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"...the hieraféhic systém best éxpressés the structure of

b

the éomplex of relations that interconﬁedtéfall organisms

Cohsequently we must now examine it more closely." ' e
v
. ~ . N . - ’ ¢

e v o Hennig, 1966
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ABSTRACT,

Ty

NeW'data afforded by silicified Silurian encrinurine(

trilobites from the Avalanche Lake’ area of the Mackenzie

0/ “l

Mountains permit detailed comparative ontogenetic studiqs:*

R and contribute to phylogenetic systematic revision, of ‘the

’
Encrinurinae

8]

Cdmparison of. growth series for Iate Middle Ordovician

Encrinuroidgs and descendant lineages of Silurian

Encrinurus suggests that divergence ‘of " the. Encrinurus'

% .

} punctatus and\variolaris~plexi from &ommon ancestry may, be
modelled by different heterbchronic patterns Dissociated
cephalic and pygidial regulation in the. Eunctatus plexus,.
with a resultant apomorphic enrollment pattern, and

| peramorphic cephalic developmﬂgt in- the variolaris plexus'
allowed rapid morphologic -and ecologic divergence iﬁ the

' Llaﬁdovery radiation of Encrinurus.".

- The util;ty of’ Simﬁjarities in early ontogeny in
phylogenetié inference, a corollary of "von Baer’s Law",
“\fo:ms a- conceptual baSis fbr comparigbn of protaspides for
eight grdOViciamﬁand Silurian encrinurine species, A

conplex of distinctive early ontogenetic synapomorphiesf

'distinguishes "advanded" cybelines,'encrinurines“ and

staurocephalids from plesiomorphic ear&y cybelines and
,pliomerids. Two closely oomparable protaspid instarS'
1y : \

/Further unite “adVancedﬂ‘cybelines 'with Ordovician

F

EAY



encrinurines, while\the-pfotaspid period-inKSilurian
Balizoma is reduced tozasingle ontogenetically—advanced

sclerotized i ggr. ‘) S

A new species from the. Avalanche Lake area, variolaris

glig ollowayp the new genus is alternatively

interpreted as a sister group to Fragiscutum Whlttlngton

and Campbell COmparative ontogeny of the genal field in -
these olosely-related taxa suggests that minor cnanges 1nﬂ
_,?evelopmental timing and rate effected substantial éharate;
-évolution;-wiﬁh feveral detived states originating‘as
exaptive byeproducts shaped by ontogenetic constrainﬁs}

The traditional grouping of 0rdovic1an encrinurines in

paraphyletic Encrinuroides Reed based on symplesiomorphy

obscures fundamental cladistlc events. Recognition of four

'ihformal species groups emphasizes apomorphlc novelties
¢

attained in lineages w1th1n "Encrinur01des" E.,n. sp. €rom

thevMackenzig Mountains is a conservative‘earliest

"
o

[ 4

Llandovery descendant of the a!aovician lineage ancestral

to the SiluriansEncrinurus pléxi. N

~ oo - &
A L2
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. | . CHAPTER I

I3

Ly

<"+ INTRODUCTION ///
N ‘/‘. ‘ ‘ - ‘. - | . ) e k | . ,// ’ ~ ° 2
;\ The sub;amily Encrinurinae Angelin 1854 typically

: comprises a significant element im Onlovician and
particularly, Silurign trilobite fau?as. Recent years have

w1tnessed a number of- 51gn1ficént contribunmons to

/ Kd

systematic and phylogenetic studiés of this group, notably\
‘works«by ‘Bvitt ‘and Tripp (19777, Temple and Tripp (1979L
Strusz (1980), and Ramskold (1986) The studies collected
herein 1ntegrate a Slllleled silurian fauna from the

r'AvalanGhe Lake area of the Macken21e Mountains, Canada into

/

a rev1sed framework/of encrinurine evolution and.

systematics. These néw data partic larly contribute to

ol - e PUI . - X
comparative ontogenyﬂand its phylogenetic implications. S
= * . : Lo ' % .

oo . /
o/ . ‘
- /. . .

PREVIOUS DEVE?éPMENTS - Early work on enc¥inurine
. S VA o ' ' o :

_systematics isfsummarizéd by Vogdes (1907)nand Reed'(1928)
,The latter includes the first magor attempt to recognize

species|groups in Encrinurus basedlon com7&exes of cephalic~
) I3

.a d pygidial characters, and further provided hypotheses of

_relationships between these sexcostatus, variolaris,

’platynotus,‘multisegmentatus punctatus and E.(Croggg)

-

1ntercostatus groups. Rosenstein (1941) emphasized patterns

- of cephalic tuberculation, formalized in Tripp & (1957,‘

1i/2) g}abellax tubercle notation. Revision of Reed' '



\ .
. . '
Y o T . i
~ . Y b s * o

- ‘ .

3

multis#gmentatus, punctatus, and variolaris droups was:

¢

aadvqnced in systematic works by Tripp (1987 1962) and
Tripp, Temple and Gass (1977), respectively. Henningsmoen

_Eééﬁjﬁi=ggg,ﬂamada (1961) presented 51milar classifications:

%

of the Encrinurinae, the latter developing a model of -

X

hcephalic evolution. . o O : . .
Whlttington and Campbell's (1967) description of

Silurian Fraq;scutum rhytium demonstrate% morphologic and
F

{data afforded by 5111cif1cation, further :

"'\

end Tripp s (1977) monographio study on

early ontogenetié

advanced in Evi £

ncrinurids and staurocephalids from

0

Middleecrdovi ian !

"'/

Virginia.‘Thi included description of encrinurine

protaspides,? ;finement of morphologic termlnology,'and

integration of new taxa’in reinterpreting phylogenetic'

v
N -

' madels.
Several'de8criptive're§ional studies have.beén revisive'

in sdope, these include Krueger”s (1971) documentation of

’the late Ordovician radiat#n of. Erratencrinurus from North

' .German’ glacial»drift and Silurian studieS»including-

Strusz's (19&0) revision of Australian spe01es,'Chang's‘
(1983) survey of Chinese "coronocephalines" and Ramskold'

L]
€

(1986) taxonomy of Gotland encrinurines. , ‘ .
Strusz s (1980) work provides the most comprehensive,

_nypotheses of evolutionary patterns to- dgte, presentindka

vphylogenetic tree inoLuding all encrinurine.species and,

revision~of Encrinurus, based onfrecognition_of three



phylogenetic plex1.
. [ 4 :
Temple and Tripp’s (1979) nunerical taxonomic analysis

of the Encrinurinae represents a bold departure fromw

'prev1ous systematic schemes.

s

-

Discu551on oﬂ encrinurine morphology and terminology
applied thereto are outlin d by Evitt .and Tripp (1927,p.
112- 118), Temple and Tripp 1979, pP. 224-231), and Strusz'

-

(1980, p. 2-5).

4

.MATERIALS < Systematic revision has required Feexamination
/
of . published figures and d;scriptidns for all taxa of

Encrinurinae,fessentially cosmopolitan through its late
Arenig-earliest Llanvirn through early Lochkov range.

, ”céntral to these studies is continuing 1nvestigation of .
51lic1f1ed earliest Llandovery through mid Ludlow-—
encrinurines from ‘seven sections located near the Silurian—
shelf / slope tran51tion ' approx:mately ten kilométers '\
east of Avalanche Lake in the Mackenzie Mohntains,

\ :

Northwest Territories, Canadd (see Fiqure rbl) Locality

and stratigraphic data used herein are as presented ‘in

Ldetail by Chatterton and Perry (1983, 1984), Over (1985),

Tarid Over and; Chatterton (1987) [Figure I- 2] Systematic
.wo;ks on the odontopleurid (Chatterton and Perry, 1963{ and
cheirurid (Chatterton and Perry, 1984) trilobites from
these sectiops‘include stratigraphic columns for Avalanche
Lake One throuqh Four, discussions on correlat!bn and

conodont/trilobite zonation of shelf carbonates ot the
. L - . r
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‘FIGURE I—l - Locatlon of Avalanche Lake sectolons oh

northeast flank of Avalanche Syndllne (Gabrlels’e et al.,

1973). After Over and Chatterton (1987). S
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fo A . ‘ oL
FIGURE I-2 - Lithéstratigréphy and correlation of the
ﬁhittaker, Deiorme and Road River form;tiéps in”tﬁe
Avalanche Lake sectlons. Stratidraphic!horiéoﬁs yieldingﬁ
éncrlnurlne trllobltes dlscussed or flgured in text aré“
~1nd1cated by bold dots to rlqht of colunns. - P051tionsvof
‘stage boundarles based on conodont data in Over (1985), ,

'Over and Chatterton (1987) Flgure after 0verraqd

?hatterton (1987).
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‘ Chatterton, 1987) include stratigraphic description and

7

' ‘Avalanche Lake Two 248.8 meters above baseé; Avalanche Lake

’

"(" .
» .
’

Whittaker and Delorme formations and intergrading basinal’

shales of the Road River Formation,.and interpretatibn of

‘ depositi%nal history. .Studies on the conodont fauna.and

zonation of these sections (0ver, 1585, Over and

env1ronmenta1 1nterpretation for sections Avalanch‘ Lake

One through Seven, unit-by-unit lithologic descr&ptions are 3

further provided by 0ver (1985)
\
v The studies grouped herein ‘are part of systematic

revisions 1nvolving examination of encrinurines from. most

(

of th;\sa:iieit Llandovery - mid Ludlow trilobitq-bearing g

horizons indicated by Chatterton and Perry (1983; texﬂ%ﬁ

figs. 4-7). These works present aspects of’ this broader
o - 4 . .

~

~study inVolving'early'ontogeny and systematics of

Encrinur01des and taxa of the Encrinurus variolaris plexus

-~

Encrlnurines from the Avalanche Lake. sectfons discussed or

s

111ustraged herein originate from ‘the following

'stratigraphic‘horizons (see Figure'I~2): Avalanche Lake One

a

86.5-97,5 and 32¢ metérs“above base of. measured section;

2 / _' .

. meters above base; Avalanche Lake Seven 0-70 meters above

base. Processed sample sizes §re variable, ‘ranging from a

4

0 N
.few Kiloqrams‘of limestone up to over one-hundred

kilograms. “The cumulative data bage for these studies
P

i
includes encrinurines trom samples collected in'1978 and.

Ty

Four'126-138 meters-above base;ANaIanche Lake Five'58-62‘.



19.7.9"by B. D. E. Chatterton and D. .G. Perry, in 1983 by
Chatterton and D. g. over, . and - in 1986. by the writer,

Chatter;ton, J. Qian, and P. A. Tuffnell The majority of

examined encrinurines were picked by the w&:i,ter from

previqusly-proaesse\d coll,,ections, anq supplemented by

approximately fifty samples processed in. 1986. Total

eqcrinurine yields (for species considered herein) range’

AN
from approximately one-hundred sclerites for Wenlock

variolaris plexus n. gen. n. sp., approx1mately -two-hundred

sclerites for early Llandovery Encrinuroides n. sp., Qd

several l';undred skeletal elements for Wenlock Balizoma. spp.

Ontogenetic studies based on the silurian Mackenzie
Mountains fauna have been supplemented by encrinurines
from Ordovician silicified faunas made available by B. D.

E.. Chatterton and S. E. Speyer."rhese include protaspides

'of Encrinuroides insularis Shaw from the Llandeilo Chazy

.Group, New York, and early grc;wth stages of Encrinur01des

'rarus Walcott from the. Llandeilo-Caradoé Esbataottine
.F‘ormation, Northwest Territories\. Locality and

' stratigraphic data for these collections are referred to in
\ 4

‘e

P

éhapter IITI.
. All specnnens illustrated in Chapters II, IV, ant} v are

housed in the Universn:y of Alberta Paleontological Type

[

ES

Collections. ‘Repositories of specimens, fig}.lred in Chapter .

IIT are indicated in the introductjon to that chapter. The

new taxa variolaris plexus n. gen. n. sp. and .Encrinuroides

P —_ , .
n. sp. are introduced in open nomenclature pending formal
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CHAPTER 1II

ﬁETERQCHRbNY IN THE SILURIAN RADIATION OF ENCRINURINE

TRILOBITES »

INTRODUCTION

The trilobite subfamily Ehcrinurinae underwent a major
evblutionar9 radjiation in the Lower Silurian. Strusz (1980)
recognized several phylogenetic branches originating in the

Llandovery, comprising the punctatus, variolaris, and

mitchelli plexi of Encrinufus, Recent investigations of

encrinurine phylogeny (Evitt and Tripp, 1977; Strusz, 1980;
Ramskold, 1986a) have suggested that these-.clades shared,
common ancestry in -a- late Ordovician lineage inéluding

Encrinuroides uncatus Evitt and 'Tripp, 1977 and E. neuter

Evitt ané Tripp, 1977 ‘from the Oranda, and Martinsburg.
fo;mgtions of Virginia (Figure II-;{, This hypothesis is
;upported by ﬁorphéiogic. evidence (synapompfphié
development of coarse; symﬂetrically-distributed beﬁhalic
tuberéulatign), stratigraphic éuccession of ancestral and
descendant lineages, and’ the occurrence of Llandovery
specieé possessing character state complexes of. both the

. N _
punctatus and ‘variolaris plexi, demonstrative'of mosaic

-

evolution.
* L
[l -

x. A version of this paper has been accepted
for publication. Edgecombe, G. D. and .
Chatterton, B. D. E. 1987. Lethaia, 20:4.

é
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FIGURE II-1 - Phylogenetic tree depicting evblutionary
B t

relationships and stratigraphic distributions of species

cited in text. Phylogenetic plexi of Encrinurus (and

descendant genera in the variolaris plexus) are clades

indicated by synapomorphies A-C, sharing common ancestry
: '

in late Ordovician Encrinuroides. A - mucronate pygidium

with high R/P ratio, lofg fixigenal spines, thoracic
axial spine on tenth segment; B = 1L reduced by merging
of 1S with occipital furrow, broad glabella, I—i tubercle
pair'forward in position; ¢ - 1L tuberculate abaxially,
four coarse tuberclgs on fixed cheeks along axial
furrows, relatively largé pygidium with 10-15 pairs of

pleural ribs.

-~ ’ 4
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ontogenetic studies of the variolaris plexus.

A model is developed herein..in whiCh divergence fron a’
common apcestor is 1nterpreted as-a heterochronic pattern_
(Figure II -2). McNamara (1986b) has recently provided a

thorough gummary of heterochrony in trilobite»evolution

Adult character states of spec1es of Encrinurusv

&,

(Eng%inurus) [the-punctatus plexus] are sugqestive of

dissoc1atioﬂ'of cephalic-and pygidial‘regulation in a

hypothetical ancestor allied to the Encrinuroxdes uncatus -

neuter lineage, as 1nd1cated by a complex of paedomorphic

»

cranldial*characteﬂ s+ ates and_peramorphic pygidial staf:ijf

‘In contrast, the 395&;*gris Plexus, stemming frdm.specie?'

assigned to Encrinurus (Nucleurus) Ramskold, shows maximum

’

phylogenetic express10n of several changes ‘in- ggowth

allometry bf cephalic characters, suggestive of

15

peramorph051s. This plexus is distinct in the early"

Llandovery, being’ represented by species such as E.- (N.)

rotundgs (Mannil 1977). Growth series for Wenlock Balizoma

dimitrov1 (Perry and Chatterton, 1979) from the—Mackenzie '

Mountains,f northwestern Canada allow comparative

«

A test of@this hypothesis involves.comparison'of growth

‘series of'the Caradoc"Encrinuroides‘unCatus - neuter

lineage, for which documentation by Evitt and Tripp (1977)

forms the ba51s for discussion, with descendant Silurian

Alineages (Figure II-3) 4Additional information~on the 4

ontogeny of the hypothesized ancestral stock is provided by'

an" early Llandovery species of Encrinuroides from the '

N



FIGURE II-2 - Heterochroﬁfcrpatterns in the varlolaris and

punctatus plexi. : Dlvergence of these clades from common

iancestry 1n Encrlnur01des is modelled as an effect of

different changes in developmental tlmlng. This is

indicated by peramorphlc cephallc character states in the

variolaris plexus ‘and reglonally global heterochronlc’

dissociation in the punctatus . plexus (paedomorphic
cranidial states / peramorphicwpygidial states). Specific

patterns in Encrinurus (Encrlnurus) (neoteny /

——— s e e 2 o ———— ———— ————

, hypermorph051s) are 1nterpreted from apparent relative

@
" size increase in the descendant and are attrlbuted to

processes of retardatlon..Flgured species are Ballzogg A

gigitrOVi (Perry aﬂd. Chatterton, 1979)-»[Variolaris

(Wah‘lenberg, 1818) cf. Form A Ramskold, 1986 [Qunctatus

plexusj, which co-occur in Wenlock strata in-northwestern

‘Plexus] and Encrlnurus (Encrlnurus) punctatus

Qanada.
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FIGURE II-3 - Ontogenetic / phyl&genetlc relatlonshlps

between ancestral - Encrlnur01des and the descendant

gunetatus and varlolarls plg&l. Illustratlons of

Encrinurojides neuter"Evitt and Tripp, 1977, a spbc1es‘

" hypothesized as being allled to the common ancestor of

’sthe Encrlnurus plex1, are based‘on Ev1tt and=Tr1pp,

1977 "Pl. 9, flgs, 5a,‘10 (cranidia) and_Pi. 11, fige;

. Q‘Z. -‘. . 2 - ‘ '
4r 7a (pygidia). Encrinu.us (Encrlnurus) deomenos

—— ey . e, e s i i

Trlpp, 1962 (reconstructlon ‘based on unpubllshed mater1a1

g

from the Gun Rlver Formatlon, Antlcostl Island, Canada)

: and Encrinurus (Nucleurus) rotundus (Mannil, 1977) (Pl.

lﬂ figs. la, 2a) are-the earllest—occurrlng species of

their-respective subgenera. ’ ST
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Mackenzie Mountains (see chapter V) which represents a

l( o

,conservative descendant of the E. uncatus - neuter lineagea

g

'(see Chapter V), retaining such syélesiomorphic character

states as _a deep preglabe}lar furrow and multiple tubercles

on the,lateral,glabellar lobes, The_resultant extensionzoff

the geographic and stratigraphic range of thdis lineage
‘enhances the plau51bility of: the proposed model which
implies cosmopolitan distribution of Llando%ery
descendants. : j‘ Lo '

Compared character states of Encrinurus“(Encrinurus)

A
attributed to heterochronic descent are synapomorphic among*

the specxes of this mid Llandovery - Ludlow clade,
4

remaining relatively conservative subsequent to its origin

\

'(Strusz, 1980), and are thus represented in the

stratigraphically-earl1est spec1es such as E. (E.),deomenos

4

Tripp, 1962.
Figured specimens: have been deposited in the type

collections of the Uniuersity of Alberta'(specimen_numbers

7765-7777) . ' I L e

. _ - | -
S . AL N . »
"CRANIDIAL CHARACTERS - '

- : : 1

—f

El)'Glabellar yidth;;length (sag.) of anterior border.-
. 4 N > ) v
Encrinu;ine ontgﬁeny is characterized by progressive

Ra

glabellar expansion, ‘with particular inflation of the

.frontal lobe to overhang the anterior border (Figure II-

R : . - . ' . . . e



Al
AGsaNe b
' mgke’!;

~'4B) The relatively high gl!hellar 1l ngth/width ratio and

;distinct ‘ahterior border of Encrinurus (Encrinurus) are

thereforelsuégestive.pf juvenile states in the hypothesized

ancestor (Figure II qe) as well as species ot the

varioLeris plexus, in which, the glabella isvprominently

s
3 A

" inflated in adults.f’ o s

(i) Dépth of preglabellar furrow - On genetic shallowing

of the preglabellar furrow in
/
Encrinuroides,

ate orddvician

neral trend in enc ntogeny

which attains

variolaris plexus, is onposed by'the retention of/a

’relatively deep preglabellar furrow in adult Engrinurus

' (Encrinurus) . L « o
. ,/ L. ot

: * . P
Al ' s ./,

-(3) Distinctness of fixed cheek circumocular tubercles.

