b e l la  

c o n ica l w ith  th re e  p a irs  of r a th e r  d i s t i n c t ly  im pressed g la b e l la r  

furrow s; d o rsa l furrow shallow ly  im pressed; p re g la b e lla r  f ie ld  of 

medium w idth ; a n te r io r  border convex, same w idth  as p re g la b e lla r  f i e ld ,  

w ith  a  s to u t  median sp in e . Fixigenae about o n e-half th e  w idth  of th e  

g la b e lla ;  p a lp eb ra l lobe sm all, s i tu a te d  a t  th e  m id -line  o f th e  cranidium  

( t r . ) .  A nterio r f a c ia l  su tu re  l in e s  convergen tly  convex; p o s te r io r  

f a c ia l  su tu re s  d iv erg en t and s t r a ig h t .  L ibrigenae w ith  convex o cu la r 

p latform  and long genal sp in es . Pygidium tra n sv e rse ly  s u b tr ia n g u la r , 

convex, d iv ided  in to  5 or 6 segments; p le u ra l  lobes about tw ice as 

wide as a x is ;  m arginal border narrow, f l a t ,  and w ithou t sp in e s .

D esc rip tio n . The cranidium  i s  re g u la r ly  tra p e z o id a l in  o u tlin e  

and m oderately convex. The g la b e lla  i s  c o n ic a l, w ith  th re e  p a irs  o f . 

very  f a i n t ,  ob liquely  d ire c te d  g la b e l la r  furrow s; th e  d o rsa l furrows 

are  shallow and broad , b u t w e ll d e fin ed ; the  o c c ip i ta l  furrow is  

narrow, s tee p -s id ed  and shallow  across  the  c e n te r ;  th e  o c c ip ig a l r in g  

i s  c re sc e n tic , convex, curving backward, and bearing  a t in y  median 

tu b e rc le . The p re g la b e lla r  f i e ld  i s  o n e-fo u rth  as long as the g la b e l la ,  

g e n tly  d e f le c te d  toward the  a n te r io r  furrow ; the  a n te r io r  furrow , 

which has a median notch d ire c te d  toward th e  p re g la b e lla r  f i e l d ,  i s  

deep l a t e r a l ly  b u t shallow across  th e  a x is ;  th e  a n te r io r  b o rd er i s  

convex, about th e  same w idth  as th e  p re g la b e lla r  f i e ld ,  and b ea rin g  a 

median sp in e . The fix igenae  a re  f l a t  to  g en tly  convex and about
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T e x t- f ig . 50: K episls s ten o to id es  (Hetthew), n. gen.
A, an e a r ly  m eraspis, x 17; B, l a t e  m eraspis, x 13;
C,E, two ho lasp id  c ra n id ia , x 11, x 5 .5 ; F, a l ib r ig e n a , 
x 1 .7 ; B,G,H, a growth s e r ie s  of p y g id ia , x 11, x 25, 
x l6 .  (Drawings from photographs.)
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one-half as wide as the  g la b e lla ;  th e  p a lp eb ra l lobes a re  sm all and 

narrow and in d is t in c t ly  separa ted  by p a lp eb ra l furrow s; the f a in t  

p a lp eb ra l ridges extend l a t e r a l ly ,  and g en tly  arch  forw ard; the 

p o s te r io r  fix ig en ae  a re  broad and t r ia n g u la r ,  w ith  the border w ider 

than th e  o c c ip i ta l  r in g .

The lib rig e n a e  a re  m oderately narrow and elongate w ith  a  long genal 

sp in e . The convex ocu lar p latfo rm  i s  of medium w idth . The l a t e r a l  

border i s  m oderately narrow, convex, and w e ll de lim ited  by a  l a t e r a l  

furrow . The l a t e r a l  and p o s te r io r  furrows a re  not jo ined  a t  the' 

genal ang le .

The pygidium is  su b tr ia n g u la r , tra n sv e rse , and convex. The a x ia l  

lobe i s  c y l in d r ic a l ,  s l ig h t ly  ta p e rin g  p o s te r io r ly  and ending before 

reaching the in n er m arginal furrow . Five a x ia l  r in g s  a re  d i s t in c t ly  

recogn izab le . The p le u ra l  lobes a re  b roader than  th e  a x is ,  s l ig h t ly  

convex, and w e ll defined  by a  narrow and f l a t  m arginal bo rder. Five 

p le u ra l bands are d iv ided  by p le u ra l  fu rrow s, the in te rp le u r a l  grooves 

being ra th e r  f a i n t ;  th e  m arginal border lack s sp in es .

Remarks. There are  no t very  many t r i l o b i t e s  which have a cranidium  

w ith  a  median sp ine a t  th e  a n te r io r  b o rd er. A crocephalites , Shantongia, 

Dokimocephalus, Thysanopyge, Z uninasp is, Nascocephalus, Lonchodomas, and 

th e  dalm anito ids have th i s  f e a tu re ,  b u t t h e i r  o ther c h a r a c te r is t ic s  are  

q u ite  d i f f e r e n t  from those of K ep is is ; e .g . ,  th e  shape, p o s itio n , and 

o r ig in  of the  a n te r io r  sp ines o f th e se  forms a re  d is s im ila r .  For 

example, in  Shantongia and some dalm anito ids the  spine i s  developed from 

th e  r o s t r a l  p la te ;  in  Lonchodomas and some o th e r dalm anitoids the  sp ine 

i s  developed from th e  a n te r io r  g la b e l la .  In  Nascocephalus, Dokimocephalus,
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and Acrocephalus i t  i s ,  however, lo ca ted  a t  th e  a n te r io r  b o rder, bu t 

th e  shape of the c ra n id ia  and sp ines are  com pletely d i f f e r e n t  in  form. 

The p re sen t form has no g en eric  fe a tu re s  which could a s so c ia te  i t  w ith  

any o f th e  a n te r io r ly  sp inose genera so f a r  known. '

The p re sen t genus i s  very  s im ila r  to  Chuangia and Anomocarella, 

excep t th a t  th ese  two genera have no a n te r io r  border sp ine  and possess 

w ider p o s te r io r  fix ig en a e  and le s s  numerous p y g id ia l segments. On the  

o th e r hand, Chuangia, Anomocarella, and K episis have some fe a tu re s  in  

common: th e  shape of th e  cranidium  and th e  g la b e l la ,  th e  convexity ,

d o rs a l  furrow , and o u tlin e  of th e  pygidium a re  a l l  c lo se ly  s im ila r  in  

th ese  th re e  genera . T herefo re , th e  p re sen t genus K episis could be a 

member o f e i th e r  th e  A saphiscidae or L e io s te g iid a e . Age co n sid e ra tio n s  

would in c lin e  one to  p re fe r  th e  l a t t e r  fam ily  assignm ent, i t  should be 

po in ted  ou t th a t  K episis shows a f f i n i t i e s  r e la t in g  i t  to  the  A s ia tic  

realm  of Cambrian tim e.

Type s p e c ie s . K episis s te n o to id e s  (Matthew), n . gen.

K episis s te n o to id e s  (Matthew), n . gen.

EL. 6 , f ig s .  1-14 and t e x t - f i g .  50 

Anomocare s ten o to id es  Matthew, G. F . ,  1898 , p . 139-1^1> Pi* 2 , f ig s .

f a - i .

Remarks. This sp ec ies  i s  rep resen ted  by 15 c r a n id i ia ,  3 l i b r f -  

genae, 8 p y g id ia , and a  few th o ra c ic  segm ents, a l l  prepared from a 

s in g le  p iece o f d ark -g rey , f in e ly  c r y s ta l l in e  lim estone . The m a te r ia l 

was found in  th e  Geology Museum, U n iv e rs ity  o f C in c in n a ti, lab e led  as 

"Kennebec R iver, S t .  John, N. B ." . However, no s tr a t ig r a p h ic  horizon ,
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d e ta ile d  lo c a l i ty  or id e n t i f ic a t io n  a re  g iven. D rs. F. R a s c tti  and 

B. F. Hcwell, who are  fa m ilia r  w ith  th e  geology and paleonto logy of the 

New Brunswick a re a , suggest th a t  th e  specimens in  q u estio n  may belong 

to  Anomocare s te n o to id e s , published by Matthew in  1898 . Dr. R a se tti  

rep o rted  th a t  Matthew's types a t  th e  Royal O ntario Museum a re  q u ite  

s im ila r  to  the p resen t m a te r ia l. Dr. Howell, on th e  o th e r hand, says 

th a t  he has c o lle c te d  thousands of t r i l o b i t e s  from the  S t.  John reg io n , 

b u t never found any form l ik e  th e  p resen t one. I t  i s  h is  thought th a t  

th e  p resen t forms a re  a  new genus and q u ite  p o ssib ly  belong to  th e  

Upper Cambrian. Through th e  cou rtesy  of th e  Royal O ntario  Museum, 

Matthew's types were loaned fo r  comparison w ith  th e  p re se n t m a te r ia l. 

The specimens a re  l i th o lo g ic a l ly  and m orphologically  id e n t ic a l  and 

were q u ite  probably c o lle c te d  from a  same g en era l reg io n  and horizon .

Horizon and L o c a lity . Probably B retonlan  (Upper Cambrian or 

Lower O rdovician), Kennebec R iver, S t .  John, N.B., Canada.

Figured specimens. C ran id ia , U.C.M. 38730f, and 38730.

L ib rigena, U.C.M. 3873Qg*

P ygid ia , U.C.M. 38730m.

Thoracic segment, U.C.M. 38730h.

K episis s ten o to id es  (Matthew), n . g e n ., ontogeny 

E a rly  meraspid stage  (P i. 6 , f ig s .  1 ,2 ,1 0 ,1 1  and t e x t - f i g .  50A).

The cranidium  i s  about 1 ,0 -1 .22  mm. in  le n g th  ( s a g .) ,  t ra p e z o id a l in  

o u tl in e ,  convex, w ith  d i s t i n c t ly  im pressed d o rsa l fu rrow s. The 

s le n d e r ly  co n ica l g la b e lla  ta p e rs  forward w ith  a  rounded a n te r io r  margin 

and has th re e  p a irs  o f very  weakly marked g la b e l la r  furrow s. The
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c re sc e n tic  o c c ip i ta l  r in g  curves p o s te r io r ly  and bears a t in y  median 

node. The narrow a n te r io r  border i s  sh arp ly  defined  by a v id e , concave 

a n te r io r  furrow and bears a  long , s le n d e r, a n te r io r  p ro je c tin g , median 

sp in e . The fix ig en ae  a re  f a i r l y  convex, s l ig h t ly  w ider than  th e  g la b e lla ,  

w ith  a p a ir  of e longate  s ick le -sh ap ed  p a lp eb ra l lobes which approach the 

g la b e lla  a t  o n e -th ird  th e  d is tan ce  from i t s  f ro n t m argin. The p o s te r io r  

f ix ig e n a l  borders a re  convex, broad , and s l ig h t ly  g e n ic u la te . The 

p o s te r io r  l a t e r a l  furrows are  broad l a t e r a l l y  w ith  a  narrow, convex 

m arginal b o rd e r. The sh o rt a n te r io r  branches of the  f a c ia l  su tu re s  

a re  convergent; the  p o s te r io r  branches are  d iv erg en t or s l ig h t ly  t r a n s ­

v erse  .

The convex pygidium is  t r ia n g u la r  in  o u tl in e . The ax is  i s  s le n d e r , 

ta p e rin g  p o s te r io r ly ,  convex above th e  p le u ra l  lo b es , and d iv ided  in to  

a t  l e a s t  e ig h t a x ia l  r in g s  by tra n sv e rse  furrow s. The p le u ra l  bands, 

which slope g e n tly  downward to  th e  m argins, a re  w e ll defined  by p le u ra l 

furrows and end w ith  sh o rt sp in e s ; no m arginal borders have been 

observed.

The su rface  i s  covered by f in e  g ran u les .

Late meraspid s tage  (P I. 6, f ig s .  3 -5 /12 ,13  and t e x t - f i g .  50B).

The cranidium  i s  convex, tra p e z o id a l in  o u tl in e ,  and v a r ie s  from 1 .30  

to  1 .80 mm. in  le n g th  ( s a g .) .  The co n ica l g la b e lla  i s  weakly marked 

by th re e  p a ir s  of broad , p o s te r io r - la te r a l ly  d ire c te d  g la b e l la r  

furrow s. The o c c ip i ta l  furrow i s  d i s t i n c t ly  narked and d e lim ited  by 

a c re s c e n tic ,  p o s te r io r ly  arch ing  o c c ip i ta l  r in g  which as a  minute 

median tu b e rc le . The p re g la b e lla r  f i e ld  i s  a x ia l ly  f l a t ,  b u t d e f le c te d  

l a t e r a l l y .  The narrow a n te r io r  bo rder arches forw ard, w ith  an a n te r io r ly
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p ro je c tin g  median sp ine. The a n te r io r  furrow is  s te e p -s id ed  bu t 

shallow across the ax is . The fix ig en ae  a re  w ider than  th e  g la b e lla  

and bear a p a ir  of sm all p a lp eb ra l lobes which are  lo ca ted  s l ig h t ly  in  

f ro n t of the m id-line of the cranidium  ( t r . ) ,  and connect w ith  a  p a ir  

of prominent palpebral r id g e s . The a n te r io r  f a c ia l  su tu re s  a re  

d iv e rg en tly  convex, and the p o s te r io r  ones a re  d iv e rg en tly  s t r a ig h t .  

The pygidium is  composed of 8 to  14 segments and i s  su b tr ia n g u la r  to  

sem i-oval in  o u tlin e ; i t s  m arginal border i s  narrow and bears  numerous 

sh o rt sp in es . One specimen ( f ig .  12) shows a  pygidium w ith  a t  l e a s t  

two a r t ic u la t in g  tho rac ic  segments.

The su rface  i s  f in e ly  g ranu lose , and w e ll defined  r a d ia l  rid g es  

are  p resen t on th e  p reg la b e lla r  f i e ld .

The morphologic changes during  ontogeny are  as fo llo w s : th e  

a n te r io r  border spine changes from long to  s h o r t;  a  p re g la b e lla r  f i e ld  

i s  p ro g ress iv e ly  developed; the  i n i t i a l l y  long s len d e r g la b e lla  

becomes p ro g ressiv e ly  sh o rt and broad; wide f ix ig en a e  become narrow; 

the  p a lp eb ra l lobes m igrate from th e  a n te r io r  l a t e r a l  margin to  the  

m id-length  o f the  cranidium; and th e  p y g id ia l ax is  changes from 

s le n d e rly  co n ica l to  almost c y l in d r ic a l ,  w ith  n ea rly  p a r a l l e l  d o rsa l 

furrow s; th e  spiny py g id ia l margin becomes smooth.

Figured specimens. E arly  m eraspides, U.C.M. 38730a, b , i ,  j .

Late m eraspides, U.C.M. 38730c-e, k , 1.
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Family M Lssisquoiidae Hilpe, 1959 

Genus M issisquoia Show, 1951 

M issisquoia c y c lo c h lla , n. sp.

PI. 1^, f ig s .  1-28 and t e x t - f ig .  51 

D iagnosis. Cranidium tr ia n g u la r  in  o u tl in e , convex. G lab e lla  

p a ra l le l- s id e d  to  s l ig h t ly  expanding bo th  a n te r io r ly  and p o s te r io r ly ,  

w ith  two p a irs  o f d i s t i n c t  g la b e l la r  furrow s. D orsal furrow deeply 

im pressed. Eye sm all, lo ca ted  behind m id -line  of the g la b e lla  ( t r . ) .  

F ix igena about o ne-half as wide as g la b e l la .  No p re g la b e lla r  f ie ld .  

A n terio r border convex, arch ing  forward. L ibrigena narrow ly e lo n g a te , 

having a  sh o rt genal sp in e . Pygidium se m i-c irc u la r , convex, w ith  6 

o r 7 a x ia l  r in g s  and a  sm all te rm in a l p o rtio n .

D e sc rip tio n . The sm all cranidium  i s  t r ia n g u la r  in  o u tlin e .

The convex g la b e lla  i s  p a ra l le l- s id e d  or s l ig h t ly  expanded b o th  

a n te r io r ly  and p o s te r io r ly ,  w ith  a  rounded f ro n ta l  margin and sm all 

median notch . Three p a irs  of g la b e lla r  furrows a re  seen; th e  f i r s t  pair* 

i s  f a i n t ,  th e  second and th i rd  ones a re  deep ly  im pressed and extend 

p o s te r io r - l a te r a l ly  from th e  d o rsa l fu rrow s. The d o rsa l furrow i s  

m oderately deep a t  th e  m id-line of th e  g la b e l la  b u t becomes shallow er 

bo th  a n te r io r ly  and p o s te r io r ly . The o c c ip i ta l  furrow i s  d i s t i n c t ,  

shallow  across the c e n tra l  ax is  and deeper l a t e r a l ly ;  th e  c re sc e n tic  

o c c ip i ta l  r in g  i s  w id est a t  i t s  c en te r  and ta p e rs  l a t e r a l ly ;  a  minute 

node i s  borne on th e  ce n te r  o f th e  r in g . No. p re g la b e lla r  f i e ld  i s  

p re se n t; the  a n te r io r  furrow i s  narrow and deeply  marked; th e  a n te r io r  

b o rd er i s  narrowly rounded and convex. The f ix ig e n a  i s  convex and 

about o n e-h a lf th e  w id th  o f th e  g la b e l la ;  th e  sm all p a lp eb ra l lobes
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T e x t- f ig . 51t A growth sequence o f M issisquoia c y c lo c h lla , n. sp . 
A, an ap ro tasp is , x 70; B, m etap ro tasp is , x 70; C, p a ra p ro ta sp is , 
x 62; D,E, two e a r ly  m eraspides, x  43, x 45; F, l a t e  m eraspis, 
x 24; G,H, two h o lasp id es , x 18, x 12; I ,  hypostoma, x  18; J ,  
l ib r ig e n a , x 20; K,L,M, growth s e r ie s  o f p yg id ia , x 50> x 28, 
x 19 . (Drawings made from photographs.)
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a re  lo ca ted  behind the m id -line  o f the  g la b e lla  ( t r . )  and lack  furrow s; 

th e  p a lp eb ra l r id g e  is  f a i n t ,  o b liq u e ly  d ire c te d  toward th e  a n te r io r -  

l a t e r a l  margin of the g la b e l la .  The p o s te r io r  l a t e r a l  fix ig en ae  are 

broad, and convex; the p o s te r io r - la te r a l  f ix ig e n a l borders a re  wide, 

about th e  same w idth  as th e  o c c ip i ta l  r in g . The a n te r io r  branches of 

th e  f a c ia l  su tu res  are  s t r a ig h t  and converge toward the  a n te r io r  

b o rd er; the p o s te r io r  branches a re  d iv e rg e n tly  sinuous.

The hypostoma i s  subquadrate w ith  a narrow m arginal border and a  

la rg e  median body. I t s  l a t e r a l  wings a re  sh o rt and broad.

The lib r ig e n a e  a re  m oderately convex, narrow and e lo n g a te , w ith  

a sh o rt genal sp in e ; th e  o cu la r p latfo rm  i s  narrow and convex; the  

l a t e r a l  border i s  b road ly  f l a t ,  o f about the  same w idth  as th e  p la tfo rm , 

and separa ted  by a  r a th e r  f a in t  l a t e r a l  furrow . The pygidium i s  semi­

c i r c u la r  to  t r ia n g u la r  in  o u tlin e  and s tro n g ly  convex; i t s  co n ic a l, 

p o s te r io r ly  tap e rin g  a x ia l  lobe c o n s is ts  of 6 o r 7 a x ia l  r in g s  and a 

te rm in a l p o rtio n . The convex p le u ra l  lobes curve v e n tra l ly  around 

th e  m argin; th e  p le u ra l furrow s and in te rp le u r a l  grooves a re  w e ll 

marked.

The su rface  of th e  sk e le to n  i s  covered by f in e  to  medium-sized 

g ran u le s ; e lev a ted  and p a r a l l e l  rid g es  a re  p resen t along th e  o u tside  

o f th e  cep h a lic  bo rder.

Remarks. This sp ec ies  i s  rep resen ted  by 15 mature and k3 immature 

specimens which show a continuous growth sequence. The la r g e s t  

cranidium  i s  about 5*0 mm. in  len g th  ( s a g .) ,  and th e  sm a lle s t immature 

specimens 0.22 mm. long ( s a g .) .  The m a te r ia l i s  from reddish-brow n, 

medium to  co a rse ly  c r y s ta l l in e  lim estone.
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This species d i f f e r s  from M. ty p ic a l is  Show, (1951)# M* nasu ta  

Winston and N ich o lls , and M. i n f l a t a  W inston and N icholls (1967) by 

i t s  rounded a n te r io r  bo rder, p a lp eb ra l lobes lo ca ted  behind th e  m id-line 

o f the  g la b e l la ,  l ib r ig e n a  w ith  sh o r t genal sp in e , pygidium w ithou t 

any m arginal sp in es , and i t s  p y g id ia l ax is  no t ex tending  to  th e  p o s te r io r  

p y g id ia l margin.

I t  i s  in te re s t in g  to  note th a t  th e  p re sen t genus i s  very  s im ila r  

to  th e  genus Parakoldinoides Endo (1937)# from n o rth e rn  China and 

southern  Manchuria. These two forms are  b e liev ed  to  be c lo se ly  r e la te d ;  

th e  pygidium re fe r re d  by Endo to  Parakold inoides may have been 

m isassoc ia ted .

Horizon and L o c a lity . Lower Grdovican, M issisquoia zone,

Deadwood Formation. South side  of Sheep Mb., Sundance, e as te rn  Wyoming.

Figured specimens. Holotype, Cranidium, U.C.N. 387^9*

P aratype, C ran id ia , U.C.M. 387^9**.

L ib rig en a , U.C.M. 387^9t.

Hypostoma, U.C.M. 387498.

P yg id ia , U.C.M. 387^9x, y .

M issisquoia c y c lo c h ila , n . s p . , ontogeny

Anaprotaspid s tag e  (P I. 14, f ig .  1 , and t e x t - f i g .  51A). The 

s p h e ric a l s h ie ld  has a  le n g th  of about 0.22 mm. ( s a g . ). The fu sifo rm  

a x ia l  lobe i s  composed of a  medium s ize d  f r o n ta l  lo b e , two p a ir s  o f 

oval n o te s , and a  la rg e r  te rm in a l tu b e rc le .  The f r o n ta l  lobe i s  

d e lim ited  by a  p a ir  o f a n te r io r  p i t s ;  two p a irs  o f c e n tr a l  nodes a re  

d iv ided  by a  lo n g itu d in a l f is s u re  and tra n sv e rse  grooves; th e  la rg e
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te rm in a l tu b e rc le  occupies about o n e -th ird  the  len g th  of th e  a x ia l  lo b e . 

The d o rsa l furrow i s  f a in t .  The p le u ra l  lobe i s  convex and s l ig h t ly  

narrow er th an  the  a x ia l  lobe . The su rface  i s  f in e ly  g ran u lo se .

M etaprotaspid s tage (P I. Ilf, f ig s .  2 , 3, and t e x t - f i g .  51B). The 

convex sh ie ld  i s  about 0 .26 - 0 .30  mm. long (sa g .)  and su b sp h erica l in  

o u tl in e . The fusifo rm  to  c y l in d r ic a l  a x ia l  lobe i s  d i s t i n c t l y  defined  

by d o rsa l furrow s; the  f ro n ta l  lobe i s  rounded, convex, w ith  f a in t  

a n te r io r  p i t s ;  th e  th re e  tra n sv e rse  a x ia l  r in g s  a re  o f subequal s iz e ,  

and the  te rm in a l tu b e rc le  i s  la rg e ,  e lo n g a te , and convex. The p le u ra l  

lobes a re  convex and s l ig h t ly  narrow er th an  th e  a x ia l  lo b e . The su rface  

i s  covered by f in e  g ran u les.

The im portant fe a tu re  of t h i s  s tag e  i s  th a t  th e  sh ie ld  i s  sub-

s p h e r ic a l  w ith  f iv e  complete a x ia l  r in g s  which are  ap p aren tly  formed 

by th e  fu s io n  of th e  a x ia l  nodes.

B araprotaspid s tag e  (P I. I 1*, f ig s .  k -J  and t e x t - f i g .  51C). The 

sh ie ld  i s  su b sp h e rica l, convex, about 0 . 35- 0.55  Inm< le n g th  ( s a g .) .

The a x ia l  lobe i s  c y l in d r ic a l  to  s l ig h t ly  fusifo rm  w ith  a  la rg e r  f r o n ta l  

and th re e  equal s ized  a x ia l  r in g s ;  the  f r o n ta l  lobe i s  d e lim ited  by 

furrows and a n te r io r  p i t s ; a p a i r .o f s u p e rc il io id  r id g es  extend l a t e r a l  

from th e  a n te r io r - l a t e r a l  margin o f th e  f r o n ta l  lobe . The d o rs a l  furrows 

a re  d i s t i n c t ly  im pressed. The p le u ra l  lobe i s  approxim ately th e  same 

w idth  as the  a x ia l  lobe o r s l ig h t ly  w ider.

The protopygidium was no t observed, b u t some specimens show a 

tra n sv e rse  r in g  behind th e  f i f t h  a x ia l  ring ,w h ich  suggests th e  pygidium, 

a lthough  i t s  na tu re  i s  unknown. The su rface  i s  covered by f in e  g ran u le s .

The d i s t i n c t  fe a tu re  o f t h i s  s tag e  i s  th e  w e ll developed p o s te r io r
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l a t e r a l  border.