Ragskold (1986qxghas demonstrated ‘the diétinctness of four

major tubercles on the fixed ‘cheeks of species of
(\

Encrinurus (Encrinurus), designated ag ‘CT1 - CT4 (Figure _

C

II-5). These, along with a row of uubercles on the

/‘

'librigenal field and fixigenal +"b°rcles ﬁetween the eye

énetic expression in the |

21

' andvaXiat£furroq, were indicatey .- ‘ovaing a- more or less'-
t

distinc ircumocular tubercle ring faamn&&ld, 1986a, Text-
figure 2). Discussion of circumocular tubercles herein is

restrfbted to the four major tuber.tes on\the fixigenal

ineld. Growth series for Balizoma dimitrovi show that these

four spines/tubercles comprise the totality of tixiqenal
tubero6§::Xon in protaspid and early meraspid stageg (Plate'
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FIGURE II-4 - Scatter plots’ of glabellar growth in 33

M

holaspidgs of Ehcrinuroides n. .sp.' from Secf,ion Avalanche

Lake One, 95.5 meters above baser'g.Cha'tt‘erton and Perry,
. ¢ » )

1983). A, glabellar length vé"rsus width (acro'é_s frontal

| lobe 41); B, fglabelllar width across 4L versus 3L. 5.

-



'FIGURE II-5 - Cran1d1a1 tubercle notation for Balizoma
glgigggxi (Perry and Chattérton, 1979). Glabellar
tubenplis are coded following Trlpp (195%7; 1562) with
modiflcat&ons by Strusz (1980) (as noted in text, p. ).
Majorinow glabellar tubercles (Roﬁq l;VI,reonnected by .
flne dashed 1ines) are‘;tlppled. Fixigenal.ci;cnmocular_,
tubercles CTl-CT4 (Ramskold, 1986a), for whichlhomologies
are 1ndicated by ontogenetlc series, are indﬁcated by

i 4
-diagonal shading. Anterlor border ubercles are numbered

¢ [ -

as bllaterally symmetrlcal pairs 1-6, increasing .

abaxi léy' Mednpn tubercleu(O) is not developed in this
R L

species. Notataon of thek"preglabellér kateral lobem (PL)

o
pn the anterlor border follows/Howells (1982)
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II-1). The circumocular tubercles grow. with negative
aliomet;y with respect to subéequently~de¢elopinq/fixiggnal
tubercles, and are.not substantially enlarged’ in adults
(Plate II-2). Ramskdld further noted tﬁathTl represents
' the torular tubercle apd CT2 the péétocular tuberéle of

Evitt‘and%Tripp‘(1977), the former positianed on the

torular swelling (torulus). This is corroborated by the

ontogeny of EXlizoma dimitrovi, in which the torulus is
L) ) ) | ¢

pxominent in protaspides,(glate II-1A-C) and remains

‘distinct in small meraspides (Plate II-1E). In protaspides

of this species, CT3 is positioned abaxially on the

fixigena14fie1d, infarmediate.(exsag.) between CT1 and CT2
(Plaﬁa II-1C). 4t is obsgrvedsthat CT4 represéhts a relic
of the anterior fixigenal spine which’ is greatly elongated

in the protaspid period (Evitt and Tripp, 1977, Pl. 3,

figs. 8 ,9 - Encrinuroides neuter; Chatterton, 1980, P1l.
. > ot .

14, fig.lz - Ené;inuroides rarus (Walcott, 1877);:; this

paper,'Plate I~1A-D =~ Balizoma dimitrovi) and ‘early

meraspid stage (Plate II-1E). The distinctness of these

- four tubercles inYadult stages of spécies of Encrinurus

(Encrinurus) is attributed to the.paedémorphic arrest of

ede@elopment priOr to the inception of later-developing
tﬁbercles on the fixigeﬁal field. "Circumoculax tuberc%gs"
(sensu Ramskdld, 1986a) on the librigenal field and on the
fngd cheeks_ov&rhanging the axial furréws are not apparent

on Balizoma prg%aspides, although CT1 - CT4 are distinct.

25



_PLATE II-1 - Protaspides ang~Fma;l (meraspid) cranidia of

ﬁalizomg dimitrovi (Perry'and Chatterton, 1979) from

-section Avalanche Lake Four, 126 meters above base
’(éhatterton and Perrf, 1983).v Af dorsal view- of
protaspis, UA 7765, x75; B, ventral view of protaspis
with freé cheeks and rostral plate, UA 7766, x75; C,
dorsal view of prot&spis,-UA 7767, x75; D, dorsal view
of.protaspis, UA 7768, x75; E, dorsal view of—early
meraspid cranidium, UA 7769, x75; F, dorsal view of

small cranidium, UA 7770, x50; * G, dorsal view of sma11

cranidium, UA 7771, x -30.
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PLATE I1-2 - Growth serles of cranldla of Ballg ma.

*

fdimltrov1 (Perry and Chatterton, 1979)afrom sectlon

Avalanche Lake Four, 126 meters above base (Chatterton
and Perryy 1983) All spec1mens:41dorsa1 v1ew, xlo A,

UA 7772,..5; UA 7773, .C, UA 7774; D, 7775; . E, UA

1776,- 'F, UA 7777.






The subsequent development of these tubercles (in the
meraspiq period) indlcates that the circumoCular,tubercle
ring is a descriptive by—oroduct of several'tubercle series
and not the result}of;afs%ngle ontogenetic,event:

™

(4) Length of posterior zixigenal spines.- Encrinuroides'

neuter, as typlfies encrlnurlne development, undergoes a

¥

relative ontogenetlc shortenlng of the posterlor f1x19ena1

. ¥

. spines, which are of greatest relative length in protaspld

/ early meraspld stages.'rhls ]uvenlle character state is

retained as a synapomorphy among spec1es of Encrinurus

(Encrinurus). In contrast, species of the variolaris plexus

possess a- peramorphlc state of tiny thorn-llke genal splnes

or rounded genal angles in adult stages (Plate II- 2),
mlthough ‘the posterlor flxigenal Sp1n98 are greatly

elongated in early\growth stages (Plate II-1C-E). - %

K A * L . . . .
'5(5) Contlnulty of 1L.— The presence of 1L as a contlnuous

'rldge in E. (Encrlnurus) serves to dlStlthlSh this clade

3

'ifrom the varlolarls plexus, in whlch dlscontlnulty or. loss

F 4

30

of this glabellar lobe 1s 'induced - by’ the progre551ve:'

#
naagenetlc reorlentatlon of 1s posterlorly to merge w1th

the occfpltal furfbw (Plate II\2) In protaspldes of

' Balizoma d1mitrov1, 1L is subequal in size to 2L and 3L and
fis bounded by a stra;ght,»continuous 1S5 furrow (Plate IIf

1A-DJ.  Transglabellar furrows are common in the ea¥liest

@rowth stages of .a wide range of trllobitesu Sagittal

disruption and reorlentation of these furrows is common



ontogeneticallf.

(6) Anterior border tubercles,.- ‘Ontogenetic trends‘inw
encrinurine anterior border tubercdlation; exhibited by

. Encrinuroides uncatus and'E. neuter, typically include an

increase in number of tubercles and reduction in spinosity.
Paedomorphosis is suggested by the development of only

eight anterior border tubercles in most Zpecies of E.

(Encrinurus), in contrast to ten o twelve tubercles
characterizing the vagiolaris plexus. |

Balizoma dimitrovi growth series (Plates II- 1, 2)

provide . details on patterns of anterior border tubercle
” development and allqpetries. Protaspides have . two pairs .of

widely-spaced anterior border spines (Plate & 1D) which

attain maximum ’ative elongation in the meraspid‘period
(Pla%? II-1E, F), in which additional spines are added'
abax1ally. Small: "holaspid cranidia are characterized by

' enlarged anterior border tdbercle pairs in the median

position (which are pOSltloned forward relative to other

»‘border tubercles), 1n.tﬂe second abaxial pair, and in the
‘fourth abaxial pair, while smaller tubercles characterize
the third abaxial\pair (slightly backward-positioned),'and

fifth and sixth pairs. The two pairs of spinesiprominent in

31

'protaspides and small meraspides are homologous with the'.‘i“

~second and fourth abaxial pairs of adults, while the median
‘pair undergoes relative enlargement in the meraspid period

(Plate II-1F). Allometric trends through the holaspid



period involve enlargement:of tubercle pairs in abaxial
positions 3, 5, andqlpartfcularlpylé (PL of Howells, 1982)
relative to pairs 1, 2, and g'KFigure II-5). Tubercles
1ining the anterior border of large cranidia (Plate II- 2F)
are thus subequal in size except for relatively enlarged

5

PL.

32

= (7)'Presence1/_size of particular glabellar tubercles.- The

ontogenies'of Encrinuraides uncatus and E. neuter,

o e e e e S
hl

substantiated by studies on Silurian encrinurines from the

Mackenzie Mountains, demonstrate trends in glabellar

N\

tubercle development Terminology used herein (Figure II-'

5) follows Tripp (1957; 1962) except where otherW1se noted.

Following Strusz (1980), the positions of tubercles on

lateral glabellar lobes are’underlined and

- forward/rearward displacement (typically an ontogenetic

phenomenon) is indicated by superscript/subscript F or R.

-

Development of the median IV-1 tubercle pair was

initiated in protaspides (Plate II-1C), followed by

position 1 tubercles in Rows III and V in small ‘meraspides

(Plate .II-1E, F). Position 1 tubercle pairs in Rows VI, 1II,

and I deVelOp‘subsequently, as do abax1ally-positionedv

(positions 2 and 3) tubercles in major rows (a term applied

. herein to rows desiqnated by capital numerals in Tripp s

notation:'major rows I~1IV align across glabellar lobes),-

and inter-row tubercles (small numerals in Tripp s

notation) (Plate II-~ lG) Growth allometries in the ﬁblaspidf‘



(

period involve the.. eniargement of these ﬁ@ter-row and
abaxial later-developinq major row - tubercles relative to

the initial median pairs (Plate II 2). Positive allometry

33

of lateral lobe tuberculation attains maximum deyelopmenﬁl'

in the variolaris plexus, in which these tubercles are

'.enlarged relative to other glabellar tubercles.

Paedomorphosis in Encrinurus (Encrinurus) ls'indicated
by tne‘following complex of "juvenile"fcharacter states of
glabellar tuberculation retained into_adult stages: . (a) tne

frequent absence of inter-rov'tubercles in rows ii and iii,

,;/

' as well as. frequent non-development of the I-1 tubercle

pair; (b) predominance of median . (position 1) major row
tubercle pairs, and (c) non-enlargement of lateral lobe

tubercles relative to other glabellar tubercles.

Peramorphlc states of the vario;gris plexus, in

addltion to enlargement af lateral lobe tubercles, include: -

(a) tubercularfdensity (anveffect of the presence and
relative enlargement of inter-row and abaxial major row
tubercles); and‘(b)“diagnostic presence of the I-1 tubercle

pair, as wellyas the fo ward positibn of this'pair. The

ontoéeqv of'Balizoma'dimitrovi involves the anterior'

'migration of I-1 from forward on 1L upon or1g1nation in the

‘meraspld perlod to a position across,ls in adults (Plate

>
¢

II-2). This trend demonstrates that the ii-1 tubercle pair

" of Whittington and Canpbell (1967) ‘is actually‘an

anteriorly-positioned I-1 pairléhlch underwent relative



1y . ) .

ontogenetic migretion.lhe'allegedldiagnostic absence of’

the~I-lrpair in .Fragiscutum-rhytium'Whittington and
'FCampbell[ 1967 is therefore: refuted The ontogenetic
"variation in position of glabellar tubercles forms the

basis for the writer’ s usage of Tripp s (1957,‘1962)

original‘tubercle notation, whiph'best allows for the‘

recognition of homologies and provides for the fundamental
_ developmental distinction between mqﬁor roWs and inter-
rows, as og?osed to revised notations (Strusz, 1980; Owen,
, 1981) b?sed on position relative to lateral ‘lobes / furrows

_in’ adults. -,

js)sAdaxial fixigenal tubercles.-‘Chdracteristio'of

ontogeny in the punctatus, variolaris, and mitchelli plexi

. - . )
is a trend towards positive allometry of a row of fixigehal

tubercles overhanging thé axial furrows. Optimal expression

i

occurs in the varidlaris plexus, in which%enlargemeﬁﬁ’of

' this row occurs relative to 'tubercles in the fixigenelQ

field. This character state also typifies early species of

‘the mitchelli plexus such as Encrinurus@(Pacifionrus)
borenorensis Fletcher} 1950, and reflects recency of common

ancestry between the variolaris and mitchelli plexi, also
—————————— ———— s

#
noted by Strusz (1980) Species of-Encrinurus (Encrinurus)

retain a "juvenile" state ‘of a row of small adaxial

tubercles on the fixed cheeks. “ o .

—

Encrinuroides uncatus and g.ﬂgggtgrjdo not show

significant development of an ad?xial'tubercle row on the



1

originating in the late Ordovi¢ian common ancestor of the

Encrinurus/plexi. It is noteworthy that early Llandovery

‘

‘Encrinuroides n. sp. from the Mackenzie Hountaine shows

tendencies towards several derived charactef states of
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fixed cheeks, an,evolutionary novelgi*yqésumably
¥ ' . ; . R .

silurian Encrinurus, including more\bxgminent adaxial’

fixigenal tubercles (8 or 9/sma11 tubercles) and posterior-

reorientation of the 18 glabellar furrow (see Chapter v

herein).

HYPOSTOMAL CHARACTERS s
/ - l ’ ‘ / .
The retention of seven denticfes (three

lateral/posterolateral pairs and ‘a posteromedian denticle)

on the .border of the hypostome hroughout ontogeny in
)
Encrinuroides uncatus and E. neuter appears to be relevant
) : : ”
to heterochronic models. A homologous distribution of

border'spines or denticles is observed in the eayly growth
staqes'of many encrinurines, cybelineg, and
staurocephalids,  including Balizomg dimitrovi and

leandovery Cromus? n;lsp. from the Mackenzie Mountaine

. (see Chapter III1), Fragiscutum rhytiun'Whittington‘and
'Campbell 1967, Bevanogsis‘nlrichi Cooper, 1953 (Evitt and
WTripp, 1977), gybeloides cimélia Chatterton and Ludvigeen,

’}9VG (chatterton, 1980), and Lihggtella corona Hu, 1971 .\

similar distribution of border spines is found in the adult

‘'stages :of certain pliomeridsxsuch as Hintzeia gggula



(Hintze, 1952), Protqpliomerella contracta (Ross, 1951),

. and Pseudocybele’ nasuta Ross, 1951, although relative
. . &

_ proportions<vary from smdll denticles to an elongate

-posteromediaA spgns. This provides further evjiderice for a
close phylsqanetic ralationship between the Encrinuriiae
and ths/}liomeridae, emphasized by Temple (1956),
\ Whittington: (1965, 1966) and Fortey (1980) [see also
,Chaptar III). The typical loss of these denticles in

encrinurine ontogeny, with resultant smoothing of the

margin, suggests that their retention into the adult stages-

in,Encrignroides uncatus and §._neuter may be paedomorphlc.,

- Hypostomal character states of Encrinurus (Encrinurus)

contrast'with paedomorphid cranidialfstates and in fact,
more strongly approx1mate a peramorphic pattern. Squestrve
}og extension of the ancestral ontogenetic.traject ry are
elongation ‘of the,posterfor_bordeé, loss of border
denticlas/ and-narrowind?elongatianof the_rhanhos to

extend i front of the anterior border.

.:' o
/»’(" :

It i also noteworthy - that adult hypbstomes of certalnn

cybel hes [ex. c1b3101des_gr1ma (Raymond, 1905) (Shaw,

1977)] resemble "the early stages of . encrinurines. As noted
by Henningsmoen (1959), Whittington (1966), Evitt and Tripp
(1977), ‘and Strusz (1980), the ancestryﬁof the

/ : ]

ncrinurinae, first represented by late Arenig or-earliest

cYbeline‘hypestomavaharastér_states resembling

p568); C. v1rginiansis Cobper, 1953 (Evitt and Trlpp,,

ot . oy
Enc;inuroides/horne; Dean, 1973, lies in the
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juvenile encrinurings include the forward position: of the

anterior wings, straightness of the aéterior margin,

triangular outline of -the middle body, subdued rhynchos,

and p sterior border of uniform width with seven pronounced'

den clee, This suggests ‘a peramorphic;trend in the
descendant Encrinurinae, also supportedgby the sparseness
of cybeline giabeilar.tuberculation, typified by prominent

median major row pairs distributed similar to encrinurine

Juvenile stages.‘

. N ) [
'THORACIC CHARACTERS‘

Thoracic axial and pleural spines are eonspicuoue in

early growth steges ef Encrinuroides (and Ehe descendant

rvariblariﬁ)plexus), but are obsolete or r

tubercles in adults. Tne retention of thoracic

paedomorphosis eparturevfrom the syl

state of -eleven thoracic segments,is obs d, except -as a

derived state in lineages within/allied tp thé~Vvariolaris

-plexus (Paraencrinurus Antelo, 1973, Frggiscutug

Whittington and Campbell 1960)

PYGIDIAL CH%RACTERS

-

In contrast ‘to cranidial attributes suggestive ‘of

duced to_low,‘

‘axial spines in Encrinurus (Encrinurus), typicaIIQJ

- 37
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paedomorphosls, development of the mucronate pygidium of

Encrinurus (Encrinurus) may be nelated to the peramorphic

projection of an ontogenetic trajectory beyond that Off

ancestral Encrinuroides (Figure II-2). Although the

;pygidial ontogeny of Encrinurus (Encrinurus) is not well

known [a late meraspid transitory pygidium of E. (E.)

odvaldensis Ramskéld was figured by Ramskold, 1986, Pl. 44,

figs. 3a, b, as well as small holaspides of E. (E.)

punctatus (Wahlenberg, 1818) and E. (E.) macr5ﬁrus Schmidt,

1859], the highly-derived adult form of this taxon suggests

‘the. improbability of recapitulation of discrete stages in

ancestral ontogeny. Peramorphic patterns are detected by

ontogenetic interpretation of charaoter states (with the

poqsibility of dissociated allometric growth of different

characters), not by postulating terminal addition onto a

known ancestral growth series. Alherch (19&5), emphasizing

a’ dynamic deVelopmental framework, deQonstrated that

S

modiﬁication of developmental timing and rates in ancestors'

need not produce descendants which pass‘th:qugh the same

successive stages in their ontogénies. cOmperagle effects

g’n Hiocene melanopsid gastropods were modelled by Geary

(1986). Peramorphosis in an ancestral-descendant sequence,
b g v et

generating extremely differentwmorphologies between three

successive species, was attributed to a change in timing of

>

the underlying growth process rather thtn temporal shifts

}ofgdevelopmental stages. This type of modification of

/
7

perameters in ancestral ontogenetic "programs" is
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conceivably responsible for considerable heterochrony,

although these patterns are certainly more cr&ptic than

cases in which descendant morphplp@ies involve/eimple,

abbreviation or extrapolatioh .of stages in ancestral

J
ontogeny.

&

Stem species of thé.vériolaris plexus assigned to

13

Encrinurus (Nucleurus) retain conservative pygidial

character states. _ ' /:" \

Ta

(1) Nunber of axial rings.- Encr{nqrine'ontoqeny is
characteérized by'ad&itioﬂ of pygidiel axial rings into the
holaspid period. A large ratio of number of axial rings
'(generaliy between 20 and 30) to pleural ribe, tne'R)P
ratio of~Ramek61d, 1986e,fis synaponorphic among species of

Encrinurus (Encrinurus). This increaqe in ring number

relative to the ancestral lineage (14-18 rings) may

’

represent a peramorphlc pattern.

The Amstrallan/A51an subgenus Encr1nurus (Pac1f1¢g___k
Ramskolq, 1986 also shows an,lncreased number of axial
rings‘[usually between 20—30) but up to 35.in undescribed
~material>(Ramsk61d personal conmuniEation, 198?)], but is

,distinguished from E. (Encrinurus) by a lower R/P ratio”

This is achtieved by development of 10‘15 pleural ribs in E‘

(Pacificurus) in- contrast to a fixed number ot 7 free
U |

'pleural ribs.in E. (Encrinurus).: ,
b ' ' : : v
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A\ .
(2) Fusion of posterior pleural ribs.- The fusion of
. terminally-elongate posterior pleural ribs to'form‘a mucro,
involving. the abaxial termination of pai“% pair 8, and

single (or paired) rib(s) 9, is a shared derived feature of

U .
species of Encrinurus (Encrinurus).ﬁThe peramorphic origin
{

of this character state is suggested by the onto&;netic

increase in posterior rib fusion in Encrinuroides neuter,

as well as a general ontogenetic trend towards smoothing of

the pygidial margin, represented by spinbse rib

terminations in small growth stages (Figure II-3).

- (3) Pygidial iethh/width ratio.- An increase in pygidial
1 } . . ) .
length/width ratio is demonstrated in the antogenies of

Encrinuroi¥es uncatus, g.'neuter; and E. n. sp. from tlre

. , C s : .
Mackenzie Mountains (Figure II-6). The extension of this

ontogenetic trend is euggeéted by reletibe pygidial

elongation in descendant Encrinurus (Encrinurus), largely

an effect of elongatiom\zf 1ate-deve1oping posterior

-

‘pleural"ribs.

i

(4) agstinctnees of sagittal baod.-"The-deveIOpment of a

proﬁﬁnent,ﬁihpngate sagittalpaxialfrihg discontinuity .

:(sagittal band of Strusz, 1980) in Specieé of Encrinurus

1
i

”Encrinurus) may be. related to the:peramorphic

'extrapolation of the ontogenetic increade in axial ring

discontinuity, in the ancestral stock,
. ~— :
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FIGURE II-6 - Scatter plot of pygidial width versus length.

A1

for 103 .épeCimens (late meraspid through holaspid -
period) of Encrinurxoides n. sp. from section Avalanche

Lake_bné, 95.5 meters above base (Chatterton and Perry,

- 1983).
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<a11ometr1es in species of the Eocene echinoid6011'of
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DISCUSSION - v'

'Tne hYpothesized heterochronic‘descent‘of‘Encrinurus ‘

z.,~ . . .

(Encrinurus) may. provxde a framework for investigations,

\into regulatory dissociation. McKinney (1984) ‘has

e\phasized the probable frequency of dissoc1ation and

heterochronic‘"mosaics" Fink (1982) specified that each
B - ’ . \

tratt must. be analyzed separately; heterochronic patterns;

«

in one-or more traits‘do not require that all aspects of

‘devefg\hental timing This may be applicable to neotenic,

accelerated or displaced allometric changes, but contrasts

the organism be affected by the same changeslin'”

with the view that progenesis,and hypermorph051s are global

;in their effects (McNamara, 1986a). Documentation of growth”‘w

suggest that neotenic trends in isolated attrabutes werejﬁﬁ

*decoupled from otherWise global (Whole rganisn)
J’

7hypermorph081s in response to size selection (McKinney,,gﬁ

;1984) Alberch et al. (1979) cited peramorph051s in an

‘of the combined ggfects of separate;j

lacceleratlon, predisplacement R and hypermorphosa.,

recognized. Gould (1977) demonstrabéd th role of’

\,

,ammonoid lineage described by Newell (1949) asian examplelx_

tdissociation in human: evolution by attrlbqﬁlng certain -

'dominant effect of retardation. Furtherﬁore, bothr‘

L 8
character states t?@ﬁceeleration, although emphas121ng the

. ‘/

peramorphic and paedomorphlc patterns (hypermorphqsis and
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neoteny)'were attributed to the same heterochronic-process

43

of retardation. Dommergues[ David and'uarchand (1986) have’

_recently outlined theoretical cases of dissociated

‘heterochrony, and proposed.examples of accelerated

hypermorphosis‘in liparoceratid ammonites and neotenic

hypermorphosis in primates.

(‘

The example.docgsented herein is Significant in

suggesting regionally global effects (i.e., expression of a |

heterochronic pattern throughout a particular region of the
body: for‘exampie, paedomorphosis in ailrcranidial
characters),,though:ciearly dissociated with respect'to the

entire‘organismb(Figure II-2). Causal mechanisms may

involve_dissociated hormonal reguiationlof development’ of

the cephalic.and pygidial regions. The probableffirole of

hormonal systemé\ comparable to 1Recent. arthropods in-

generating temporal shifts in trilobite ontogeny has been

‘discussed by McNamara (1981, 1983, 1986b) A speculated

,'trend towards increased relat” ve size of the descendant is

'suggestive of retarded development involving a. complex of
v

neoteny and hypermorphOSis (McNamara, 1986a)

In terms of phylogenetic Significance, heterochronyv

_prov1des a mechanism of explaining rapid divergence from
common ancestry.It.is noteworthy that, subsequent to its

origin, Encrinurus (Encrinurus) per-isted throughxthe

.

;Silurian as a relatively conservative group ot spe@ies. it

is- hypothesized that hetecgehronic egpihtion per;ittedv

rapid establishment of morphoifgic, and presumably



ecologic, divergence betweenmthe punbtat&s.and'variolaris
. @ .

prixi ‘This is expressed by the dlstinctness of these

44

clades in the Wenlock with enhanced potentlaltfor

sympatric assoc1atlon._.

: An analogous example of heterochronlc catalysis of a:

phylogenetic radiation has been documented by Hafner and
Hafner (1986) in a macroevolutlonary study of geomyoxd

rodents. The great dlverSLty of this subfamily and

establishment of several_dlstinct lineages (pocket gophers,

e

‘kangaroo rats, andjkangaroo mice) is causally related to

varying changes in developmentalltiming, expressed by‘
. : & .

. . . ]

different heterochronic patterns in}varlouslclades.

@

HETEROCHRONY AND ENCRINURINE ENROLLMENT

o 5

Dissoc1ation of quhalic and pygidlal development would :

have requ1red modlflcatlon of coaptative structures and may

_provide an explanation for dlfferlng enrollment strategles '

in encrinurines, outlined by Holloway (1980). From the

convexity .and slope of doublures along the contact surface

_jn pﬁ&tially-enrolled specimens, Clarkson and Henry (1973)1~

alnterred that the mucronate pygidlum of enrolled Encrinurus

kEncrinurus) tuberculatus Buckland l836 [here regarded.asi

a probable junior‘subjegtive synonym of E. CE) punctatus

’(Wahlenberg, 1818 extended beyond the cephalon, providlng

- an open space wh ch could have functioned for circulatlon



of water to the enrolled trilobite [see Clarkson and Henry,f"
1973, Figs. 12, 16; Rosenstein, 1941, Pl. I, tigs. 5, 7, .
Pl. II, figs. 4, 4a, 4b; Thomas, 1981, Pl. 18 figs. la- c;
Mannil,319§8, Pl. I, figs. 1-5 =~ partially-enrolled*g. (E.)

Schnidtig-[=§; (E.) schisticola Térnquist, 1884]; Holloway;

,’mso p. 45 - E. (E.) egani Miller, 1880]. This was

‘%omtrasted with Balizoma variolaris (Brongniart 1852) in

'

which enrollment 1nvolved the rounded pygidial margin
fitting exactly underneath the cephalon with no open space
(Clarkson and Henry, 31973, Figst.13-15:\Levi;Setti, 1975,
Pl. 31; Tripp, Temple and Gass, 1?77,:?1, 113, fig. 11).
Enrollment in this group apparentl 'olved the hypeostomal
rhynchos fitting into a prominent U-shaped notcn in the

pygidial doublure.A.similar condition probably obtained

for species ofnthe ancestral Encrinuroides lineage, with
relatiVely roundedeygidial margins-an%g"mirror-image"
oephalio/pygidial contact surfaces. This enrollmentt

strategy was'apparently established_in:Llandovery species .

of the_Variolaris‘plexus_suoh ae Encrinurus (Nucleurusf

anticostiensis (Twenhofel' 1928) (based on reexamination of

partially-enrolled specimen GSC 29716 illustrated by Bolton¢
11981, Pl. VI, fig. 19), and appears to havqk n retained |
in 1ate Wenlock - early Ludlow Fragiscutum, as monstrated
by.partially-enrolied F. glebalis'Canpbell,\%§67 (pi. 8,
figs. 1-4, 7—11, 14). The plesiomorphic natnre of this
enrollment pattern'is indicated by outgroup conpariqon witn

more distantly-related encrinurine clades.[gx.‘Crogggﬁ



i

(Encrinuraspisy—storchi ¥najdr, 1983 (3majdr, 1985, Pl. “IX,

-figs. 3, 4); grratencrinurus (?Celtencrinurus) moe (Mannil,

1958), Pl. VII, fig.'4]. It isonoteworthy that no

completely enrolled specimen of E. (Bncrinurus) has ever

'heen figﬁred. Ramskold (personal‘communioation, 1987) notes

' that "a few spec1mens are so nearly perfectly enrolled that;
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they show beyond doubt that there was no space left over,

but rather a perfect fit between,pygidium and cephalon»

with the rostral plate projecting down into the

eposteromedian angle formed by the inner pygidial margins in

,oontact with’these." This relationship is expressed

:mbrphologically by the development of an’ inflated rostral‘

'piate which projects in front of the anterior margin of the

cephalon and a oorrespondinglv ndrrow,vv—shaped outline of

the pygidial do@ilure CRosenstein, 1941, Pl. III fig. 10;

Tripp, 1962, P1€A67 fig. 7; Pe@ry and Chatterton, 1979,

'P1. 73, f£ig. 26: Ramskold, 1986a, Pl. 43, fig. 10).
Although refuting the “open space” hypothesis, erstrategy_
demonstrated in several dalmanitids by Campbell (1975)F-it

A

is apparent that‘this“represents a signi:icent modification_\

of énrollment patterns. Peramorphic pygidial elongatiOnzin

combination with paedomorphic oranidial development in-

Encrinurus (Encrinurus) suggests a mechanism by which this

morphologic innovation may have originated. it is possible

kthat dissociation of hypostomal and cranidial development

‘with particular elongetion of the posterior hypostoﬁal:



border, may have beern structurally related to. pygidial

elongation. McNamara (1986b) has emphasized the role of

47

such changes in allometric growth rate in niche

'partitioning and‘minimizing\competitioﬁ for resources

_‘betweenlandestors and descendants. It is, however, possible

- that this enrollment strategy resulted as a simple by-‘

product of heterochronic dissociation in response to more.

immediate environmental controls. This could involve size

selection (cf. Mcxinney, 1984; 1986b) or changes in timing

of maturation as adaptive responses to ecqlogical_

parameters. The relationship between heterochrony and size
selection in trilobites was noted by Fortey and Rushton

~ (1980), who stressed the correlation between adult size and

particle-size utilization by deposit feeders. Paedomorphic

(terminally progenetic;- Mcﬁamara, 1983) shortening of the

thorax in Tremadoc Acanthopleurella led'to sufficient

morphologic (size) difference with sympatric species,
including those of its presumed ancestor, Conophrxs, to
minimize competition. Sizemdisplacement was ‘also regarded
‘ by Robison (1975) 95 an important process in nonspatial

' segregation oé agnostoid trilobites.

»

?ERAMORPHOSISOiN ORDOVICIAN ENCRINUROIDES

Evitt and Tripp (l977)'noted,the,closegphylogenetic

relationship,between Caradoc Encrinuroides uncatus and E.

" neuter from Virginia, indicated\by,shared.derivedistates



such as de Cles on thetborder of the adult hypostome, ‘and
thoracic and pygidial axial tubercles. The resemblence‘of

ult g. uncatus to relatively “Juvenile holaspides of

younger (?descendant) E. neuter suggests peramoxphosis.

~This trend is demonstrated by theffollowing character

vstates of E. ‘neuter whlch may have originated by extending

the ontogenetic trajectory of E. ugcatus: shorter, less-

'divergent fixigenal spines; less-préﬂinent median major row

48

tubercle palrs (notably III-1 and IV-1); and more-abundant'

inter-row tubercles, less-spinosgwcephallc tuberculation;
L]
less-prominent thoraci axial and pleural spines, longer

rhynchos, greater number of pygldial axlal,rlngs (18 vs
16) and’ pleural ribs (BVVE\}rbj;%bater'pygidial
length/w1dth ratio, more-prominent elongate sagittal. band.

HETEROCHRONIC PATTERNS IN LEONASPIS

Another similar example of divergent heterochronic

patterns in closely-related trilobite clades during the.

Siluria® is shown by spec1es ‘of the odontopleurid Leonaspis

described by Chatterton and Perry (1983) In one of these

clades, con31sting of Ieonasgls jaanusson1 Chatterton and‘

Perry, 1983, L. risbezi_Chatterton and Rerry, 1983, and L.

_ ) B ;
lenzi Chatterton and Perry, 1983, evolution from the first
two, Lowver Llandoveryvspeeiesitp-the later Wenlock species

appears te be paedomerphfc (possibly progenetic). CharaCter

 states;of juuenile holaspid stages of eEEestral'L;
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jaanussongz(proninent sutsldiary occipital and anterior.
margin spines on the cranidium; narrow pygidium with
sharply turned backward anterodistal margins; a sparser,
more-spinose prosopon) are rg{itned into later ho%&spid
stages.ofﬂthe.possible descendant species L. lenzi.
/Chatterton and Perry (1983, p. 11- 13,.28-30) also described
a rapidly-evolving phyletic lineage from Leonaspis ben@\.’/
Chatterton and Perry, 1983 through Ih boltoni Chattegkon '

and.Perry, 1983 andIL besti Chatterton and Perry, 1983 to
L. belli Chatterton ‘and Perry,.1983. Major changes parallel
(loss OfJOCCIpltal splneo or run counter (moveTent of eye
'forward. loss of marginal pygldial spines) to chdnges found
in the ontogenies of species of this lineage, and are
‘peranorphic and paedomorphic, respectively; A trend towards
decreasing size of ind1viduals suggests that this'_“
dissociated pattern resuLted from acceleration of
developmentn[”acceleratlon" _gggg'deBeer (1954), Gould
(1977) by acceleratlng somatic development /’progenesis by
accelerating sexual maturatlon) Associatlon with "an
env1ronm3ntal gradlent (shallowing trend) indicatesv
‘heterochronic - dlrectlonal evolution comparable to the
peramorphocli;;s/ paedomorphoclines of McNamara (1982).
Accelerated deve‘%bment may have: been controlled by
tenperature/depth effects as outllned by McNamara (1978;
1983) in a progenetic paedomoénhocline of_Cambrlgn

.olenellids. gelection towards smaller siz@ior reduced
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spinosity’may have been significant, the latter in relation
‘to increased substrate firmness. Analysis of heterochronf
in Cenozoic echinoids byiﬁcKinney (1986a; 1986b) prouides
1support 4 éould's.(l977)- theory that progenesis ‘is
associatej<>1f§'r-selected life-history strategists
. inhabiting unstableaenvironments, while’neﬁteny is
associated with K-selecting stable environments; Tne
obserQLd phyletic.size,decrease in Leonaspis (attributed to.
'progenesis/acceleration) could. be predicted by this model,
.4n which decreasing stability is correlative w1th
shallowing ~Chatterton and Perry (1983) also suggested a

more slowly-evolving branch of this clade from L. beni to

L. longstaffei Chatterton and Perry, 1983 in which the

-first two: of these three trends listed above are apparent
All of these species occurred in the same region during
“the silurian but members of the two clades are not found
coexisting until the Wenlock, some time after their
Llandovery first-appearanceapThis_thus provides another
~‘example where species of closely-related clades could
coexist following rapid divergence.througn selection @ﬁ;
ontogenetic variation and different heterochronic patterns.
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CHAPTER III

PROTASPID LARVAE OF ENCRINURINE TRILOBITES

. INTRODUCTION

Trilobite life history is traditionally divided into
three periods; the protaspls, mefaspis, and holaspis,

approximately corresponding to larval, juveni;eL\and adult

| phases, respectively. Most faunas’are‘represented by'only
holaspid, and terhaps latezmeraspgd\individuals; larvae are
usually not presentjdue-to taphonehic biases. silicified
faunas,-however, provide the 6pportunity/ts\étudi\ttilohite
.larvae and allow us to evaluate the. phylogenetch
ﬂsi\gnlflcance of morphologles presen‘t in early ' growth
j‘stages. e%-
The term "protaspis" was flrsé 1ntroduced by Beecher
(18;5) to ldentlfy the earllest stage in tr%loblteb
development that shows cutlcle sclerotlzat;on
(calciflcatlon) By deflnltlen, the protaspld terglte is
fnot separated lnto body sectlons, the head portlon
'(protocranidlum)'is fused to the tall portion
(protopygldium) The protaspld period has. been ‘subdivided
into ana-, meta-, and paraprotaspid stages (Beecher, 1895;

Y . Lo R,

A vefsionjof’this chapter has been submitted
for publication. Edgecombe, G. D., Speyer, S. E.
and Chatterton, B. D. E. Journal of Paleontology.

-



'Hu, 1971), these stages, nOWever, are- inconsiste’!tly

defined (for historical review, see Hu, 1971), and' dgx no%

show uniformly homologous characters 'I‘he applicat ét'
these terms to different trilobite groups is, thereto“ré, s

1mposs1b1e (cf. Whittington, 1957)‘ A more versatile end .

perhaps, more meaningful subdiv1sion of the protaSpid

~ period is based on the recognition of metrically and

| morphologically distinct subgroups. These groups presumably_' _

correspona to successive.instars (cf. Palmer, 1962), and
thus may be designated stages 1, 2, etc. Such stages are
not to'be confused with metaprotaspid "statjes" as applied

to encrinurid protaspides by Evitt and Tripp (1977); a

modification of Ross’ (1951a) division based largely on

number of pygidial segments._

This study examlnes protaspid ‘larvae and early

development 1n eight species of the subfamily Encrinurinae
Angelin, 1854 from Oz;dovician and Silurian strata.

'_Compa'r"is‘ons'are pased largely on cladistic methodology; an

an‘alysis of primitive versus’derived character states wl;ifh ,

61

is then related back to a temporal frame as provided by -

time stratigraphic distributions. This eclectic approach,
_advocated by‘Fortey and.Jeffries (19&2) and Henry (1984),
makes optimal use of data pro%d by paleontology in
.phylogenetic reconstructions. » o

Studies on Siliclfled trilobites from ‘the Middle

vk he Mackenzie Mountains (Uorthwest

Jv (New York) by s. E. Speyer and trom ,



Territories) by B. D. E. Chatterton and the author have
provided.much new data on the ontogeny of the Encrinurinae.
At least‘one‘developmental stage 'is present'in the

. protaspid period in each of the eight encrinurine species

considered herein. Small, early protaspides, correspondingA

62

to the anaprotaspis stage of Hu (1971), are presently nqtf‘

known for encrinurines. ‘'This suggests that the stage 1

evident in Ordovician Encrinur01des spp. represents the
earliest sclerotized stage in the development of these
trlobites. Although Alberch (1985) has:cautioned against

homologies between discrete stages in‘lancestral and

descendant ontogenies, it is . suggested that such.

comparisons have validity when applied to restricted

monophyletic groups and, indeed, may reveal otherwise_

unsuspected ’relationshipsf For example,» 51lur1an

encrinurines, ‘best represehted by Balizoma spp., sﬂow onky

| one protaspid slage with attributes consxdered homologous

with those present in Encrinuroides stage 2 protaspides.