E arly  meraspid stage  (P I. lU, f ig s .  8 -15, 23 and t e x t - f i g .  51D,

E, K). The su b trian g u la r to  tra p e z o id a l cranidium  ranges from 0 .40  to  

0 .60 mm. long (s a g .) .  The g la b e lla  i s  s le n d e rly  fusifo rm  w ith  a  

s l ig h t ly  expanded f ro n ta l  lobe . The a n te r io r  p i t s  a re  shallow  

impressed to  alm ost absent in  the  la rg e r  specimens. The g la b e l la r  

furrows are  deep a t  the  d o rsa l furrow and shallow  across  th e  c e n tr a l  

a x is .  The o c c ip i ta l  furrow i s  w e ll d e fin ed . The o c c ip i ta l  r in g  i s  

wide a t  the  a x ia l  l in e  ( t r . ) , narrowing l a t e r a l l y  and b earin g  a  medium 

tu b e rc le . The convex fix ig en ae  a re  about one and o n e-h a lf tim es as wide 

as the g la b e lla .  The p o s te r io r  l a t e r a l  f ix ig en a e  a re  b road ly  t r i ­

an g u la r, curve v e n tra lly  from the d o rsa l  furrow , and extend p o s te r io r -  

l a t e r a l ly .  The re a r  borders a re  o f medium w id th , w e ll im pressed by 

a border furrow and term inate  w ith  a  p a ir  o f p ro je c tio n s . The 

f a c ia l  su tu res  are  only seen in  th e  a n t e r io r - l a t e r a l  corners o f th e  

cranidium . The tr ia n g u la r  and convex pygidium b ears  5 o r 6 a x ia l  

r in g s  and a sm all te rm in a l p o r tid n ; th e  p le u ra l  lobes a re  separa ted  

in to  5 o r 6 p le u ra l bands; they  a re  convex, and curve v e n tr a l ly  toward 

th e  margin; th e  p le u ra l bands te rm in a te  in  s h o r t ,  broad m arginal 

sp in e s . The su rface  i s  f in e ly  g ranu lose ; p o ss ib ly  one or two 

a r t ic u la t in g  th o ra c ic  segments precede th e  meraspid pygidium.

The d i s t i n c t  fe a tu re s  o f t h i s  s tag e  a re  th e  tra p e z o id a l cranidium , 

broad and sh o rte r  g la b e l la ,  th e  d o rsa l  f a c i a l  s u tu re s , and expanded 

p o s te r io r - la te r a l  bo rders .

Late meraspid s tage (P I. 14, f ig s ,  16 ,17 ,2^ ,25  and t e x t - f i g .  51P> 

L). The convex cranidium  i s  t ra p e z o id a l in  o u tl in e  and about 0 .7 0 -
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1.00  mm. ( s a g .) long. The g la b e lla  i s  c y l in d r ic a l  to  s l ig h t ly  expanded 

a t  bo th  the  a n te r io r  and p o s te r io r  ends; the  g la b e l la r  furrows a re  

f a i n t .  The d o rsa l furrows a re  deeply narked. The o c c ip i ta l  furrow 

i s  narrow and d i s t in c t  l a t e r a l ly ;  th e  c re sc e n tic  o c c ip i ta l  r in g  bears 

a  minute tu b e rc le . The a n te r io r  border i s  narrow, roundly  arch ing  

forw ard, and d e lim ited  by th e  a n te r io r  furrow . No p re g la b e lla r  f ie ld  

i s  observed. The fix ig en ae  a re  of about the  same w id th  or s l ig h t ly  

narrow er than  th e  g la b e lla .  The p o s te r io r - la te r a l  f ix ig en ae  a re  convex, 

broad , and t r ia n g u la r .  The p a lp eb ra l lobes lack  d i s t i n c t  p a lp eb ra l 

furrow s and a re  lo ca ted  a t  or s l ig h t ly  p o s te r io r  from th e  m id -line  of 

th e  g la b e l la .  The f a c ia l  su tu re s  extend from th e  p o s te r io r - l a te r a l  

b o rd er convergently , forming a  tra p e z o id a l cranidium .

The sem i-c irc u la r  pygidium has a  co n ica l a x ia l  lobe which ta p e rs  

backward to the posterior marginal border and is  divided into 6 or 7 

a x ia l  r in g s  and a sm all te rm in a l p o r tio n . The p le u ra l  lobes are  

composed of 5 or 6 p le u ra l bands, a l l  separa ted  by p le u ra l  furrow s, 

and b ear in te rp le u ra l  grooves, (the m arginal bo rder i s  sh a rp ly  curved 

in  a  v e n tra l  d ire c t io n . The su rface  i s  covered by medium-fine g ran u le s .

This stage i s  ch a rac te rize d  by a  subquadrate g la b e l la ,  the  narrow 

a n te r io r  b o rd er, and by having th e  p y g id ia l ax is  extending  to  the  

p o s te r io r  m arginal border.

F igured specimens. A naprotaspis, U.C.M. 387^9*•

M etaprotaspides, U.C.M. 387^9b, c . 

P arap ro tasp id es, U.C.M. 387^9d-g*

E a rly  m eraspides, U.C.M. 387^9h-o, u.

Late m eraspides, U.C.M. 387^9P; v , x .
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Family E ncrinuridae A ngelin, 185k 

Genus L ib e r te l la ,  n. gen.

D iagnosis. Cranidium su b tr ia n g u la r  to  su b trap ezo id a l in  o u tl in e ,  

convex, having a p a ir  o f long f ix ig e n a l sp in e s . G lab e lla  s tro n g ly  

expanded forward w ithout g la b e l la r  fu rrow s. F ixigenae q u ad ra te , broad 

p o s te r io r ly ,  occupied by a  p a ir  of sm all p a lp eb ra l lo b e s . L ibrigenae 

narrow w ith  s te e p ly  slo p in g  o cu la r p la tfo rm . Hypostoma diamond-shaped 

w ith  a  s l ig h t ly  convex median body. Thorax d iv ided  in to  a t  l e a s t  e ig h t 

segments; ax is  convex, e lev a ted  above p le u ra l  lo b e , and b earin g  median 

sp in e s . Pygidium su b tr ia n g u la r  w ith  f iv e  p a ir s  o f  sm all m arginal sp ines 

d ire c te d  h o r iz o n ta lly  and th re e  p a ir s  v e r t ic a l ly .  Surface covered by 

la rg e  g ranules and sp in es .

D esc rip tio n . The cranidium  i s  su b tr ia n g u la r  in  o u tl in e .  The 

g la b e lla  i s  expanded forw ard, sw ollen above th e  f ix ig e n a e , and not 

marked by g la b e lla r  furrow s; th e  d o rsa l  furrow i s  deep and broad; the  

o c c ip i ta l  furrow i s  deep, narrow, and s te e p -s id e d . No a n te r io r  border 

o r p re g la b e lla r  f i e ld  a re  seen . The fix ig en a e  a re  t r ia n g u la r  in  

o u tlin e  and bear a  p a ir  o f long f ix ig e n a l  sp in e s ; th e  p a lp e b ra l lobes 

a re  sm all, rounded, prominent and s i tu a te d  on, o r  s l ig h t ly  beh ind , th e  

m id -line  of th e  g la b e l la  ( t r . ); th e  p o s te r io r  f ix ig e n a e  a re  broad and 

have narrow p o s te r io r  b o rd e rs ; the  p o s te r io r  f ix ig e n a l  furrow s are  

narrow and d i s t i n c t ,  and tu rn  a n t e r io r - l a t e r a l  b efo re  reach ing  th e  

m argin. The a n te r io r  branches o f  th e  f a c i a l  su tu re s  a re  convergent, 

th e  p o s te r io r  nodes a re  d iv e rg e n tly  tra n sv e rse . The su rface  i s  covered 

by medium sized  granules and sp in e s ; th e re  a re  fo u r  p a ir s  of long 

v e r t i c a l  sp ines on th e  a n te r io r  h a l f  o f th e  g la b e l la ;  two p a ir s  on th e
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p a lp eb ra l lo b es; one on th e  p o s te r io r  cen te r  of th e  f ix ig e n a e ; and a t

le a s t  f iv e  p a irs  in s id e  the  l a t e r a l  border and f ix ig e n a l sp in e s .

The l ib r ig e n a  i s  t r ia n g u la r  and has a  rounded l a t e r a l  bo rd er; no 

genal spine i s  p re sen t; the ocu lar p latfo rm  i s  narrow; th e  p a lp eb ra l r in g

i s  b lu n t and v e r t ic a l .  The su rface  i s  covered by g ran u le s . Numerous

long and sh o rt sp ines extend from th e  l a t e r a l  b o rder.

The hypostoma i s  q u a d r i la te ra l ,  w ith  a low median body; th e  

a n te r io r  margin i s  s l ig h t ly  a c u te ; th e  l a t e r a l  wings b ea r upturned 

narrow and t i l t e d  m argins; th e  p o s te r io r  margin i s  upturned and 

rid g e d , w ith  a median sp ine d ire c te d  p o s te r io r ly .  The p o s te r io r -  

l a t e r a l  a reas a re  marked by a  p a ir  of d i s t i n c t  e longate  nodes. The 

a n te r io r  h a lf  of th e  hypostoma i s  covered by coarse  g ran u le s .

The thorax  i s  d iv ided  in to  a t  le a s t  e ig h t segments; th e  a x is  i s  

convex above the  pleural lobes, and each ring has a tiny median 

sp in e . The p le u ra l  lobes a re  m oderately wide and curve v e n tr a l ly ;  

each segment bears a  p a ir  o f long and sh o rt l a t e r a l  sp in es  on th e  

o u tsid e  h a lf  of th e  p le u ra l  bands. The su rface  i s  g ranu lose .

The pygidium i s  se m i-c irc u la r  in  o u tl in e ;  i t s  a x is  i s  convex 

above the  p le u ra l  lo b es , which a re  f l a t  and curve v e n tr a l ly  along 

th e  margin; th e  ax is  i s  d iv ided  in to  four r in g s  and a  sm all te rm in a l 

p o rtio n ; no tu b e rc le s  are  p re se n t; the fo u r p le u ra l  segments each 

b ear a  p a ir  of long p o s te r io r ly  d ire c te d  m arginal sp ines and a  p a ir  

o f  v e r t ic a l  sp ines on the margin.

Remarks. This genus resem bles th e  genus Bevanopsis Cooper,

(1953) but L ib e r te lla  has a  cranidium w ith  le s s  expanded g la b e lla , 

no spines on the  p o ste rio r f ix ig e n a l borders and o c c ip ita l  r in g , and
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T e x t- f ig . 52: L ib e r te l la  corona, n. gen. e t  sp . A-C, d o rsa l 
and v e n tra l  views o f two p arap ro tasp id es , x 38, x 35 ; D-F, th re e  
e a r ly  m eraspides, x 26, x 25, x  25; G,H, two l a t e  m eraspides, 
x  18, x  16; I ,  a d u lt cranidium , x  15; J ,  l ib r ig e n a , x 15;
K, L, v e n tra l  and top  views o f two hypostomata, x 10; M, 
pygidium, x 33; N, re c o n s tra tio n , x 13. (Drawings made from 
photographs.)
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fewer sp ines on the  su rfa ce . L ib e r te l la  d i f f e r s  from the  genera 

Encrinurus Emmrich (1844), and Encrinuroides Reed (1931) in  th a t  

L ib e r te l la  has a  spinose sk e le to n , whereas the o ther two genera have 

no sp in es; t h e i r  pygid ia are  e lo n g a te -su b trian g u la r. D oub tlessly , 

th i s  genus i s  a member o f the  fam ily  E ncrinuridae , because i t  has 

l )  p ro p a ria l f a c ia l  s u tu re s , 2 ) a sm all p a lpeb ra l lo b e , 3 ) forw ardly  

expanded g la b e l la ,  4 ) possesses no a n te r io r  border o r p re g la b e lla r  

f i e ld ,  and 3 ) has a  prom inently ornamented s k e le ta l  su rfa ce .

Type s p e c ie s . L ib e r te l la  corona, n . gen. e t  sp .

L ib e r te l la  corona, n . gen. e t  sp .

P I. 16, f ig s .  1-39 and t e x t - f i g .  52 

Bevanopsis u l r ic h i  Cooper, B ., 1953# p . 32, p i .  13, f ig s .  23, 24 only .

(not f ig s .  2 1 , 22 , 2 5 ).

Remarks. This spec ies  i s  rep resen ted  by more than  two hundred 

specimens, a l l  e tched  from a  few pieces of b lack , f in e ly  c r y s ta l l in e  

lim estone. Both immature and mature forms are  w e ll preserved  and a  

b e a u tifu l  growth sequence ob ta ined . The young sk e le to n s  resemble 

those of C alliops s tra sb u rg e n s is  U lich  and Delo (194), b u t comparing 

the  sam e-sized in s t a r s ,  th e  p resen t species has a  narrow er a x is  and 

b u t l i t t l e  expanded f r o n ta l  lo b e , whereas C. s tra sb u rg e n s is  has a  w ider 

ax is  and the  f r o n ta l  lobe i s  s tro n g ly  expanded forw ard.

Cooper (1953) fig u red  fo u r c ra n id ia  re fe r re d  to  h is  Bevanopsis 

u l r i c h i . His f ig u re  21 (the  holotype, U.S.N.M. 116485a) i s  a 

m oderately complete cranidium , showing a w e ll preserved g la b e l la  and 

p a r t  o f th e  f ix ig e n a e . The o th e r  fou r c ra n id ia  a re  a l l  poorly
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preserved specimens, b u t the  g la b e lla e  a re  w ell shown and th e re  i s  no 

doubt th a t  the  specimens o f h is  f ig u re s  22, 25 (U.S.N.M. 116485b and 

‘ 116485c) are  id e n t ic a l  to  h is  holo type. Qn th e  o th e r hand, h is  f ig u re s  

2 3 , 24 (U.S.N.M. Il6l4-85c and Il6l485d) are  a l ik e  in  a l l  c h a r a c te r is t ic s  

b u t a re  unquestionably  synonymouse w ith  th e  p re sen t sp e c ie s , L. corona.

Horizon and L o c a lity . Lower Middle O rdovician, Edinberg Form ation, 

1 .5  m iles S outheastern  S trasburg  Ju n c tio n , V irg in ia .

F igured specim ens. Holotype, A complete sk e le to n , U.C.M. 387I4I .

P aratype, C ran id ia , U.C.M. 3874lo-q, d ' .

L ib rigenae , U.C.M. 3 8 7 4 lr- t .

T horacic segment, U.C.M. 387I4I  u .

Hypostomata, U.C.M. 3874lv, w.

P yg id ia , U.C.M. 3 8 7 4 1 a '-c '.

L ib e r te l la  corona, n. gen. e t  s p . , ontogeny 

P arapro tasp id  s tag e  (P I. 16, f ig s .  1 -4 ,7>8 and t e x t - f i g .  52A-C).

The su b sp h erica l s h ie ld  i s  a b o u t'0 .45  to  0 .48 mm. in  len g th  ( s a g .) ,  

w ith  sep ara ted  a x ia l  and p le u ra l  lo b e s . The a n te r io r ly  expanded ax is  

i s  d iv ided  in to  f iv e  or s ix  a x ia l  r in g s  by f a in t  furrow s. The f i x i ­

genae a re  broad , convex, and approxim ately tw ice as wide as th e  

g la b e l la ;  the  p a lp eb ra l lobes a re  lo ca ted  a t  th e  a n te r io r - l a t e r a l  

m argin of th e  s h ie ld ,  and a t  a  s h o r t d is ta n c e  from th e  l a t e r a l  margin 

o f the  f r o n ta l  lo b e . The protopygidium  i s  tra n sv e rse , has one or two 

segments and a  sp inose m argin.

The su rface  of th e  sk e le to n  i s  covered by g ranu les and s c a tte re d  

sp in e s ; th re e  p a ir s  o f  sp ines a re  lo ca te d  on th e  f r o n ta l  lo b e , o f which
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tv o  p a ir s  are  d ire c te d  forward from the  a n te r io r  m argin, and the  o ther 

p a ir  i s  on the  s id es  o f th e  "base; seven p a ir s  o f sp in es  occur on the  

f ix ig e n a e , of which th re e  p a ir s  a re  on th e  in n er m argin, a d d itio n a l 

p a i r s ,  inc lud ing  the  la rg e  p o s te r io r  f ix ig e n a l ones, extend l a t e r a l ly  

from the  o u te r margin. A t in y  median tu b e rc le  occurs on th e  o c c ip i ta l  

r in g ,  and th ree  p a irs  o f tu b e rc le s  are  d is t r ib u te d  along the  p o s te r io r  

p ro to p y g id ia l margin.

The underside of the s h ie ld  has a  narrow doublure along th e  

p o s te r io r  margin; th e  hypostoma i s  se m i-c irc u la r  w ith  a  few p a irs  of 

m arginal sp in es ; the  lib r ig e n a  i s  su b tr ia n g u la r  and narrow w ith  a 

■ sp inose l a t e r a l  margin.

E a rly  meraspid s tag e  (E l. 16 ,  f ig s ,  5 ,6 ,9 -1 1  and t e x t - f i g .  52D-F). 

The tra p e z o id a l cranidium  ranges from 0 .^0-0 .55  in  le n g th  ( s a g .) .

The g la b e lla  i s  expanded a n te r io r ly  and sep ara ted  in to  fo u r r in g s  by 

f a i n t ,  tra n sv e rse  furrow s; th e  d o rsa l furrows a re  d i s t i n c t ;  th e  broad 

o c c ip i ta l  r in g  i s  defined  by a  d i s t in c t  o c c ip i ta l  furrow and bears a  

median tu b e rc le . The fix ig en ae  a re  tw ice as wide as th e  g la b e l la  a t  

th e  m id -line  of the  cranidium  ( t r . ) ;  the  sm all p a lp eb ra l lobes are  

lo ca ted  in  f ro n t  of th e  f i r s t  g la b e l la r  furrow ( t r . ) ;  th e  fix ig en ae  

a re  broad w ith  rounded, g e n tly  d e fle c ted  l a t e r a l  m argins; th e  p o s te r io r  

f ix ig e n a l  border i s  narrow and de lim ited  by a furrow ; a  p a ir  of long 

f ix ig e n a l  sp ines p ro je c ts  p o s te r io r ly  from th e  hind b o rd e r; th e  

s k e le ta l  su rface  i s  covered by la rg e  g ranules and sp in e s . The l a t t e r  

a re  arranged as in  the previous s ta g e , b u t have sm all and s h o r te r  

sp in es  appearing among them.

There a re  no s t r ik in g  morphologic changes between th e  p re sen t
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s tag e  and the previous one, except fo r  th e  displacem ent o f th e  

pygidium, in crease  in  the number o f sm aller sp in e s , and th e  p o s te r io r -  

l a t e r a l  m igration  of the  p a lp eb ra l lo b es.

Late meraspid s tage  (P I. 16, f ig s .  12-16,25 ,26 ,28-31  and t e x t - f i g .  

52G, H). The cranidium  i s  su b trap ezo id a l, convex, and about 0 .60-1 .00  

mm. in  le n g th  ( s a g .) .  The g la b e lla  i s  expanded s l ig h t ly  a n te r io r ly ,  

v i t h  two p a irs  of s teep -s id ed  g la b e l la r  fu rrow s; th e  o c c ip i ta l  r in g  i s  

b road , e lev a ted  and d i s t in c t ly  d e lim ited  by the  o c c ip i ta l  furrow . The 

fix ig en a e  a re  more than  tw ice as wide as th e  g la b e lla  a t  th e  m id-line 

o f th e  cranidium  ( t r . ) ;  th e  sm all p a lp eb ra l lobes a re  sm all, im brica ted , 

and s itu a te d  s l ig h t ly  behind th e  g la b e l la r  expansion ( t r . ) ;  th e  

p o s te r io r  f ix ig e n a l furrows a re  narrow, d i s t i n c t ,  and tu rn  a n te r io r ly  

b e fo re  reach ing  th e  l a t e r a l  b o rd ers ; th e  p o s te r io r  f ix ig e n a l  borders 

a re  narrow and continue as a  p a ir  of long and p o s te r ! o r - la te r a l ly  

d ire c te d  f ix ig e n a l sp in es .

This s tag e  i s  d is tin g u ish e d  from th e  previous one in  th a t  th e  

number o f sm aller c ra n id ia l  sp ines i s  reduced; th e  p a lp e b ra l lobes 

have s h if te d  p o s te r io r ly  from th e  a n te r io r - l a t e r a l  m argin; th e  

hypostoma bears th re e  p a irs  of p o s te r io r  m arginal sp in e s ; and the  

pygidium i s  p o ssib ly  a s so o ia te d  w ith  2 th o ra c ic  segments ( f ig s .  28 , 2 9 ).

F igured specimens. P arap ro tasp id es, U.C.M. 387^1a-c, f .

E arly  m eraspides, U.C.M. 387^1d-g, h , i .

Late m eraspides, U.C.M. 387^1 x -z .
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Family P roetidae  S a l te r ,  l8£k  

Genus Phaseolops W hitting ton , 1963 

Phaseolops conus, n . sp .

P I. 17, f ig s .  1-31, and t e x t - f i g .  53 

D iagnosis. Cranidium subquadrate, convex. A n terio r border 

rounded, arching  forward. G labella  c o n ic a l, l a s t  p a ir  of g liab e lla r 

furrows deeply  marked. D orsal furrow deep ly  im pressed. O c c ip ita l 

r in g  convex, bearing  a  t in y  median tu b e rc le .  P re g la b e lla r  f i e ld  very  

broad, having a very d i s t in c t  a n te r io r  furrow . F ixigenae very  narrow. 

P a lp eb ra l lobe medium-sized, and lo ca ted  behind the  m id -lin e  of th e  

g la b e l la .  P o s te r io r  fix ig en ae  narrow. L ibrigenae e lo n g a te , having a 

medium-sized genal sp ine . Pygidium convex, w idely su b tr ia n g u la r  in  

o u tl in e ,  w ith  th re e  d i s t in c t ly  d iv ided  p y g id ia l segments, each segment 

ending w ith  a  p a ir  of sh o r t ,  broad , p o s te r io r ly  d ire c te d  sp in e s .

Surface covered by large  and sm all granules, p a ra l le l  ridges are 

w ell e levated along the cephalic margin.

D escrip tion . The cranidium i s  convex, subquadrate in  o u tlin e , 

w ith  a  broad, f l a t ,  concave a n te r io r  brim and con ical g la b e lla . The 

g lab e lla  i s  deeply marked by two p a irs  of g lab e lla r  furrows; the f i r s t  

i s  f a in t  and located p o ste rio r of the m id-line of the g la b e lla  ( t r . ), 

the second p a ir  i s  deep, d irec ted  p o s te rio r  la te r a l ly  from the m id-line 

of the  g la b e lla , and term inates before reaching the o c c ip ita l  furrow. 

The do rsa l furrows are deep and broad. The o c c ip ita l furrow i s  narrow 

and steep-sided  a t  the sides of the  g la b e lla r  base; the  c rescen tic  

o c c ip ita l  r in g  i s  wider than the  g la b e lla r  base ( t r . ), and bears a 

median tu b erc le . The broad p reg lab e lla r  f ie ld  i s  about one-half as
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T e x t- f ig . 53: Phaseolops conus, n. sp . A,B, to p  and
v e n tr a l  views o f an ap ro tasp id es, x 56 ; C,D, two p a rap ro tasp id es , 
x 53, x 46j E, e a r ly  m eraspis, x 30; F,G, two l a t e  m eraspides, 
x 31# x 28; H ,I, to p  and v e n tra l  views of two l ib r ig e n a , 
x 6 , x 4 ; J ,  ho lasp id  cranidium , x 12; K,L, v e n tr a l  and d o rsa l 
views o f two p y g id ia , x 11, x 10. (Drawings made from 
pho tographs.)
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long as the  g la b e lla  ( s a g .) ;  i t  i s  g e n tly  convex and v e n tra l ly  curved; 

th e  convex a n te r io r  border i s  broad and o f about the same w id th  as th e  

p re g la b e lla r  f i e ld ;  i t  i s  d i s t in c t ly  d elim ited  by th e  a n te r io r  furrow .

The convex fix ig en ae  a re  narrow, about one-fourth  as wide as the 

g la b e lla ;  th e  p a lp eb ra l lobes a re  medium-sized, s e m i-c irc u la r  and 

broad ly  f la t te n e d ;  th e  p a lp eb ra l furrows d i s t in c t ly  marked between th e  

fix ig en ae  and p a lp e b ra l lo b es . They a re  acu te  l a t e r a l l y  a t  th e  m id -line  

of th e  p a lp eb ra l lo b e s ; th e  p o s te r io r  fix igenae  are  narrow and d e lim ited  

by m arginal furrow s; th e  p o s te r io r  f ix ig e n a l borders a re  narrow, being  

about tw o -th ird s  as wide as th e  o c c ip i ta l  r in g , and a re  sh arp ly  

po in ted  l a t e r a l ly .  The a n te r io r  branches of th e  f a c i a l  su tu re s  a re  

s tro n g ly  d iv e rg e n tly  convex, and the  p o s te r io r  branches a re  d iv e r ­

g e n tly  s t r a ig h t  or s l ig h t ly  sinuous. The underside o f th e  cranidium  

has a  narrow a n te r io r  border doublure , and the p o s te r io r  margin has a  

broad o c c ip i ta l  one. The o c c ip i ta l  doublure i s  broad a t  th e  c e n tr a l  

a x is  and ta p e rs  l a t e r a l l y  toward the  ends of th e  p o s te r io r  f ix ig e n a l  

b o rd e rs .

The l ib r ig e n a  i s  e lo n g a te , w ith  a  medium-narrow o cu la r p la tfo rm ; 

th e  l a t e r a l  and p o s te r io r  furrows a re  b o th  shallow b u t d i s t i n c t ly  

im pressed; they  jo in  a t  th e  genal angle and extend along the  genal 

sp ine  fo r  a sh o rt d is ta n c e . The underside of the  l ib r ig e n a  b ea rs  a  

broad l a t e r a l  doublure , which i s  sh a rp ly  pointed a n te r io r ly  and curves 

p o s te r io r - l a te r a l ly  to  end a t  the  o cu la r base.

The pygidium i s  su b tr ia n g u la r  and convex; i t s  a x ia l  lobe i s  

co n ic a l and tap e rs  p o s te r io r ly ,  extending about tw o -th ird s  th e  le n g th  

o f th e  pygidium ( s a g .) ;  th e  a x ia l  r in g  furrows a re  shallow  and undu la to ry ;
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th e  p le u ra l lobes a re  d iv ided  in to  th re e  p le u ra l  bands, which are  

im pressed by p le u ra l furrows and d ire c te d  l a t e r a l l y  and p o s te r io r ly  

in to  sh o rt sp in es ; th e  p o s te r io r  a x ia l  lobe i s  a  f l a t ,  g en tly  convex 

a re a , w ithout any p le u ra l  or in te rp le u r a l  furrow s. The underside of 

th e  pygidium has a  broad doublure along th e  p o s te r io r  margin and i s  

notched p o s t-a x ia lly .

The su rface  of th e  sk e le to n  i s  covered by s c a t te re d  la rg e  g ran u les , 

and b ea rs  f in e  r a d ia l  caeca a t  th e  a n te r io r  brim ; th e  o u tsid e  o f the  

cep h a lic  margin and th e  doublures b ear p a r a l l e l  r id g e s  along th e  bo rd er.