Arthropod ontogeny,,by~1ts very nature, is typically broken
into discrete stages (or 1nstars) as a result of ecdy51s

(moulting) Ecdys1s is controlled by specific hormonal

pathways which predispose arthropods to perturbations in -

E'Qtogenetic timing (eg., acceleration%or retardation) Forw .

this reason, 1t is important t”‘

4tttibutg: between closelyfrel": .;x‘ ) bularly amongﬁi;‘

.bomologous f:ﬂ

“asrly grogh staghh wne Aerotization -
Bl TR e e e, L RN S .
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(stade 1 protaspis) represents a coarsely standardized ‘

developmental event.-

. In this paper are illustrated and described the early .

growth stages of Encrinuroides insularis Shaw, 1968 (early

<~ Middle Ordovician, Llandeilo). and Balifoma spp. (middle

»ln
.$ilurian,4Wenlock).>An unpublished Wenlock_sbocies

(Edgecombe and Chatterton, in preﬁ;; Chapter IV herein),”

o : ‘ , : o .
rePrésenting_a new genus allied to Balizoma Holloway, 1980

{('

. and Fragiscutum Whittington and Campbell, 1967, permits a

comparison of early ontogeny between taxa of the Encrinurus

63

o . , ) v
-variolaris plexus of Strusz (1980). In addition, we.

illustrate the first known protaspides for Cromus Barrande,
1852;,6ur material,'very likely cOngenerfc'with Barrande’s

type species, is Llandovery in age from the MacKenzie

Mountaiﬁs. Protaspides of Encrinuroides neuter (Martinsburé

Formetion; Virginia; Middle Ordovician; caradoc) and E.

rarus (Walcott, 1877) (Esbataottine Formation, Northwest

Territories; early Middle Ordovician; Llandeilo),

originally figured by Evitt and Tripp (1977) and Chatterton ‘

(1980), respectively, are reillustrated and discussed.

Additional inforhation is'previded by a single

protaspis of Encrinuroides tholus‘Evitt and Tripp, 1977 .

_ ¢ v
(lower  Edinburg Formation, Virgiqia; early Middle

ordovician; Llandeilo) and a protaspis from the Edinburg

Formation assigned by Hu (1975) to Otarion trilobus Hu,

1975 which‘is‘hereiﬁ referred to Encrinuroides cf. E.

Ttholus..The general satratigraphic and_geogrephic



distributions of materialsg used in this study are

illustrated in Figure III-1.
&

© State Museun (NYSM), the Uuited States National Museum

(USNM), and the University of Alberta Paleontologlcar

ollections (UA)

TERMS AND TERMINOLOGY - Terminology used throughout this

paper (Figure ITII- 2) generally follows Evitt and Tripp
{1977) and strusz (1980) Glabellar and cranidial anterior
border tubercle notation used herein is as outlined by
Edgecombe and Chatterto;’(1987, Flgurels, Figure ‘II-5
herein). &ripp’s (1957, 1962) notation ie modified by

underlinihg»the positions of tubercles on lateral glabellar
s ‘ %

loges and indicating forward/rearward displacement by

superscript/subscript 'F' or 'R/, as suggested by Strusz
(1980). A distlnction between major{&gy tubercles (rows I~

VI in Tripp s system) and 1nter—row tubercles (rows ii-v)

was made - by Edgecombe and Chatterton (1987) The glabeillar

frontal lobe is termed ‘4L’ following Howellsv(1982L

."7

}Distinction is made betw n anterior, mid-, and posterlor
'fixigenal splnes (Palmgﬁ»@§962)“'Clrcumocular tubercles'
on the fixigenal fiefﬁ were deslgnated as CTl CT4 by

(Ramskold (1986), an% homologies with the torular tubercle

(-CTI) and postoculhr tubercle (-CTZ) of Evitk and Tripp'

(1977), anq anterior fixigenal spine (*Qﬁﬁﬁ were dlscussed

. Specimens figuree herein are reposited in the New York'

. 64
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FIGURE III-1 -~ Stratlgraphlc and geographic distributions--

- of encrlnurlne spec1es for Which protaspides are known. s

Jagged line indicates the lower and upper " stratigraphic

3
r

limits on the known occurrence of the iincrinuripae.

s
R4



FIGURE III-2 - Dorsal (left) and ventral (right, lacking
rostral plate) views of stages 1 and 2 protaspides of

Encrinuroides insularis Shaw, 1968, indicating

ﬁérminolqu applied to encrinurine protaspid morpholog&
as fblloys: abs - (proto)cranidial anterior border
spinés: afs - anterior fixigenal spine; cs - connective
suture! CTl/CTZ/CT3 - fixigenal "circumocular tu;ercles“
fc - free cheek; hal - anterior lobe df hypostomal middle
body, hlbs - hypostomal lateral border\splnes, hmb -
hypostomal middle body, hpb - hypostomal posterlor

border; hpbs - hypostomal posterior border spines; hpl -

posterior 1lobe of»hypostomal middle body:; hs

hypostomal suture; mfs - midfixigénal”spine; on
6qcipital node; pfs - éostefior fixigenal sﬁine; pgf -
preglabellar furrow; ps - protopygidial marginal spines;
‘)(rp) - fostral plate (ihferred by,coﬁrse of sutures); rs
- rostral guture; t -,torulﬁs;';-l,'rx-l, ITI-1, IV-1 -

glabellar tubercle bairs.
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. . - -
PN A »\‘mwg“”ﬁ'%a

. ‘ , 4 ‘“'éﬁ& .
by Edgecombe and Chatterton.' This paper deggits,from Evitt
‘ ~ ! W L b .

.,}'

and Tripp (1977), Strusz (1980) and Ramskold (1986) in
the use of the conventional term ‘axis’ as opposed to

’‘rachis’.

. 4
ENCRINURINE PROTASPID DESCRIPTIONS

Encrinuroides insulari® Shaw, 1968

Pl. III-1, figs. 1-7

Numerous protaspides‘of'this species have been obtained .
from the Middle Ordovician Crown Point‘Formation (Chazy
Grqup; Llandeilo) exposed on Valcdurszland, New-York'
(sample locaiity'P381 of Shaw, 1968). Meraspid through
holaspid deveibpment of this spe¢igs will be described in a
-separate;work on the Chd%y trilobiteé~(8pe3er and
Chatterton,. in prep.). | | |

Two distinct stéges;are recognized in protaspides of E.
insularis on the basis of gfaphically distinct qrohpings.
(see F}gure III-3.1); thesé stagés are furthér
distipguished bffvarious morphologic details as described
below. = |

Stage 1 protaspides are ok length (s&gd 0.39 - 0.44.
‘mm, subquadrate in outline, with sagittal lengtﬁ'of»'1 
prqtpcranidiuh 73 - 81% of width across 1L. Occipitél ring |

-
/

shorter (sag.) than subequal 1L/2L/3L, lower and narrower
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PLATE III-1 -.Encrinuroides insularis Shaw, 1968. Crown

Point Formation, Chazy Group, Velcour Island, New York,
locality PB81 (Shéw,51968).j” ventral view of stage 1
protaspis with disarticulated hypostomé and free cheeks,
NYSM 15066 x115, 2, dorsal view of stage 1 protaspis,
. NYSM115067 x50; 3, slightly posterlorly-incllneg dorsal
V1ew of stage 1 protaspis, NYSM 15068, x50; 4, 5, dorsal
_ views of stage 2° protaspldes 4, NYSM 15@69 5, NYSM
,15070, x50; 6, ventral view of stage 2 protaspis .with
tdlsartlculated hypostome_and aqg right free cheek, NYSM
16009,‘250: 7, ventral view of stage 2 protaspis with

9 - . . . .

disartig¢ulated hypostome and free cheeks, NYSM 16010,

e

x115. L a T






qFIGURE III 3 - 1, scatten’plot;bf@gagittal/Kength of
g

protaspls versus protocranid(al ‘ﬁtﬁ;’ ac&os/s mldiength of

» 1L. glabellar 1obe for 19 protasprdes cf Encrinuroides

~ ihsularis - Shaw, 1968 [from locallty PB81 (Shaw,.1968),

Chazy Group, New York], indlcatlng o discrete

lnstars, 2 scatter plot of (prot')cranld;ala saglttalq

length versus w1dth across mldlength of lL for 14

protaspldes and SIngle degree 0 (MO) and degree 1 (Ml)
fsmegusp%des of BaIlzoma sppﬁ”C1;§ed qgrcles 1nd1cate

;ﬁb‘&igens ffom iogalléy'Avalanche Lake Four, 126 meters.

‘ above baser trlangles frcm 1oca11ty Avalanche Lake\Two,

e’ -

248.8 meters above base (locallty data'follow1ng
. Chatterton“and Perry,:1985;-1984); enclosed trlangles

:lndlcate spec1mens lllustrated in Plate III 3. B hi\
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than 1L; lL slightly wider than subegual 2L/3L. 4L

.73.

spherical in outline and approximately as wide as 1L; very A

small IV-1 tubercle pair positioned on posterolateral part

of 4L IS/ZS/3S furrows cbntinuous across glabella.

Anteridr border of cranidium broadest adjacent to axial

0
furrows, narrowing sagitally. Glabella inflated proximal to

gently-convex anterior ‘margin. Preglabellar furrow

\V‘

shallows slightly sagitﬁally. -Two pairs of\smali ‘tubercles .

postioned along anterior border. Palpebral furrow distinct,e

)

palpebral lobe moderately lgrge, inflated, flexed upwards

6. , 1
vimmediately beSide palpebral lobe, stout, strong]

furrowvis convex backwards, runs around’ small elevated
\

lobe. Torulus positioned abﬁxial to 3L, weakly‘bilobed,

®
comprising large posterior lobe separated from smaller

anteromedian lobe by a very sha low furrow, torulus
occupies slightly less than one-hall .
fbeld torular tubercle (CTl) low.. ‘ostochlar tubercie
(CT2) distinctly raised pos1tion2d immediately in front of

posterior border furrow, slightly adaxial to middle (tr.)

of fixigenal field: CT3 small opposite 1s [between.

(exsag.) toruluS'and CcT2], abaxial to mi le-(tr.) of.

field.. Swollen lobé positioned adaxially on’ fixed cheeks

”nd bears small tubercles " Anterior’ fixigenal spine;

divergent may be very gently curved outwards. Palpebraf:

width of fixigenal'

g

opposite 1S/back of 2L, smaller lobe- oppositeiug Pixig&nalw'

fleld'5m°°thr nOn‘granulate. Lateral marqin Qently cogy

in ontline._ Midfixigenal spine present about ha:':”
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v

~ between anterior and posterior fixigenal Spines, directed '

behind laterally and slightly posteriorly recurved. There
are: also few small equidistant anterolaterally
posterolaterally directed\submarqinal spines (slightly

dorsal to midfixigenal spine) and some fine, spinose

nmarginal granules. Posterior border furrow relatively-

‘broad (exsag.) »fPosterior‘fiXigenal spine”%tout, slightly
longer thanVanterior fixigenal}spinergndﬁmuch 1ess
divergent,‘mqy'be*uery'gently'curved outwards. | J,‘ ‘
f . Free cheek small, curved, maximu% curvature slightly
ﬁ’hind eye which is pOSlthned for“ard on low field with
rcf;tively s*yrt anteromedian portion (deéeloping
precranidiép ldbe’), 1iseral ‘margin yith row‘gzismall
spines., Facial suture or%inatﬂs clos’e to secopd@air of
small lateral submarginal spines (iﬂ'front‘oﬁ midlength Qf
cranidium), runs under: base of antérior fiﬁigenal spin

curving across palpebral lobe. Rostral plate ‘.ﬂferred by

course of rostral/connective/hypostomal sutures) short

(Gag). wide (tr.). . . o -

¢

Hypostome shield-shaped‘in outline’; anterior margin. p

ﬁVery gently convex, anterior wings small, p051tioned along

anterior margin.. Middle body small with respect to adult;

slightly longer than wide, maximum convexiby anteriorlx\‘ ‘
os

,ante ioxr lobe broad;;t towards front with rhynch

)F\

indistinct, defined by deep, narrow lateral border furrow,

and ehallowdf anterior'borderwand middle furrows ‘niddle

Lo RN R M
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£

furrow curves gently inwards near !@dlength of hypostome.

lateral border furrow very shalLow around relatively broad,.
flat posterior lobe of middle body, which is apparently
vider. than anterior lobe.' Lateral margin almost straight -\
etween anterior wings and stout mar&ihel spines pos&&ionod B

opposite back of mi?dle furrow. Posterior border furrow

rw‘

e ey urved; . border narrows sltégtlY

‘ margin angular, apparently with o

4

£
*

ring; defined by shallow axial furrow, axlal lobe extends
almost to posterior margin; no more than one ring distinct
Pleural lobe with one pair of ribs curved gently. backwards e
then inwa w1th marginal spines, extending - ghtly
behind mid?ingth of genal spine. adaxlal 1nterpleural
_fur?gw very shallgy,‘indistinct Posterior margin Gery
weakly convex behind axis. ‘ h“‘\ S ’

D Doublure of protaspis quadrate in outIﬁne, uniformly Ji
)narrow,vwith distinct térrace lines. 7.

. St;ge 2 protaspides differ from stage 1 in‘:he
?follpwing cephalic characters.~:i“,‘ ) L

» (1) . protaspides are larger (sagittal 1ength 0 50 ~'0.55::’

mm), and relatiyely broader (protocranidial length 63 - 68% o

-of width across 1L) with -maximum . width occurring slightly



farther back, across 1L, : T
“; M'

(2)“ the anterior*margm is more strongly conVex, anterlor

border spines aré longer, thinner,Jlth addltlonal, more'

adaxially-positioned th:.rd pair. e , . -j‘j:u; KT - 8

-~

¢« (3) ’he torulus occupies a, relatively smallsﬁ area of the g 4‘ '

‘Q,u Q'ld,

enlaﬁ‘bd fixigenal fleld, "Sﬁ_

"
broader (subequal to 11:).

.

(G)Qmaxim\m curvature of the free cheek is srlghtly

tarther.backwards; the ! dranidial lobe" is relatlvely
i . BN ’

.longer; the-'field i"s"":"more-elevated,' lateral border sp:,_nes)

are coarserf

wn

(7) the- anterior lobe of the: mlddle body of the hypostome k
is more convex; the major laﬂral margm splne palrg ‘"em

1aterally d1rected, . L, _
. 3

W

Pr?t ygidia, of sta e 2 rotas 1des differ from st 17 |
ygidiaga ge 2 protasp Cer 3% .

J,n the f llowing characters- R ’,.'.".

protopygidlum 13,; relatlvely larger (18"/‘-.2_"7%;5'
_averagi g 23%, of saglttal length of pré‘tasp;,s), '
58 iorly, and 1s,,divided

“‘“

furrows. (i TP

(3) there are three pairs of pleural ribs with marginal

Y



.’ /

spines, the first pair boupded by distinct interpleural{”

e

furrows which cih“ﬁe‘traced to the more deeply-inCised
axial furrow, the second pair of marginal spines projects
almost as far back as genal spines.ﬁ .

: ’i) the ihner margin of the protopygidial doublure is

‘gently curved

W

s

8 ri” . . - “;‘:L . —m spp..

. W %‘ m“ﬁ”g #q K9 :-‘*"?5 » ?&9‘ ﬁ \ &};‘
| “ B, f&x <2, figs, 4-8; Pl. III*3, flge. 1- 6
- ) A . B

9

Edgecombe -and Chatterton (1987, Chapter II herein)

77

'discussed aspects of the protaspid period in ‘Balizoma and

assigned four protaspides and a growth series comprising
meraspid'and'holaspid cranidia, to B. dimitrovi (Perry and

Chattertor, 1979), a species originally dLscribed troe the

Delorne Range’in the-Mackenzie Mountains and allied to B. A

cbtusus (Angelin, 1851) from Gotland (see Ramskold 1986), -

Further study, on the ontogeny and evolutionary dynamics of
vWenlock-Ludlow Balizoma from the Avalanche Lake area,'
however, 1nd1cates that specmes relationships are far moref
:conplex. Ontogenetic evidence is , presented htrein t0

suggelit th

ChattertOn- obably includes two crosely related and co-.

occurring‘hut ecologically-displaced species. While

" B. dimitrovi as discussed by Edgecombe and .

complete systematic treatment of . ‘these taxa will bﬂ

presented elsewhere (Edgecombe and Chatterton, in p?JP-_) ',



BLATE III 2 - 1-8, Balizonpa spp.,q.lorme Formatlon,a

.

Meckenzie Mountains, Northwest Territories, Canadabb

1oca11ty Avalanche Lake Four, 126 meters above biﬁé

: : ,
(chatterton anleerry, 1983; -1984). 1, "dorsal, and 2

,veqtral vieWs, of protaspls with- artlculated free cheeksv

Q
and rostral plate, UA '7824; 3, dorsal v1ew of

\“Hprotaspis, UA 7825;'5, dorsal,view'off protaspls, UA

7826;' 5, ventral view of protaspis with articulated free

cheeks and rostral plate, UA‘7766; 6, ventral view of

small hypostome, Ua 7827. 7, dorsal v1ew of. protaspls, UA

‘?7767, 8, dorsal"vlew of protaspls, ua 7828. 9, 10,

v - N

"Ballzoma sp." [varlqlarls' plexus n. gen. n. sp.

I(Edgecombeﬂand , Chatterton,,ln prep.; Chapter Iv)].

AN

rDelorme Formatlon, Mackenzle Mountalns, Northwest

L .

Territories,‘Canada, locallty Avalanche Lake Flve, 58 60

' meters above base (Over and Chatterton, 1987): 9,

»

ventral and ;g, dorsal. views of protasplsﬁrpA‘7829.,Kll;

specimens x50.






& . : .
PLATE III-3 - ‘Balizoma sp. Delorme Formation, Mackenzie

&

Mountains, 'Northwest 'ferritorié‘é, ‘Canada, locality
Avalanche Lake Two, 248.8 meters above base -(Cﬁ'étterton

and Perry, 1983; 198 orsal, and 2, ventral (with

’.

.

) - B %y ’ : .' v - . -
. dj‘sarticu]éa@e,d hypostome) views of protaspis, UA 7830;°

. " N « : N ] ﬂ ’ 3 .

3, dorsal, and 4, ventral (with nearly articulated

~ y i “ \1

. ot - 2 fhaw g’ £ Sy @{,\

. - J
hypostome) views of degree 0 meraspis with articulated»

¥ %

.free cheeks, UA 7831; ‘5_,. dorsal, aﬁd 6, ventral (with
. . ey ) T
disarticulatedf'hypostome‘ and right free cheek)-~views .of

degree 1 meraspis, UA 7832. All specimens x50.






preliminéry results are criticard;%ﬁksféblishigF,

relatlonships among protasoides,‘ - % 

Data. signiticant in evaluating t
in Wenlock populations of Balizoma
have been obtained (Section Aval'e Lake Two, 248.8

meters above base, Section Avalanche Lake Four, 120.5- 127

meters above base; see Chatterton and Perry, 1983, 1984)

are considered below. \’ . _

1) The two morphs may be distinguished on ‘the basis of
pygidial length width ratios throughout the meraspld and
holaspid perlods (Flgure, II1-4.2). thtle .overlap is
observed evenein small stages, with divergenqe"increasing
through ontogeny. However, the "wide" and "narrow;vpygidial
morphs both possess, on averade, ao;g%xlmately nine palrs

of pleural ribs and twelve akial rings in adult holaspides.

{

re of,vafiation'

, which eprotaspides.

2) In contrast, cranidial length:width ratios through -

neraspid—holaspid _ontogeny show an approximately

rectilinear distribution along a single*growth trajectory

i

’(Figure III -4. 1). i - .

-3y Appreciable scdgter is observed in protaspld

jlength:wldth and protocranldial len th wldth ratlos (Flgurevi
‘ 9

fzﬂze/shape parameters. Certain character states shared

f‘bopslgnif1C3ﬁt 1nstaz;é}us¢ers are not deflned by, ..

between Lall Balizoma protaspides suggest incluslon within a')

#* - ~

single developmental stage (three pairs of marglnal Splnes,

in the- protopygidium, “two pairs of protocranid1a1 anterldr

horder spines, Iv-l glabellar tubercles only). Evidence

- \



- FIGURE III-4 - 1, scatter plot of‘cfanidial’ length versus
width for 78 cranidia (eafly meraspid th;éugh "holaspid
period) of Ralizoma spp. from locality Avalanche Lake
‘Four;'126 meters above base (Chatterton andfPerﬁy,‘1983;
1984); 2, scatter plét of pygidial sagittar‘;engﬁh.versus
width (late meraspid transitof} pygidia exclysive of
prptefgpracic segments through holgspid“period) for 196

/
pygidfa’ of Balizoma spp.; locality as for 1.

N -
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‘provided by Ordovic1an encrinurine protaspides with

,discrete instar*clusters [notably Encrinur01des 1nsuLarls,

but also ﬁ rarus (Pl III*4, fig. l'versus Pl. III 4,
figs. 2 3) and E. heuter (PJ.. I1I- 5 fig i versus Pl III—"

5, figs. 2,~41] indicates\that these characters are
/

ontogenetically traﬂsformed between 1n/tars. The relatively.

/

1arge size of Balizoma protaspides and posse551on ofﬂthree

paifs of protoprIdial marginal splnes (cf.sstage 2

protaspides in E. insularls, E. rarus, E. neuter) argues
-~

.strongly for homology w1th the second protaspid stage in

ay I

Ordovrcxan encrinurines.

- Within this composfte cluster, however, two'subtlev

morphologic end—meﬁbers may be distinguished on the basis

oggshape [i e.: subquadrate (Pl. III -2, figs. 1 3) versus

subrectangular (Pl. II 2 flgs.ns, 8,&91. III-3, figs. 1,

Ed

2)]; These may correspond to the two pygidial morphs

. A\

present in meraspid and holaspid collectlons, statlstica‘S:
r

insignifacant differences in protaspidesaitherefo

in

increase through the, grodth series follow1ng e1a551c "von”
/

/

Baerian" dlvergence.
Three alternate‘hypotheSes‘are considered-in light of

o
v

' these data. 3 o e 'fm‘ B IR Co
1) Two protaspid stages (instars) are represented by the . |

: subquadrate and subrectangular morphs, comparable to two‘

protaspid instars in 0rdov1c1an encrinurines. ‘As' . noted.

gahove,jhowever, this hypothesiq is weakened,by sharedtp~
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'PLATE III -4 Encrlnur01des rarus,(Walcptt 1877)
T

Esbataottlne Format:.bn, Mackenz:.e Mountalns, Northwest

N

.Terrltor;es, ganada. 1, 4, 1oca11ty Allo 2, 3, 1ocal,ity.

- Al25: (Chatterton, 1980) 1 stage 1 protaspls, UA 2802,°

4

2, 3, stage 2 protaspldés, 2, UA 2804, 3, UA 2803; 4,
. degree 1 meraspls, UA 2806, All spec1mens ‘in dorsal v1ew,..

%70 (originally figured Chattert}n, 1980)..






» v -
PLATE III -5 - Encrlnuroldes neuterﬂEv1tt’and Tripp,‘1977.
W
Martlnsburg,Formatlon, Shenandoah Valleyh Virglnia,

A

h idcality LQ;(Evitt and Tripp, 1977)- 1, "dorsal view of

dtage 1 Qrotaspis,‘USNM 2175697 2ﬂ obllque left

ggtefotateral'and'g, dorsalrviews of stage 2 p;otaspiss

USNM 217570; - &, slighfly-oblique ventral view of stage'z
protaspls w1th dlsart%yulated hypostome and right free
_cheek USNM 217571.’A11 specimens x50 (orlginaf/y
figured Evltﬁ gnd Tripps 1977, negatives klndly prev1ded

'.by R. P. Trlpp). . _‘” AR : 7 ;
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states in several ontogenetically dynamic characters

(number of protopygidial marginal spines and protocranidial

.
w

ahéerior border spiness glabellar tuberculation), and

insignificant size clustering/displacement. Excluding,
taphonomic biases, inclusion of all Ba lizoma: protaspides in .

a single developmental stage (advanced states suggestive ot

- homélogy with stage 2 of Engrinﬁroides protaspides)

indicates a phylogenetic reduction in the: numh,m of”

sclerotized»larval instars, i.e., the earlier deOelopmental

stage corresponding to stage 1 remained Hnsclerotized. This]

d

:trend is observed @lsewhere in the Trilobita; orovician

Failleana,‘for example,“Bossesses'an'"asaphoid-like"
Fallleana :

pelagic early. protaspis not knOWn from younger illaenids or

.90

A scutelluids, in which,the ezfliest sclerotized stages are;p

post-metamorphic benthid £

'28).[ L o ’ . ’ "V{x:)

. ® . . »

'2) A'seiually dimorphic'speciesfis.represented. This

. - $ . .
hypothesis is suggested'by indistinguishable cranidia (on

\the basis of shape parameterﬁ?and characters of

ns (Chatterton, 1950, p. 26-“‘
K

tuberculation) and by progressive oqtogenetic divergence-'

between two pygidial morphs which possess similar numbers

4

of Segments and have coxncidéntal spatial and temporal
K

distributions (Edgecombe and Chatterton, in prep ).

Sexually dimorphic pygidia,have been proposqﬁ for several

other phacopid tnilobites (Whittard, 1934; Alberti 1971,

L 3

quloway and Campbell, 1974. Perry and Qhatt;rton,~1977,]
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';l984),_most:relewant'to the present survey being Holloway’s
(19&6) pizp%fed,sexuﬂﬁ dinorphism'in‘gggriggrgg
1(Encrinuru" egani Miltler, 1880. This example similarly

\
involves a single cephalic morph occurring with comparably-‘

g x @ '!
itk

.
Mimorphism in
:eume: phendtxpic
‘ditferences early in ontoqeny well before sexual
'

maturation,-i e., in meraspid transitory pygidia and

possibly as early as the protaspid period (subqﬁadrate and’

]
¥

/ subrectangﬁlar morpholoqies) It is common knowledge that'
' sgcondary sexual characteristics in many extant crustacean
arthropods are not manifest until a specific moult during
which the adult-like juVenile spontaneously develops male
)gr female traits (see Kaestner, 1970). Indeed, 1ndiv1duals‘
,within a given population are difficult to sex prior to
this maturakion moult (cf. "pubertal moult" of Carlisle,

. 1957) and are altogether'undiﬁferentiated durlng the. first
instars following hatching (i. e”,external morphology and
gonad appearance are 1dené!5al in the two sexes; see
_Charnaiux-totton, 1960) - Tessier (1960¥\1ndicated however,
fthat secondary sex characters in certain crustace;ns appear
'throughout a strictly determined sequencp of successive
_moults. Moreover; Goto and‘Hattori (1929) reported that

—"

«sexually dimorphic traits in ‘the xiphosuran Tachypleus

'tridentatﬁs (Japanese King Crab) ara not evident- until‘o



' ' ' /

. ’ \ N v
individuals Fave attained an overall body size of 220

.

millimeters Thi; measure approximately corresponds to the
twelfth moult foIlowing the so-called "trilobite stage"
certainly well after developnent beyond typical larval
attributes. These examples provide strong eyidence}

sexual dimorphism.in‘early larval stages of.trilobite

-

development. - : -

3) Two'qlosely related, ecologically-displaced and ‘Co-

| occurring species are represented " This hypothesid\*ppears'

9
to best explain the two morph phenomenon and is most

parsimonious in light of presently available evidence
(i.e., léast refuted by the arguments outlined above) This
is particularly true %T two’ distinct developmental

trajectories are recognized throughout ontogeny.cht

present,iit is speculated'that the subquadrate and

%ubreCtahgular protaspid\end-members are the larvae of

'these two species..The variability obseryed in Balizomg

'protaspides, although probably representing the same
N ‘ “ .

homologous stage, 1is in accoervith the two species.

hypaothesis. Overlap in size;and hape (?igure IIl-3;2; isi
consistent w1th a phylogenetic interpretation of "von
Baer’s Law“’ i. e” early grdwth stages of closely related
taxa are less readily distinguished than are later

ontogenetic stages (Figure II-4.1). Retentiom:og a.

92

against '

‘conservative cephalic ontogenetic program ahg similar -

pygidial-segmentation attest to recency of commqn ancestry,
N\ ) 2
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‘closely allied to B. dimitrovi. J

93

Protaspides of Balizoma Spg. may be -distinguished from

stage 2 protaspide;’ot‘Encrinuroides;insularis by the

vfollowinq chaéicter states' ~Q —

(1) considerably larger size (sagittal length of protaspis
0.55 - 0. 63 nm); "
(2) two longer pairs 6f protocranidial anteﬂ&or border

spines; - . o . .

(3)’the surface is covered with a granulate prosopon,

“hotably on fixigenal fl%}d&\,, . -

(4)~ the anterior fixigenal spines are longer and less

»
-

| divergent,
(5) the torulus is less conspicuously bilobate, and

positioned farther abaxially . to the 3L qlabellar lobe,

(6) adaxial fixigenal lobes opposite 1L-2L are 1ndistinct.,

(7) 4L  is relatively broader and suboVate in outline;

(8) gl&bellar tuberculation includes only a coarse IV-1
pair; | |

(9) .the occipital ring is relatiQelyllonger, being only
slightly shorter than 1L; - T

(10) the lateral glabellar lobes lack the low swellings
"present on 1L-3L in E. insularis, '

(11) the posterior fixigenal spines are longer, - w1th half

their length projecting beyond the tips of the longest

protopygidial marginal spines, S
2 S

3 s> *’§ -
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¢ (12) the midfixigenal spine is positioned slightly farther

back (closer to posterior fixigenal spine),' and ;il'

conspicuousty larger than another more dorsal spine

positioned directly above; these form a prominent spine

" padr in E. insularis not consistently present in Balizoma

wop.: . | .

(13) 1atera11y9directed submarginal spines (between
\anterior and midfixigenal spines) are denser, with numerous
tiny ventrolateralfmarginal spines alonglfixed oheek:
| (14) librigenal lateral border spineehere larger;

(15) the rostral plate ie”narroﬁer; with 2-3 pairs of
spines;  — ; .

(16Y small hypostomal marginal spines between the anterior
wings and major lateral m&rgin spine pair (in front of
_antennal notch) are prominent:‘ ‘

(1'75 the”'hypostomal. post_erior border furrow is more
strongly convex; '

(18) the hypostomal latdéral border fur-row is more distinct

opposite the posterior<iobf/ot the: middle body,

(19) the middle furrow 'of the hypostomal middle body is

shallower, and almost disapoears post&romed'iall;y;._

(20) the inner margin of the doublure is gently curved

" laterally:; doublure' is widest anterolate’rally at maximum

curvature of free cheek narrowing sagittally (includinq

anteromedian part of free cheek, ie. position of developing-

,precranidial lobe, and rostral plate) w"_\ a ‘broad anterior

. - )
notch, also narrowing slightly posterolaterally where



/
~ »

protaspis attains maximum width; the inner margin of the
protopygid'ial doublure is less convex medially than in _E_:k.
insularis; t@r:ace lines few and 'indistinct, except for

subnarginal ridge on free cheek.

-

Many of these differences (2, 4,°7, 9, 11, 12, 14, 15,

17, 18, 19) may be accounted for partly by the larger size

Y. ' N : \

of Balizoma protaspides, since their morphological statesf

fall higher on or close to the ontogenetic trajectory for

E. insularis Several possibilities may-eiplain this

pattern of size increase (from ﬁhich many character. states

are allometric correlates). Modification (retardation) of
-the timing of eodysis could preservé protaspides at
different developmental otagés, and account for larger,
more ontogenetically advanced stages in Balizoma.

ALternatively, protaspid development may have begun at a

more advanced stage in B. spp, McNamara (1986) has'

suggested that such pre—displaoement (this.pattern possibly

originating as a by-product of accelerated rates of pre-
sclerotized development) may have been an important
contributor to the "advanced" appeafance of protaspides of

post-Canbrian trilobites.

changes occurring between the protaspid period and
degree 0 of the meraspid period, in which articulation

develops betwe;n the ‘cephalon and transitory pygidium (P1l.



"III-S, fiqs.J, 4);includé:

(1) increase in size (sagittal 1ength 0.75 mm, wf%th.otf
'cranidium across 1L 0.95 mm), _ ‘

(2) broadening (tr.) of the cephalon (sagittal length 55%
of'width'aqposs iL); ' 4;

(3)?breedening of. 4L relativé to more-posterior glebelfer
lobes; . ..i . .

(4) relative shortenlnq of the anterior tixiqenal spinelt’:

(J)‘hypostqme (sag. 1ength) 0.33 mm, with reletively
larger, more cepvex anterior lobe of the middle_body:; .

(6) the fhynchos originates as a broad, iow swelling on
the anterior 1lobe; ' .

(7) the hypostomal lateral border fhrrow is- m7§e deeplyJ
1nc14ed around the anterolaterel extremities of the
posterior lobe of the niddle body:; |

(8) the majox hypostomal lateral margin spine pair is more
strongly directed forwards; two pairs of spines originating
aloﬁg the margin of the slightly depressed posterior border
are positioned posterolaterally;

(9) the free cheek is more gently curved;

(10) the rostral plate is narrower (tr.):

(11) the tranSitory pygidium is larger (sag. length 0. 22
mm), with: four pairs gf marginal spines (first three pairsb

are less strongly posteriorly- -directed than in.

protaspides), and three pairs_ef pleural ribs; the axis has

four(’) rings;

«(12) the pygidial doublure 'is of uniform width and its



Pl. III -3, figs. 5, 6] has a sagittal 1ength of

Y

'fmeraspis 1nolude.'

ﬁis distinct small relatlve to two abaxial pairs,

s
k) fixigenal band, .; “‘11? . : o
3 .

o 3 =
~of which the- cranidium comprises 62% and the

~ 97

B 2ory pygidium 31%. Trends occurring relatlve to the.

he{palpebral lobe migrates backward opp051te the.'v

of}4L, and is seerated from the ax1al furrow by a

{:ge and prominent. CT2~CT3 remaln the only o*her-.

ield tuberculation. small granules arp present

re relatively smaller than in degree 0,

-va, . f e

'occipital node forqg a short splne,

e'IV-l tubercle pa;r 1s 1arge and spinose; small

'l/are also present., ol A wﬁ -
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(9) the rhynchos is narrower, defined by deeper fUrr ws,f_-‘

and slightly overhangs ‘the hypostomal anterior’

& i . A /
furrow' . 1 P ‘ S

~ v : ] , ' .
(10r the posterior border of the-hypostape’is-more
B . o B / ‘ .

strOngly convex,

) (. -~ t .'A
(1) the major hypostomal lateral margin #/ine pair is
’ ‘-q B
.relatively smaller, and more forward-directgd. '

(12) the. free cheek is only gently curved with five or

v

51x short spines along the -lateral border. a very low

librigenal field is rather 1ndistinctly separated from the

&

1ateral border by a shallow border furrow,.¢he precranidial

lobe is not distinct from the anﬁerior border of the free |

cheek, B S L o //

(13) the transitory pygidid?’is of length (sag) 0. 31 mm,|
»with four pairs of pleural/ribs and five pairs of marginal

spines extending almost/as far bag&ﬂagﬁthe posterior

oy ——

fixigenal spines, 1nterp1eural furrows are distinctly
inc1sed,‘n ' (/.\A[ ey b“. . ._,_;,;e_,

v
5y S VA |

) Growt¥ series for* protaspid and merasp hypostomes of . -

Balizoma spp. and Encrinur01des 1nsularis indicate that the

Y

encrinurine hypostomal border, w1th lateral and posterior'

_borders 1ntergrading in advanced stages, originates as a

;composite structure. In protaspides, the posterior border

is completely separated from the middle body / lateral

7

border b*/7/deep posterior border furrow and is depressed

v

_AhQ\ventral view) relative to the 1ater ) border, which is
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continuous with the- weakly-inflated posterior lobe of the’

middle body. The typical encrinurid distribution of seven.

te

hypostomal marginal splnes, 1nc1uding three lateral /

‘pgsterolateral pairs and an unpairedjposteromedian spine
(Edgecombe and Chatterton, 1987, Chapter II) is thus the
product of two developmental events: 1) a prominent pair of

anterolaterally-recurved spines originatlng from the margin

of the lateral border, and 2)‘two smalleﬂr posterolateral ﬁ

spines between theﬁ n or flxigenal and ma]or lateral

border splnes 01n fr tfof the antennal notch) are also
conspicuous in protaspides of Balizoma spp. (Pl. III- 3,'
fig: 2) and particularly,:in early meraspides of these-
species. (P1. III- 2, flg 5,-' Pl III- -3, figs. 4, 6) and
Cromus’ n. sp. (Pl. III 6,hflgu 2), Jbut areqfhdistinctly

developed in othet encrinurlne patéaspides.

Ed

o =
"Balizoma sp)' [variola;isﬂplexus n. gen. n. sp.]
| ‘P1. TII-2, figs. 9, 10 e e

. -
I3

A single prctaSpis'from section Avalanche Lake Eivep'
58 60 metres above base (0ver and Chatterton, 1957;235
‘assigned to the type species ‘of a- new genﬁs (ngecombe and
Chatterton, in prep., see chapter IV‘herein) of the

Encrinurus variolaris piexus. This species is closely

'related to Encrinurus sp Tripp, Temple and Gass, 1977 and

Y

]



gl 0 ~100
B ) - ‘ .

Balizoma sp. Holloway, 1980, and is hertin tentatiwely
referred to "Ballzoma sp." pending formal diagnosisfdf the

new taxon. The overall-morphology of~the illustrated -
' B A SR ¢ ‘ v
.specimen, most-notably development of three pairs . of

protopyg1dia1 marginal splnes,- suggests that .it may’
re?resent a homologous late protaspid stage with thate
recorded in Ballzoma spp. The protaspis of the new genus
may be distlngulshed by the followxng character states:
(1), smallef slze (sag. length 0.52 mm), with sagittal
length of protbcranldlum %5%‘bf 1ts wldth across lL. Small

protaspld 51&e is correlated with dlmlnutlve,adult"
1

dlmen51ons in thls and other congenerlc speciesx

'(2» stouter, more strongly curved-outwards ant@rior-

e . P . ' R '
¢

f1x1genal spines; T

L.

(3) ‘more stronglyadlvergent pesterlor flxigenal spines;

(4) sparser cran1d1a1 marg1na1 Splnes [an anterolaterally- :

dlrected splne 1mmed1ate1y’beh1nd the anterior fxx1gena1
ksplne,'and a stout mldf1x1genal splne mldway (exsag)
between the~anterlor and posterlor flxlgenal sp;ne],
_(5) Shorter anterior border soines (two pairs); |
,E;) the torulus is broad [about one-half w1dth (tr.). of »
fixigenal fleld Across 3L], low, and distinctly abax1a1 ofg,
‘3L glabellar lobe: the-torular tubercle is. indistinct (not
obv1ously larger than the granular prosopon), ‘

(8) smaller protopygldlum with 3 shorter palrs of more

4

(postero)ventrally dlrected marglnal splnes.
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 _ cromus? n. sp. . .-

(illustrated and discussed herein), is known for a new mid-
,

'Llandovery Spec1es from . the Avalanche Lake area showing
affinities to Cromusg Barrande, 1852. This spe01es shows
,particular similarities to c? moderatus (Poulsen, 1934)
from the Llandovery of Greénland for which Strusz (1980)
}resented evidence indicatin;,a relationship (with
vquestionable generic assignment) to Cromus. A formal -
diagnosis and - description ofrthis material and a rev1sed
systematics of Cromus and Encrinuraspis Webby, Moérs and
'Mcpean, 1970; will be-presented elsewhere (Edgecombe’ and
Chattertbn, 1n prep) ‘The protaspides'are“introduCed in

7
the present work for immediate comparison w1th other

‘encrinurines, and’ to document the known range of variation‘

-
1

among encrinurine larval stages.