Remarks. This spec ies  c lo se ly  resem bles P. sep o situ s  W hittington  

(1963), th e  type sp e c ie s , from the Middle O rdovician o f Lower Cow Head, 

w estern  Newfoundland, b u t i t  d i f f e r s  in  having a  cranidium  w ith  a 

broader a n te r io r  b o rd e r, c o n ic a l g la b e l la ,  and in d i s t in c t  g la b e l la r  

fu rrow s; the  a sso c ia ted  pygidium has a  s l ig h t ly  s h o r te r  a x ia l  lobe and 

w ider, more d i s t in c t  f in g -fu rrc w s .

The p resen t spec ies  i s  rep resen ted  by more than  one hundred 

immature and mature specimens. A ll were etched from a few sm all p ieces 

o f b la ck , f in e ly  c r y s ta l l in e  lim estone . The m a te r ia ls  include very  

abundant in s ta r s  o f many d i f f e r e n t  genera, b u t th e  p re sen t forms are  

d is tin g u ish e d  from o th ers  by th e i r  g e n tly  convex o r n e a rly  f l a t  

sk e le to n s , and th e  unornamented su rfa c e , (excluding a  p a ir  o f a n te r io r  

p i t s . ) .

Horizon and L o c a lity . Middle O rdovician, Edinburg Form ation. 1 .5  

m ile , S outheastern  S trasburg  Ju n c tio n , V irg in ia .

Figured specimens. Holotype, Cranidium, U.C.M. 387^2.

Paratype, C ran id ia , U.C.M. 387^2p - r .
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L ib rigenae, U.C.M. 387*f2t-v.

IV gid ia , U.C.M. 387^2x- z , a ' .

Phaseolops conus, n. s p . , ontogeny 

Anaprotaspid s tag e  (P I. 17, f ig s .  1-3 and t e x t - f i g .  53A, B). The 

sh ie ld  i s  rounded, f l a t ,  g e n tly  convex, and about 0 .2 7  ram. in  le n g th  

( s a g .) .  The su rface  lacks any s t r ik in g  f e a tu re s ,  excep t fo r  a  s l ig h t  

convexity  along the  a x is ;  th e re  i s  no d i s t i n c t  d o rsa l furrow , a x is ,  or 

p le u ra l lobe d iv is io n s . The a n te r io r  margin has two sm all dep ressions 

o r p i t s .  The p o s te r io r  l a t e r a l  bo rder i s  prolonged as a  p a i r  o f s h o r t ,  

s to u t sp in es . The p o s te r io r - l a te r a l  border i s  deeply  notched. The 

underside o f th e  sh ie ld  has a broad , f l a t  doublure along th e  p o s te r io r  

margin. The su rface  i s  roughly to  f in e ly  g ranu lose .

The specimens are  so sm all and f la t te n e d  th a t  th ey  a re  very  e a s i ly  

m is id e n tif ie d  as d i f f e r e n t  an im als. They were a t  f i r s t  thought to  be 

e i th e r  t r i l o b i t e  hypostomata o r o stracods b efo re  photographs were 

taken . However, photographs re v e a l a  p a ir  o f  p i t s  on th e  a n te r io r  

margin and a  p a ir  of sh o rt sp in es  a t  the p o s te r io r - l a te r a l  border 

which c le a r ly  in d ic a te  th a t  th ey  a re  sm all t r i l o b i t e s .

Parapro tasp id  s tag e  (P I. 17, f ig s .  k-Q ,22  and t e x t - f i g .  53C, D). 

The sh ie ld  i s  e lo n g a te -o v a l, m oderately convex, and v a r ie s  from O.bO to  

0.93 nim* in  le n g th  ( s a g .) .  The a x ia l  and p le u ra l  lobes a re  sep ara ted  

d o rsa l furrow s. The a x ia l  lobe i s  s le n d e r ly  fu sifo rm , w ith o u t any 

d i s t i n c t  a x ia l  r in g s  o r p o s te r io r  cep h a lic  b o rd e r. The p le u ra l  lobes 

a re  about th e  same w idth as th e  g la b e lla ;  th e  p a lp e b ra l lo b es  a re  sm all 

and lo ca ted  a t  o n e -th ird  th e  s h ie ld  le n g th  from the  a n te r io r  end; the
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a n te r io r  f a c ia l  su tu res  are  convergent, and the  p o s te r io r  ones are

d iv e rg e n tly  s t r a ig h t  and term inate  a t  tw o -th ird s  th e  sh ie ld  le n g th  from 
♦

th e  a n te r io r  end. The protopygidium i s  no t d e f in i te ly  d i f f e r e n t ia te d  

from th e  cephalon, h u t the  f a c ia l  su tu re s  g ive th e  b e s t c lue  fo r  judging 

the  p y g id ia l p o s itio n  and shape: i t  i s  a  tra n sv e rse ly  se m i-c irc u la r

reg io n  lo ca ted  behind the  p o s te r io r  branch of th e  f a c ia l  s u tu re s ;  the 

a x ia l  lobe i s  defined  by d i s t i n c t  furrow s; th e  p le u ra l  lobes a re  g en tly  

convex, curving v e n tra l ly  to  the m argin, w ithou t p le u ra l  furrow s or 

in te rp le u r a l  grooves. The under s id e  o f th e  s h ie ld  has a  uniform ly 

narrow p o s te r io r  doublure. The su rface  i s  covered by f in e  g ran u le s .

I t  seems th a t  th e re  i s  a  growth gap between th e  anapro tasp id  and 

th e  p re sen t s ta g e ; th i s  gap i s  in d ic a te d  by the f a c t  th a t  th e  an ap ro tasp is  

lack s  bo th  protopygidium and f a c i a l  s u tu re , and th e  p a rap ro ta sp is  

suddenly shows th ese  w e ll developed. Such an on togenetic  s a l t a t io n  i s  

incom patible w ith  o th e r t r i l o b i t e  development, and i t  appears t h a t  the  

m etaprotaspid  s tag e  i s  m issing here . Probably th e  lack  r e f l e c t s  the  

meager n a tu re  o f th e  m a te ria ls  a v a ila b le . In  comparing th e  morphologic 

fe a tu re s  of th e  anap ro tasp is  and p a rap ro ta sp is  one might expect th e  

m issing m etapro tasp is to  be ch a ra c te r iz e d  by a  rounded to  s l ig h t ly  

e longate  sk e le to n  of low convexity  w ith  a x ia l  and p le u ra l  lobes 

obscurely  d i f f e r e n t ia te d ;  n e ith e r  protopygidium  or d o rsa l f a c i a l  

su tu re  a re  to  be expected; th e  p o s te r io r  l a t e r a l  margin o f th e  s h ie ld  

would probably bear a  p a ir  o f m arginal sp in es .

E arly  meraspid s tag e  (P I. 17, f ig s .  9-12 and t e x t - f i g .  53E). The 

cranidium  i s  subquadrate in  o u tl in e ,  convex and about 0 . 60- 0 .8 0  mm. 

in  le n g th  ( s a g .) .  The g la b e lla  i s  c y l in d r ic a l  b u t expands s l ig h t ly
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a n te r io r ly ;  th e  g la b e l la r  furrows are  in d i s t in c t  except fo r  the  

p re -o c c ip i ta l  r in g  furrow. The o c c ip i ta l  r in g ,  which i s  acu te  

p o s te r io r ly ,  i s  defined  by th e  o c c ip i ta l  furrow and bears  a  minute 

median node. The d o rsa l furrows a re  w e ll marked, p a r a l le l  to  the  

s id e s  o f the  g la b e l la ,  and s l ig h t ly  expanded l a t e r a l ly  a t  the  base 

o f th e  l a s t  p a ir  of g la b e lla r  furrow s. The a n te r io r  border i s  broad 

and convex, curves forw ard, and s l ig h t ly  touches the  a n te r io r  

g la b e l la r  margin. The fix igenae  are  s l ig h t ly  narrower th an , or 

o f th e  same w idth  a s , the  g la b e l la ;  th e  p a lp eb ra l lobes a re  s ic k le - 

shape, narrow, e lo n g a te , and lo ca ted  a t  th e  m id-line  o f the  g la b e l la  

( t r . ) ;  th e  p o s te r io r  fix ig en ae  a re  b road , t r ia n g u la r  and have th e i r  

m arginal border d ire c te d  s l ig h t ly  p o s te r ! o r - la te r a l ly .  The f a c ia l  

su tu re  i s  s l ig h t ly  d iv e rg en tly  convex a n te r io r ly  and d iv e rg e n tly  

s t r a ig h t  p o s te r io r ly .  The su rface  i s  covered by medium-large 

g ran u le s .

The e a r ly  meraspid specimens d i f f e r  from those  o f th e  e a r l i e r  

s tag e  in  th a t  th e  cranidium b ears  d i s t i n c t  a n te r io r  and p o s te r io r  

b o rd e rs , and the  p a lp eb ra l lobes a re  lo c a te d  more p o s te r io r ly .

Late meraspid s tage  (P I. 17, f ig s .  13-16,23,27 and t e x t - f i g .

53F, G). The convex cranidium  i s  subquadrate in  o u tlin e  and ranges 

from 0.90 to  1 .20  mm. in  len g th  ( s a g .) .  The g la b e lla  i s  s le n d e r ly  

c o n ic a l and marked by two p a irs  of g la b e l la r  furrow s; th e  p re -  

o c c ip i ta l  furrow , or l a s t  p a ir  o f g la b e l la r  furrow s, i s  d i s t i n c t  

and convex; th e  f i r s t  p a ir  i s  shallow , s h o r t ,  and lo ca ted  opposite  

th e  p a lp eb ra l lo b es . The d o rsa l furrows a re  deep and narrow. The 

o c c ip i ta l  r in g  i s  c re sc e n tic , arches p o s te r io r ly ,  and i s  d efin ed  by a
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d i s t i n c t  o c c ip i ta l  furrow* The p re g la b e lla r  f i e ld  i s  medium-wide and 

g e n tly  d o flo o ted ; the  convex a n te r io r  border i s  about the  same w idth 

as the  p re g la b e lla r  f i e ld  and i s  d i s t i n c t ly  defined  by th e  a n te r io r  

furrow . The convex fix ig en ae  a re  about o n e-h a lf as wide as the g la b e lla ,  

and bear f la t te n e d  p a lp eb ra l lo b es; th e  b road ly  c re sc e n tic  p a lp eb ra l 

lobes a re  s itu a te d  a t  th e  m id-line  o f the  g la b e l la  ( t r . ) ,  and a re  

d i s t i n c t ly  delim inted  by p a lp eb ra l furrow s; the  p o s te r io r  fix ig en ae  

a re  narrow, w ith  th e  m arginal bo rder being o f th e  same w id th  as the  

o c c ip i ta l  r in g  ( t r . ). The a n te r io r  branches o f th e  f a c i a l  su tu res  are  

d iv e rg e n tly  convex, and the  p o s te r io r  ones a re  d iv e rg e n tly  s t r a ig h t .

The pygidium i s  sem i-c irc u la r  o r sem i-oval and c o n s is ts  o f 5 o r 6 convex 

segments, and lacks m arginal sp in es . The pygidium i s  p o ssib ly  

preceded by 2 or 3 a r t ic u la t in g  th o ra c ic  segments. The su rface  i s  

covered by la rg e  g ran u le s , and caeca occur on the  p re g la b e lla r  f i e ld .

This s tage  i s  d is tin g u ish e d  from the  previous one by having th e  

cranidium  broader and s h o r te r ,  th e  fix ig en ae  narrow er, and the 

p re g la b e lla r  f ie ld  p re se n t. In  comparison w ith  h o lasp id  specimens 

th e  m eraspid ones have broader f ix ig e n a e , narrower and more a n te r io r  

p a lp eb ra l lo b e s , and th e  pygidium i s  w ithou t m arginal sp in e s .

F igured specimens. A naprotaspides, U.C.M. 387**2a, b .

P arap ro tasp id es, U.C.M. 387^ 0 -g .

E arly  m eraspides, U.C.M. 387^2h-k.

Late m eraspides, U.C.M. 387^210 ,  s ,  w.
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Family Pterygometopidae Reed, 1905 

Genus C alllops Delo, 1935 

C alliops s tra sb u rg e n s is  U lr ic h  and Delo 

PI. 18, f ig s .  1-38 and t e x t - f i g .  'jh,

C alliops s tra sb u rg en sis  U lr ic h , E. 0 . ,  and Delo, D ., 19^0* p . 99-100* 

p i .  12, f ig s .  8 -10 .

Ptyrygometopus sp. B u tts , C ., 19^1* pl« 82, f ig s .  9-13*

C alliops s tra sb u rg en s is  U lr ic h  and Delo; Cooper, B., 1953* P» 37* pl» 17* 

f ig s .  1 -15 .

D iagnosis. Cephalon h ig h ly  convex. G lab e lla  very  broad ly  

expanded a n te r io r ly  and marked by th re e  p a ir s  o f g la b e l la r  furrow s. 

D orsal furrow deep and narrow. O cc ip ita l r in g  broad , convex. No 

p re g la b e lla r  f ie ld  o r a n te r io r  b o rd e r. F ix igenae narrow. P a lp eb ra l 

lobe lo n g itu d in a lly  s ick le -sh ap ed . R o s tro -lib rig e n a e  narrow w ithou t 

median o r connective s u tu re s . Hypostoma o v a lly  e lo n g a ted , w ith  long 

p o s te r io r  l a t e r a l  wings. Thoracic segments convex and s to u t  w ith  

rounded, a n te r io r ly  d ire c te d  ends, fygidium t r ia n g u la r  In  o u tl in e ,  

s tro n g ly  convex, c o n s is tin g  o f more than  te n  segm ents. The su rface  

i s  densely  granulose.

C alliops s tra sb u rg e n s is  U lr ic h  and Delo, male?

P I. 18, f ig s .  Ilf, 15 ,1 8 ,19 ,2 6 ,29 , 35 ,38  and t e x t - f i g .  5^K, 0. 

D esc rip tio n . The cephalon i s  s e m i-c irc u la r  i n  o u tl in e ,  h igh ly  

convex, w ith  a broad cranidium  and narrow r o s tro - l ib r ig e n a e .  The 

g la b e l la  i s  very  la rg e  and b ro ad ly  expanded a n te r io r ly ;  th e  th re e  

p a ir s  of g la b e l la r  furrows a re  deep ly  marked; th e  f i r s t  p a ir  o f
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T ex t-fig . 5^: Calliops strasbu rgensis U lrich  and Delo.
A, p a ra p ro ta sp is , x 36;' B-E, fo u r  e a r ly  m eraspides, x  22, x  3^, 
x 23, x 17; F,G, two l a t e  m eraspides, x 15, x 10; H, f ro n ta l  
view o f a  cephalon, x 3 .2 ; I ,  e a r ly  h o la sp is , x 3; J ,.  "female" 
cephalon, x 3j K, "male" cephalon, x 3 .2 ; L,M, a  ju v en ile  and a d u lt 
hypostoma, x 10, x 3*2; N, "fem ale" pygidium, x 3*8; 0, a "male" 
pygidium, x 3 .3 ; P, a lib rig en o -ro stru m , x 8 .7 . (Drawings made 
from pho tograph .)
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g la b e lla r  lobes i s  la rg e  and tra n sv e rse ; th e  second p a ir  i s  oval and 

sm all, the  th i rd  i s  p re -o c c ip i ta l  and very  sm all. The d o rsa l furrows 

a re  narrow and deeply marked w ith  th e  a n te r io r  ends b road ly  open. The 

broad o c c ip i ta l  r in g  i s  curved s l ig h t ly  a n te r io r ly  and bears  a  t in y  

median tu b e rc le . There i s  no a n te r io r  border or p re g la b e lla r  f i e ld .

The f ix ig en ae  are  broad; the  shallow  p o s te r io r  f ix ig e n a l furrows extend 

a n te r io r ly  befo re  reaching  th e  l a t e r a l  b o rd e r. A p a ir  o f  sh o r t sp ines 

i s  d ire c te d  p o s te r io r ly  from th e  ends o f th e  re a r  b o rd ers .

The arched ro s tro - l ib r ig e n a e  lack  median or connective s u tu re s ; 

th e  narrow ocu lar p la tfo rm  slopes s te e p ly  down from th e  o cu la r r in g  

to  the  l a t e r a l  margin; th e  l a t e r a l  border i s  smooth and lack s  a 

l a t e r a l  furrow .

The hypostoma i s  e lo n g a te , o v ate , and m oderately convex, w ith  a 

p a ir  of s h o r t ,  broad l a t e r a l  w ings; th e  median body i s  s l ig h t ly  convex, 

w ith  a p a ir  of elongate  l a t e r a l  m aculae; th e  p o s te r io r  bo rder i s  broad , 

concave and U-shaped; th e  l a t e r a l  and p o s te r io r  margins a re  narrow and 

e lev a ted ; th e  a n te r io r  border i s  arched forward and bears  a  p a ir  o f  

broad , s h o r t ,  t i l t e d  wings.
%

The pygidium i s  t r ia n g u la r  in  o u tlin e  and s l ig h t ly  convex. The 

convex and co n ica l a x ia l  lobe ta p e rs  p o s te r io r ly  w ith  a  rounded 

te rm in a tio n , and i s  a n te r io r ly  d iv ided  in to  fo u r la rg e  r in g s  and 

p o s te r io r ly  in to  f iv e  o r s ix  sm alle r ones. The border lack s  both  

furrow and sp in es .

The su rface  i s  covered w ith  la rg e  g ran u le s , except f o r  th e  

hypostoma and pygidium which a re  f in e ly  g ranu lose .

F igured specimens, "male" form. C ran id ia , U.C.M. 387^3# 387^3%;
v .

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



303

Pygidia, U.C.M. 3 8 7 ^ ' ,  g ' .

R o s tro -lib rig e n a e , U.C.M. 387^3t.

Hypostoma, U.C.M. 387^3 r .

C alliops s tra sb u rg e n s is  U lric h  and Delo, female?

P I . 18, f ig s .  16 ,17 ,27 ,32-3^,36 ,37  and t e x t - f i g .  5kJ, N.

Comparison. The presumed female ske le tons d i f f e r  from those  of 

males in  th a t  the female cephalon and the g la b e lla  a re  narrow er and 

lo n g e r, the a n te r io r  c ra n id ia l  margin i s  more a cu te , th e  ro s t r o -  

lib r ig e n a e  lack  genal sp in es , and th e  pygidium has narrower p le u ra l  

lo b e s .

Remarks. A few hundred w ell preserved specimens were etched from 

se v e ra l  sm all p ieces of b lack , f in e ly  c ry s ta l l in e  lim estone. The 

ch a ra c te rs  of th i s  sp ec ies  conform in  genera l to  U rich and D elo 's  (l$&0) 

d e s c r ip tio n , b u t u n fo rtu n a te ly , t h e i r  m a te ria l was poorly  p reserved 

and re v e a l inadequate inform ation  fo r  r e l ia b le  comparison. U lr ic h  and 

D elo 's  types were c o lle c te d  from th e  Edinburg Limestone near S trasbu rg  

Ju n c tio n , V irg in ia  and were re fig u red  by Cooper (1953, P* 37, Pi* 17, 

f ig s .  6, 13-15)* Tfae a d d itio n a l m a te ria ls  were c o lle c te d  from th e  

same g en era l a rea  and form ation by Cooper (1953)* These a re  shown 

in  a  s ta te  of b e t t e r  p re se rv a tio n , and c h a r a c te r is t ic s .  The w r i te r 's  

m a te ria ls  are  id e n t ic a l  w ith  the  l a t t e r  ones. One of Cooper's 

a d u lt  specimens shows a t  l e a s t  11 th o ra c ic  segments (h is  p i .  17 , 

f i g .  12).

Horizon and L o c a lity . Middle O rdovician, Chambersburg Limestone, 

Willow Groove, 3 m iles Southwest o f Woodstock, V irg in ia .
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F ig u red ' specim ens. "female" form. C ran id ia , U.C.M. 387^30 , p.

P ygid ia , U.C.M. 3 8 7 ^ 3 a '- f '.

C alliops s tra sb u rg e n s is  U lr ic h  and Delo, ontogeny

P arap ro tasp id  s tag e  (P I. 18, f ig s .  1 ,2 , and t e x t - f i g .  54a ). The
w ith

rounded and convex s h ie ld ^ d is t in c t ly  sep ara ted  a x ia l  and p le u ra l lo b es , 

i s  approxim ately 0 .57  urn. in  le n g th  ( s a g .) .  The convex a x ia l  lobe i s  

s tro n g ly  expanded a n te r io r ly ,  w ithout d i s t i n c t  r in g  furrow s; the 

f r o n ta l  lobe i s  b ra d ly  t r ia n g u la r ,  and w e ll defined  by furrow s. The 

convex p le u ra l  lobes s lope  down s te e p ly  along th e  l a t e r a l  m argin; th e  

p o s te r io r  l a t e r a l  borders a re  n o t c le a r ly  reco g n izab le . The tra n s ­

v e rse ly  su b tr ia n g u la r  protopygidium  i s  sep ara ted  from the  cephalon by 

a  f a in t  and a n te r io r ly  arch ing  furrow ; th e  a x ia l  and p le u ra l  lobes 

la c k  d i s t i n c t  furrow s. The su rface  i s  covered by granu les and sp in es . 

The a n te r io r  margin o f th e  f r o n ta l  lobe i s  marked by a p a ir  o f s to u t  

sp ines on th e  a n t e r io r - l a t e r a l  corners and a  p a ir  o f sh o rt ones a t  the 

c e n te r ;  the  p o s te r io r  l a t e r a l  co rners  o f th e  f r o n ta l  lobe have a p a ir  

o f v e r t i c a l ly  d ire c te d  sp in e s ; th e  a x ia l  lo b e , ex c lu siv e  o f th e  f ro n ta l  

lobe and protopygidium , i s  c y l in d r ic a l  w ith  fo u r  p a ir s  of t in y  

tu b e rc le s . The f ix ig e n a l  su rface  has fo u r p a ir s  o f nodes, of which 

two p a ir s  a re  lo ca ted  a n te r io r - l a t e r a l l y ,  and th e  o th e r  p o s te r io r ly ;  

th e  f ix ig e n a l  margin b ea rs  a  p a ir  of la rg e  sp in es  behind th e  p a lp eb ra l 

lo b e s , th re e  sh o rt ones l a t e r a l l y  and p o s te r io r ly ,  and a la rg e r  p a ir  

p ro je c tin g  p o s te r io r ly .  The protopygidium  has a  sp in y  margin.

E a rly  m eraspid s tag e  (P I. 15, f ig s .  3-9 and t e x t - f i g .  5^B-E). The 

convex cranidium  i s  about 0 . 60- 0.85  mm. long ( s a g .)  i s  sem i-oval in
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o u tlin e  and has a  p a ir  o f long, p o s te r io r ly  d ire c te d  f ix ig e n a l  sp in e s .

The g la b e lla  i s  d i s t i n c t ly  defined  by d o rsa l  furrcw s and d iv ided  in to  

fo u r rin g s  by furrow s; th e  f ro n ta l  lobe i s  broad and expanded a n te r io r ly ;  

th e  g la b e lla r  furrows a re  deep l a t e r a l l y  b u t shallow  across  th e  c e n tra l  

-ax is ; the  o c c ip i ta l  r in g  i s  convex, c re sc e n tic  and bears a  median 

tu b e rc le ; no a n te r io r  bo rder o r p re g la b e lla r  f i e ld  are  seen . The f i x i -  

genae are broad p o s te r io r ly .  The p a lp eb ra l lo b es  are  sm all and lo ca ted  

opposite  ( t r . ) th e  f i r s t  g la b e l la r  furrow . The o u te r su rface  i s  

covered by both  f in e  and coarse g ranu les and sp in e s ; th e  in n e r su rface  

i s  f in e ly  punctate and sp inose .

Late meraspid s tag e  (P I. 18, f ig s .  10-13*20,23,24,30-31 and t e x t -  

f i g .  54F, G). The se m i-c irc u la r  cranidium  i s  about 0 .90 -1 .50  mm. in  

le n g th  ( sa g .) . The g la b e l la  i s  b road ly  expanded a n te r i r o r ly  and has 

a  narrower (sag .)  p re o c c ip i ta l  segment; th e  g la b e l la r  furrow s are  

d i s t i n c t ly  separated  and d ire c te d  p o s te r io r - la te r a l ly ;  th e  la rg e  

p a lp eb ra l lobes a re  convex above th e  d o rsa l fu rrow s. The p o s te r io r  

f ix ig en a e  are  narrow and have a  wide l a t e r a l  p ro tio n ; th e  p o s te r !o r - 

l a t e r a l  border bears a  p a ir  of s h o r t te rm in a l sp in e s , d ire c te d  back- 

w ardly . The lib r ig e n a e  la c k  median or connective su tu re s  and are  

arched ; the  ocu lar p latfo rm s a re  narrow and alm ost v e r t ic a l ;  the  

a n te r io r  and l a t e r  bo rders bear wide sp in e s . The hypostoma i s  ov a te , 

m oderately convex, and w ith  a  v e r t ic a l ly  curved m arginal b o rd er. A 

p a ir  o f s h o r t, d e l ic a te  sp ines extends from th e  p o s te r io r - la te r a l  

m argins. The pygidium i s  t r ia n g u la r  in  o u tl in e  and d iv ided  in to  6 o r 

7 segments by d i s t i n c t  furrow s; each segment ends in  a  p a ir  o f p o s te r io r -  

l a t e r a l l y  d ire c te d  sp in e s . The su rface  i s  c o a rse ly  g ranulose and th e
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a n te r io r  g la b e lla  and l ib r ig e n a l  borders are  sp in o se .

The main morphologicchanges of t h i s  s tage  a re :  th e  supplan ting

of th e  sp in o s ity  in  e a r l i e r  in s ta r s  by g ran u la tio n ; the  enlargem ent 

o f th e  p a lp eb ra l lobes and th e i r  s h if t in g  from the  a n te r io r  f ix ig en a e  

to  th e  r e a r  p o rtio n ; th e  p o s te r io r  f ix lg e n a  which was broad in  

e a r l i e r  in s ta r s  now becomes narrow er; th e  f ix ig e n a l sp in es decrease 

in  s iz e ; th e  ocu lar p la tfo rm  broadens; and the  hypostoma lo se s  i t s  

sp in e s ; th e  form erly sp in o se ly  frin g ed  pygidium now has smooth 

m argins.

Figured specimens. P arap ro tasp id es , U.C.M. 387^3a.