Two- protaspid spec1mens are presently knom\i(Pl. III -6,

figs. 1, 3), and although fraqmentary, are comparable 1n ’

size and. morphology, and, therefore, probably represent ﬁhe
same protaspid stage. Differences w1th protaspides of

Ordovician Encrinuroides and Sllurlan species of the

Encrinurus variolaris plexus are strikingu distinguishing\

[

'character;states of Cromus? n. sp. include'

(1)tlarge_size, and‘suhcircular (versus oVate‘or

'

¢

-
A

o
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‘PLATE ITI-6 - Cromus? n. sp. Whitﬁakgr-Formation, Mackenzie4A
- . g oy o o S
‘Mountains, .Northwest 'rer?itoriés) Canada, 1locality

‘Avalanche Lake One, 320 meters above base (Chattdrtqn-and
erry, 1983; 1984). 1, 3, dorsal views of protaspideé; ;;
A 7833, 3, UA 7834; g,’vehtral‘vieﬂQofrsmall {early, ,

eraspid?) hypostome, UA 7835. All:specimens x65. .;;QH ;:f

. RCPEEE %

. N »
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subrectangular) outiine [maximun sagittal 1ength 0.87 mm;
maximum width across 1L<)85 mm],_with a relatively narrow

protocranidium and large protopygidium (28% of sagittal

length of most sagittally-complete protaspis),

(2) three pairs of spinose tubercles evcnly spaced along

PN

~

anterior border of protocranidium.
(3) tﬁe frontal glabellar lobe is ovate (widerfthan long),
and bears a faint widely-separated IV-l tubercle pair;
(a) the torulus and fixigenal circumocular tubercles CTI-
"CT3 are 1ndistinct ‘in protaspides (development of CT1-CT3
is retarded into the early meraspid'degrees); | ;

. e é
(5), the posterior fixigenal spines are, apparently, s

_relgtYVe&yNshort and non-divergent (directed backwards),

the anterior fixigenal spines, while- not preserved in known |
’
protaspides, are short and thin in early meraspides,
(6) the large protopygidiumfhas, apparently, three pairs

' of pleural ribs%and three or four axial rings.

,RELATIO&SHIPS<INDICATED»EY PﬁOTASPIDESv

’

Comparisons of early growth stages may be used to’
| assess phongenetic relationships between trilobite. taxa. A
phylogenetic corollary ot "von Baergs Law" maintains that
91m11ar1t1es 1n Juvenile stages refle\t prqximity of common
°ancestry (see Gould 1977, Lovtrup,/1978, Patterson, 1983).

“Early growth stages of,relatedgtaxa ‘are usually more
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similar than later stages, with divergence increasing

through ontogeny. This concept, ¢entra1 to the "ontogenetic"
argument" in determining character state polarities in
phylogenetic sequences (Nelson, 1978; bldredge and Novacek,
1985), brings early developmen;al forms to the forefront of
phylogenetic inferencg and fnsistsy at’ least theoretically,'
on\thein\significance.tFor example, the'”asaphoid
'protaspis" (Forteyvand Chatterton,i19a8) is a pelagic larya
characterizing the families Asaphidae,‘.Nileidae,
Remopleurididae, and %rinucleidae which shows morphologic
divergence iﬁ later growth stages. To prov1de an example -
from the Encrinuridae, it is observed that the wide rostral'

plate of protaspides of-Encrinuroides»insularis resembles

that of other phacopid protaspides [Pseudocybele nasuta

Ross, 1951 (Fortey and Chatterton, 1988, Fig. 12B):

’

,~Ceraurinella nahanniensis Chatterton and Ludvigsen, 1976

) ¢ .
(Chatterton, 1980, Fig. 6F; Pl. 9, fig. g)‘ Apocalymene

quadrilobata (Chatterton, 1971) (Chatterton, 1971, Fig.

” \ )

8J)], but becomes quite_dissimilar'in adult_stages of these

‘same'species. A narrow trapezoidalerostral plate which»

L4

widens slightly towards the hypostomal suture charaFterizes

later growth stages of E. insularis and most other

encrinurine holaspides. These observations contrast with(
)

Jaanusson’s (1975) statement that W...in’ complete late
/

protaspides of all groups of trilobites ‘in which this

ontogenetic stage is known, the ventral cephalic sutures
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are basically the same aq in holaspides". Evolution within

the protaspid period is d;monstrated by the presenco of a

. 3
considerably narrower rost;

al plitée (apomorphic by outgroup
comparison, and supportfx_-y stratigraphic succession) in
protaspides of . Silurian (fi\lock) Balizoma spp. .
~\ﬁ:xé’eight enc ;n \f‘ Qﬁi;%?es for which protaspides are
knowh (Figure Iﬁ%;:" "u;;ﬁfeveral divergent liNeages
(see Strusz, 1980, Text figtro 9 for phylogenetic tree)
ranging in age from early Llandeilo through mid Wenlock.
This compilation perhits compar}son with protaspides of
closely reiated groups, such as the Cybelinae, Pliomoridaé,
and staurocephalidae to determine the‘phylogenetic
significance'ofaﬁha;acter states developed in protaspides

of the Encrinurinae.
. ‘ v

-
'0

,CYBELINAE - Encrinurine protaspides are most similar to
those of cybelines, for which protaspides of Cybeloides
‘Slocom,.19l3 form a basis for comparison. The hypothesis
1that the EnCrinur%nae ‘has ancestry in the Cybelinae

(Henningsmoen, 1959 Whittington, 1966 Evitt and ripp,
" 1977; Strusz, 1980) provides an outgroup for determi ing

.character state polarities in encrinurines.a A single

L

protaspis of C. virqiniensis seca was illustrated by. Evitt

and @rippd(1977). Chattcrton‘(lQéb) fiqureduseveral

épecmens,of Q. cimelia Chatterton and Ludvigsen, 1976

belonging .to two distinct.stag%s deaiénateﬁ aqi”small” and
. ° Q

‘®large™ stagec.,Thesh‘are intgrproted as:honologouc'with A
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stages 1 andiz, respectively, in Ordovician encrinurine
protaepides. These two stages als&’tharacterize C. prima
(Raymond, 1905) from the Chazy Group of New York, currently

¥

under study by Speyer and- Chatterton. '
Cybeline protaspides have also been figured by Fortey :
and Morris (1978) *The illustrated "ana- and
"metaprotaspis" of Cybelurus Levitskiy, 1962 (later growtﬁ(}’
‘stages described in Fortey, 1980) of late ‘Arenig-early - .
Llanvirn age from the Valhallfonna Format%gn, Spitsbergen
differ considerably from the stratigraphically younger

"cybeline Cybeloides. The specimen a551gned tJ the

anaprotaspid stage (Fortey'apd‘Morris, 1928, Pl. 94, fig.
, . _ R \
8) represents an earli®r larval stage than is known for

Cybeloides or any species of_the:Encrinurinae, differing

from a generalized "stage ].nenorinurid'prOtaspis" as
déngibed herein by its more rounded (less
trapeZoidal/subquadrqte) outline; absence ogttubercles on
fhe enterior border of thk.cranidﬂum, fixlgenal field, or
glabella; indistinct go;ulus; longer palpebral,lobes:
sparser marginal spinosity (only stout anterior, mid-, and‘
posterior fixigen;ﬁ spines) A prominent sagittal furrow .
dividinq 1L-3L into paired lobes, a p&eSiomorphy re;zined N

in’Encrinuroide insularis, is alsq@.developed in calymenid

protaspbdes thatterton, 1971;-Hu, 19:1,ﬁChatterton and

v

siveter,; 4in prep.) and in earlyfprotaspid stagee in?

representativee of .several gheirurid subfamilies [bg.

S
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Kaw;na sexapggia Ross, 1951 (Ross, 1953); Holia secristi

Whittington and -Evitt, 1954 (Chatterton. 1980); Hyrokybe

jull Chattertqn and Perry, 1984; Acanthogarxph perforata
Whittington and Evitt, 1954 (Hu, 1974); Hadromeros scotti

chdtterton and Perry, 1984). This cheracter etate, here
Jindicated as widespread throughout the Phacopida, is
retained from ptychopariine aﬁcestry (see. Whittington,
1981), Among ptychopariine families, s&gittal ;urrowinq of
the glabella occhrs in protaspides of alokistocarids

M

' (Dunderbergia? (Hu, 1971)], olenidl [Olenus (Hu, 1971);

Acerocare (Hu, 1971)], catillicephalids [Pemphigaspis (Hu, -

1968)], kingstoniids (Kingstonia (Hu, °'1968)], .’

s — i, —— —— ———

lonchocephalids Welleraspis (Hu, 1964; 1968)),
) o . . - . s,

pterocephalids [Dytremacephalus (Hu, 1971); Aphelaspis (Hu
and Tan, 1971; Hu, 1980b); Housia (Hu, 1970:; 1980a)],

missisqoiids,[uissisgpia (Hu} 1971)], and ptychaspidids,

(Ptychaspis (Hu, 19f1)]. The primitivenegs of sagittai

glabellar furrowing within the‘Trilobita'is.indicated by

prominent expression of this state in protaspides of the
ES .

redlichiids 01ene11us (see Hu, 1971) and Paradoxides (see‘

Westergard 1936, St¢rmer, 1942; §najdr, 1958). | o

Staqe 1 protaspides of CYbeloides, however, are

extremely similar to the equivalent staqe in the earliest

encrinurines for which protaspides are known, particularly
. r4

to E. insularis which, predictably,‘is»of the
stratfqggghicaiiy-earlQest occurrence. This stage is

recognized as a-small‘subtrapezoi@al/-quadrate instar with

)
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a single pair of protopygidial mergihel sﬁines, contrasting.

with a larger, relatively broader, and more rounded stage 2

instar with three pairs of protopygidial'merginal_spines.
The figured "metaprotaspis" of gxbelu s is less similar to

encrinurine protaspides, ditfering in the lack of

'protocrenidial tubercles (glabellar, fixigeg;}, or antgrior

borderf; indistinct torulus; only stout anterior, mid-, and
posterior fikigenal spines; and short protopygidial margnal
spines, Despite the observed stratigraphic distribution

(Cybeloides first appearing in rocks of Llandeilo age,

later than the. late Arenig-earlieSt Q}anvirn occurrence of

the first Encrlnuroides), this evidence supports more

recent common ancestry between Cybeloides and<%ncrinur01des

then between the latter and Cybelurus, -and favors tpe

choice of Cybeloides as an outgroup (i.e., plesiomorphic

sister group) in cladistic analysis. These differences

between prbotaspides of_ Cybelurus and Cybeloides /
encrinurines are, however, fhared between the fermer,early-

occurring cybeline and closely+similar protaspides of the

pliomerid_bseudocybele nasuta Ross, 1951b (figured by Ross,

1951&:'Forg;y and Chatterton, 1988). These larval

similarities'substentiate Fortey’s (1980) propesal that the

iPliomeridae (perhaps e form allied to Evropeites Balashova,

1966) were ancestral to thé Cybelinae,'first represented by

Hiddle Arenig species of CXbelurus and Lyrapxg Fortey,

' 1980. cOmparison of pliomerid and encrinurine (Pseudocybele
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versus Encrinuroides) protaspides was alsd made by Evitt

-~

and Tripp (1977) The preservation of only two reldti#ely

Ordovician encrinurines (Encrinuroidu insularis; E. _g_ggy

E. neuter), with further reduction to a single :clegotiud

instar in Silurian Balizoma spp., contra__sts with several

prot‘aspid instars of Pseudocybele nasuta, for which Ross g

(1951a) indicated an "ana oti‘sp‘id" and four "nietaprotapig"

‘stages. A‘grov‘vth series for)Protopliomerdps superciliosa
(Ross, '1951b) also includes ariy protaspid stages, with at
least three inetars in this period. A possible phylogenetic
significance (related to timing of initial sclerotization
end subsequent ecdysis) is euggested (see also discussion

¢

under Balizoma spp.) -
A symplesiomorphic character state (i.e., relative to
other encrinurines; see discussion in "Encrinurinae" below)

shared by Cybeloides and Encrinuroides insularis is the

P

presence of median (positlon 1) tubercle pairs on sever,al
“ '

¢

glabellar lobes. II-1, III-1, IV-1, and V-1 tubercles are

— ————— — i S a——

[ 4
v1rgln1ensis seca possesses: I-1, III-l, IV-I, ,and V—l

tubercles in stage 2 (Evitt and 'r‘rippi 1977); this stage in

C. cimelia incl III-1, and Iv—i pairs (Chatterton, ¢

1980) Y. In cantrast, other encrinurine protaspides show
development of a IV-1 t ercle pair only [E tholu., E.
neuter (not figured in Evitt and Tripp’s reconstru ion of

stage 2, their Fiqure 9B, how'ever a small, closely-spaced .
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5III 5, flgs. 3 hereln) Ballzoma spp.,.

Cromus° n. sp ], while even thls tubercle"

bnic pattern, spec1fica11y, retardatlon of'v(

(IV 1) and V I tubercles 1nto éhe. .
I :

‘gprotaspldes of E. 1nsu1ar1s further resemble
S R
ggbeloldes 01me11a in comparaBle 51ze/or1entatlon
s 2
ﬁThe-retentlon of stout _strongly—dlvergent

ixigenal splnes,~particular11y cybellne-llke in :
Wris, to a 1esser degree characterlzes other Mlddles'
A pfotaspldes (E.tholus, E.%%;gg) Thls may beJ
sthe synapomorphlc devi}opment of con51derably i
ess-dlvergent anterlor f1x1genal splnes 1nf
aigzoma spp. and "Ballzoma spJ"‘

_.symﬁle51omorphy whlch E. lnsularls shares w1th
speeies 1s the presence of sweliings opp051te the_
bellar lobes on the on the f1x1gena1 fleld

o the ax1al furrOWS. F1x1gena1 lobes 1n stage 2

: of thls spec1es lnclude the. bllobate torulus, a_

.elling opp051te 18/posterlor part of 2L, and a ™~

ed'swelling opp051teN1L. These flxlgenal lobes
_ted as»homologous Wlth adax1a1 swelllngs whlcha

iy
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‘comproﬁige?the fikigenal ‘portion of the cybeline'pulvinus.

‘This structure develops in ‘the . meraspid period in

~
c1be101des, 1nc@£%orating 1atera1 expansions of the

‘glabellar lobes, the torulus (opposf%e 3Ia¢ and fixigenal
swellings oppoeite the posterior glabellar lobes (Evitt and
Tripp, 1977). -

In addition, Middle Ordovician species (E. insularis;

E. tholus, E. rarus) show the torulus to be positioned more -

proximal to 3L'than in Silurih* species of the’ Encrinurus .

fvariolaris plexus, in whict the torular swelling "migrates“'
fabax1ally on the f1x1genal field Outgroup comparison with
ngbeloides, in which the torulus is 1mmediately adjacent to
L3L (and ontogeneticafly fuses with that lobe to form the
‘anterlor part of the pulv1nus), supports the observed

stratigraphic succession and suggests that the former

conditionlis»pleSLOmorphic._

‘STAUROCEPHALIDAEF—'Discussion above demonstrates that
4protasp1des of early cxbelines retain ple51omorphic
‘character stateserom pllomerid ancestry, and contrast with ‘
F»early growth stages in later cybelines {such as gxbeloides,'t l

Bevanop51s COOper, 1953 (see Evitt and Tripp, 1977 for

early meraspid—holaspid ontogeny of B. ulrichi Cooper,

1953), and possxbly -related forms such as Deacxbeleh
Whittington, 1965], as well as with encrinurines -and
A‘staurocephalids», The earliest representative of the latter'

© family, Libertella corona Hu,}1971, provides a

L s o s, i e, s e e ——— s s g
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stratophenetic link between the Cybelinae and the later

)
st ocephalias Oedicybele Wwhittington, 1938 ~and

‘Staurocephalus Barrande,‘1846, as recognized by Chatterton

and Campbell«(1980) Early growth stages of this species,

.including protaspides, have been’ figured and discussed byz,

"Hu (1971) and Evitt and’ Tripp (1977) Recency of common

e

ancestry between these groﬁps (*advanced" cybelines,

encrinurines, and staurocephalids) is 1ndicated by -

protaspid-early meraspid synapomorphies [not shared with

pliomerids and early cybelines] ssuch as the development of

the torulus, distinct paired glabellar tubercles (IV-1
originating‘earlyvin ontogenY), prominent paired tubercles

along the protocranidial anterior border (typically two

pairs), and a distinct "postocular tubercle” CT2. on the .

posterior parteof the fixigenal field XCTG is also-

'typically-present abaxial to this). 'Autaponorphies of

staﬁrocephalid protaspidesv(as indicated‘by~EVmparipg

Libertella with ‘an encrinurid outgroup) include

— —— —— —— ——— " —

considerable broadening of the protaspis 1nflation (tr)

»,

of 4L,'reduction of the lateral glabellar furrows,»

development ocharge palpebral spines, and possibly;

reduction.of the torulus, and shortening of the anterior

}and posterior fixigenal spines. Alternatively, the ‘weak

development of the iatter states may'represent.primitive

states retained from the ancestral cybeline stock.A

_ Tonczykowa s (1987) restriction of the Staurocephalidae‘
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to Staurocephalus and possibly Rongxiella Chang, 1974 with
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=reassignment of Libertella and- Oedicxbele to the '

Encrinuridae,'is based on interpretation of the bulbous

anterior cephalic process of taurocephalus as homologous
with the encrinurid anterior' border-. (and rostral

4 plate/librigenal precranidial lobe) but ‘not includingithe

glabeliar;frontai lobe as desbrihed’by previous workers

v(inoiuding‘Kielan, 1957; Evitt and Tripp,'1977: Chatterton.‘

andﬁcampbell 1980 Strusz, 1980 Thomas, 1981). Houever,

51nce the narrow glabellar stalk (sensu Temple, 1956) of

Staurocephalus is trilobate (1L - 3L) and 1ndented by only.

two pairs of lateral furrows (ls - 28), the conventional
>1nterpretation of the transglabellar furrow as representing

3s (with incarporation of 4L i‘ithe anterior process) is

(1

'favored. Furthermore, inflation of'ﬂL and°reduction of the N

preglabellar furrow (with resultant merging of the'

glabella, cranidial anterior border, librigenal

precranidial lobe, and rostral plate; see Thomas,41981, Pl.

) 17, flg?%if 3) are not uncommon trends in the evolutipn of

the allied Encrinurinae. Such development occurs to some

- degree in certain 11neages of the Encrinurus variolaris.

4

'plexus and most notably 1n the Chinese ”coronocephalines"

' These trends are particularly expressed in Rong_iella,

‘ Chang, 1974, for which we follow Chang (1983) in assigning

to the Encrinuridae, interpreting the swollen anterior

L4
‘cephalic process as hbmeonorphic with that of

| Staurocephalg__ The hypostome and pygidia referred to R..
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1 gigggig Chang; 1983  are very distinttly
""coronocephaline"f“As well, certain species of

COronocepnglus show an almost comparable degree of swelling

3

of tne trontal lobe with a narrow glabellar stalk comprised

of 1L- 3L, the 38 furrow is transglabellar, and the

preqlabellar furrow is lost\except for short abaxlalu

]
indentations. The conventional homologies of the

jstaurocephalid cephalon thusLappear more parsimonious than

Tomczykowa!a_proposal that-implies substantial reductﬁonvof

the glabella, and 1n\part1cular the frontal lobe which is

<characteristically enlarged in related groups. Libertella

and Oedicvbele are. hereln retained in the family:

<
Staurocephaiidae, as as31gneo uy'Ev1tt»and;Trippt(1977) ‘and

Strusz (1980)

As far as is known from currently fiqured material

- . )
Libertella corona further resembles CybelOides and

Ordovician encrinurines in hav1ng two protaspid stagesbv

described by Evitt and Trlpp (1977) as "earlyﬂ and "late
etaprotaspld staqe[s]“ (Ev1tt and. Tripp, Pl. 22 - fig. 1;
Fig- 18a, and _Pl. 22, f1g 2; Fig. 18B; Hup 1971, Pl. 22,
figs. 7 8 Text-Fig. 52 B, c, respectively) ‘The elongate

;pairs of spines near the anterior margin of the

i(proto)cranidium, labelled by Evitt and Tripp (1977, Fig.