E arly  m eraspides, U.C.M. 387^3b-h.

Late m eraspides, U.C.M. 387^31-1* s ,  u , v, y,
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Family Calymenidae B urm eister, 18^3 

Genus Flexicalymene S h ir le y , 1936 

Flexicalymene granulosa  (F o e rs te )

PI. 19, f ig s .  1-29 and t e x t - f ig .  55 

Calymene c a llic e p h a la  g ranulosa F o e rs te , A. F . ,  1909 , p . 29I4..

C. granulosa F o ers te , B ass le r , R. S . ,  1919, p . 356, p i .  56 , f ig s .  1, 2 . 

Flexicalymene granulosa (F o e rs te ) , Bucher, W. H., C as te r , K. E .,  Jones, 

S. M., and Dalvd, E .,  1939, 19^5 , and 1961, p i .  2 , f ig s .  9 , 10. 

D iagnosis. Cranidium tra p e z o id a l in  o u tlin e .an d  convex. G lab e lla  

b road ly  co n ica l, w ith  th re e  p a irs  o f deeply  marked g la b e l la r  furrow s. 

D orsal furrow very deep. O c c ip ita l r in g  convex. No p re g ia b e lla r  

f i e ld .  A nterior border o f medium w id th . Fixigenae narrow a n te r io r ly  

and broad p o s te r io r ly . P a lp eb ra l lobes sm all, lo ca ted  w e ll in  f ro n t  

of th e  m id-length o f th e  g la b e l la .  Hypostoma subquadrate and s l ig h t ly  

convex, w ith  a p a ir  o f p o s te r io r  m arginal sp in es . L ibrigenae e lo n g a te , 

w ith  or w ithout genal sp in es . Thorax d iv ided  in to  13 segments.

Pygidium tr ia n g u la r  or su b tr ian g u la r  in  o u tl in e ,  convex, w ith  f iv e  

d i s t in c t ly  marked segments and a sm all te rm in a l p o r tio n . Surface 

covered w ith medium coarse g ran u les .

Flexicalymene g ranulosa (F o e rs te ) , male?

P I. 19, f ig s .  17 ,18 ,19B,22,23,26-28 and t e x t - f i g .  55J ,  K, M.

D escrip tio n . The cranidium  i s  tra p e z o id a l in  o u tlin e  and convex. 

The g la b e lla  i s  b road ly  tru n c a te -c o n ic a l and convex above th e  f ix ig e n a e ; 

th e  f i r s t  p a ir  o f g la b e l la r  furrows i s  s h o r t  and shallow  and d ire c te d  

a n te r io r-m ed ia lly  from the  d o rsa l furrow ; th e  second p a i r  i s  sh o rt and
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T e x t- f ig . 55• A growth sequence o f Flexicalymene granulosa 
(F o e rs te ) . A, an ap ro ta sp is , x 52; B, m etap o rtasp is , x 50; C,D, 
two p arap ro ta sp id es , x 40, x 31; E, e a r ly  m eraspis, x 26;
F,G, two l a t e  m eraspides, x 14, x 13; H, immature hypostoma, 
x 20; I ,  sm all pygidium, x 24 ; J ,  "male" l ih r ig n e a , x  2 ; K, 
"male" pygidium, x 4 .5 ; L, medium s ized  "female" cranidium , x 15 
M, la rg e  s ized  "male" cranidium , x 4 .2 ;  N, "female" pygidium, 
x 14; 0 , medium s ized  hypostoma, a sso c ia ted  w ith  rostrum , x 14; 
P, a d u lt  hypostoma, x  6; Q, "female" l ih r ig n e a , x 13.
(Drawings made from photographs; except fo r  B, sch e m a tic .)
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deeply depressed w ith  d i s t i n c t  p i t s ;  th e  th ird  p a ir  o f furrows i s  

lo n g er, deeper, and d ire c te d  s l ig h t ly  p o s te r io r ly  w ith  b ifu rc a tio n s  

a t  the ends. The g la b e lla r  lobes a re  rounded e longate  and in c rease  in  

s iz e  from th e  a n te r io r  to  th e  p o s te r io r  p a ir .  The d o rsa l furrow i s  

deep and broad , and curves inward behind the l a s t  p a ir  o f g la b e l la r  

lo b es. The o c c ip i ta l  furrow i s  deep l a t e r a l ly  bu t shallow  and swings 

forward a t  the a x ia l  l in e .  The a n te r io r  brim  lacks a p re g la b e lla r  

f i e ld ;  the a n te r io r  furrow i s  deep and s t r a ig h t ;  th e  a n te r io r  border 

i s  narrow, convex and arches s l ig h t ly  a n te r io r ly .  The su b tr ia n g u la r  

fix ig en ae  slope a n te r io r ly  and l a t e r a l l y  downward from th e  p a lp eb ra l 

lo b es , which a re  lo ca ted  between the  f i r s t  and second g la b e lla r  

furrows ( t r . ) .  The a n te r io r  f a c i a l  su tu re  i s  convergent, and the  

p o s te r io r  one i s  d iv e rg en tly  convex. The p o s te r io r  f ix ig e n a l  furrow  

i s  shallow and broad; th e  m arg ina l.borders a re  convex and about th e  

same w idth as th e  o c c ip i ta l  r in g  ( t r . ) .

The l ib r ig e n a  i s  e longate  w ith  a  sh o rt and s to u t  genal sp in e ; 

th e  ocu lar p la tfo rm  i s  m oderately b road , convex, and has a  sm all 

o cu lar r in g ; th e  l a t e r a l  border i s  roundly convex and d e lim ited  by 

a  shallow broad , l a t e r a l  furrow .

The hypostoma i s  subquadrate in  o u tlin e ; i t s  median body i s  

g e n tly  convex; th e  p o s te r io r  lobe i s  U-shaped, g e n tly  convex, and 

d e lim ited  by furrow s. The m arginal bo rder i s  convex l a t e r a l l y  and 

f la t te n e d  p o s te r io r ly  w ith  a  p a ir  of p o s te r io r ly  d ire c te d  sp in e s .

The l a t e r a l  furrow i s  deep and occupied by two p a irs  of e longate  p i t s .  

The a n te r io r  l a t e r a l  wings a re  concave, broad, and t r ia n g u la r ,  and 

have a  p a ir  o f rounded and r a th e r  deep ly  marked p i t s .
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The r o s t r a l  p la te  i s  g en tly  convex, narrow, and tra n sv e rse  and 

curves s l ig h t ly  forw ard. The thorax  Is  d iv ided  in to  13 segments. The 

a x ia l  r in g s  a re  s tro n g ly  convex and asso c ia ted  w ith  deeply  marked 

furrow s. The p le u ra l lobes a re  narrower th an  th e  a x is ,  g en tly  convex, 

and curve v e n tra l ly .  The ends of each p le u ra l  segment a re  rounded 

w ith o u t sp in es .

The pygidium i s  su b tr ia n g u la r  in  o u tlin e  and s tro n g ly  convex. The 

c o n ic a l lobe tap e rs  p o s te r io r ly  and i s  d iv ided  by d i s t i n c t  r in g  furrows 

in to  ^ or 5 r in g s  and a  t r ia n g u la r  te rm in a l p o r tio n . The d o rsa l 

furrow  i s  w e ll im pressed; th e  te rm in a l p o rtio n  which i s  s e t  o f f  by 

d i s t i n c t  r in g  furrow s, end befo re  reach ing  th e  p o s te r io r  margin. The 

p le u ra l  lobes g en tly  curve v e n tra l ly  and a re  sep ara ted  in to  U or 5 

p le u ra l  lobes by narrow in te rp le u r a l  grooves. No m arginal border or 

m arginal sp ines are  p re se n t.

The su rface  of the  sk e le to n  i s  covered by f in e  to  medium s ized  

g ra n u le s .

F igured specimens, "male" form. C ran id ia , U.C.M. 3 8 7 ^ 9 -s .

P yg id ia , U.C.M. 3 8 7 ^ v , w.

L ib rigena , U.C.M. 3 8 7 ^ b '.

Hypostomata, U.C.M. 3 8 7 ^ z , a ' .

Flexicalymene granu losa  (F o e rs te ) , female?

P I. 19, f ig s .  15,19A,2l+,29, and t e x t - f i g .  55L, N. Q.

Comparison. The "female" forms d i f f e r  from the  "male" in  th a t  

th e  cranidium  has a broader a n te r io r  furrow , b roader a n te r io r  b o rd e r, 

and more p o s te r io r ly  lo ca ted  p a lp eb ra l lo b e s . The l ib r ig e n a e  have
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narrower ocu lar p latform s and la c k  genal sp in e s . The pygidium i s  

quadrate or subrounded in  o u tl in e .

Remarks. According to  B assle r (1919) a&d Dalv<5 (1948 ), two 

sp ec ies  of Flexicalymene are  found in  the  C in c in n a ti a re a , i . e . ,

F . granulosa and F. meeki. F. g ranu losa , which occurs in  th e  Eden 

Form ation, the lower p a r t  o f the  C in c in n a tian , i s  c h a ra c te r iz e d  by a  

sm aller sk e le to n  and granulose su rfa c e . F. meeki which occurs in  th e  

M aysville and Richmond Form ations, th e  Upper C in c in n a tian , i s  

ch a rac te rized  by a  la rg e r- s iz e d  sk e le to n  and more f in e ly  granulose 

su rface  (p i.  19, f ig s .  30-32). The m a te ria ls  here s tu d ie d  were 

c o lle c te d  from th e  Eden Shale. The m a te r ia l co n ta in s  th re e  o ther 

t r i l o b i t e  genera: I s o te lu s ,  C ry p to lith u s , and P rim asp is.

About 80 specimens, bo th  immature and mature form s, were prepared 

from 50 kg. of grey to  yellowish-brow n sh a le ; th e  sm all in s ta r s  a re  

very  ra re  and a d u lt  fragm ents common; most o f th e  specimens are  

s l ig h t ly  deformed. The "female" form here re p o rte d  has n o t been 

found b eo fre , and w hile i t  may belong to  a  new s p e c ie s , and c e r ta in ly  

would have been so designated  in  accord w ith  prev ious taxonomic 

procedure, here i s  in te rp re te d  as a  sexual d if fe re n c e  w ith in  F. 

g ranu losa , comparable dimorphism occurs in  o th e r m a te r ia ls  h e re in  

re p o rte d . The sexual r a t i o  i s  about 385 .

Horizon and L o ca lity . Upper O rdovician, C in c in n a tian , Eden 

Form ation, Park H il ls ,  w estern  Covington, w est s id e  o f Highway Route 

k2,  Kentucky.

Figured specimens, "female form ". C ran id ia , U.C.M. 38f33o, s .

Pygidium, U.C.M. l&jkhx.
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L ibrigena, U.C.M. 3 8 7 ^ c '.

Flexicalymene granulose (F o e rs te ) , ontogeny 

Anaprotaspid stage (P I. 19 , f ig s .  1-U and t e x t - f i g .  55A). The 

rounded to  m oderately convex sh ie ld  w ith  the  a x ia l  and p le u ra l lobes 

d i s t in c t ly  sep ara ted , ranges from 0 . 2k to  0.28 mm. in  le n g th  ( s a g .). 

The a x ia l  lobe c o n s is ts  of an e longate  f ro n ta l  lo b e , two p a irs  o f 

c e n tra l  nodes, and a la rg e , convex te rm in a l one. The d o rsa l  furrows 

a re  d i s t in c t ;  an a x ia l  f is s u re  extends from behind th e  f ro n ta l  lobe 

to  the f ro n t  of the  te rm in a l tu b e rc le . The s u p e rc il io id  r id g e s  are  

b road ly  convex, and d i s t in c t ly  sep ara ted  from the p le u ra l  lobes by 

furrow s. The convex p le u ra l lobes a re  b road ly  convex, and d i s t in c t ly  

separated  from the  p le u ra l lobes by furrow s. The convex p le u ra l lobes 

a re  about one and one-half tim es w ider than  th e  a x is .  The su rface  i s  

f in e ly  g ranulose.

M etaprotaspid s tag e  (T ex t-fig . 55B). The m oderately convex sh ie ld  

i s  sp h e ric a l to  su b sp h erica l in  o u tl in e ,  and approxim ately 0.35  mm. 

in  len g th  ( s a g .) .  The co n ica l a x ia l  lobe ta p e rs  s l ig h t ly  p o s te r io r ly  

and i s  d iv ided  in to  5 r in g s  w ith  a  w e ll  defined  c e n tr a l  a x ia l  f is s u re ;  

th e  f ro n ta l  lobe i s  rounded w ith  a  p a ir  of narrow s u p e rc il io id  rid g es  

extending l a t e r a l ly ;  th e  second, th i r d  and fo u rth  ones a re  tra n sv e rse  

and of about th e  same s iz e .  The d o rsa l furrow i s  d i s t i n c t .  The 

p a lp eb ra l lobes are  convex and about tw ice th e  w id th  of th e  g la b e lla .

A broad unsegmented a rea  i s  lo ca ted  behind th e  f i t h  a x ia l  r in g .  A 

lo n g itu d in a l f is s u re  extends along .the c e n tr a l  a x i s . The su rface  i s  

covered by g ranu les.
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No m etaprotaspid specimens have been recovered , b u t th e  morphologic 

d iffe re n c es  between the an ap ro tasp is  e a r ly  form s, w ith  fo u r a x ia l  r in g s ,  

and th e  e a r ly  m eraspis, w ith  more than  s ix  a x ia l  r in g s ,  c le a r ly  

in d ic a te  th a t  the stage w ith  f iv e  a x ia l  r in g s  i s  la c k in g . The absence 

of th e  m etaprotaspid in s ta r  in  P. granulose may be due to  p re se rv a tio n , 

meagerness o f m a te r ia ls , or eco log ic  ad ap ta tio n  o f p lank ton ic  la rv a e .

In  any case , th e  e a r ly  immature specimens of th e  p re sen t m a te r ia l a re  

very  r a r e .

P arapro tasp id  s tage  (EL. 19, f ig s .  5-10 and t e x t - f i g .  550, D).

The m oderately convex, subrounded s h ie ld  I s  composed o f a  protopygidium  

and cephalon w ith  d i s t in c t  g la b e l la  and f ix ig e n a e ; i t  v a r ie s  from

0.^5 to  0.70 mm. in  len g th  ( s a g .) .  The g la b e l la  i s  c y l in d r ic a l  to  

s l ig h t ly  expanded a n te r io r ly ;  i t  i s  d iv ided  in to  fo u r r in g s ;  the  

g la b e l la r  furrows are deep l a t e r a l l y ,  shallow  acro ss  the  a x is ,  and 

s t r a ig h t  or s l ig h t ly  curved p o s te r io r ly ;  th e  tra n sv e rse  o c c ip i ta l  r in g  

i s  d e lim ited  by th e  o c c ip i ta l  furrow . The prominent eye-brow -like 

r id g e s  extend p o s te r io r - la te r a l ly  from th e  f ro n ta l  lobe o r f i r s t  

g la b e l la r  r in g . The convex fix ig en ae  slope down toward th e  l a t e r a l  

margin and a re  approxim ately one and o n e-h a lf tim es w ider th an  the  

g la b e l la ;  The re a r  f ix ig e n a l borders extend p o s te r io r - la te r a l ly  and 

a re  f a in t l y  delim ited  by a  m arginal furrow . The s e m i-c irc u la r  to  

su b tr ia n g u la r  protopygidium i s  formed of 2 o r 4 segments. The c o n ic a l 

a x ia l  lobe tap e rs  p o s te r io r ly  w ith  im pressed r in g  fu rro w s. The 

p le u ra l  furrow s and the in te rp le u r a l  grooves a re  d i s t i n c t l y  d e fin ed .

The su rface  i s  covered by g ran u les .

This s tag e  d i f f e r s  from th e  previous one in  having th e  d i s t i n c t
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protopygidium, and the  p o s te r io r  fix ig en ae  expanded l a t e r a l ly .

E arly  mersapld s tage  (P I. 19, f ig s .  11-12, 20 and t e x t - f ig .  55E). 

The cranidium  which i s  about O.7O-O.85  mm. in  len g th  ( s a g .) ,  and i s  

convex and tra p e z o id a l in  o u tl in e . The g la b e lla  i s  c y l in d r ic a l  and 

has th re e  p a ir s  of minute g la b e l la r  furrow s. The d o rsa l furrows are  

deep and p a r a l le l .  The o c c ip i ta l  r in g  i s  c re sc e n tic , and lias a  t in y  

median node. The f ix ig en a e  a re  narrow between th e  p a lp eb ra l lobes b u t 

broad and convex p o s te r io r ly ;  the  p o s te r io r  border which a re  d ire c te d  

p o s te r io r  l a t e r a l l y  befo re  te rm in a tin g  l a t e r a l l y ,  a re  defined  by 

m arginal furrows and a re  approxim ately tw ice as wide as th e  o c c ip i ta l  

r in g  ( t r . ) ;  th e  sm all p a lp eb ra l lobes a re  s itu a te d  a t  one-fou rth  the  

len g th  of th e  g la b e lla  from th e  a n te r io r  margin. A narrow p re - 

g la b e l la r  brim  arches a n te r io r ly  along th e  a n te r io r  margin o f the 

g la b e l la .  The tra n sv e rse  oval pygidium i s  preceded by th re e  

a r t ic u la t in g  th o ra c ic  segments; i t s  convex a x ia l  lobe i s  co n ica l, 

ta p e rs  p o s te r io r ly ,  and i s  d iv ided  by r in g  furrow s; th e  p le u ra l  

lobes are  th e  same w idth  as th e  ax is  and deeply  marked by th re e  p a irs  

of in te rp le u r a l  grooves. The p o s te r io r  margin bears  sh o r t sp in es .

The su rface  of th e  sk e le to n  i s  covered by g ran u les .

The im portant ch a rac te rs  of th i s  s tag e  a re  th a t  th e  g la b e lla  i s  

c y l in d r ic a l ,  the  ey e-rid g es  a re  d i s t i n c t ,  and th e  p re g la b e lla r  brim 

f i r s t  appear.

Late meraspid s tag e  (P I. 20, f ig s .  13 ,14 ,16 ,21 ,25  and t e x t - f i g .  

55F, G). The cranidium  i s  about 0 .8 -0 .14  mm. long ( s a g .) .  The co n ica l 

g la b e l la  i s  deeply marked by th re e  p a ir s  o f g la b e l la r  furrow s; the 

d o rs a l  furrow i s  deep and broad; th e  o c c ip i ta l  r in g  has a  t in y  median
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tu b e rc le . The a n te r io r  border i s  sep a ra ted  by a  deeply  impressed 

a n te r io r  furrow . The fix ig en a e  are  about o n e -h a lf  as wide as th e  

g la b e lla  between the  p a lp e b ra l lobes and th e  d o rsa l furrow s; the 

p o s te r io r  fix ig en ae  a re  broad w ith  th e  p o s te r io r  bo rder p ro je c tin g  

p o s te r io r ly  befo re  te rm in a tin g . The hypostoma i s  subquadrate,

g e n tly  convex and has a  p a ir  o f sp ines p ro je c tin g  p o s te r io r ly .  The

se m i-c irc u la r  pygidium i s  d iv ided  in to  5 o r  6 segm ents, and each 

segment i s  d ire c te d  s l ig h t ly  p o s te r io r - la te r a l ly  from th e  convex 

a x is  and ends in  a  p a ir  o f sp in e s .

The su rface  of th e  sk e le to n  i s  covered by bo th  f in e  and coarse

g ra n u le s .

F igured specim ens. A naprotaspides, U.C.M. 387^& -d.

P arap ro tasp id es, U.C.M. 3 8 7 ^ e - J .

E a rly  m eraspides, U.C.M. 3 8 7 ^ h , 1 , t .

Late m eraspides, U.C.M. 387Mtm, n , p , u , y
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Family T rinucle idae  Hawle and Corda, 1847 

Genus C ryp to lithus Green, 1838 

C ryp to lithus b e llu lu s  (U lrich)

PI. 20, f ig s .  1-13 and te x t- f ig .  56#

Trinucleus b e llu lu s U lrich , E. 0 . ,  1878, p. 99-100, p i . 4, f ig .  15. , 

C ryptolithus recurus (U lrich), B assler, R. S ., 1919* P* 334-335, Pi*

56, f ig s . 14-17.

C ryp to lithus lo r ra in e n s is  Ruedemann, R ., 1926, p. 107-115# Pl» 21# 

f ig s .  4-5.

C ryp to lithus b e llu lu s  (U lric h ) , W hitting ton , H. B ., 194la, p. 30-34, 

p i .  5, f ig s .  1 ,7 -9 ,1 3 ,1 4 ,19,21,22, 25, 26, 28 .

D iagnosis. Cephalon sem i-c ircu lar in  ou tline  and moderately 

convex, v i th  a broad p itte d  fr in g e . G labella ovate and convex above 

the fix igenae . O ccip ita l r in g  bearing a long, s to u t median sp ine. 

Thorax divided in to  s ix  thoracic  segments v i th  convex a x ia l rin g s and 

f l a t  p leu ra l lobes. Pygidium sub -triangu lar in  o u tlin e , w ith  s l ig h t ly  

elevated a x ia l lobe and fla tte n e d  p leu ra l lobes. Ridged marginal 

border elevated and convex, but curved v e n tra lly .

D escrip tion . The skeleton  i s  rounded to  subrounded in  o u tlin e  and 

has a ra th e r  large cephalon and a sm all pygidium. The cranidium i s  

sem i-c ircu lar in  ou tline  and extends about one-half the body leng th .

The g lab e lla  i s  ovate, e longate, and convex, above the fix igenae; the 

g la b e lla r  furrows are deep la te r a l ly ,  the p o s te rio r ones being deeper 

than the a n te rio r  ones; a median tuberc le  occurs a t  one-th ird  the  

leng th  of the  g lab e lla  from the a n te r io r . The d o rsa l furrow i s  shallow 

and broad. The o c c ip ita l  r in g  i s  narrow, curves backward, and i s  drawn
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T e x t- f ig . 56 : C ry p to lith u s  b e llu lu s  (U lrich ) . A,
p a ra p ro ta sp is , x 23; B,C,D, th re e  e a r ly  m eraspides, 
x  20, x 19 , x  8 ; E, l a t e  m eraspis, x 3 -^ ; F, v e n tra l  
view o f lcw er lam ella , x 2 .5 ; G, ho lasp id  cephalon, 
x 1 .8 ; H, e a r ly  m eraspid pygidium a sso c ia te d  w ith  
two th o ra c ic  segments, x 18; I , J ,  m eraspis, x 5* 
(Drawings from photographs.)
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out in to  a s to u t o c c ip i ta l  sp in e . The fix ig en ae  measured from the  

in n e r margin o f th e  frin g e  to  the  d o rsa l furrow a t  th e  m id -line  o f 

the  g la b e l la ,  a re  approxim ately one and o n e-h a lf tim es w ider than  the  

g la b e lla .  The p o s te r io r  l a t e r a l  fix ig en ae  have deep and l a t e r a l l y  

widened m arginal furrow s; th e  p o s te r io r  f ix ig e n a l borders a re  curved 

s l ig h t ly  backward before reaching th e  l a t e r a l  ends. The f r in g e  slopes 

downward, widens l a t e r a l ly ,  and narrows in  f ro n t  of th e  g la b e lla ;  i t  

i s  marked by co n cen tric  rows of p i t s ;  the o u te r margin o f  th e  f r in g e  

b ea rs  two e s s e n t ia l ly  concentric  rows of p i t s ;  th e  ouuer ones are  

e lo n g a te ; th e  in n e r  ones are  a l l  rounded and sm a lle r ; a  few a d d it io n a l 

p i t s  occur p o s te r io r - la te r a l ly  a t  th e  re a r  f ix ig e n a l  b o rd e r, where 

th e  co n cen tric  arrangement of p i t s  i s  l o s t .  The lower lam e lla  o r 

r o s t ro - l ib r ig e n a  i s  broad and of th e  same shape as th e  reg io n  of the  

f r in g e ,  except fo r  a  p a ir  of genal sp ines d ire c te d  p o s te r io r ly ;  th e  

in n e r  su rface  o f th e  lam ella  bears shallow tu b e rc le s ,  th e  a rran g e­

ment o f th e  tu b e rc le s  i s  the same as o f th e  p i t s  on th e  upper 

lam e lla  or cranidium ; the  under su rface  of th e  lam e lla  shows p i t s  

( p i .  20 ,  f i g .  7 ) th e  shape and arrangement o f which conforms to  those 

o f th e  c r a n id ia l  f r in g s ;  a  prominent ridge o r g ird e r  occurs along th e  

a n te r io r  c ra n id ia l  margin; between th e  f i r s t  and second rows o f p i t s  

which extends continuously  in to  th e  genal sp in e s .

The thorax  i s  d iv ided  in to  s ix  segments; th e  a x ia l  lobe i s  convex 

above th e  p le u ra l  lo b es; the  d o rsa l furrow i s  shallow  and marked w ith  

a  p a ir  of d i s t i n c t  p i t s  on each segment. The p le u ra l  segments a re  

f l a t  and d ire c te d  l a t e r a l ly ,  w ith  a  p a ir  o f  sh o rt te rm in a l sp ines 

p ro je c tin g  p o s te r io r ly .  The p le u ra l  furrows a re  shallow  and wide.
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The pygidium i s  tra n sv e rse ly  su b tr ia n g u la r  in  o u tl in e ;  th e  a x ia l  

lobe i s  convex, s l ig h t ly  e lev a ted  above th e  p le u ra l  lo b e , and d iv ided  

in to  more than  te n  a x ia l  r in g s ;  th e  f i r s t  and second r in g  furrows are  

d i s t i n c t ,  arid the  fo llow ing  are  f a i n t  or alm ost in d is tin g u ish a b le ; 

th e  p le u ra l  lobes a re  f l a t ,  sep ara ted  by fo u r p a irs  of rid g es  a n te r io r ly ,  

and in d is t in c t ly  sep ara ted  p o s te r io r ly .  The broad and prominent margin 

has a r id g e  r i s in g  from th e  in n e r m arginal b o rd er; th e  o u te r margin 

s lo p es  s te e p ly  downward and i s  marked w ith  f in e ,  p a r a l le l ,  w e ll 

e lev a ted  r id g e s .

Remarks. More than  one hundred specimens were prepared from 50 kg. 

o f yellow ish-brow n sh a le , and include immature and mature form s, bo th  

o f which a re  m oderately common, b u t most o f th e  specimens a re  s l ig h t ly  

deformed.

According to  B ass le r (1915> P* 1^71) and Dalve ( I 9U8 ) , two species  

occur in  th e  Eden Shale o f th e  C in c in n a ti a re a , i . e . ,  C. te s s e la tu s  

and C. b e l lu lu s . The s p e c if ic  assignm ent of the  p resen t m a te r ia l i s  

i n  accord w ith  W h ittin g to n 's  (19^1) c r i t e r i a .

I t  i s  in te r e s t in g  to  note th a t  th e  sm all in s ta r s  o f th e  p resen t 

sp ec ies  have w e ll developed e y e - tu b e rc le s , which have g rad u a lly  

d isappeared  in  the la rg e r  i n s t a r s . .  I t  i s  ev iden t th a t  th e  mode o f 

l i f e  changed during  th e  on togenetic  development o f th e  anim al; the 

e a r ly  la rv ae  were ap p aren tly  p lan k to n ic , whereas th e  mature s tag e  was 

b en th o n ic . The ontogeny suggests th a t  th e  an ces to r of th e  p re sen t 

sp ec ies  may very  w e ll have possessed ey es . This suggests o r ig in a l  

e x is tan c e  in  a  p h o tic  environment from which th e  t r i l o b i t e  m igrated 

in to  th e  dark  o r subsurface during  which th ey  were p ro g re ss iv e ly  reduced,
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j u s t  as in  c e r ta in  cave f i s h ,  p o lychaetes , e tc .  w ith  s im ila r  l i f e  

h is to ry . The anim al (C. b e l lu lu s ) was p o ssib ly  a burrower in  the  

s u b s tra ta ,  a  n o ctu rn al anim al, o r , perchance, liv e d  below l ig h t  

p e n e tra tio n  on th e  s e a -f lo o r .

I t  i s  a lso  noteworthy th a t  most o f  th e  immature specimens have 

th e  upper and lower lam ellae of th e  r o s t ro - l ib r ig e n a  preserved 

se p a ra te ly , whereas those of a d u lts  a re  fused  w ithou t sep a ra tio n ; 

th i s  phenomenon suggests th a t  p o ssib ly  th e  su tu re  which l i e s  between 

th e  lam ella  and th e  cranidium  f a c i l i t a t e d  ecdysis during e a r ly  s ta g e s , 

b u t ecdysis took o th e r paths in  th e  a d u lt  s ta g e . This fe a tu re  has 

a ls o  been observed in  C alliops s tra sb u rg e n s is  (p i .  18, f ig s .  1-15 

and 16 -1 9 ) and a lso  i s  the  s i tu a t io n  in  modern Xiphosura (p. 57 )• 

Horizon and L o c a lity . Upper O rdovician, C in c in n a tian , Eden 

Shale Formation, Park H i l ls ,  w estern  Covington, w est s id e  o f Highway 

Route k2} Kentucky.

F igured specimens. Cephalon, U.C.M. 387^5•

Pygidia, U.C.M. 387^5j ,  k .

C ryp to litnus b e llu lu s  (U lric h ) , ontogeny 

P arapro tasp id  s tag e  (P I. 20, f ig .  1 , and t e x t - f i g .  56k ) .  The 

cranidium  i s  tra n sv e rse , sem i-c irc u la r  in  o u tl in e ,  m oderately convex, 

and about 0.35 nmi* long ( s a g .) .  The g la b e l la  i s  e lo n g a te , o v a l, and 

expanded a n te r io r ly ;  no g la b e lla r  furrow s a re  observed except fo r  a 

p a ir  o f elongate p i t s  on the  s id es  of th e  p o s te r io r  p o r tio n ; th e  narrow 

o c c ip i ta l  r in g  i s  defined  by the  o c c ip i ta l  furrow . No p re g la b e lla r  

f i e ld  or a n te r io r  bo rders are  seen . The fix ig en a e  a re  t r i a ng u la r  and
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g en tly  convex w ith  a rounded m argin; th e  prominent ey e-rid g es  curve 

p o s te r io r - la te r a l ly  from th e  d i s t a l  l a t e r a l  s id es  of th e  g la b e l la ,  and 

end a t  a  p a ir  o f eye tu b e rc le s  w ithou t reach ing  th e  r e a r  f ix ig e n a l 

b o rd e r. The l a t e r  i s  projninent and tu rned  s l ig h t ly  a n te r io r - l a t e r a l ly .  

The su rface  i s  f in e ly  g ranulose.

E arly  meraspid s tage  (P I. 20, f ig s .  2 -5 , 10 and t e x t - f i g .  56B-D). 

The m oderately convex cranidium  i s  se m i-c irc u la r  in  o u t l in e ,  and ranges 

from 0.1*5 to  1.00 mm. in  le n g th  ( s a g .) .  The g la b e l la  i s  e lo n g a te , 

convex above th e  f ix ig en a e , and d i s t i n c t ly  defined  by a  p a ir  o f 

p o s te r io r  g la b e l la r  furrow s. The d o rsa l furrow i s  b rad ly  im pressed, 

has a p a ir  of eye r id g es  d ire c te d  p o s te r io r  l a t e r a l l y ,  and ends w ith  a  

p a ir  o f eye tu b e rc le s  on the  c e n te r  o f the  f ix ig e n a e . The a n te r io r  

border and p i t te d  f r in g e  have appeared. The o c c ip i ta l  r in g  curves 

p o s te r io r ly  w ith  a  la rg e ,  p o s te r io r ly  d ire c te d  sp in e . The su rface  i s  

marked w ith  f in e  punctae surrounding th e  eye tu b e rc le s .

The pygidium i s  tra n sv e rse ly  ren ifo rm , and c o n s is ts  o f two or 

th re e  segments which are  preceded by th e  same number o f a r t ic u la te d  

th o ra c ic  segments. The a x ia l  and p le u ra l  furrows a re  deep and c le a r ly  

d e fin ed ; th e  m arginal border i s  upturned.

Late meraspid s tage  (P I. 20, f ig s .  6-8 ,11  and t e x t - f i g .  56E). The 

cranidium  v a r ie s  from 1 .50 -3 .30  ram. in  le n g th  ( s a g .) .  The g la b e lla  

i s  convex; i t s  h ig h -p o in t i s  lo ca ted  a n te r io r ly  and b ears  a  median 

tu b e rc le . The o c c ip i ta l  r in g  curves backwardly and b ears  a  long 

p o s te r io r ly  d ire c te d  sp in e . The p o s te r io r  f ix ig e n a l  bo rder tu rn s  

a n te r io r - l a t e r a l ly  b efo re  te rm in a tin g . The su rface  i s  f in e ly  g ran u la ted , 

except f o r  the  f r in g e ;  s c a tte re d  punctae surround th e  eye tu b e rc le  a rea
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and th e  median tu b e rc le  o f the  g la b e l la ,  b u t eye tu b e rc le s  a re  absen t. 

Five p a irs  of d i s t in c t  p i t s  a re  p re sen t on th e  d o rsa l furrow o f the 

th o rax .

Figured specimens. P a rap ro ta sp is , U.C.M. 387^5&»

E arly  m eraspides, U.C.M. 387^5^*©> h.

Late m eraspides, U.C.M. 387^5f-g> i - j*
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Family Asaphidae B urm eister, 1843 

Genus Iso te lu s  Dekay, 1824 

Iso te lu s  stegops Green 

P I. 20, f ig s .  14-31 and t e x t - f i g .  57.

Is o te lu s  stegops Green, J . ,  1832, p. J l ,  c a s ts  26, 2 7 , B a ss le r , R. S .,  

1919, P- 3 te , p i .  5 6, f ig s .  3, 4.

HOmotelus stegops (Green) Ruedemann, R ., 19^6, p. 126, p i .  20, f i g .  4 ,

p i .  2 2 , f ig .  1 -9 .

D iagnosis. The body i s  e lo n g a te -o v a l, m oderately convex, w ith  

poorly  defined  furrow; b o th  cephalon and pygidium a re  la rg e ;  and 

th o rax  d iv ided  in to  e ig h t segments. Cranidium f l a t  to  g e n tly  convex, 

w ithou t d i s t in c t  g la b e l la ,  a n te r io r  brim  o r a n te r io r ,  o r p o s te r io r  

b o rd e rs . P a lp eb ra l lobe medium-sized, s i tu a te d  behind m id-length  of 

cranidium . L ibrigena having medium-sized genal sp in e . Hypostoma 

alm ost p a ra l le l- s id e d ;  p o s te r io r  margin w ith  broad , deep notch .

Thoracic segments w ith  broader a x ia l  r in g  and s h o r te r  p le u ra l  lo b es , 

Pygidium roundly triangular, with poorly impressed dorsal and 

p le u ra l  lobe furrow s; w ith  f l a t ,  broad b o rd er. Both cephalon and 

pygidium w ith  broad m arginal doublures.

D e sc rip tio n . The cephalon i s  se m i-c irc u la r  in  o u tl in e ,  m oderately 

convex, w ith  broad , f l a t  m argins. The cranidium  bears a  convex a x ia l  

lo b e , i s  subquadrate in  o u tlin e  and slopes g en tly  downward in to  a  f l a t  

a n te r io r  brim . The narrow ( s a g .) o c c ip i ta l  r in g  i s  d efin ed  by a  p a ir  

of d i s t i n c t  l a t e r a l  p i t s ,  which suggest th e  p o s te r io r  ends o f the  

g la b e l la .  The p a lp eb ra l lobes a re  medium-sized and lo c a te d  behind 

th e  m id -lin e  o f the cranidium  ( t r . ) . The a n te r io r  branches o f th e
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T e x t-f ig . 57: I so te lu s  stegops Green. A, a n ap ro ta sp is , x 57;
B,C, two m etapro tasp ides, x  30, x 27; D, p a ra p ro ta sp is , x  12; 
E, l a te  e a r ly  m eraspis, x 13; F,G, two l a t e  m eraspides, x  12, 
x 3.1*-; H, v e n tra l  view o f a  complete sk e le to n , x 1 .7 ; I-K , 
growth s e r ie s  of pyg id ia , x  15, x 10, x b} L, ,lmale" 
cranidium , x  1 .5 ; M, "female" cranidium . (Drawings made 
from pho tog raphs.)
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f a c i a l  su tu re  a re  d iv e rg e n tly  convex and meet a t  th e  a n te r io r  margin

of th e  cranidium ; the  p o s te r io r  branches a re  d iv e rg e n tly  s t r a ig h t .

The convex lib r ig e n a e  bear o cu lar p latfo rm s which a re  broad

p o s te r io r ly ; ’ th e  l a t e r a l  borders are  broad and concave, b u t narrower

and sh arp ly  po in ted  a n te r io r ly ;  th e  genal sp in es a re  m oderately s h o r t;

th e  doublures a re  f l a t  and broad a n te r io r ly  and meet in  f ro n t  o f th e

cranidium  a t  a  median su tu re .

The hypostoma i s  f l a t ,  subquadrate in  o u tl in e ,  w ith  a  deep

p o s te r io r  notch; no median body or m arginal border a re  p re se n t. The

l a t e r a l  wings a re  broad and s h o r t .

The th o ra c is  ax is  i s  unusually  broad , being tw ice as wide as the

p le u ra l  lo b es; e ig h t segments are  p resen t i n  th e  a d u lt  form. The

d o rsa l furrows a re  shallow  and broad. The p le u ra l  lobes' slope g e n tly

downward and a re  d ire c te d  p o s te r io r ly  and l a t e r a l l y ;  p le u ra l  lobe

furrow s a re  shallow ly  im pressed.

The pygidium i s  roundly tr ia n g u la r  in  o u tl in e ,  m oderately convex,

w ith  a  broad, f l a t  m arginal b o rd er; th e  a x ia l  lobe i s  s le n d e rly
*

c o n ic a l, tap e rin g  p o s te r io r ly  and ending a t  the  in n e r  m arginal furrow . 

The a x ia l  r in g  and th e  p le u ra l  segments a re  not d i s t i n c t l y  d e fin ed , 

b u t a t  l e a s t  te n  segments a re  estim ated . The doublure i s  b road , convex, 

and expands s l ig h t ly  toward th e  f ro n t .

The su rface  i s  smooth or covered by punctae, except fo r  a median 

tu b e rc le  on th e  p o s te r io r  cranidium ; p a r a l l e l  r id g e s  a re  p re se n t along 

th e  doublures and th e  hypostoma. A p a ir  o f d i s t i n c t ,  rounded p i t s  i s  

im pressed on th e  c e n tra l  p o rtio n  o f th e  hypostoma.

Remarks. Many b e a u t i fu l  Ordovician specimens have been c o lle c te d
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from the  g re a te r  C incinnati a rea  (so u th eas te rn  In d ia n a , n o rth e rn  

Kentucky, and southw estern Ohio) by s tu d en ts  and by amateur p a le o n to l­

o g is ts .  Several lo c a l  c o lle c to rs  have hundreds o f I s o te lu s , 

Flexicalym ene, C ry p to lith u s , A cidasp is, Iso rophus, and G lyp tocrinus, 

e t c . .  Such abundance i s  t r u ly  rem arkable. However, m a te r ia ls  here 

s tu d ied  are  from th e  w r i te r 's  c o l le c t io n . While th ey  a re  le s s  complete 

than  much o f the  m a te r ia l in  amateur hands, th ey  se rv e  adm irably to  

i l l u s t r a t e  morphology. According to  l i t e r a t u r e  se a rch , about e ig h t 

spec ies  of Iso te lu s  have been published  from th e  g re a te r  C inc innati 

re g io n ;

Is o te lu s  maximus Locke, 1838; L ib erty  fo rm atio n , Richmond group,

from T re b e r 's  Run, Adams County, Ohio.

I .  brachycephalus F o e rs te , 1921; Base o f L ib e r ty  on to p  o f

W aynesville, Richmond group, from Dayton, 

Oregonia, Warren County, Ohio.

I_. m egistos Locke, 1842, Upper M aysville  Form ation, from

Adams County, and C in c in n a ti h i l l ,  Ohio.

I . g igas Dekay, in  Green, 1832 ; Yellow a rg illa c e o u s  s la te

[upper Eden o r lower M aysville  Form ation?J, 
from near C in c in n a ti, Ohio.

I .  stegops Green, 1832; Clay s la te  [Eden fo rm atio n ?J, from

near Newport, Kentucky.

I .  planus Dekay, in  Green, 1832; Yellow a rg illa c e o u s  s la t e

Eden Formation? , from n ear Newport, 

Kentucky.

I .  covingtonenesis U lr ic h , 1914; Cynthiana Form ation, from 59 .7
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and 59*1 m iles o f Ludlow, near Rogers 

Gap, North o f Cynthiana S ta tio n , Kentucky.

I so te lu s  benjamin! U lr ic h , lJWA; Cynthiana Form ation, a t  5^*5 m iles

from Ludlow, S a d ie v il le ,  Rogers Gap, n o rth  

o f Cynthiana S ta tio n , Kentucky.

B a s s le r ’s (1915) survey of th e  l i t e r a tu r e  on I s o te lu s  l i s t e d  th re e  

spec ies  as occurring in  th e  Ordovician of the  C in c in n a ti a re a : I s o te lu s

gigas Dekay, I .  maximus Locke (both from M aysville Form ation), and I .  

g igas Dekay, I .  m egistos Locke (both  from Richmond). Dalvd (l9*+8) 

l i s t e d  only two sp e c ie s : I .  g igas and I .  maximus. Cumings (1907) sa id

th a t  the  common species in  th e  C in cin n ati reg io n  possesses th e  genal 

sp ine and should be re fe r re d  to  I .  maximus Locke and th a t  those  f r a g ­

ments which do not show th i s  c r i t i c a l  p a r t  a re  indeterm inab le . H a ll, 

18^7, considered I .  g ig a s , I .  p lanus, and I .  stegops to  be synonymous. 

Ruedemann (1926) has placed I .  stegops in  th e  genus Homotelus w ithou t 

g iv ing  any reaso n s. I t  i s  assumed th a t  Ruedemann's f ig u re s  a re  showing 

th e  animal as possessing  a b roader p o s te r io r  f ix ig e n a , forw ardly  

lo ca ted  p a lp eb ra l lo b es, and a  rounder pygidium as th a t  o f Hemotelus.

I t  i s  s t i l l  doub tfu l th a t  th ese  a re  any s p e c if ic  or even th e  generic  

s ig n if ic a n c e  s in ce  th e  sexual dimorphism might e x is t  i n  th e  p resen t 

genus: I so te lu s  (see below ). F o erste  (1921) suggested th a t  th e  two 

forms occurring  in  th e  Richmond s t r a t a  might re p re se n t sexual d iffe re n c e s  

of one sp ec ie s : i . e . ,  I .  maxi vim Locke, about 17-21 inches lo n g , w ith  

an e longate  cephalon, no l ib r ig e n a l  sp in e , and an e lo n g a te - tr ia n g u la r  

pygidium, i s  th e  male form, and I .  brachycephalus F o e rs te , lU .5 inches 

long w ith  l ib r ig e n a l  sp in e , and w ith  cephalon and pygidium rem arkably
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s h o r te r  and w ider, th e  fem ale. Ross (1967) s tu d ied  O rdovician 

t r i l o b i t e s  from the Kentucky and Ohio re g io n s , and assigned  th e  Middle 

O rdovician Iso te lu s  to  I .  g ig a s .

As l i s t e d  above, th e re  a re  about e ig h t sp ec ies  o f I s o te lu s  which 

have been e s ta b lish e d  around th e  g re a te r  C in c in n a ti a re a , rang ing  in  

age from Middle to  Upper O rdovician (Cynthiana through C in c in n a tian ).

I t  i s  d i f f i c u l t  to  judge th e  v a l id i ty  o f th ese  s p e c ie s , s in c e  th e  

c h a ra c te r is t ic s  noted are  q u ite  ambiguous, and alm ost none o f th e  

c r i t e r i a  employed can serve fo r  sp ec ies  d i f f e r e n t ia t io n .  Through 

th e  O rdovician range no ted , th e  body le n g th  in c rea se s  from 3 o r U 

inches in  th e  Cynthiana to  21 inches in  th e  Upper C in c in n a tian . 

Furtherm ore, i f  th e  sexual dimorphism e x is te d  h e re , as suggested 

by F o e rs te , i t  would be exceed ing ly  d i f f i c u l t  to  se p a ra te  sp ec ies  

based on such c r i t e r i a  as le n g th  or w idth  of cranidium  and pygidium, 

genal sp in e , f a c ia l  s u tu re , o r  p a lp e b ra l lobe p o s it io n , e t c . .  

Furtherm ore, both  p re se rv a tio n  and on togenetic  s ta g e  e n te r  in to  th e  

e v a lu a tio n  of the published  "sp ec ie s" .

One very  in te re s t in g  o b serv a tio n  i s  ev id en t in  th e  fo rego ing  l i s t  

o f sp ec ies  occurring in  th e  Middle-Upper Ordovician o f th e  C in c in n a ti 

a re a :  two "species" have been recognized fo r  each ho rizo n . To what

e x te n t,  i f  a t  a l l ,  th e se  r e f l e c t  sexual dimorphism aw aits  f u r th e r  study .

Very c a re fu l s tr a t ig ra p h ic  c o l le c t in g  and s t a t i s t i c a l  a n a ly s is  

a re  im perative i f  th e  t ru e  n a tu re  of I so te lu s  s p e c ia tio n  and v a r ia t io n  

in  th e  Middle-Upper Ordovician o f th e  c la s s ic  C in c in n a ti O rdovician are  

to  be re so lv ed . U nfo rtunate ly  most amateur c o lle c te d  m a te r ia ls ,  and th is  

in c lu d es  much of Museum c o l le c t io n s ,  lack s  s tr a t ig r a p h ic  p re c is io n , and
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ro u tin e  p ro fe ss io n a l c o l le c tin g  commonly i s  not very rewarding.

Hundreds o f am ateurs, seeking t r i l o b i t e s  alm ost to  th e  exclusion  of 

a l l  o ther f o s s i l s ,  c re a te  a q u ite  erroneous im pression as to  t r i l o b i t e ,  

and ex p ec ia lly  I s o te lu s , abundance in  th e se  lo c a l  s t r a t a .  Moreover, 

most outcrops are  s tr ip p e d  of t r i l o b i t e s  b efo re  the  p ro fe ss io n a l 

c o l le c t s .

The m a te r ia l o f th i s  re p o rt was c o lle c te d  from th e  upper p a r t  of 

th e  Eden Form ation, probably from th e  lower p a r t  of th e  McMicken member. 

T herefore , judging from both  the  s tr a t ig ra p h ic  p o s itio n  and the 

morphologic (mainly d im ensional) f e a tu re s ,  I  have assigned  the  m a te ria ls  

to  I .  s teg o p s. The specimens show dimorphism such as Foerste  

in d ica te d ; one group of specimens has e longate  c ra n id ia  and pyg ld ia , 

and another group sh o rt and broad c ra n id ia  and p y g id ia . I t  i s  

suggested th a t  the  broad and sh o rt forms (p i .  20, f ig .  30) are  male 

and th a t  th e  e longate  ones (p i.  20 , f ig .  25, 29) fem ale. B assler 

(1919; P*3^3) has sa id  th a t  what a re  judged as p o ss ib le  females 

la c k  genal sp ines and th e  males have them. This In te rp re ta t io n  

would be in  keeping w ith  sexual d iffe re n c e s  in  modern arthropods.

(see p . 23 ) .

Horizon and L o c a lity . Upper O rdovician, C in cin n atian , Eden 

Formation. Bark H i l l s ,  w estern  Covington, v e s t  s id e  o f Highway Route 

h2, Kentucky.

Figured specimens. Cranidium ("m al"), U.C.M. 387^6ra.

Cranidium ("fem ale”) , U.C.M. 387^61, e .

L ib rigena , U.C.M. 387^ 6n.

Complete sk e le to n , U.C.M. 387^6.
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Hypostoma, U.C.M. 387^6j.

I s o te lu s  stegops Green, ontogeny

Anaprotaspid s tag e  (P I. 20, f ig s .  17, and t e x t - f i g .  57A). The 

s h ie ld  i s  rounded, convex and about 0 .30 ram. in  le n g th  (sag ); no 

d i s t i n c t  fe a tu re s  occur on th e  su rface  excep t a  p a ir  o f f r o n ta l  p i t s  

which are  p resen t on th e  a n te r io r  margin and suggest th e  f r o n ta l  lobe 

and th e  o r ie n ta tio n  o f th e  s h ie ld .  The su rface  i s  covered by r a th e r  

f in e  g ran u les.

M etaprotaspid s tag e  (P I. 20, f ig s .  18, 19 and t e x t - f i g .  57B, C). 

The s h ie ld  i s  su b sp h e rica l, convex, and about O.UO-O.6 0  mm. in  le n g th . 

The s le n d e rly  fu sifo rm  ax is  i s  defin ed  by d i s t i n c t  d o rsa l furrow s; 

no a x ia l  r in g s  a re  seen . The a n te r io r  p i t s  a re  d i s t i n c t ly  im pressed. 

The fix ig en ae  a re  more than  one and o n e-h a lf tim es w ider than  th e  

a x ia l  lo b e . A p a ir  o f  s h o r t ,  broad sp ines i s  d ire c te d  p o s te r io r ly  

from th e  p o s te r io r  l a t e r a l  m argin. The su rfac e  i s  r a th e r  f in e ly  

g ran u la ted .

This s tage  d i f f e r s  from th e  e a r ly  one in  having th e  sh ie ld  

d i s t i n c t ly  d iv ided  in to  a x ia l  and p le u ra l  lo b e s .

B araprotaspid s tag e  (P I. 20, f ig s .  20 ,21  and t e x t - f i g .  57D)* The 

cranidium  i s  e lo n g a te , oval i n  o u tl in e ,  m oderately convex and ranges 

from 0.70 to  1 .00  ram. in  len g th  ( s a g .) .  The g la b e l la  i s  hem i-cy lin ­

d r ic a l  w ith  a p a ir  of d i s t in c t iv e  a n te r io r  p i t s  on th e  a n te r io r  m argin; 

th e  g la b e l la r  furrows a re  i n d i s t in c t  and th e  d o rs a l  furrow s are  

shallow ; th e  o c c ip i ta l  r in g  and th e  p o s te r io r  f ix ig e n a l  border a re  n o t 

d i f f e r e n t ia te d .  There i s  no p re g la b e lla r  f i e l d ;  th e  a n te r io r  m argin i s
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roundly  convex and arches a n te r io r ly .  The convex fix ig en ae  a re  more 

than  one and o ne-half tim es w ider than  th e  g la b e lla  and lack  p a lp eb ra l 

lobes and r id g e s .

Late a sp ec t of th e  e a r ly  meraspid s tage  (P I. 20, f ig s .  14 ,15 ,22 , 

and t e x t - f i g .  57E, I ,  J ) .  The cranidiurn i s  subquadrate in  o u tl in e ,  

about 1.30-1.1+5 mm. in  leng th  ( s a g .) ,  w ith  broad p a lp eb ra l lobe 

lo c a te d  behind th e  m id-line o f the  g la b e l la  ( t r . ). The g la b e lla  i s  

b ro ad ly  h im i-c y lin d r ic a l and marked by th re e  p a ir s  o f g la b e l la r  furrow s. 

The p re g la b e lla r  f i e ld  and a n te r io r  bo rder have b o th  appeared.

The pygidium i s  roundly tr ia n g u la r  and convex. The a x ia l  lobe i s  

c o n ic a l, ta p e rs  p o s te r io r ly  and ends w ith  a  b road , t r ia n g u la r  te rm in a l 

p o r tio n . The ax is  i s  d iv ided  in to  s ix  r in g s  by w e ll-d e f in e d -r in g - 

fu rrow s; th e  te rm in a l p o rtio n  c o n s is ts  o f th re e  co n cen tric  w rink les 

and a  rid g e  d ire c te d  p o s te r io r ly  to  th e  m arginal b o rd e r. The p le u ra l  

lobes a re  marked by s ix  p le u ra l  furrow s, and th e  same number of 

in te rp le u r a l  grooves. At l e a s t  one th o ra c ic  segment i s  a sso c ia te d  

w ith  th e  pygidium. The su rface  i s  covered by f in e  g ran u les .

The c h a ra c te r is t ic s  of th i s  s tag e  a re  q u ite  d i f f e r e n t  from th e  

p a ra p ro ta sp is , b u t c lo se ly  s im ila r  to  th e  l a t e  m erasp is. Hence th e  

specimens of t h i s  ontogenetic  s tag e  seen here adjudged as belonging 

to  a  l a t e r  asp ec t of th e  e a r ly  meraspid s ta g e ; co n sid e rab le  reco rd  

between th is  and the  p a rap ro tasp is  seems to  be la ck in g . The gap i s  

q u ite  p o ss ib ly  due to  th e  meager n a tu re  o f  th e  c o l le c t io n s .