18) asVI-1, 2 glabellar‘"tubercle%", are interpreted as

‘homologous with the two pairs of angerior border spines of

encrinurid earlyfgrowth stages. This‘interpretation'adds

115
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further support gbreimilar gntogenetic relations betwaen

these fanilies; since protaSpides/early meraspidee.of,most '
encrinurids described herein have IV 1 and V-1 glabellar‘
:tubercles (as labelled -in Evitt and Tripp 8 Figure 18,f
originating 1n the later protaspid stage in Libertella),(as (

well as two pairs of anterior border spines. In Libertella;

.the more abaxial pair (labelled by Evitt and Tripp as the

VI-2 glabellar tubercle pair) is,distinct in the first
-protaSpid stage»as'tubercles'positioned along the anterior
margin erightly in front of thérpalpebral iobes. In light
of new data on encrinurid ontogeny, which demonstraze that
glabellar tubercles in median position 1 friginate before”

. more abaxial, pOSition 2'tubercles, nd that tubercles in

"major row VI originate eubsequent to the IV-1 (and,
typically, ITI- 1, V-1 and; often, II-l pairs, usually.well."
into the meraspid period), the reinterpretation of these
suppoSed glabellar.spines as'anterior borderaspines appears :
likelw: As'wpllp'a‘shallow‘preglabellar furrowimay be
distinct into the holaspid period (see anterior view of L. .
corona.cranidium figured by Johnson, 1985, p. 85, fig. 2),

' with these spine pairs clearly positioned along a short
(sag ) anterior border. This’ Homology permits recognition
of the "anterior bordex" portion of the inflated axial lobe :

a of the staurocephalld cephalon, in which the preglabellar»

furrow 13 obsolete. Y ' ) .
@

Chatterton and”Campbell (1980) noted that edigxbele v

\

also retains traces of cybeline ancestry' Kielan’s (1957)



_{llustrations of 0. kingi Whittington, 1938 inditate paired
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tuberqles on the frontal lohe of@the glghella (including

Iv- -1 and V-1, 2 in Figure 5), on 3L‘(III-l),'and two pairs
L

along the anterior margin which probably also representf

2

.anterior border tuberculation. Although the ontpgeny of

this species is.not adequately known, the three tubercles{

on the fixigenal field are suggestive of cTl - CT3 in. their

approximate positioning Advanced growth stages in this

staurocephalid thus display cephalic tuberculation
comparable to*tybelineshand juveénile encrinérines.

-

J

ENCRINURINAE - Synapomorphies of protaspides of the

subfamily Encrinurinae may be assessed by determining

derived character states of primitive éncrinurine species

(theoretically, the stem species{ relative to an outgxoupj.

(theoretically, the ancestral cybeline species).-~ This
_analysis may be approached by determining apomorphic

character states of Encrinuroides insularis, the earliest-

known species which most closely.apprOXimates the ancestral

cybeline condition (i e:JiQeI”tive to protaspidés of
‘beelg_des) It is noted of course, that these

evolutionary novelties may be modified considerably«{%ith a
possible loss 9r character state reversal) in latér,

descendant species. While "a particular character condition

o

[occurring] only in older fossils" [gennig s (1966,.p. 95) ~

neriterion of geological character'precedence!] is, by

- S oS
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witself, not an infallible indicator of'primitiveness (see,
’for example, Schaeffer, Hecht and Eldredge, 1952), the
-early obcurrence of .E. insularis provides‘support for the
theory that character\states shared between this species
and CXbeloides (i e” an outgroup), but contrasting with
those shared by younger encrinprines, are plesiomorphic for
fthe Encrinurinae. A Similar-example of application of early'<
representatives of clades to ﬂdentify characters useful in
outgroup comparison is provided by Forteg end Jeffries
(1982) As well, E. 1nsularis diverges from a hypothetical
,"primitive encrinurine" (more closely approached ‘by the .
earliest known species, late Arenig or‘earliest Llanvirn E.‘

/

hornei Dean, 1973) in its later ontogeny and shows a number
14 \‘
of specializations linking it to the highly-derived denus,

g@ysemataspi_ EVitt and'Tripp, 1977. As listed by Evitt
and . Tripp (ib77 p. 1}8), these include swelling and =
rounding of the glabella Wlth reduction of the lateral‘
lobes, swelling offthe elevated, fineiy tuberculate'
palpebral lobes ‘and posterior band at the back of the
fiXigenal field (bearing the postornlar tubercle CTZ), and
‘granu‘ation of the librigena] L:  Jder. Furthermore,
cvbeloides-probably has certai: a.igpesorzhic character

¥

states not shared with the imn.diate ancestor to the

Encrinurinae (as- suggested by. deriVed aiult states such as
the most extreme pulvinar development of any cybeline), and
its later stratigraphiq occurence indicates that it is not

< on the:main evolutionary line of encrinurine'anceetry;
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Indeed, certain protaspid cﬂaracter states of Cybeloides

ate presently known only from this genus (a subtriangular

4L glabellan.lobe and subtraﬁezoidal shaped stage 1

protaspis, tor example) ‘and - are potentially autapomorphic.

within a restricted’group of‘"advanced" cybelines. Stage 1

. T
protaspides of E. insularis may be distinguished from

mofbhologically-similar stage 1.protaspides of Cybefoides
cimelia (in Chatterton,'1980, Pl. 45, ﬁfigs. 3, 4) and C.
ggimg (Raymond, 1905) [Speyer and Chatterton, in prep. ] by:
1) subquadrate (yersus trapezoidal) shape; S
2) more laterally directed posterior fixigenal spines;

3) loss of dichotomous splnes on the ventrofsteral margin,

with development ' ofmnumerous small submarginal spines,

4) the nypostomal lateral border furrow is shalIdwer

posterolaterallyr(posterior lobe of middle body is more
.poorly-defined), ’ .
5) slightly shorter less'convergent protqpygidial

&
A

marginal spines.

«

ontogenetic divergenge of encrinurines from cYbeline

character states is demonstgated by more. obviousﬁ

differences between stage 2 protaspides of E. 1nsularls and

%
szeloides.' This developmental stage is distinguished by:
. o N
1) greater relative width of the protaspls,:yith a more

rectangular (less quadrate) outline'"
S
2) tne anterior: margin of the.protocranidium is more
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3) 4L is more rpunded, subspherical in outline, versus the

somewhat trian ular,,anteriorrwidenﬁng frontal lobe of

cybeloides:’  \ - - ;

C ‘ _ . .
4) the posterior fixigenal spines remain more laterally

S

1

directed; - : o R 4
5) the hypostomal posterior border‘furr6w~adopts.a

different course, meeting the lateral margin behind the

a*
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m;}or lateral-border spine pair“,distinctly separating the

lateral and posterior borders;

.

 6) protopygidial marginal spines are COnsiderably shorter

(this stage in Cybeloides indicates the substantial degree

L 3

¢

‘of post-axial elongation of the pleural r%bs charcteristic
Yof later growth stages), the girst pair is less-strongly
ventrally- directed .the thi&d pair is distinctly shortér

than the second pair {ct. subequal length in Cybeloides)
L ; v

Mosts of these iarval character states are retained in

later eggrinurines. In/particular, "the broader, more

rettangular outline, convex anterior margin, more rounded
(subspherical to subovate) fronta}_lobe, more laterally-

directed posterior fix&genal spines, lack of dichotomous

spines on "the ventrolateral_ margin, and shorter

protopygidial marginal spines ate important character
8 ’ . ‘ ‘
states~by(which encrinhrine gxotadpides may be

distingnished’from those of the plesionorphic cybeline

«0 2

v.sister group. The faint bilobation ot the torulus in E.
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encrinurines, and‘may thus be autapomorphic in this

"'
et

species. S ’ - s

N . . ¢ .
Several other autapomorphies characterize . various

species and\demonstrate the acquisition'of evolutionary

noyelties in the protaspid period. Encrinunoides rarus"

possessos a rgiatiVely deep fur;jﬁ extending across (tr.)

the, fluiqonal field opposite Y deliniating a "swollen

-posterior band" (ct. Evitt and Tripp,‘1977, p. 139). Evittn

and Tripp (1977) noted that this character is widespread in

,the Encrinuridae, with faint bands detectable in. the

meraspis degrees, of several OrdoviCian taxa, and_

'ﬁ:¢
exceptional development in the encrinurixe th‘emataspis

Evitt and Tripp, 1977 (see.also Tripp, 1980) This furrow
is most conspicuous in® meraspid cranidia of E.‘;g;gg
(Chatterton, 1980, Pl. 14, figs. 7-8), althouqh its
development in protaspides (P1. IlI -4, fig 2 hereinx
exceeds*that in any other illustrated encrinurine species.

-«
The pronounced'expression of this WideSpread but typically

weakly-developed feature .thus appearS'to be a derived'.'

character state. Stage 1 protaspides of E.:rarus (Pl ITI~

4, fig 1) may a%so be distinguished from other speCies by
their greater relative width [ovate shape, in contrast to
the typical (plesiomorphic) subquadrate shape].

. The presence of a median (position 0) tubercle on»the

cranidial anterior border of Encrinuroides tholus, in

addition to the two pairs deveqopedfin Protaspides of other

‘4
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specigs, is autapomorphic¢. The five étoﬁt tubercles of the
éinglg,protaspis figured b&.Evitt anleripp (f§77: Pl. 3, .
fig. 5; Fig. 7Al,are‘extended ag.spines in the éarly
‘meraspid stage (bl;.3, fig. 6), ahd remain distinct
throughout this period, possibly into the holaspid period
i(small qranidia figured in P1l. 4, figs: 2,‘3)( Large
hoiaspideé, howeéer, have only fainﬁlf-develéped anterior
border‘tuberﬁulation, notably two low, abaxially-positibn&d
(tube;cles probably homoloqoug;with the abaxialmoéﬁ pair in
early growth stages. |

Y, Hu (1975) referred an Edinpburg Formation encrinurine

protaspis very siﬁfﬁar of E. tholus to Otarion trilobus Hu,

1975. This specimen (Hu, 1975; Pl. 1, fig. 1; Fig. ‘n)
resembleé E. tholus by having five toarse anterior border
tubercies, a{prominent pair of tubercles on the palpebral
ldbos, comparable size and oriéntqtion of anterior’
fixigenal'sbines, a distinctly-elevated torulus, a
proﬁ&hent IV-1 tubercle pair énd»occipital'node, similar
size and positions of sz—CTq, and s%;i of the
protopygidium and orient;tion;of,the first pair of marginal
spines.. ﬁu's specimen’, here (@erred to E. cf. E. tholus,
has longer, more posté;}orly-Qirected midfixigenal spines
than Evitt and Tripp’s‘figured;protaspis of E. tholus. The
éppar;nt'brevify.of the posterior fixigentf spines, as
rqpresented iA Hu’s reconstruction (Fig.‘lA), may possibly
)

be.attributea'to fragmentation. ' Comparison with other
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“Middle ordovician’species of Encrfnuroides suggests that

both specimens represent the second protaspid stage as

123

‘racognized in this study (on the basis of. their large sizi :

relatively rounded margin, and éhree pairs of protopygidial
marginal spines), although it should be noted that Evitt
and Tripp's specimen is apparently larger (saglttal length
0.55 mm versus about™6+40 mm). e o

Strusz’s (19801 Text-figure 9) phylogenetic tree
indicates close comnol ancestry between E. tholus and E.
insularis, a relationship suggested by similar holaspid
morphologles. Shared (?derived) .character states include
strong inflation of the densely-tuberculate glabella;
elevated, finely-tuberculate palpebral lobes; a»sbort

(sag.), wide (tr.) fixigenal field with prominent pitting
_ B .

but sparse'tuberculation: strongly-divergent posterior

fixigenal spines; and sparse, low anterior border
tubercles. Pygidial structure in these spec1es resembles

seweral qther Middle Ordovic1an Encrinuroides, with a

broadly-triangulaf'outline, seven palrs of pleural ribs,

approximately'ls - 23ﬂaxial rincs with only weak
development of a.sagittal band, end_paired‘granules on the
anterior rings. These similarities in advanced ontogenetic
stages would seem to predict closely comparable protaspides
(excludind,.of course,~the possibility of homoplasy;
\;ynapomorphic developnent of the aforemenb}oned states is,

however, supported’by the close temporal”and geographic

occurence of these species).)Phylogenetlc character

-~
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analysis of stage 2 protaspides indicates that mogt gt the -
sinilarities between these species are baeed on

symplesiomorphy, as might be expected in early-occuring

taxa. Prominence of palpebral tuberqleu may be a shared: ..

derived charaeter state, perhaps related to tuberculation
of the rgised eye socle in later stages. However, important
differences are recognized between protaspides of theoe
epecies. B. insularis retains paired tubercles on the 2L
‘kﬂd 3L glabellar lobes, as well as IV-1 and v-1 tuberclel
/on 4L, and the k1x1genal lobes aejacent to the axial furrow
opp051te the lﬁ:;f'lobes, 31milar to Cybeloides; Eu tholus

develops only the IV-1 pair in the ‘protaspiad period (an
\apoporphic state present 'in later encrinurinee) and lacﬁh
‘the fixigenal swellings interpreted as homologous with
parts of the cybeline pulvinus. As noted above,,other
differencee may be aufapomorphic: the development of a
median anterior border tubercle in E. tholus, and the
bilobed sta;e of - the torulus in E. insularis.
Protaspides of late Caradoc E. neuter show eimilaritiesv
‘to both earlier ordovician Encrinuroides as wvell as to

Silurian Balizoma spp. and "Balizoma sp." (varig;ari
‘ -
- plexus .n.. gen. n. sp.). This lends support to the

phylogenetic models of Evitt and Tripp (1977),—Strusz
, (1980), Ramskold (1986), and Edqecombe and Chatterton
(1987, Chapter II herein); these p:gposed that a lineage

including Encrinuroides uncatus Evitt and Tripp, 1977 and



eurus) Ramskold 1556, the ancestral Llandovery’

1;#1,‘3, flgs. 7a, c] As dlscussed*prev1ouslyf

anéﬁp. is apparently represented by a 51ngle

ncestor of both varlolarls plexus genera, or

nterior and posterlor f1x19ena1 spines, as well as
pirs of protocran1d1al anterior border splnes and.
?T.positlonlng of the torulus on the flxlgenal fleld
d;in E.neuter) B f; St T ¢ |

24 'pides of Crom“5? n.‘sp. dlffer greatly from all

,Jretardation of flxigenal ”circumocular tubercle"

Herein? Evitt and Trlpp s (1977) "metaprotasplsf

xof sclerotization. Insuff101ent data on the.

n er;of protaSpid stages (whether acqulréd by the .

Md to Ballzoma) Syﬁapomorphles of protaspldes of

\ wn encrinurine larvae, most notably 1n thelr largez_

fubcircular'shape, long protopygldlum, absence of a’

T s

X ied Sllurian taxa do, however,olnclude elongatlon .

~
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-development into the meraspid‘périod, and reduced fixigenal
marginal‘spines. These dirferences are interpreted as
eff cts of distant common ancestry of Cromus with other'
'taxa for which early ontogeny is documented with the
additional pos51bility of apomorphic specializations
Macquired.in the. Caradoc through_mid- \dovery evolution of
the lineage.wfollowing{Strusz’(1980), two‘majoriclades
stemming from_lineagesigrouped in baraphyletic

Encrinurcides are-recognized;:these split very early in the

history of the subﬁamily, probabIY‘in thevArenig or early'
Llanvirn. The lineage giv1ng rise to the type species,j'

| AShqill E. sexcostatus (Salter, 18#8), is distinguished by

small 1rregularily-distr1buted glabellar tubercles, weak
development of cranidial anterior border tubercles and
pygidial sagittal tubercles, subquadrate multituberculate‘
,lateral glabellar lobes, and a_rather large pygidium with a
_relatively high number.of pleural ribs (often nine ‘or more‘
»pairs) and axial.rings (approximately twenty) Cromus
_(first 0ccuring in the Caradoc of Australia), is- probably
- also derived from or shared common ancestry with this

lxneage (see Chapter V) ‘ Strusz (1980) suggested that

numerous Middle Ordov1céan species of Encrinuroides
'(including E. ;gggg, E. insularis, and E.- tholus) were
early offshoots'of the‘other clade,.which acquired coarse,_r'
symmetrically-distributed cephalic tuberculation in a

'Llandeilo - caradoc lineage including'E.torulatus Evitt ;
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and Tripp, 1977 E. uncatus Evitt and Tripp, 1977, and E.
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neuter . This evolutionary novelty was retained in

descendant Silurian Encrinurﬁs, and was acquired by the

shared cqmmon ancestor to the endemic Chinese Silurian

"coronocephalines” (sensu Chang, 1983, although we have '

reservations about the subfamilial rank proposed for this

.clade). The latter hypothesis is supported byb’-

Encrinuroides zhenxiongensis Sheng, 1964,_of Caradoc -

early Ashgiil'age from:South_China,.vhich provides a '

stratophenetic link between the E. uncatus'rvgp neuter

\1ineage and Chinese Silurian "Encrinurodés" near the

ancestry of Coronocephalus As noted by Strusz (1980, .p.

e

45), the small subtriangular pygidium and "fairly coarse

and regular" glabellar tuberculation of E. zhenxionqensis

——

'suggest thea”main plexus 1Fadiﬂg to E uncatus ethh-
. B2

The present surveﬁ of - early ontogeny in the

'Encrinurinae indicates that this phylogenetically-important

L S /l

4character state (coarse, symmetrically-distributed cephalic

»

tuberculation Jn adult stages) is fundamental_to

encriglgid development " The phylogenetiC'expression of

this charactér state may indicate heterochronic patterns,

~

~ thus demonstrating the influence of ontogenetic disruptionsd

on evolution_in~cnese forms. Species which.develop complex'

. tubercle distributions through advanced growth stages, such

as %& insularis, are characterized by coarse,vpaired_"

‘tubercles in early stages.. The ontogenetic "loss" of

symmetry is largel%aan effect. of negative allometry of
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positon 1 tubercles .relative to abaxial major row -

tubercles, particularily on.the frontal lobe. The apparent

i
| -

contfadiction between theSe‘ontogenétic sequencesnand‘thez

observed~stratigraphic succession (earliest species ;ithout
_distinct symmetry in advanced growth stages, symmetry
developed in Llandeilo - Caradoc 1ineage and retained in

descendants)-suggests the possibility of.%aedomorphosis.
' . \&_, ’

-DISCUSSION AND SUMMARY
ST . ¥

. "

* Character evolution within the framework of primitive

v & _ : : .
and derived states as discussed in the text may be depicted
in the form of a. 'oqram (Figure III-5). ‘This p‘irovides a
hypotﬁe81s of phylogenetic relationships between pliomerid

. 1%;

~ cybeline; staurocephalid, and encrinurine trilobites based

on character states in early ontogeny' This statement Jof

‘telationships has significant systematic implications which
are exp;pred herein. (; ’

Of particular concern is the taxonomic integrity (i e.,

monophyly) of-the Cybelinae. Cladistic.analysis based on

protaspid charactershfs in accordance with the conventional

Vhypothe51s that taxa 1ncluded in the Cybelinae are
ancestraiwtomthe Encrinurinae as welh as. to the
staurOCephalidae (seefreferences‘in text). Patterns of
synapomorth'indicateathat‘certain nadvanced" cybelines

share more recent conmon ancestryfwith the Encrinurinae and



FIGURE xir-sx - Phylogenetic reiapionships between
enorinnrine'and aliied tr&lob%te taxaiindiéated by
protaspid character states.”Bold numbers_refef to