Late meraspid s tag e  (P I. 20, f ig s .  23 ,24 ,27  and t e x t - f i g .  57F, G, 

K). The cranidiurn i s  subquadrate in  o u tl in e ,  m oderately convex, w ith  

d i s t i n c t ly  im pressed d o rsa l furrow s, and ranges from 1 .50  to  2 .00  mm.

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



332

in  le n g th  ( s a g .) .  The g la b e lla  i s  h em i-cy lin d rica l to  s tro n g ly  

expanded a n te r io r ly  w ith  th re e  p a irs  of m oderately im pressed g la b e l la r  

furrows.. ’ The o c c ip i ta l  r in g  i s  convex and s l ig h t ly  expanded a t  th e  

a x ia l  l in e .  The a n te r io r  furrow i s  convex, and broader a t  th e  median 

no tch ; no p re g la b e lla r  f i e ld  i s  p re se n t, except in  sm alle r specimens 

which show a narrow, f l a t  a re a  in  f ro n t  of th e  g la b e l la ;  the a n te r io r  

b o rd er i s  su b tr ia n g u la r , narrow, and a n te r io r ly  p ro je c tin g . The 

fix ig en a e  a re  narrower than  in  th e  previous s ta g e , being  o n e-half 

o r le s s  th an  o n e-half as wide as th e  g la b e lla ;  th ey  a re  f l a t  to  

g e n tly  upturned; th e  p a lp eb ra l lobe i s  medium-sized and lo ca ted  

somewhat p o s te r io r  to  the m id -line  o f the  g la b e l la  ( t r . ) . The 

p o s te r io r - la te r a l  fix ig en ae  are  narrow ly t r ia n g u la r ,  being  about one- 

t h i r d  as wide as th e  o c c ip i ta l  r in g .

The pygidium i s  su b tr ia n g u la r , convex, w ithou t d i s t i n c t  a x ia l  or 

p le u ra l  furrow s; f in e ,  p a r a l le l  r id g e s  a re  marked along th e  p le u ra l 

bands on th e  in n er s k e le ta l  su rfa c e .

F igures specimens. A napro tasp is, U.C.M. 38746a.

M etaprotaspides, U.C.M. 38746b, c .

P a rp ro tasp id es , U.C.M. 38746d, e .

L a te -E arly  m eraspides, U.C.M. 38746o, p , f .

Late m eraspides, U.C.M. 38746g, h , k.
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• Endo (1937) rep o rted  a specimen from th e  sou thern  Manchuria, 

Middle Cambrian, which shows two w ell-p reserved  t r i l o b i t e s ,

F en tien ia  p e c u lia r ia  Endo, ly in g  s ide by s id e  jo ined  a t  th e  t i p  o f 

th e  pygidium as though they  a re  in  copu lation . The l e f t  in d iv id u a l 

i s  la rg e r  th an  th e  r ig h t  one, and has a  la rg e r  pygidium. The la rg e r  

body may belong to  th e  female and the sm alle r one to  th e  male. I f  

t h i s  a s so c ia tio n  i s  r ig h t ly  in te rp re te d , i t  i s  th e  f i r s t  example of 

co p u la tio n  y e t rep o rted  from the  T r i lo b i ta ,  and serves adm irably to  

to  account f o r  th e  new w idely  documented dimorphism in  t r i l o b i t e  

assemblages of c lo se ly  s im ila r  morphology. Two s im ila r  specimens of 

Flexicalym ene meeki (F o e rs te ) and A cidaspis c in c in n a tie n s is  Meek in  

th e  Geology Museum a t  the  U n iv e rsity  of C in c in n a ti seem to  document 

th e  same a c t  and dimorphism. Both are from o ld e r c o lle c tio n s  ca rry in g  

th e  g en era l la b e l  from the  "Upper C incinnatian , C incinnati a re a " . The 

fo llow ing i s  a  b r ie f  d iscu ss io n  o f two specimens.

1 . Flexicalymene meeki (F oerste) (p i .  19# fig*  30-32 and t e x t - f i g .  

58A, B ). The two in d iv id u a ls  a re  ro lle d  in to  cone-in-cone form, 

cephalon d ire c te d  to  cephalon, and pygidium to  pygidium. The two 

d o rsa  curve outw ardly. The specimen i s  ovoid, about 1 9 .6  mm. in  

maximum, and 12.2 mm. in  minimum diam eters. Both of th e  in d iv id u a ls  

have th e i r  pyg id la  s l ig h t ly  weathered and th e  o u te r in d iv id u a l ( te x t -  

f ig .  5 8 'V )  has th e  cephalon broken o f f .  Hence th e  c lo se  morphologic 

comparisons th a t  a re  d e s ira b le  a re  im possib le, however, th e  in n e r , o r 

"a" form, has th e  r e la t iv e ly  la rg e r  pygidium.
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T e x t- f ig . 5 8 : Flexicalym ene meeki (F o e rs te ). 
Shewing two in d iv id u a ls  ly in g  in  a  ’’cone-in - 
cone" r e la t io n s h ip ;  A, d o rsa l  view; B, v e n tra l  
view; "a" in d iv id u a l ly in g  in  "b".
(Drawings made from a pho to g rap h .)
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There a re  th ree  p o ssib le  causes fo r  the  e n ro lle d  p re se rv a tio n  of 

th e  an im als: a ) s k e le ta l  m oulting, b )  a c c id e n ta l p re se rv a tio n , and

c )  sexual con jugation .

E x o sk ele ta l moulting i s  common to  most c ru s tacean s , x iphosurans, 

in s e c ts ,  e t c . .  During th e i r  e cd y s ia l period  th e  anim als a re  q u ite  

in a c t iv e ,  and th e i r  new skele tons a re  s o f t  and th in .  This co n d itio n  

seems hard ly  to  apply to  th is  specimen, s in ce  th e  s o f t  body of newly 

molted anim al i s  hard ly  preserved as a  f o s s i l .  Moreover, th e  specimen 

shows both  in d iv id u a ls  have ske le to n s  of th e  same th ic k n e ss , and bo th  

a re  ap p aren tly  w ell c a lc i f ie d .  The cause of p o ss ib le  a c c id e n ta l 

p re se rv a tio n  may be in te rp re te d  in  two ways: th e  anim als were 

a sso c ia ted  a f t e r  death  or perhaps re p re se n t l iv in g  a s so c ia tio n . I f  

th e  a s so c ia tio n  occurred a f t e r  d ea th , th e  en ro llm ent must have 

occurred b efo re  decay o f th e  anim al t i s s u e s .  O therw ise, th e  hard 

sk e le to n s  should have been d is a r t ic u la te d ,  s in ce  dead anim als always 

im m ediately a re  a ttacked  by scavengers and th e re  i s  alm ost no chance 

f o r  two long-dead in d iv id u a ls  to  have been r o l le d  to g e th e r . On th e  

o th e r hand, i f  the  two animals were r o l le d  to g e th e r  a c c id e n ta lly  

during  th e i r  l i f e  p erio d , p o ss ib ly  fo r  p ro te c tio n , th e re  would seem 

l i t t l e  chance th a t  th e  two in d iv id u a ls  o rie n te d  them selves th u s , 

p a r a l l e l ;  head-to-head and pygidium-to-pygidium as they  occur here .

The o r ie n ta tio n  of the  animals suggests a  v o l i t io n a l  l i f e  

a s so c ia tio n , and th a t  th e  head-to-head and t a i l - t o - t a i l  r e la t io n s h ip  

i s  more than  a  chance; i f  so , th e  e a s ie s t  ex p lan a tio n  i s  th a t  they  

reco rd  co p u la tio n . This o r ie n ta tio n  during  th e  sex  a c t  would 

correspond to  th a t  w e ll dem onstrated in  modern Xiphosura where th e
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T e x t- f ig . 59: A cidaspis c in c in n a tie n s is  Maek.
Two in d iv id u a ls  ly in g  fac in g  each o th e r  as i f  
they  a re  in  co p u la tio n . A, dorsal view o f 
sm all in d iv id u a l;  B, d o rsa l view o f a  la rg e  
in d iv id u a l;  C, s id e  view o f  "both A and B 
in d iv id u a ls ;  no te  co incidence cephalon to  
cephalon and pygidium to  pygidium.
(Drawings made from p h o to g rap h s.)
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sm aller male l i e s  over th e  la rg e r  female w hile d ep o sitin g  th e  m ilt .

The enrollm ent of the  two anim als may w e ll have been caused by f r ig h t  

o r excitem ent during the  mating p erio d , and th e  two in d iv id u a ls  

became en ro lle d  from th e i r  o r ig in a l ly  extended n a tu ra l p o s itio n  in to  

th e  cone-in-cone form now seen.

2 , Acidaspis c in c in n a tie n s is  Meek (p i .  4 , f ig s .  24-27, and 

t e x t - f i g .  59A-C). The specimen i s  20 .1  mm. in  le n g th , 13 .8  mm. wide 

a t  th e  m id-length , and 5 .6  mm. in  th ic k n e ss . I t  shows two d i f f e r e n t ­

s ize d  in d iv id u a ls  ly in g  w ith  v en te rs  opposed, head-to -head , and 

pygidium-to-pygidium. The a r t ic u la te d  tho rax  and pygidium o f the 

sm alle r in d iv id u a l i s  14.9  mm. long. The la rg e r  in d iv id u a l measures 

1 5 .3  mm. over a  comparable a rea  (both measurements are  from th e  f i r s t  

a x ia l  r in g  to  the  p o s te r io r  p y g id ia l m argin). In  the  sm all in d iv id ­

u a l  th e  cephalon is  p re sen t, b u t s l ig h t ly  d isp lace d ; i t  i s  l o s t  in  

th e  la rg e  one.

The v en te r-to -v e n te r  o r ie n ta tio n  o f th e se  two s ize d  in d iv id u a ls  

o f  th e  same species i s  h igh ly  suggestive o f sexual co ju g a tio n . 

Perchance th e  d ig i ta te  pygid ia sp ines were in te r- lo c k e d  as c la sp in g  

dev ices during conjugation , w hether f e r t i l i z a t i o n  was e x te rn a l or 

in te r n a l .  Such a copulatory  p o s itio n  i s  common among arth ro p o d s.

Which s iz e  v a r ia n t c o r re la te s  w ith  which sex i s  p rob lem atic , a lthough 

p re sen t d a ta  suggest th a t  the  male i s  th e  la rg e r  form (see p.

The conjugation of Recent arthropods i s  h igh ly  v a r ia b le ,  even 

in  c lo se ly  re la te d  forms. Both o f the  in fe rre d  sex a c t  p o s itio n s  o f 

Flexicalym ene and A cidaspis are  i l l u s t r a t e d  by d i f f e r e n t  sp ec ies  of 

l iv in g  decapod c ra b s : e .g . ,  Cancer b o re a lis  Stimpson and C a llin ec te s
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sapidus Rathbum, common decapods along the  E ast Coast of th e  U nited 

S ta te s .  In  th e  f i r s t  crab th e  sm aller fem ale, i s  held by th e  male, 

i n  a  p o s itio n  fac in g  each o th e r , l ik e  th e  p o s itio n  o f th e  A cidaspis 

specimen, whereas in  C. sapidus th e  male mounts the  fem ale, as in  th e  

Fiexicalym ene example.

In  any event in  th e  th re e  specimens of t r i l o b i t e s  thus f a r  known 

which p o ss ib ly  record  th e  copu la to ry  p o s it io n , th e  specimens a re  

dim orphic. Quite p o ssib ly  much more m a te r ia l reposes in  p ub lic  and 

p r iv a te  hands and should be rep o rted ,

Figured specimens. Flexicalym ene meeki (F o e rs te ) , U.C.M. 23263 .

A cidaspis1 c in c in n a tie n s is  Meek, U.C.M. 38729.
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Explanation of P la te  1 

F ig u re s .1-14 - Kormagnostus simplex Resser

1 ,6 -8  - E arly  m eraspides. 1 , sm alle s t cephalon, showing the 

co n ica l g la b e l la  and the median furrow on the p re g la b e lla r  

f i e ld ,  x 53, U.C.M. 38722a; 6 ,7 , two pyg id ia  each asso c ia ted  

w ith  one th o ra c ic  segment; no tice  the c o n ica l pygidal a x is ;  

6, x 35, U.C.M. 38722f ;  7 , x 34, U.C.M. 38722g; 8 , a  broken 

pygidium ap p aren tly  w ithou t th o ra c ic  segment, x 2 5 , U.C.M. 

38722h.

2-4,9,10,12-11+ - Late m eraspides. 2 -4 , th re e  cephala , showing 

the d isappearance of the  median furrow and th e  tru n c a te -  

co n ica l g la b e l la ;  2 , x 32, U.C.M. 38722b; 3, x 15, U.C.M. 

38722c; 4 , x 17, U.C.M. 38722d; 9 ,1 0 , two pygid ia  showing 

the  subquadrate a x ia l  lo b e ; 9 , x 30, U.C.M. 38722i; 10, 

x 29 , U.C.M. 38722j ;  12-14, pyg idal, s id e ,  and cephalic  

views of an e n ro lle d  m erasp is, x 17, U.C.M. 38722.

5,11 - Holaspides. 5 , a cephalon, notice the anterior pits 

and the  p a lp eb ra l r id g e s  on the s id e s  of th e  g la b e lla ,  

x 8 , U.C.M. 38722e; 11, a broken pygidium showing the  

broad ly  expanded p o s te r io r  a x is , x 13, U.C.M. 38722k.

F igures 15-32 - P ag e tla  c ly t i a  W alcott

23 - P a rap ro ta sp is . A complete in s ta r  w ith  no th o ra c ic  

segments, x 50, U.C.M. 387231*

15-17 " Three e a r ly  meraspid pyg id ia . N otice th e  a s so c ia tio n  

of th e  th o ra c ic  segment; 15 , x 39, U.C.M. 38723a; 16, x 40, 

U.C.M. 38723b; 17, x 40, 38723c.
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2U-25 - Two e a r ly  rneraspid c ra n id ia . Notice the narrower 

a n te r io r  border and the p a ir  o f a n te r io r  p i t s  on the s id es 

of th e  g la b e lla ;  2k, x 26, U.C.M. 38723j > 25, x 26, U.C.M. 

38723k.

18,19 - Two la te  rneraspid pygid ia ; 18, x 25 , U.C.M. 38723d;

19, x 28, U.C.M. 38723e.

26 , 27. - Two l a te  rneraspid c ra n id ia . N otice the  expansion of 

the a n te r io r  b o rd e rs ; 26, x 26, U.C.M. 387231; 27 , x 28, 

U.C.M. 38723m.

20-22 - Three h o lasp is  p y g id ia , showing th e  median tu b e rc le s  

on the a x ia l  r in g s ;  20, x 13, U.C.M. 38723f; 21, x ll+, 

U.C.M. 38723g; 22, x 15, U.C.M. 38723h.

28-32 - Holaspid c ra n id ia . N otice the broad a n te r io r  border 

and the d i s t i n c t  p a ra g la b e lla r  tu b e rc le s  on th e  s id e s  of 

g la b e l la r  bases; 28, x 16, U.C.M. 3872311; 29 , x 1^, U.C.M. 

387230; 30, x ii+, u.c.M . 38723PJ 31, x 11+, u.c.M . 38723q; 

32, x 13, U.C.M. 38723.
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Explanation  of P la te  2

367

Figures 1-26 - O lenellus truemani W alcott

1-5 - P a rap ro tasp id es . N otice th e 'lo n g itu d in a l  f is s u re  along 

th e  a x is ,  and the p le u ra l furrows on the f ix ig e n a e ; 1-3 , 

x 1*0, n . n . M .  R̂jP.ha-c: 4 , x 36 , u.c.M . 3872i*d; 5. x 34, 

U.C.M. 3872Ue.

6-10 - E arly  m eraspides, showing the  disappearance of the  

lo n g itu d in a l f i s s u r e ,  b u t d i s t in c t  p le u ra l  furrows re ta in e d  

on the f ix ig en a e ; 6 , a le s s  complete s h ie ld ,  x 28, U.C.M. 

3872l*f; 7, a  w ell-p reserved  s h ie ld , x 30, U.C.M. 38724g; 

8 ,9 ,1 0 , th re e  le s s  w ell preserved s h ie ld s ;  8 , x 30, U.C.M. 

3872Uh; 9 , x 21*, U.C.M. 3872l*i; 10, x 20, U.C.M. 38724j.

20 - An e a r ly  rneraspid hypos torna, showing the  s p i nose p o s te r io r  

margin, x 9 . 5 , U.C.M. 38724t.

23 - A broken cephalon, showing a  long, l e f t  m etagenal sp in e , 

x 25, U.C.M. 3872W.

11-14 - Late m eraspides, showing the d isappearance o f the 

p le u ra l  furrows and the presence o f the  f ix ig e n a l sp in es ;

11, x 17, U.C.M. 38724k; 12, x lb, U.C.M. 38724ln; 13, x 16, 

U.C.M. 38724m.

21 - Hypostoma w ith  sh o rte r  m arginal sp ines and expanded median 

to d y , x 3, U.C.M. 38724u.

15-19 - H olaspides. 15, x 9, U.C.M. 38724o; 16, x 8 , U.C.M. 

38724p; 17, x 6 .4 , U.C.M. 38724q; 18 , 19 , x 6 , U.C.M. 38724.

22 - Hypostoma, n o tice  the expanded median body, x 3, U.C.M.
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3872W.

2k -  P art of the  th o ra c ic  segment, shewing the  d o rsa l s k e le ta l  

su rfac e , x 10, U.C.M. 3872^z.

25 - P art o f  the  a n te r io r  g la b e lla ,  showing shrunken su rfa ce ; 

x 10, U.C.M. 3872l^x.

26 - P art of th e  cep h a lic  m arginal b o rd er, showing the  p i t te d  

in n er m arginal furrow , x 1, U.C.M. 3872lfy.
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Explanation o f P la te  3 

F igures 1-19 - Apomodocia con ica , n . gen. e t  sp .

I  - A naprotaspis, shoving a lo n g itu d in a l f is s u re  along the

a x is ,  x 1*3, U.C.M. 38725a .

2 ,3  - M etaprotaspides, shoving the d i f f e r e n t ia t io n  of th e  a x ia l  

and p le u ra l lo b es; 2 , x 1*5, U.C.M. 38725^ ; 3, x 38 , U.C.M. 

38725c.

k- 8 - P arap o rtasp id es . N otice the segm entation o f the  p ro to - 

pygidium; 1*,5, x 36,  U.C.M. 38725a , e ; 6 , x 37, U.C.M.

38725f; 7 , x 35, U.C.M. 38725g; 8 , a cranidium  v ith o u t 

protopygidium , x 35, U.C.M. 38725b.

9-10 - E arly  m eraspides. N otice th a t  th e  c ra n id ia  bear no 

o c c ip i ta l  sp in e s , d if f e r in g  in  th is  re sp e c t from Cedarina 

c o r d i l le r a e ; 9 ,  x 1*0, U.C.M. 387251; 10, x 31, U.C.M. 38725j .

I I  -  A l a t e  m eraspis, shoving the  v e i l  developed p re g la b e lla r  

f i e ld  and a n te r io r  b o rd e r, x 17, U.C.M. 38725k .

12-19 -  H olaspides. 12, x 11, U.C.M. 38725I ;  13, x 10, U.C.M. 

38725m; ll*, x 9 , U.C.M. 38725n; 15 ,16 , d o rsa l  and l a t e r a l  

v ievs o f a r a th e r  w ell-p reserv ed  cranidium , x 5*^, U.C.M. 

38725; 18, a  broken l ib r ig e n a ,  x 1*.3, U.C.M. 387250; 17 ,19 , 

top  and s id e  vievs of a  broken pygidium, x 3*6, U.C.M. 38725P* 

F igures 20-31 -  Laudonia ca n a d ie n s ls , n . sp .

20-21 - Tvo e a r ly  m eraspides. Notice the  th re e  p a ir s  o f 

m arginal sp in es ; 20, x 1**, U.C.M. 38726a ;  21, x 11, U.C.M.

38726b .

28 ,29  -  Late m eraspides. N otice the  sh o rten in g  o f th e  a n te r io r
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p a ir  of m arginal sp in e s ; 28, x 1 0 .5 , U.C.M. 38726g; 29 , 

x 6 . 5 , U.C.M. 38726h.

25 -  Late rneraspid hypostoma. Notice the  long m arginal sp in es , 

x 11, U.C.M. 38726d.

22-24,30,31 - H olaspides. N otice th e  d isappearance of the  

a n te r io r  p a ir  of m arginal sp ines and the lengthening  of 

the  l a t e r a l  genal sp in es ; 22-24 d o rs a l ,  f r o n ta l ,  and l a t e r a l  

views of an incom plete cranidium , x 4 .3 , U.C.M. 38726c ;

30, x 6 .3 , U.C.M. 38726i; 31, x 4 .6 , U.C.M. 38726.

26 - A broken holasp id  hypostoma w ith  sh o r te r  p o s te r io r  

m arginal sp ines and expanded median body, x 2 . 5 ,  U.C.M.

38726e .

27  - Eart of the th o ra c ic  segment showing th e  s e r r a t io n  along 

th e  a n te r io r  l a t e r a l  m argin, x 3*3, U.C.M. 38726f.
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Explanation of Plate 4

Figures 1-23 - Ptafin igania a u r l ta  Resser

1-5 - A naprotaspides. 1 ,2 , showing th e  very  f a i n t  a x is ;  1, 

x kO, U.C.M. 38727aj 2 , x 1+3, U.C.M. 38727b; 3, showing 

th e  narrow d ep ress io n  along th e  a x is ,  x 1+3, U.C.M. 38727c ; 

l+,5, showing th e  s l ig h t ly  e lev a ted  a x is ;  n o tic e  th e  p o s te r io r  

m arginal median tu b e rc le ;  1+, x  1+3, U.C.M. 38727^ ; 5, x 38, 

U.C.M. 38727e.

6 ,7  - M etaprotaspides. N otice th e  narrow a x is  and th e  d i s t i n c t  

d o rsa l furrow ; 6, x 1+0, U.C.M. 38727f; 7 , x 38, U.C.M.

38727g.

8-13,15 - B arap ro tasp ides. N otice th e  g la b e lla  expanded bo th  

a n te r io r  and p o s te r io r ly ;  8 ,  x 37, U.C.M. 3872711; 9 , x 37, 

U.C.M. 38727i; 10, x 35, U.C.M. 38727j; 11, x  33, U.C.M. 

38727k; 12, x 37, U.C.M. 387271; 13, x 30, U.C.M. 38727m;

15, x 36, U.C.M. 387270. 

ll+, 16-18 - E arly  m eraspides, showing th e  g la b e l la  tap e rin g  

p o s te r io r ly ;  ll+, x 28 , U.C.M. 3872711; 16, x 18, U.C.M.

38727?; 17, X  27, U.c.M. 38727q; 18, x  30, u.c.M. 38727r.

19,20 - Late m eraspides. N otice th e  presence of th e  a n te r io r  

bo rder; 19, x 27, U.C.M. 38727s;  20, x 25, U.C.M. 38727t.

21-23 -  H olaspides. 21,22 , top  and s id e  views of a  complete 

cranidium ; 21,22 , x 12, U.C.M. 38727; 23, x 17, U.C.M. 38727u.

F igures 24-27 - A cldaspis c in c in n a tie n s ls  Meek

An is o la te d  specimen showing two In d iv id u a ls  fac in g  each o th e r ,
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cephalon d ire c te d  to  cephalon, and pygidium to  pygidium. 2k, 

l a t e r a l  view, n o tice  the  upper and lower in d iv id u a ls} 2 5 , 27 , 

cephalic  and d o rsa l views of the  sm aller in d iv id u a l (upper 

one in  f ig .  21*); 26 , d o rsa l view of th e  la rg e r  in d iv id u a l, 

th e  cephalon and p a r t  o f p le u ra l  lobe are  broken o f f .  A ll 

x 2 .3 , U.C.M. 38729.
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Figures 1-30 - Glyphaspis c f . parkensis R a se tti

1-3 - A naprotaspides. Notice th a t  th e  sm a lle s t in s ta r  shows a 

very  f a in t  f is s u re  along th e  a x is ;  1 , x 53* U.C.M. 38728a.

2 , x 60, U.C.M. 38728b; 3, x 53, U.C.M. 38728c.

4 ,5  - M etaprotaspides, shewing th e  d i f f e r e n t ia t io n  of th e  a x ia l  

and p le u ra l  lo b es; 4 , x 45, U.C.M. 38728d; 5 , x 45, U.C.M. 

38728e.

6 ,7  - P a rap ro tasp id es, shewing th e  presence o f th e  p ro to - 

pygidium; 6 , x 1+0, U.C.M. 38728f; 7 ,  x 29 ,  U.C.M. 38728g.

8-11  -  E arly  m eraspides, showing th e  development o f the  a n te r io r  

border and th e  p o s te r io r  m ig ra tion  o f th e  p a lp eb ra l lo b e s ;

8 , x 27, U.C.M. 38728h; 9 , x 25 , U.C.M. 387281; 10, x 24, 

U.C.M. 38738j ; 11, x 25, U.C.M. 38728k.

23,2lf -  E arly  rneraspid pygid ia, in  each a r t ic u la te d  s e r ie s  

w ith  th re e  o r fo u r th o rac ic  segm ents; 23, x 26 , U.C.M.

38728t; 24, x 21, U.C.M. 38728u.

12-14 - Late rneraspid c ra n id ia . N otice th e  w idening of th e  

a n te r io r  brim  and th e  tru n c a te -c o n ic a l g la b e l la ;  12 ,  x  2 0 , 

U.C.M. 387281; 13, x 16, U.C.M. 38728m; 14, x  10 U.C.M.

38728n.

25 -  A l a t e  rneraspid pygidium, x 12, U.C.M. 38728v.

15-18,22,27 - Holaspides ("m ale"). 15, x 7 . 6 , U.C.M. 387280;

16, x 16, U.C.M. 38728p; 17 ,18 , to p  and l a t e r a l  views of a  

cranidium , n o tic e  th e  s tro n g ly  upturned a n te r io r  brim , x 1 . 6 ,
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U.C.M. 38728qj 22, a  sm all, broken l ib r ig e n a , x 10, U.C.M. 

38728s ;  27 , an elongate  pygidium, x 1 .7 , U.C.M. 38728y. 

19 ,20 ,26 ,28-30  - H olaspides ("fem ale"). 19,20, d o rsa l and 

s id e  views of a  la rg e r  cranidium , showing the  le s s  upturned 

a n te r io r  brim , x 7 , U.C.M. 38728; 26 ,28 , two incom plete 

p y g id ia , showing the  rounded o u tl in e ;  26, x 1 . 7 , U.C.M. 

38728w; 28, x 1 .9 , U.C.M. 38728x; 29 , 30 ,  d o rsa l and back 

views of a  la rg e  pygidium, x 2 , U.C.M. 38728z.

21 -  An incom plete hypostoma, x 5 . 6 ,  U.C.M. 38728r.

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



Oh. H. Hu: Trllobltee i Plate 5

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



375

Explanation of Plate 6

Figures 1-lU - K episis s ten o to id es  (Matthew), n. gen.

1 ,2 ,1 0 ,1 1  - E a rly  m eraspides. 1 ,2 , two c ra n id ia  showing the  

longer a n te r io r  median sp ines and the  s len d e r g la b e l la r ,  

x 17, U.C.M. 38730a, b ; 10,11, two pyg id ia  w ith  s len d e r  ax is  

and spinose m argins, x 25 , U.C.M. 38730i,

3 -5 ,12 ,13  -  Late m eraspides. 3-5 , th re e  c ra n id ia  w ith  narrow 

and w e ll developed p re g la b e lla r  f i e ld  and f in e  p a lp eb ra l 

r id g e s ; 3, x 11, U.C.M. 38730c; k, x 14, U.C.M. 38730d;

5, x 13, U.C.M. 38730e; 12,13, two pyg id ia  decorated  w ith  

m arginal sp in e s ; 12, x 16 , U.C.M. 38730k; 13, x 15, U.C.M. 

387301.

6-9,1^ - H olaspides. 6 , a  le s s  complete crandium, x 11, U.C.M. 

38730f; 7, a  r a th e r  complete crandium, x 5*5, U.C.M. 38730;

8 , a  sm all s ize d  l ib r ig e n a ,  x 1 .7 , U.C.M. 38730g; 9, a  

broken th o ra c ic  segment, x 6 . 7 , U.C.M. 38730h; lU , a  r a th e r  

w ell-p reserv ed  pygidium, x 11, U.C.M. 38730m.

F igures 15-26 - Iohomia s lc k ia ,  n . gen. e t  sp .

15 ,18 ,19 ,21 ,22 ,25 ,26  -  Holaspides ("m ale"). 15 ,26 , f ro n ta l

and d o rsa l views o f an incom plete cranidium , x 2 . 5 ,  U.C.M. 

38737i 25 , to p  view o f an incom plete cranidium , showing 

th e  w e ll im pressed a n te r io r  median p i t ,  x 2 . 5 ,  U.C.M.

387371; 18 , 19 , to p  and back views o f a  pygidium, x U.5 ,

U.C.M. 38737cj 22, a  broken pygidium, x 3 .1 , U.C.M. 38737^J 

21, an im p erfec tly  preserved  l ib r ig e n a ,  x 5*^, U.C.M. 38737e.
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16 - A meraspid cranidium , shewing th e  la rg e  and s c a tte re d  

g ranu les, x 10, U.C.M. 38737a *

17,20,23,21+ - Holaspides ("fem ale"). 17>20, two im p erfec tly  

preserved p y g id ia , showing the  rounded o u tl in e ;  17 , x 2 . 2 , 

U.C.M. 38737d; 20 , x 1 .8 , U.C.M. 38737b; 23,21+, two 

c ran id ia  showing the  narrower a n te r io r  b o rd e r; 23 , x 1+.3 , 

U.C.M. 38737g; 21+, x 3 , U.C.M. 38737h.
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Figures 1 -2 9 .-  Cedarina c o rd l lle ra e  (Howell and Duncan)

1 - A naprotasp is, x 52, U.C.M. 38731a.

2-4 - M etaprotaspides, showing the w e ll developed a x ia l  and 

p le u ra l lo b es; 2 , x 50, U.C.M. 38731b; 3 , x 40, U.C.M. 

38731c; 4 , x 43, U.C.M. 38731d.

5-8  -  P arap ro tasp ides, showing the w e ll p reserved  d o rsa l furrow 

and protopygidium , b u t no d i s t in c t  g la b e l la r  r in g ;  5; x 42, 

U.C.M. 38731e; 6 , x 42, u.C.M. 38731f; 7 , x 35, U.C.M. 

3873lg; 8 , x 36, U.C.M. 3873lh.

9 ,10 ,26  - E arly  m eraspides, showing the  development of the 

a n te r io r  b o rd e rs ; 9 , x 28, U.C.M. 397311; 10, x 24, U.C.M. 

38731j; 26 , a  pygidium in  a r t ic u la te d  s e r ie s  w ith  a o r 4 

th o ra c ic  segments, x 26, U.C.M. 38731y»

. 11-13,25  -  Late m eraspides. N otice th e  o c c ip i ta l  sp in e s ; 11, 

x 23, U.C.M. 38731k; 12, x 19, U.C.M. 387311; 13, x 14,

U.C.M. 38731m; 2 5 , a  pygidium p o ssib ly  a sso c ia ted  w ith  one 

or two th o ra c ic  segments, x 8 .3 , U.C.M. 38731x.

14 ,15 ,17 ,18 ,20  -  Holaspides ("fem ale"). N otice th e  longer and 

narrower g la b e l la ;  14, x 9*5, U.C.M. 38731n; 15, x 9*5,

U.C.M. 38731o; 17, x  6 .2 , U.C.M. 387319; 18, x 4 .5 ,  U.C.M. 

38731r; 20, x  4 .7 ,  U.C*M. 38731t.

16,19,21,22 -  Holaspides ("m ale"), showing th e  w ider and s h o r te r  

g la b e lla ;  16 ,  x 5 . 6,  U.C.M. 38731p; 19, x 4 .2 ,  U.C.M. 38731s.

21 , 22 , d o rsa l and s id e  views of an incom plete cranidium ,

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



3?8

X  3 . 7 , U.C.M. 38731U.

23 , 2^ ,27-29  -  H olaspides. 23 , an is o la te d  hypostoma, x 8,

U.C.M. 38731v; 24, a  l ib r ig e n a , x 2 .4 , U.C.M. 38731v;

27 -29 ,  one sm all and two la rg e  p y g id ia ; 27 , x 11, U.C.M. 

387312; 28, x 6 . 5 ,  U.C.M. 38731a'; 29 ,  x 6 .4 , U.C.M. 38731b1.

\
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Explanation of Plate 8

Figures 1-29 - Crepicephalus deadw oodiensis, n. sp .

1 ,2  - A naprotaspides. 1 , sm a lle s t sh ie ld  s iz e ,  showing no

a x ia l  lohe or d o rsa l furrow , x 65, U.C.M. 38732a; 2 , th e  

sh ie ld  shows a narrow d ep ress io n  along th e  a n te r io r  ax is  

and a  tu b e rc le  on th e  p o s te r io r  end, x 68,  U.C.M. 38732b.

3-7 - M etaprotaspides, showing the w e ll d i f f e r e n t ia te d  a x ia l  

and p le u ra l  lb o es ; 3, x 63 , U.C.M. 38732c; k, x 63, U.C.M. 

38732d; 5 , x 63,  U.C.M. 38732e; 6 , x 68 , U.C.M. 38732f;

7, x 55, U.C.M. 38732g.

8-10 - P arap ro tasp id es, n o tic e  the  in d i s t in c t  protopygidium ;

8 , x 1*9, U.C.M. 38732h; 9 , x 1*0, U.C.M. 387321; 10, x 33, 

U.C.M. 38732j .

11-13 - E arly  m eraspides, showing th e  w e ll d if f e r e n t ia te d  

pygid ia  and the  la rg e  g ranu les on th e  f ix ig e n a e ; 11 , x 21 , 

U.C.M. 38732k; 12, x 20, U.C.M. 387321; 13, x 19, U.C.M. 

38732m.

21 -  E arly  meraspid pygidium. N otice th e  a sso c ia te d  one or two 

th o ra c ic  segments, x 27 , U.C.M. 38732r. 

ll*-17 -  Late m eraspides. N otice th e  d isappearance of the  coarse 

g ran u les; ll*, x 16 , U.C.M. 387320; 16, x  16 ,  U.C.M. 38732n. 

16, x 15 , U.C.M. 38732p; 17, x 12, U.C.M. 38732q.

22,23 - Two m eraspides. Pygid ia a r t ic u la te d  w ith  fo u r th o ra c ic  

segments; 22, x 30, U.C.M. 38732s; 23, x 16, U.C.M. 38732t.

18-20,21*-29 .  H olaspides. 18, a  broken cranidium , x  ll*, U.C.M.
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38732z; 19>20 , to p  and s id e  views of a  cranidium , x 5 «7>

U.C.M. 38732; 2 k ,28, two pygid ia bo th  a sso c ia ted  w ith  p a r t  

of the  th o ra c ic  segments; 2k, x 13, U.C.M. 38732u; 28, x 12, 

U.C.M. 38732w; 25 , v e n tra l  view of a pygidium. N otice the 

w rinkled doublure , x 10, U.C.M. 38732v; 27 , a  sm all l ib r ig e n a , 

x 17 , U.C.M. 38732y; 26 , 29 , d o rsa l and s id e  views of a  broken 

pygidium, x 5*1 > U.C.M. 38732x.
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Explanation of Plate 9
381

Figures 1-40 - Dunderbergia ? anyta (H all and W h itfie ld )

1 - A napro tasp is . A sm all sh ie ld  shows th e  a x ia l  lobe w ith  

two p a ir s  o f c e n tra l  nodes and a lo n g itu d in a l f i s s u r e ,  

x 58 , U.C.M. 38733a.

2-5 - M etapro taspides. 2 ,3 ,  d o rsa l  and v e n tra l  views of an

incom plete s h ie ld . N otice th e  th re e  p a irs  o f m arginal 

sp in es  and th e  perrostro-hypostom a, x 5 0 / U.C.M. 38733b;

4 ,5 , d o rsa l views o f two s h ie ld s .  Notice th e  appearance 

of th re e  p a irs  o f c e n tr a l  nodes; 4 , x 53, U.C.M. 38733c;

5 , x 55, U.C.M. 38733d.

6 -  V en tra l view of an incom plete s h ie ld ,  showing th e  p e r ro s tro -  

hypostoma s l ig h t ly  d isp la c e d , x 55* U.C.M. 38733e.

7-12 - P a rap ro tasp id es , showing th e  fu s io n  of th e  c e n tr a l  nodes 

and th e  appearance o f th e  protopygidium ; x 48, U.C.M. 

38733f; 8 ,  x 48, U.C.M. 38733s; 9, x 45, U.C.M. 38733b;

10 , 11 , v e n tra l  and d o rs a l  views o f a  s h ie ld ,  n o tic e  the  

lib r ig e n a e  in  p lac e , x  42, U.C.M. 387331; 12, a complete 

s h ie ld ,  x 40, U.C.M. 38733d.

13 ,14 ,27 ,28 ,33  - E arly  m eraspides. 13 ,14 , d o rsa l  views o f two 

w e ll p reserved  c ra n id ia , showing th e  presence of th e  a n te r io r  

b o rd e rs ; 13, x 25 , U.C.M. 38733*7-14, x 20, U.C.M. 387331;

27 , l ib r ig e n a  showing th e  narrow er o cu la r p la tfo rm , x 16 , 

U.C.M. 38733y; 28, hypostoma, showing th e  s h o r te r  m arg inal 

sp in e , x  46, U.C.M. 38733a; 33; a  pygidium w ith  sp inose
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m arginal "border and in  a r t ic u la te d  s e r ie s  w ith  a  or 4 

th o ra c ic  segments, x 24, U.C.M. 38733e'«

15-17 ,26 ,29 ,34 ,35 ,37  - Late m eraspides. 15-17# th re e  complete 

c ra n id ia  showing th e  narrow p re g la b e lla r  f ie ld s ;  15 , x 15, 

U.C.M. 38733m; 16, x lU, U.C.M. 38733n; 17, x 12, U.C.M.

38733o; 26, a  l ib r ig e n a  w ith  w ider o cu la r p la tfo rm , x 8 .2 , 

U.C.M. 38733x; 29 ,  a  broken hypostoma showing th e  expansion 

of the  median body and s h o r te r  p o s te r io r  m arginal sp in e s , 

x 37# U.C.M. 38733a '#  34#35#37# th re e  pyg id ia  each in  a r t i c ­

u la te d  s e r ie s  w ith  one or two th o ra c ic  segments, n o tic e  the 

disappearance of th e  m arginal sp ines and the  presence o f  a 

median notch on the  p o s te r io r  m argin; 34, x 26, U.C.M.

38733f' ;  35# x 26 , u.C.M. 38733g ' ;  37, x  25 ,  u .c .m . 387331*.

23 - A w e ll preserved r o s t r a l  p la te ,  x 8 , U.C.M. 38733u. 

19 ,20 ,21 ,25 ,36 ,39  - H olaspides ("fem ale"). 19, x 6 . 5 , U.C.M. 

38733P# 20 , X 3 . 8 , U.C.M. 38733# 21 , X 9# U.C.M. 38733**;

25# x 3.5# U.C.M. 38733w; 36 , x I k ,  U.C.M. 38733h'; 39# 

x 18 , U.C.M. 38733k'.

18 ,22 ,2 k , 38,40 -  Holaspides ("m ale"). 18, x 6 . 8 , U.C.M.

38733o; 22, x 4 .4 , U.C.M. 38733t; 24, x 3 . 8 , U.C.M. 38733v;

38, x 16 , U.C.M. 38733J# 40, x 4 , U.C.M. 387331'.

30 - A la rg e r  hypostoma, showing the  more prominent median body ■ 

and th e  absence of m arginal sp in e s , x  9*5# U.C.M. 38733b'.

31 - A broken th o ra c ic  segment showing th e  long r ig h t  p le u ra l  

sp in e , x 4 , U.C.M. 38733c'.

32 -  A p a ir  o f th o ra c ic  segments w ith  the  s h o r te r  p le u ra l  sp in e s , 

x 2 9 , U.C.M. 38733d'.
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Explanation of Plate 10

Figures 1-36 -  Dytremacephalus granulosus Palmer

1 - A naprotaspis. An incom plete sh ie ld  showing fo u r a x ia l  

r in g s , x 56 , U.C.M. 38734a.

2 -6  -  M etaprotaspides. 2 , 3 , d o rsa l and v e n tr a l  views of a w e ll 

preserved specimen; n o tice  th a t  the  perrostro-hypostom a has 

a  p a ir  of la rg e  l a t e r a l  sp in e s , x 54, U.C.M. 38734b; 4 ,5 , two 

sh ie ld s  showing th e  f iv e  a x ia l  r in g s  and f a i n t  p le u ra l 

furrow s, x 57, U.C.M. 38734c; x 55, U.C.M. 38734d; 6 , 

v e n tra l  view of an incom plete sh ie ld  showing th e  s l ig h t ly  

d isp laced  hypostoma; n o tic e  th e  la rg e  l a t e r a l  sp in e s , x 58 , 

U.C.M. 38734e.

7-14 - p a rap ro tasp id es . 7 ,  a w e ll p reserved  s h ie ld ,  x 62, U.C.M.

38734f; 8 , 9 ,  v e n tra l and d o rsa l views of a  complete s h ie ld , 

showing th e  perrostro-hypostom a s l ig h t ly  d isp la c e d , x 62, 

U.C.M. 38734g; 10,11, two broken s h ie ld s ,  x 50, U.C.M. 38733h; 

x 52, U.C.M. 38734i; 12, a  w e ll preserved  s h ie ld  showing the 

p ro topyg id ia , x 40, U.C.M. 38734j ;  13 ,14 , two c ra n id ia  w ith ­

out p ro topyg id ia ; 13, x 42, U.C.M. 38734k; 14, x 34, U.C.M.

. 387341.

15-17,24,29-32 - E arly  m eraspides. 15-17, th re e  c ra n id ia ;  n o tic e  

the  appearance o f th e  a n te r io r  bo rd er; 15, x 32, U.C.M.

38734m; 16, x 25 , U.C.M. 38734n; 17 , x  21, U.C.M. 38734o;

24, a  hypostoma, x 15, U.C.M. 38734u; 29 ,  a  l ib r ig e n a  

w ith  narrower ocu lar p la tfo rm  and s h o r te r  genal sp in e s , x 22 ,
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U.C.M. 38733a’ ; 30-32, th re e  py g id ia , each in  a r t ic u la te d  

s e r ie s  w ith  two or th re e  th o ra c ic  segments; n o tic e  th a t  the  

r a th e r  sh o rte r  m arginal sp in e s , and the  a x ia l  r in g  tu b e rc le , 

a re  d i f f e r e n t  from th o se  o f D underbergia; 30, x 36 , U.C.M. 

3873l*b'; 31, x 31, U.C.M. 3873l*c'; 32,  x 20, U.C.M. 3 8 7 3 ^ ’. 

18,19,33,31* -  Late m eraspides. 18 ,19 , two c ra n id ia  w ith  narrow 

p re g la b e lla r  f i e ld ;  18, x 15, U.C.M. 3873l*p; 19, x 16, U.C.M. 

3873l*q; 33, 31*, two pyg id ia  each a sso c ia te d  w ith  one or two 

th o ra c ic  segments; 33, x 31*, U.C.M. 3873l*e'; 3**, x 33,

U.C.M. 3873l*f' .

21 .23 .28 .35  - H olaspides ( ’’m ale1’) . 21, x 15 , U.C.M. 3873^8;

23 , x 10, U.C.M. 3873W; 28 , x 9 .U, U.C.M. 3873l*z; 35,

x 13, U.C.M. 3873l*g1.

25 ,26  -  Top and s id e  views o f two th o ra c ic  segm ents; 25 ,  x 15, 

U.C.M. 3873W; 26, x 16, U.C.M. 3873l*x.

20 .2 2 .2 7 .3 6  - Holaspides ("fem ale"). 20, x  10, U.C.M. 3873l*r; 

22 , X  9, U.C.M. 3873l*t; 27 , x  7 . 5 ,  U.C.M. 3 8 7 3 ^  36, x  15, 

U.C.M. 3873l*h'.

v
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Explanation of Plate 11
385

F igures l-3if - P tychaspis b u lla su s  Lochman and Hu

1 - M etapro tasp is. N otice th e  th re e  p a irs  of a x ia l  nodes and 

th e  lo n g itu d in a l f is s u re  along th e  a x is ,  x t5 ,  U.C.M. 38735a* 

2 A  - P a rap ro tasp id es . N otice the  fu s io n  of th e  a x ia l  nodes and 

the  presence of th e  protopygidium ; 2 , x  k6, U.C.M. 38735U;

. -  3, x 35, U.C.M. 38735c; if, x 29 , U.C.M. 38738d.

5-7 - E a rly  m eraspides. N otice the  d isappearance of th e

a n te r io r  p i t s  and th e  c o n ica l shaped g la b e l la ;  5, x 20, U.S. 

N.M. 137100a; 6,  x 15 , U.C.M. 38735e; 7 , x 13 , U.C.M. 38735f*

29 ,30  -  Two pyg id ia  a r t ic u la te d  w ith  th re e  o r fo u r th o ra c ic  

setm ents; 29 , x lif , U.C.M. 38735^; 30, x 16 ,  U.C.M. 38735x.

8 -13 , 26 , 2 7 ,31  -  Late m eraspides. 8-13, showing th e  b road ly  

based g la b e lla ;  8-10, x  12, U.C.M. 3 8 7 3 5 s ,h ,i; 11, x 13, 

U.C.M. 38735k; 12, x  12, U.C.M. 38735JJ 13, x  10, U.C.M. 

387351; 26 , 27 ,  L ib rigenae, showing th e  w ider o cu la r p la tfo rm ; 

26, x 6 , U.C.M. 38735t; 27 , x 5 ,  U.C.M. 38735u; 31, l a t e  

meraspid pygidium, x  7*5, U.C.M. 38735*1 • 

lif-25 ,2 8 ,32 ,33 ,3^  - H olaspides; 15, x 8 . 6 , U.C.M. 38735m;

16,17, d o rsa l and s id e  views of a  cranidium , x 6.2, U.C.M. 

38735; l if , 18 , 19 , to p  and f r o n ta l  views of a  cranidium , x 5 , 

U.C.M. 38735n; 20,21, x 10, U.C.M. 38735o; 22, x 6, U.C.M. 

38735p; 23, X  if.lf, U.C.M. 38735q; 2lf, x 3*3, U.C.M. 38735r;

25 , x  2 .7 ,  U.C.M. 38735s; 28, a  l ib r ig e n a ,  showing th e  

narrower o cu lar p la tfo rm , x 6 . 6 , U.C.M. 38735v; 32-3^, th re e
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pygid ia; x 8 . 5 , U.C.M. 38735y; 32, x 2 ,8 , U.C.M. 38735z;

Zh, x 3 , U.S.N.M. 13700h.
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Explanation of Plate 12

Figures 1-32 - Olenus gibbosus (Wahleriberg)

1-3 - M etaprotaspides. N otice the  lo n g itu d in a l f is s u re  along 

th e  a x is  and the  p resence of r id g e s  on th e  p le u ra l  lo b es , 

x 55, U.C.M. 38736a-c.

4-8 - B arapro tasp ides, showing the fu s io n  of th e  a x ia l  nodes 

and the  appearance o f th e  protopygidium , 4 , x 66 , U.C.M. 

38736d; 5 , x 50, U.C.M. 38736e; 6 , x 42 , U.C.M. 38736f;

7 , x 50, U.C.M. 38736g; 8 , x 42, U.C.M. 38736h.

9-12 - E arly  m eraspides, showing th e  development o f the  

a n te r io r  bo rd er; 9 , x  45, U.C.M. 38736i; 10, x 30, U.C.M. 

38736j ;  11, x 23, U.C.M. 38736k; 12, x 20, U.C.M. 387361.

29  -  E arly  meraspid pygidium, x 27 ,  U.C.M. 38736s.

13-18 -  Late m eraspides, showing th e  development o f the

p re g la b e lla r  f i e ld  and th e  im pression o f th e  g la b e l la r  

furrow s; 13, x 21, U.C.M. 38736m; 14, x 17, U.C.M. 38736n;

15, x 16, U.C.M. 38736o; 16, x 16, U.C.M. 38736p; 17, x 14, 

U.C.M. 38736q; 18, x 14, U.C.M. 38736r.

25 ,26  - Late meraspid lib r ig e n a e ; 25 ,  x 23 ,  U.C.M. 38736v;

26, x 17, U.C.M. 38736w.

30 - Late meraspid pygidium, x 20, U.C.M. 38736a'.

19-22 - Hblaspid c ra n id ia ;  19, x 7*8, U.C.M. 38736s; 20, l a t e r a l  

view o f a  c ra n id ia , x 4 .6 ,  U.C.M. 38736d'; 21, x  1 .3 ,  U.C.M. 

38736e'j 22, x  4 .5 ,  U.C.M. 38736.
*

23,24 - Hypostomata. 23 , x 23, U.C.M. 38736t; 24, x  20 , U.C.M.
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38736u.

27,28 -  Two incom plete l ib r ig e n a e ; 27 , x 8 , U.C.M. 38736x; 28, 

x U .2, U.C.M. 38736y.

31,32 -  Two p y g id ia , 31, x 9 , U.C.M. 38736b 1; 32, x 7 , U.C.M.

38736c 1.
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Explanation of Plate 13

Figures 1-34 - Acerocare ecorne Angelin

1-2  -  M etaprotaspides. Notice the  two p a ir s  o f a x ia l  nodes 

and the in d i s t in c t  fo u rth  and f i f t h  a x ia l  r in g s ;  1 , x 50 , 

U.C.M. 38738a; 2 , x 50, U.C.M. 38738b.

3-6  - P arap ro tasp id es, showing the  d i s t i n c t  a x ia l  r in g s  and 

s te e p ly  d e f le c te d  protopygidium; 3 ,4 , n o tic e  th e  p le u ra l 

"  lobe furrow s, x 56 , U.C.M. 38738c ; U.C.M. 38738d; 5 , x 1+7, 

U.C.M. 38738e; 6 , x 48, U.C.M. 38738f.

7-9 - E arly  m eraspides, showing th e  expansion o f p o s te r io r  

f ix ig e n a l b o rd e rs ; 7> x 35, U.C.M. 38738g; 8 , x 32, U.C.M. 

38738h; 9, x 25, U.C.M. 38738i.

26 - E arly  meraspid pygidium asso c ia te d  w ith  one th o ra c ic  

segment, x 22, U.C.M. ’38738y.

10-12 - Late m eraspides, showing th e  d o rsa l  f a c i a l  su tu re s  and 

the  p o s te r io r ly  expanded g la b e lla ;  10, x 26, U.C.M. 38738h; 

11, x 25, U.C.M. 38738j ; 12, x  22, U.C.M. 38738k.

20 - Late m eraspid l ib r ig e n a , x 11, U.C.M. 38738s.

22 - Late ju v e n ile  pygidium, n o tic e  th e  s le n d e r  a x is ,  x 18, 

U.C.M. 38738u.

27-29  -  Three ju v e n ile  pyg id ia , 27 ,  x 30, U.C.M. 38738z; 28, 

x 24, U.C.M. 38738a'; 29, x 19, U.C.M. 38738b'.

15 ,17 ,19 ,24 ,32 ,34  -  Holaspides ("m ale"). 15, x 13, U.C.M. 

38738n; 17 , x 10, U.C.M. 38738p; 19, x  8 ,  U.C.M. 38738r;

24, x 9 . 2 ,  U.C.M. 38738w; 32 ,  x 7 .2 , U.C.M. 38738e ’; 34,
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x 6 . 8 , U.C.M. 38730g'•

1 3 , l4 , l6 , l8  - Holaspld c ra n id ia  ("fem ale")* N otice th a t  the 

g la h e lla e  a re  narrow er and longer than  th o se  of th e  "male" 

form; 13, x 16 ,  U.C.M. 387381; 14, x 10, U.C.M. 38738m;

16, x 10, U.C.M. 38738o; 18, x 8 , U.C.M. 38738q.

23 -  E arly  h o la sp is , showing th e  cranidium  a sso c ia te d  w ith  a 

few th o ra c ic  segm ents, x 9 ,  U.C.M. 38738v.

25 -  A "female" l ib r ig e n a ;  n o tic e  th e  narrow er o cu la r p la tfo rm , 

x 9, U.C.M. 38738x.

30,31,33 -  Holaspid p y g ig id ia  ("fem ale"). N otice th a t  they  a re  

more rounded in  comparison w ith  th e  pyg id ia  o f th e  "male" 

form; 30, x 11, U.C.M. 38738c'; 31, x 8 .4 , U.C.M. 38738d'.

33, x 8 .4 , U.C.M. 38738f'.

21 - Hypostoma. N otice th e  expanded median body and the  

narrower p o s te r io r  brim  in  comparison w ith  f ig u re  22 , 

x 11, U.C.M. 38738t.
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Explanation of Plate 14

F igures 1-28 - M iss isq u o ia  o y c lo o h ila . .n, sp .

1 - A napro tasp is . The l e f t  s id e  o f the  sh ie ld  m issing;

n o tic e  th e  a x ia l  lobe composed of a  sm all f r o n ta l  lo b e , two 

p a ir s  o f a x ia l  nodes, and a  la rg e  te rm in a l lo b e , x 70,

U.C.M. 38749a .

2 ,3  - M etapro tasp ides, showing th e  fu s io n  of the  a x ia l  nodes 

and the  d i s t i n c t  a x ia l  r in g s ;  2 , x 70, U.C.M. 38749b;

3, x 70, U.C.M. 38749c.

4-7  - P a rap ro tasp id es . N otice th e  narrow , tra n sv e rse  p ro to - 

pygidium s te e p ly  d e f le c te d  behind th e  p o s te r io r  c ra n id ia l  

m argin; 4 , x 10, U.C.M. 38749d; 5, x 66, U.C.M. 38749e;

6, x U.C.M. 38749f; 7. x 57, U.C.M. 38749g.

8-15, 23 -  E a rly  m eraspides. N otice th e  se p a ra tio n  o f the  

g la b e l la r  furrow s; 8, x 50, U.C.M. 38749h; 9, x 48, U.C.M. 

387491; 10, x 47, U.C.M. 38749,); 11, x 43, U.C.M. 38749k;

12, x 45, U.C.M. 387491; .13, x 45 , U.C.M. 38749m; 14, x 40, 

U.C.M. 38749n; 15, x 30, U.C.M. 38749o; 23 , roundly  

t r ia n g u la r  pygidium in  a r t ic u la te d  s e r ie s  w ith  p o ss ib ly  

th re e  th o ra c ic  segm ents, x 50, U.C.M. 38749u.

16,17,24,25 -  Late m eraspides. 16 ,17 , two c ra n id ia  showing 

th e  appearance o f th e  a n te r io r  bo rder and sh o rten in g  of 

th e  g la b e l la r  fu rrow s, 16, x 24, U.C.M. 38749P; 17, x 20,

U.C.M. 38749q; 24 ,25 , two pyg id ia  having th e  te rm in a l p o rtio n
* ,

extended to  th e  p o s te r io r  m argin; 24 , x  28 , U.C.M. 38749v;
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25 , X 36 , U.C.M. 387^9*.

18-22,26-28 -  H olaspides. 18, p a rty  e x fo lia te d  cranidium , x 18, 

U.C.M. 387^9**; 19/20, d o rsa l and s id e  views of a  p a r t ly  

e x fo lia te d  cranidium , x 12, U.C.M. 387^9/ 21, incom plete 

hypostoma, x 18, U.C.M. 387^98; 22, broken l ib r ig e n a ,  x 20, 

U.C.M. 387^9 tj  26, le s s  complete pygidium,* n o tice  th a t  th e  

a x ia l  lobe i s  no t ex tended-to  th e  p o s te r io r  m argin, x  10 , 

U.C.M. 387U9X; 27 ,28, d o rsa l and s id e  views o f a  complete 

pygidium, x 19, U.C.M. 387^9y»
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Explanation of Plate 15

Figures 1-26 - HLghgatella f a c i l a ,  n. sp .

1-5 - M etaprotaspides. Notice th e  in d is t in c t  protopygidium 

a t  th e  p o s te r io r  margin of the  s h ie ld ;  1-U, x 62, U.C.M. 

387^0a-d; 5 , x  53, U.C.M. 387^0e.

6 -  P a rap ro ta sp is , x 53, U.C.M. 387^0f.

7-9 - E arly  m eraspides. Notice th e  presence o f th e  a n te r io r  

b o rd e rs ; 7, x 40, U.C.M. tflkOg; 8 , x 38, U.C.M. 387^0h;

9, x 1*0, U.C.M. 387^01.

10,11 - Late m eraspides, showing the  p re g la b e lla r  f i e ld s ;

10, x 30, U.C.M. 387^0,3; U ,  x 25, U.C.M. 387^0k.

' 13 ,1^ ,17 ,20  - Holaspides ( ,'male,, form ). N otice th e  s h o r te r  

and broader g la b e lla e ; 13, x 11, U.C.M. 387^0mj lU , x lb,

U.C.M. 387^0n; 17, x 10, U.C.M, 387^0q; 20, x  6 , U.C.M. 3&lkOe.

12,15 ,16 ,18 ,19  - Holaspides ("fem ale”) ,  showing th e  longer 

and shorter glabellae and slightly  vlder preglabellar field ;

12, x 18, U.C.M. 387^01; 15 ,  x 8 , U.C.M. 387^ 00 ; 16, x  15, 

387I»-Op; 18 , 19 ,  top and s ide  views o f a  le s s  complete 

cranidium , x 6 , U.C.M. ’387^ 0 .

21 - A n ea rly  complete hypostoma, x 2k, U.C.M. 387^0s.

22 , 2 4̂- - Two "female" pygid ia; n o tic e  th a t  each a x ia l  lobe i s  

d iv ided  in to  two rin g s  only; 22, x 30, U.C.M. 387^0t; 2k, 

x 12, U.C.M. 387^0v.

23 -  A "male" pygidium. Notice th e  a x is  i s  d iv id ed  in to  th re e  

a x ia l  r in g s ,  x  25 , U.C.M. 387^0u.
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25,26  -  Two l ib r ig e n a e ; 25, x  5/ U.C.M. IdjkOu} 26, x 5, U.C.M. 

387UQX.
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Figures 1-39 - L ib e te lla  corona, n, gen. e t  sp .

,1 -4 ,7 ,8  -  P arap ro tasp id es . 1 ,2 , d o rsa l  and v e n tra l  views of

a r a th e r  complete s h ie ld , x 38# U.C.M. 38741a; 3 ,4 , two 

n e a r ly  complete s h ie ld s , x  39/ U.C.M. 38741b, c ; 7 /8 , d o rsa l  

and v e n tr a l  views o f a  s l ig h t ly  deformed s h ie ld , n o tic e  

th e  l ib r ig e n a  and hypostoma in  p la c e , x 35/ U.C.M. 3874I f .

5 ,6 ,9 -1 1  - E a rly  m eraspides. N otice th e  m igrations o f th e  

p a lp eb ra l lobes during  th e  growth p e rio d s ; 5/ x  30, U.C.M. 

3874ld; 6 , x 29 , U.C.M. 3874le; 9 / x 26, U.C.M. 3874lg;

10, x 25 , U.C.M. 3874lh; 11, x 26, U.C.M. 3874 li.

12-16,25,26,28-31 - Late m eraspides. 12-16 showing th e  develop­

ment o f th e  p o s te r io r  f ix ig e n a l  bo rders and th e  l a t e r a l  

widening o f th e  g la b e lla e ;  12, x 22 , U.C.M. 38741j j  13/ x 

18, U.C.M. 38741k; 14, x 16, U.C.M. 387411; 15, x  18, U.C.M. 

38741m; 16 ,  x 15 , U.C.M. 3874ln; 2 5 , 26 , v e n tra l  and d o rsa l 

views of a  hypostoma; n o tic e  th re e  p a ir s  o f  p o s te r io r  m arginal 

sp in e s , x 10, U.C.M. 3874lw; 28-31, d o r s a l ,  p o s te r io r ,  and 

h o r iz o n ta l views o f four p y g id ia ; n o tic e  th e  d i f f e r e n t  

d ire c tio n s  o f the  m arginal sp in e s ; 28 ,29/ x  20, U.C.M.

3874lx; 30, x 21, u.C.M. 3874ly; 31, x 36,  U.C.M. 3874lz.

17 -27 , 32-39  -  H olaspides. 17-19/ th re e  c ra n id ia ;  17, x 15 , 

u.C.M. 3874lo; 18 ,  x 11, U.C.M. 3874lp; 19, x 9 . 4 ,  u.C.M. 

3874lq; 20 -22 ,  to p  and l a t e r a l  views o f th re e  l ib r ig e n a e ,  

showing th e  m arginal sp ines and th e  s to lk ed  eyes, x  20 ,
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U.C.M. 3874l r ;  21, x 21, U.C.M. 38741s; 22, x 15, U.C.M. 

3874lt; 23 , a p a ir  o f th o ra c ic  segments, x 8 .2 , U.C.M. 

3874lu; 2^ ,27 , v e n tr a l  and d o rsa l  views o f a  hypos toma,. 

x 10, U.C.M. 3874lv; 32,34, to p  and v e n tra l  views of a 

pygidium, x 22, U.C.M. 387^3*'; 33 ,35, two p y g ld ia ; 33, 

x 28, U.C.M. 3874lh ' ;  35, x 14, U.C.M. 38741c'; 36,39, 

v e n tra l and d o rsa l  views of a  le s s  complete sk e lto n  in  

f ig .  36,  fche th o ra c ic  segments and pygidium were broken 

o ff  by an acc id en t a f t e r  f ig .  39 was ta k e n ) , x 13, U.C.M. 

3874 ld '; 37, 38,  v e n tr a l  and d o rsa l views of a  l a t e  

m eraspis sk e le to n ; n o tic e  th a t  th e  hypostoma i s  in  p la c e , 

x 8 . 5 , U.C.M. 38741.
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Explanation of Plate 17

J

Figures 1-31 - Phased o ps conusf n. sp .

1-3 -  A naprotaspides. 1 , d o rsa l view of an incom plete s h ie ld ,

x 56 ,  U.C.M. 38742a; 2 ,3 , d o rsa l and v e n tra l  views o f a  

complete s h ie ld ;  n o tice  the  p o s te r io r  m arginal doublure 

and a  p a ir  o f p o s te r io r  l a t e r a l  sp in e s , x  56 ,  U.C.M. 38742b.

4-8 ,22  -  P arap ro tasp id es . 4-7 a re  fo u r  sh ie ld s  a l l  w ith

u n d iffe re n tia te d  pyg id ia ; n o tic e  the  f a c i a l  su tu re  and th e  

p a lp eb ra l lo b es; 4 ,5 , x 53# U.C.M. 38742c,d; 6, x 46, U.C.M. 

38742e; 7, x 42, U.C.M. 38742f; 8 ,2 2 , d o rsa l  and v e n tra l  

views of sh ie ld  (a sso c ia ted  w ith  th e  s h e l l  o f an o s tra c o d ), 

x 40, U.C.M. 387^2g.

9-12 -  E arly  m e ra sp id e s .' Four c ra n id ia  w ithou t p y g id ia , 

showing th e  d i s t i n c t  a n te r io r  borders and th e  p o s te r io r  

f ix ig e n a l b o rd e rs ; 9# x k6, U.C.M. 38742h; 10, x  3 ^

U.C.M. 387^2i; 11, x 34, U.C.M. 38742J; 12, x 30, U.C.M. 

38742k.

13- 16 , 23 ,27  -  Late m eraspides. 13-16, a  few incom plete 

c ra n id ia , showing the  w e ll p reserved p re g la b e lla r  f i e ld s ;

13, x 31, U.C.M. 387421; 14, x 27 , U.C.M. 38742m; 15, x 28, 

U.C.M. 38742n; 16, x 20,-U.C.M. 38742o; 23, a  sm all 

l ib r ig e n a ;  n o tice  th e  narrow o cu la r p la te  form , x  8 ,  U.C.M. 

38742s; 27 ,  an incom plete pygidium, lack in g  m arginal sp in e s , 

x  26, U.C.M. 38742w.

17-21,24-26,28-31 - H olaspides. 17 ,18 , to p  and s id e  views of
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a complete cranidium , x 13, U.C.M. 387^2 p; 19-21, th re e  

n e a rly  complete c ra n id ia ;  19, x 13, U.C.M. 387^2q; 20 , x 12, 

U.C.M. 3 8 7 te r; 21, x 21, U.C.M. 387^2.

21;-26 - Holaspid l ib r ig e n a ; 21;,26 , two complete form s; note 

th a t  th e  l a t e r a l  furrows extend to  th e  genal sp in e s ; 2k, x 6, 

U.C.M. 387^2t; 25, x 1;, U.C.M. 387*;2u; 26, v e n tra l  view of 

a  complete form, showing a  "broad doublure w ith  d i s t i n c t  

r id g es  along th e  b o rd er, x 4 , U.C.M. 387^2v.

28-31 - Holaspid p y g id ia . 28 , 29 , 31 , th re e  w e ll p reserved  forms 

a l l  showing th re e  p a irs  o f  s h o r t m arginal sp in e s ; 28, x 10 , 

U.C.M. 387^2x; 29 ,  x 11, U.C.M. 387^2y; 31, x 10, U.C.M. 

387l;2z ; 30 , v e n tra l  view o f a  w e ll preserved  pygidium; 

n o tice  th e  wide doublure and th e  r id g e s  along th e  b o rd e r, 

x 11, U.C.M. 387^2a‘.
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Figures 1-38  - C alliops s tra sb u rg e n s is  U lric h  and Delo

1 ,2  -  P a rap ro ta sp is . D orsal and v e n tra l  views o f  a  complete 

in s t a r ,  x 36 , U.C.M. 38743a.

3-9 - E arly  m eraspides. Notice th e  change in  p o s itio n  o f th e  

p a lp eb ra l lobes in  sm all to  la rg e r  specimens; 3# x 21,

U.C.M. 38743b; If, x 23 , U.C.M. 38743c; 5, x 22, U.C.M.

38743d; 6 , x  27 , u.C.M. 387J+3e; 7 , x 34, U.C.M. 387^3f;

8 , x 23 , u.C .M . 387^3g; 9, x 17 ,  U.C.M. 387^3h.

10-13 - Date m eraspides. N otice th e  red u c tio n  o f th e  sp ines 

and the  in c rease  in  s iz e  of th e  p a lp eb ra l lo b es; 10 ,  x 15 , 

U.C.M. 387^3iJ H ,  v e n tra l  view of a  broken cranidium , x llf , 

U.C.M. 387^3j ;  12, x 8 , U.C.M. 3 8 7 ^ ;  13, x  10, U.C.M. 

387431.
20 ,23 ,24 ,30 ,31  - Late m eraspides. 20 , a  broken r o s t r o -

l ib r ig e n a  showing th e  a n te r io r  m arginal sp in e s , x 25 , U.C.M. 

38743s; 23 ,24 , v e n tra l  and d o rsa l views of two hypostomata, 

showing th e  narrow m arginal doublure , p o s te r io r  b o rd e r, and 

a p a ir  of p o s te r io r  sp in es ; 23 , x 6 ,  U.C.M. 38743u; 24 , x 10, 

U.C.M. 38743v; 30,31, two pyg id ia  b earin g  m arginal sp in e s ;

30, X 20 ,  u.C .M . 38743y; 31, x 6 . 1 ,  U.C.M. 38734z.

21 ,22 ,25 ,28  -  H olaspides. 21 ,22 , a n te r io r  l a t e r a l  and a n te r io r  

views of a  complete r o s t ro - l ib r ig n e a ,  x  8 . 7 ,  U.C.M. 38743t; 

25 , hypostoma, x 3 .2 , U.C.M. 38743r; 28, l a t e r a l  ob lique view
*

of a  th o ra c ic  segment, x 2 , U.C.M. 38743x.
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14 ,1 5 ,1 8 ,1 9 ,2 6 ,29 , 35#38 - Holaspides ("male”). 14,15, two 

crandia w ithout ro s tro -lib rig e n a e ; no tice  the  sm all f i x i -  

gehal sp ines; 14, x 3*5# U.C.M. 38743m# 15# x 32, U.C.M. 

387l+3n; 18, 19, two cephala w ith ro s tro - lib r ig e n a e  in  p lace, 

no tice  the sm all f ix ig e n a l sp ines; 18, x 3*5# U.C.M. 38743; 

19, x 3*2, U.C.M. 387^39# 26 , 29 , side and f ro n ta l  views of 

a le s s  complete cephalon (the genal spines were broken o f f ) ,  

x 2 .8 , U.C.M. 387^3w; 35# v e n tra l view of a le s s  complete 

pygidium, x 4, U.C.M. 38743d'; 38, a  complete pygidium, 

x 3.3# U.C.M. 38743g'.

16,17,27,32-34,36,37 - Holaspides ("fem ale”). 16, 27, do rsa l 

and v e n tra l views of a cephalon, x 3*1# U.C.M. 38743o; 17# 

a complete cephalon, showing no f ix ig e n a l sp ines, x 3#

U.C.M. 38743p; 32, back view of a broken pygidium, x 3# 

U.C.M. 38743a'; 33# a medium sized  pygidium, x 3*7# U.C.M. 

38743b'; 34, a sm all pygidium associated  w ith  a few tho rac ic  

segments, x 11, U.C.M. 38743c'# 36,37# two w ell preserved 

pygidia; 36, x 3 .8 , U.C.M. 38743e'; 37# x 3, U.C.M. 38743ff.
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F igures 1-29 - Flexicalym ene g ranu losa  (F o e rs te )

. 1-4 - A naprotasp ides; showing two p a irs  o f a x ia l  nodes and 

a lo n g itu d in a l f i s s u r e ; 1 ,2 , x 53, U.C.M. 38744a, b ;

3, an im pression , x 52, U.C.M. 38744c; 4 , x 52, U.C.M.

38741+d.

5 -  P a ra p ro ta sp is ; showing th e  fu s io n  o f th e  a x ia l  nodes and 

th e  o r ig in  o f th e  a x ia l  r in g s ;  n o tic e  th e  p o s te r io r  p o rtio n  

o f th e  sh ie ld  w ith o u t segm entation o r d i f f e r e n t ia t io n ,  

x 1+0, U.C.M. 3871+l+e.

6-10 - P a rap ro ta sp id es . N otice th e  segmented protopygidium ;

6, x 35, U.C.M. 387^+f; 7 ,  x 30, U.C.M. 38744g; 8 , x 31, 

U.C.M. 38744h; 9, x  32 ,  U.C.M. 387441; 10, x  23 ,  U.C.M. 

38744j .

11 ,12 ,20  -  E arly  m eraspides. 11 ,12 , two c ra n id ia  showing th e  

h im i-c y lin d r ic a l  g la b e l la  and absence o f any pygidium;

11, x 25, U.C.M. 38744k; 12, x 26 , U.C.M. 3871+1+1 ; 20, 

sm all pygidium p o ss ib ly  a sso c ia ted  w ith  3 o r 4 th o ra c ic  

segm ents, x 30, U.C.M. 38744t.

13 ,14 ,16 ,21 ,25  -  Late m eraspides. 13 , incom plete sk e le to n

showing th e  c o n ic a l g la b e l la ,  x 14, U.C.M. 38744m; 14, 

incom plete cranidium  showing th e  c o n ic a l g la b e l la ,  x 19 , . 

U.C.M. 38744n; 16, rubber mould o f a  cranid ium , x  13,

U.C.M. 38744p; 21, broken pygidium showing s h o r t  m arginal 

sp in e s , x 24, U.C.M. 38744u; 25 ,  hypostoma; n o tic e  a  p a ir

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



of sh o rt broad p o s te r io r  sp in e s , x 20, U.C.M. 387^y»

1 5 ,19A,2^,29 - Holaspides ("fem ale"). 15,19> two incom plete 

c ra n id ia , showing the  broader a n te r io r  b o rd e rs ; 15 ,  x 15 , 

U.C.M. 387^ 0 ; 19A, x 6 . 8 , U.C.M. 3 8 7 ^ s ;  2k, w e ll preserved  

pygidium showing broader p le u ra l  lo b e s , x 8 .U, U.C.M. 387HX 

29 , a  sm all l ib r ig e n a , x 13, U.C.M. 3871*4 0 ' .

26 ,2 7  Two hypostomata. 26, w e ll p reserved specimens; n o tic e  

a p a ir  o f d i s t i n c t  p i t s  on th e  a n te r io r  wings and th e  sh o r t 

p o s te r io r  sp in e s , x 5»9> U.C.M. 38744z; 27 ,  x 14, U.C.M. 

38744a'.

1 7 ,1 8 ,19B,22,23 ,28  -  Holaspides ("m ale"). 17 ,l8 ,19B , th re e

c ra n id ia ; n o tic e  the  narrower a n te r io r  b o rd er, x 8 ,  U.C.M. 

3 8 7 ^ ;  18, x k.2, U.C.M. 387WW; 19B, x 6 . 8 , U.C.M. 38744s; 

22 , 23 , two complete pyg id ia  w ith  su b tr ia n g u la r  o u tl in e , 

x 4 .5 , U.C.M. 387M*v,w; 28, l ib r ig e n a ,  x 2 , U.C.M. 38744b'.

F igures 30-32 -  Flexicalym ene meeki (F o e rs te )

Two in d iv id u a ls  en ro lle d  c o n c e n tr ic a lly , th e  in n te r  one i s  le s s  

incom plete, the  o u te r  one has th e  cephalon broken o f f .  30, 

s id e  view; n o tic e  th a t  the  l e f t  one i s  com plete, and th e  r ig h t  

one shows th e  th o ra c ic  segments and pygidium o n ly .. 31# d o rsa l 

view; n o tic e  th a t  th e  in n er one i s  on top ,, and th e  o u te r  one, 

on th e  bottom ; 30, v e n tra l  view, showing th e  w eathered pyg id ia  

and cephalon. A ll x 2 .1 ,  U.C.M. 23263 .
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Explanation of Plate 20

Figures 1-13 - C rypto lithus b e llu lu s  (U lrich )

1 - P a rap ro ta sp is . Cranidium, showing a  p a ir  of p a lp eb ra l 

r id g e s  and eye tu b e rc le s ; n o tic e  th e  a n te r io r  margin w ithou t 

f r in g e , x 23, U.C.M. 38745a.

2 -5 ,1 0  - E arly  m eraspides. N otice th e  sho rten ing  of th e  p a lp eb ra l 

r id g es  and th e  expansion of th e  a n te r io r  f r in g e ;  2 ,  x 20 ,

U.C.M. 38745b; 3, x 20, U.C.M. 38745c; 4 , 19 , U.C.M. 38745e;

5, x 8 , U.C.M. 3874^d; 10, sm all pygidium asso c ia ted  w ith  two 

th o ra c ic  segments, x 18 , U.C.M. 38745h.

6-8,11 -  Late m eraspides. 6 , cranidium , showing th e  d isap p e a r­

ance o f the p a lp eb ra l lobes and th e  tu b e rc le s , x 3*4, U.C.M. 

38745f; 7* v e n tra l  view of a  lower lam e lla ; n o tic e  th a t  

the g ird le  extends in to  th e  g en a l sp in e s , x 2 . 5 , U.C.M.

38745g> 8, incom plete sk e le to n  which shows fo u r o r f iv e  

th o ra c ic  segments, x 5; U.C.M. 387451; H * pygidium which 

shows th re e  d i s t in c t  segments, x 12, U.C.M. 38745j*

.9 ,12 ,13  -  H olaspides. 9 * a  p oo rly -p reserved  cephalon; n o tic e  

th e  fvision of th e  upper and lower la m e lla , x 1 .8 , U.C.M.

38745; 12, 13 ,  two pyg id ia  showing th e  p le u ra l  lobe r id g e s ,  

x 8 .3 , U.C.M. 38745j ;  x 3 .7 , U.C.M. 38745k.

F igures 14-31 - I so te lu s  stegops Green

17 -  A naprotaspis. N otice th e  lo n g itu d in a l  f is s u re  along th e  

c e n tr a l  a x is , x 57* U.C.M. 38746a.

18,19  -  M ataprotaspides. N otice th e  w e ll d if f e r e n t ia te d  a x ia l
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lobes; 18, x  30, U.C.M. 38746b; 19, x 27 , U .C.M . 38746c.

20,21 -  Two p a rap ro ta sp id e s . N otice th e  e lo n g a tio n  o f the 

p o s te r io r  p o rtio n ; 20, x 20, U.C.M. 38746d; 21, x 26, U.C.M. 

38746e.

14,15,22 - Late e a r ly  m eraspides. 1^, a  sm all pygidium, showing 

d i s t i n c t  a x ia l  and p le u ra l  furrows and te rm in a l p o rtio n  

of th e  ax is  w ith  e longate  and co ncen tric  r id g e s ,  x 15, U.C.M. 

387460; 15, a  le s s  w e ll  preserved pygidium, x 8 . 3 , U.C.M. 

38746p; 22, cranidium  w ith  narrow p re g la b e lla r  f i e ld  and 

w e ll-d e fin e d  a n te r io r  b o rd er, x 13, U.C.M. 38746 f.

23 ,24 ,27  - Late m eraspides. 23 ,24 , two c ra n id ia  showing no 

p re g la b e lla r  f i e ld ;  23 , x 11, U.C.M. 38746g; 24, x 12, U.C.M. 

38746h; 27 , complete sk e le to n  w ith  seven th o ra c ic  segments 

on ly , x 3*4, U.C.M. 38746k.

16 ,25 ,26 ,28-31  - H olaspides. 16, a  pygidium. N otice th e

d isappearance of th e  d i s t i n c t  a x ia l  and p le u ra l  lobe furrows 

b u t presence of f in e  r id g e s , x 4 , U.C.M. 387^6*1; 25 , 29 ,  two 

"female" c ra n id ia , x  2 .1 ,  U.C.M. 387^ 61; U.C.M. 387^6ej 26, 

broken hypostoma, showing a  p a ir  of l a t e r a l  p i t s  and w rinkled 

su rfa c e , x 7 , U.C.M. 38746j ; 28, v e n tra l  view o f an incom plete 

sk e le to n , x 1 . 7,  U.C.M. 38746; 30, "male" cranidium ; n o tic e  

t h a t  i t  i s  w ider and sh o r te r  than  those  o f th e  "fem ale" form, 

x  1 . 5 , U.C.M. 38746m; 31, l ib r ig e n a  showing th e  doublure 

and th e  w e ll preserved  median su tu re  l i n e ,  x 3 , U.C.M.

38746n.
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