. apomorphies as follows: 1, oniy tvo proﬁespid instars;

’torulus and‘tixigenalﬂ"circumoCular tubercies", paired.
xglabellar tubercles; 2, broéd-protaspis,xredoced lateralA'
'glabellar furrows, wide 4L} large.pelpebral spines: ;)
fixigenal lones ananial ﬁp‘lp—zL glabellar lobes
(homoloqous_w}th poster}or.fixigenal'componenr of
pulvinus), longgdivergent anteriorfand‘posterion
fixidenal spines:iﬁ;_sqbtrapezoidalAstage 1,
subtriengularn4L; 5, hypostomel posterior border
separated fro"mA lateral border, hypostomal lateral border
furrow shaliow posterolaterally (posterior.lobe of middle‘
fbody weakly- deflned)r relatiVely short protopygidial
marg1nal spines, 6, torulus f:ilobate\: 7, glabellar

-tubercles restricted to Iv-1 only, loss ofvadaxial
fixigenal ("pulvinar") lobes, 8, pronounced development
of transverse furrow on f1x1genal field oppoéite 1S
stage 1 protasp;s subovate in outllne; 9, 4L subovete;
.igfwmedianr unpaired protocrenidial anterior border
tuberole, ooarse‘palpebral tubercle pair; 11, -weakly"
divergent anterior"fiXigenal spines,rtorﬁlps ebaxiallto
3L On‘fixigenai field; 12, greatlf’eiongate'anterior and

posterior fixigenel spines, long protocranidial.anéerior ‘

‘(continued on p.1131)
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border spines; 13, protaspid period reduced to a singlg

sclerotiZed instar: ;i, reduced number of fixigg§a1'

marginal spines,'étiongly.curvéd (outward) anterior and
X . N . . , . N El

: posterior-fixigeﬁal spines, venttally—direp;gd

‘p}otopygidial marginal spines.
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Staurocephalig?e\than with earlier cybelines. CYbeline

protaspides may be readily divided into ‘a. primitive

pliomerid-like:group (eg. Cybelurus) and a.derived
encrinurine-like group (eg. ygeloides) in which such
evolutionary novelties as a two-stage protaspis, the
torulus, fixigenal "c1rcumocular tubqrcles", and paired

glabellar and prominent cranidial anterior border tubercles

are developed. These synapomorphies record a monophyletic

taxon including parts of the Cybelinae; the\EnCrinurinae,
Ay \ :

and tbe Staurocephalidae. The conventional concept_of the

(1 . 8. oo : i
. Cybelinae obscures this historical group by emphasizing

132

certain symplesiomorphies retained into the adult stages, .

with the resultant recognitibn of a paraphyletic (sensu"'

Farris, 1974 Wiley, 1981), group including some,«but not

i

) all descendants of a common ancestor. The goal ©of the

present survey is not to justify or refute the validity of

'such groups one of- the most . fundamental debates between’

'the cladistic and evolutionary systematic schog!s (for
review, see Schoch, 1256), but to demonstrate that current
systematics do not adequately represent the observed

' patternnof evolutionary transformations. The lack of
apomorphies.shared by ‘and restricted to cybeline
protaspides'corresponds with the great degree of

'smorphologic variation in subqamilial:diagnoses (based on
adult stages) such as‘attemptedjby'Evittyand Trippl(1977).

Such_diaénoses reduce to descriptiors of a‘heteroge@eous
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class defined without emphasis on-unique’derived character
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states. Extreme variability in many qparacters ("ax&al N

turrows wéakly or sfrongly deve10ped" "eye ridge strong or

ﬂabsent" "rostral plate wide or narrow") reeerds grouping ‘

-

of complexes of primitive (pliomerid-like) a?d/derived

(encrinurine-like) states. S | \ 0
'Further revision of suprageneric taxa (ideally(

monophyletic) within this branch of the Cheirurina is

encouraged in order to attempt to unify relationships

)

indicated by patterns of euolution in.the larva uith more -

typically utilized (although pqtentially less meaningful at

high taxonomic levels) holaspid character states. Do adult

¥

characters, for example, record shared ancestry between

"advanced cybelines" encrinurines, and‘stauroceihalids as
indicated by several fundamental protaspid synapomorph1es°
ATﬂe hypothésized pattern ﬁ evolutionary relationships
throws a questioning light on the validity of grouping all’
"cybelines" and encrinurines as a tag:n (Family
vEncrinuridae) distinct from the equivalently- ranked

staurocephalids. Thé integration of larval-characters in a

cladistic framework might aiternatively restrict the.

Encrinuridae to."advanced;cfbeiinesﬁ and encrinurines
(united by synapomorphy_complex 3 in figure 1II-5), or
further include staurocephalids as a subfamilial 51ster
'group (united by synapomorphy complex 1)

—

The cladogram summarizes a very significantﬂbut
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previously unsyspected trend in the larval esvolutjion of
these trilobite groups; i.e”_the systematif reduction in

numbers of sclerotized instars present during the protaspid
-~

p iodn~ Modification of ti?ing of initial sclerotization

e
,period in plesiomorphic pliomerids / early "cybelines"

{with several sclerotized~instars; including'qaall; early

"anaprotaspides"],"advanced cybelines" / staurocephalids /
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ovideﬁ a fnndamental distinctLon betveen the protaspid e

Qrdovician encrinurines [with only two sclerotized instars,

not including early "anaprotaspides" " in the

cybelines/encrin%fines, stages 1 and 2 may consistently be
distinguished on ‘the basis of shape parameters and
possessing one yersus three pairs of protopygidial marginal
spines], and in apomorphic Silurian form% such as Balizonma,
with a 'single large, ontogeneticallysadvanced}instar.

Associated with condensation of the protaspid period and
. S « )

!

ndn-sclerotized early larval- stages :is the increased size

andﬂadvanced morphological development of such Silﬁrian

forms . These ontogenetﬂcally-advanced character states

may, as noted, be simple allometric correlates of increased

size, which itself may have originated as a result of

selection on a timing mechanism related to the onset of’

sclerotization. This trend in the Cheirurina and the. above-

mentioned example from the Illaenina are suggeétive oftthe

adultation*of larvae (Freeman, 1982) obsefved in lineages
) \ -
within numerous metazoan phyla. - .

In this»study the phylogenetic composition and
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.

historical contert'of species within the Encrinurinae and
closely allied groups have beéh‘evaluated on the basis of
vlarvalmcharacters alone..The results differ radicallw from
currently accepted systematic organizations, cybeline
trilobites, for example,. are divided into "early" and
nadvanced"® groups. These differences reflect fundamenthl

linitations constraining the utility of paraphyletic groups

135

in phylogenetic inference (see also Wiley, 1979). It is

suggested that there exist alternative ways of studying

historical grouﬁs and tha “conventional ,baraphyletic

classes ‘may, out of nece851ty, have to be reorganized to-

‘accomodate models consistent with observed patterns of
descent. For example, the distinction between "early" and
"advanced" cybelines Figure III-S; althodgh evident in
adult’ comparisons, is particularily significant in light of
differences noted among protaspides whe;e relatively_few
acharacters are available for spch gomparison-. ‘This is'a

<

/direct outgrowth of a modified "von"aer’s Law" which holds
characters evident during early devel pment as pap‘ﬁount to

recognizing realistic phylogenetic groupings an pébiimity
’ . ,.Vw
of comm@n ancestry. ' A

4

1
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CHAPTER IV

- -~

A NEW GENUS AND COMPARATIVE on'focr::w! OF THE ENCRINURUS

VARIOLARIS PLEXUS (TRILOBITA; SILURIAN)

‘INTRODUCTION

Struq;'s (1980) recognition of three phydogenetic plexi .
) L .
stemming from Silurian Encrinurus has contributed greatly

to establishing.a systematic framework consistent with

~

current understanding of the Silurian evolution of the
Encrinurinae. Ramskold’s (1986) subgéneric revision of

Encrindrus formalizes these relationships: E. (Encrinurus)

and E. (Pacificurus) comprise the phylogenetlcally-stable

splnose/mucronate punctatus and Australasian mld.helll

plex1, respectively, while g.(Nucleurug) represents the

plgsiombrphic Llandovery core of thevvariolaris plexus.

This latter group includes the ancestors to restricted

Wenlock-Ludlow off3hoots (Fragfzcutum Whiffington and
c;mpbell,'1967: Frammia Holtedahl, 1914) which have Seen
elevated to genériq rank based on distinct complekes of
autapomorphies, as well as'to,the geographicqlly widespread
and mbrphologically conSer#aﬁive Weniock—Ludiow core of the
plexus recoqnizgd as galizogg HolIoway;.1980.

While Ramskdld’s revised diagnoses aré closely followed
herein, retention of Strgﬁz’s-(lQBO) éoncep; of the

‘variolaris plexus’is encouraged to empﬁésize that this

dynamic group is a monophyletic taion, Synapomorphies

R > &
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uniting cies reﬂirred to Enggiggrgsa‘;ucleurus),

Balizoma, Fragiscutum} Frammia, and a new genus proposed

herein include a Peramorphic COmplég‘ of

states (Edgecombe and . Chatterton, 1987; uﬁwﬁteraII herein).
These may be characterized as follows: a broad glabella;
shallow preglabellar furrowr(ngpe or more (usually ten or
twelve) tubercles on the adaxiellyrnarrowing ‘cranidial
anterior border; 2L-4L lateral'lobe tuberculation enlarged

relative to other glabellar tubercles; 1L reduced by

merging of 1S with the occipital furrow adaxially:;

glabellar tuberculation dense, with abundant and relatively

f-\

ehlarged 1nter-row and abaxially-po ed major row

a

tubercles:; I-l'tubercle pair present, t lly positioped
forward across 1S; fixigenal tubercles overhanging axial
furrow enlarged relative tp field tuberculation, reduced
genal spines. The pygldium is broader than long, having a
wide, usually tuberculate axis with a saglttal groove,
posterior pleurae recurved to form a "loop", and
(particularly in post-Llandovery forms) a low ragio of
number of ax1al rlngs to pleural ribs.

®
A distinctive cluster of North Amerlcan Wenlock species

of the variolaris plexus are herein recognized as a new

genus, for which variolaris.plexus n. gen. n. 8p.,

described from several sections located .approximately ten

kilometers east of Avalanche Lake in the Mackenzie

Mountains, Northwest Territories, is designated as type’
- st . »
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‘species."'stratigraphic anyloc‘a-lit'y data used herein are as

presented by Chatterton and Perry (1983; 1984) end Over and -
Chatterton (1987). Certain Wenlock species ‘from Illinois, |

wisconsin,é) and Arkansas previously referred to Encrinurus

and Balizoma are reassigned to variqlaris plexus n. gen.
Cladistic character analygis Qut].ined{ below Vin discussion
of .theb new genus reveals several synepomorphies with °
-Fragiscutum which- ind}cate a sister group relationship. | |
As noted in Chapter v, the.vcenventi-onal a'ssiénmen;-of
taxbnomic .rank in the Encrinurinae is not consistent with ;
strictlﬁy cladistic ,ranking based on recency of com/m\en

ancestry. This is'f)artli‘cularly -apparent for Silurian forms,

in which pumerous qenera are“hmnotypic or include only ‘a

1982); in »contrast .

variolaris pl\ekxus n. qé

. &
conventibn for\ Siiur‘ ' ;ncrlnurlnea‘ By explicitly

\‘"

indicating hypothesizedk ?’mgistié relationships wlthin the
¥

variolaris plexus, howe. % framework 1s presented wlthin

Lo N ¢ 2.
which potential reassg gnt of taxcrnomlc rank could be
. ./,

accomodated{;/* ' o



« SYSTEMATIC PALEONTOLOGY

Family ENCRINURIDAE Angelin, 1854
Subfaglly ENCRINURINAE Angelin, 1854

variolaris plexus n. gen.

Type species. - variblaris plexus n. gen. n. sp. from the

Delorme Formation (Wenlock), approximately ten kilometers
east of Avalanche Lake, Mackenzie Mountains, Northwest

Territories,FCanada.

o
S
@,

ofﬁer species. - Encrinurus sp. Tripp, Temple and @ass,

1977 from the B[dle Wenlock of Illinois an*c‘onsin,

L

Balizoma sp. Holloway, 1980 from the Wenlock o
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‘rkansas.

n ] ' " ] . :
The sﬁeqﬁgld name Encrinurus laumige, referred to Tripp,

Temple'and Gass, 1977 by'Emielty énd Bradbury, 1986 for

Niagaranan material from Brookfield' Wisconsin is a nomen

nomenclature by Tripp gg al., 1977. R. P. Tripp (personal
'communication, 1987)'has inforned the writer that the

specific name indicated by Emielty and Bradbury should read
"lagriaﬁ" (Gass, in manuscript). L '\-4 =

[N

biagnosis.‘- A genus of the Encrinurus variolaris plexus of

relatively small size. Glabella widens rapidly*(tr)
anterior to 3L(w1th broad hemlspherlcal frontal lobe;
rostral prdte\\fde (tr.), subrectan@ular, enlarged

fgilgenab tubercleS positioned opposite 1S-2S overhang



N

Cr e

\ .
xiai furrow, with short eye socle ‘ Field of

“begual in length (exsag) and height (tr) to
/. .
; 1atera1 border faintly tuberculate. Hypostome

} ,ical with 6-8 pairs of pleural ribs and 7-9

R/P ratio 1 1 - 1. 3); sagittal groove narrow,

Y

argin of doublure.lacks U-shaped posteromedian

4\ .

mporally and geographically restricted offshoot

qph-margined pygidlum, discontinuous 1L reduced

Viangular nodes, low field oﬁtthe free cheek,

153
'palpebral lobe\small. eye opp051te 3L-4L,
ilobe, with a .row of about 31x coarse
jjl with flat, subrounded middle body, rhynchos'

nconspicuous, pod%erior border short. Pygidium

-tal tubercles typically present on ev{ky sec01d .

f‘This new genus comprises a morphologically-.

‘.,\

incrinurus variolaris plexus{'Fragiscutumj‘

,and Campbell,'1967 is moé%féomparable in 1ts‘

Mwed‘hypostomal middle body (notably in earlyp

rhzgium)'with'inconspicuous maculae reduced

adax1a1 f1x1genal tubercle row

' ubercles in the.E

;anter r border tuberole, Howells, 1982)

omparison'with the Llandovery -grade of ‘the

abaxial tubercles on-the anterior border;

below), fand non-enlargement of PL. (theg

p}exus grouped as Encrinﬁ?ﬁ% (Nucleurus) »
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Sa o .. ' “ Vii‘ \ ‘,,\“ 'l::_:
similarities are synapomorphic. This-

suggests that il

hypothesis'of O ,~common ancestry offvariolaris plexus n.

" gen. and Fragiscutum (i'e” sisterkgrahp felationshipi is

further corroborated by sxmilar temporal distributions (see
: below), and w1th known geographic occurrences of both taxa
'restricted to North America. Ramskold (1986) suggested that

,Fragiscutum may be descended from an early Llandovery

branch of the variolaris plexus including Encrinurus

(Nucleurus) rotundus (Mannil 1977). This species shows

'cephallc features which are plesiomprphic for the plexus,
and pygidial form [15 axial rings / 8 pleural ribs, R/P
tratio about 1. 8] comparable tOvFragiscutug [R/P

approximately 1.7-2.0). A common ancestor of variolaris

_ plexus n. gen. and Fragiscutum may thus have diverged from

E. (Nucleurus) in the _early- Llandovery, There is,_ however, ‘
- an appreciable stratigraphic gap‘sepgrating the appearence

of” the new genus (mid Wenlock) and Fragiscutum (latev~*

Wenlock) We follow Tripp, Temple and Gass (1977), strusz‘

(1980), and Ramskold (1986) in restricting Fragiscutum to

the type species, g. rhxtium Whittington and Campbell, 1967
from Maine, and F. glebalis campbell 1967 from Oklahoma;'
These late Wenlock - early Ludlow species are distinguished

from other variolaris plexus taxa by the develcpment—otan-—

..onlthen oracic segments and low [non-pedunculate with a
short (tr) librigenal field}, enlarged eyes. The taxonomic

significaqpe of the reduced'number of thoracic segnents in-~
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- Fo rhytium and F. glebalis has been questioned (Perry and
Chatterton, 1979, Holloway, 1980). However, since the :
plesiomorphic state of .eleven thoracic segments is so- fixed

, and widespread in the Encrinurinae, modification of this
character ‘in the*soe ‘species pro_v:Ldes an . 1'mporta_nt |
,synapomo‘r‘phy. : N | | 0

The new genus may be distinguished from Fraqiscutum by

the following autapgmorghic character states (1n comparison .;.@
30 R

to, which the latter taxon more closely resembles the

primitive condition-of Encrinurus .(Nucleurus):
A s,

,'1) lower number of pygidial pleural ribs and,

: particularly, axial rings, with a resultant lowr R/P ratio
. ;(1 l1-1.3 versus 1. 7 =2.0); »

*2) almost complete reduction of the hypostomal rhynchos,;

and associated (as coaptative structures) absence of a y-

4 -

shaped posteromedian notch in the inner margih of the
pygidial doublure.. Holloway (1980) observed that this
notch, permitting insertion of the rhynchos into the"

'pygidial doublure .durmgs.enroilment, 1S well-developed in

species herea'ssigned to: Balizom_a_ and Fragiscutum,v' whil’e

Edgecombe and Chatterton (1987, Chapter' II herein) further' »

suggested a correspondende between these coaptative ]
~ structures’ and’ the ple81omorphic encrinurine’ enrollmentl‘
-spattern. Despite‘modification (i.e., almost complete loss)
i of both of these structures in variolaris plexus n. gen.,

the shallow vinculpr furrow 9nd distinct marginal flange ..

beneath the anterior three or four pygidial pleural rips



+

‘are comparable -to Fragiscutum and Balizomgrand7suggest
similar cephalic/pygidial'interlocking mechanisms;‘ _

3) relativelv greater‘inflationfof the frontal lobe of the
‘ glabella. | l ) o
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4) wider (tr) rostral,plate (possibly an allometric by-

product of w1dening of the frontal glabellar 1obe) 'In this

-

character state variolaris plexus n. gen. most closely

resembles Frammia (see cephalon-of F. arcticg figured by .

Tripp et al., 1977, Pl. 115, fig. 16; text- fig. 4). The
rostral plate of Frammia differs from that of vgriolaris
plexus n. gen., however, in the inward-sloping course of
the connective sutures and resultant trapezoidal (versus

subrectangular) anteroventrally-narrowing shape,"and ®

5) further reduction of the adaxial fixigenal tubercle row a

to two coarse tubercles overhanging the axial furrow

opposite 1S and 2S (see below)

e

' \_L' - N
The‘new genus may also be distinguished from

\.\

by

,Fragiscutum by its primitive character state of smaller'

eyes on short eye socles, presumably retained from ancestry

‘in Encrinurus (Nucleurus). This symplesiomorphy ‘is also

®

,apparen¢ 1n certain early (Wenlock) species of Balizoma,b

A

the type spec1es, B. variolaris (Brongniart 1822).

“The é%mber of thoracic segments in the new ‘genus is unknown :

(to test thezpossibility that reduetion in the number of -

thoracic s¢§$&nts to ten in Fragiscgtum originated in a-

common ancestor of the variolaris plexus n. gen. -
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'Fragiscutum clade)

Species here referred to Mackenzlurus n. gen. wvere

assigned to Balizogg by Holloway (1980) and Ramské1ld

(1986) Shared ch&racter states are largely plesiomorphic

£or the variolaris plexus, and reflect descent of both

'genera from Llandovery lineages assigned to Encrinurus_\

'(Nucleurus) Important character‘ states by which

K

Mackenziurus may be distinguished from Balizoma (first

»

appearing in the Llandovery in Northern Canada. IndVigsen

‘and Tripp, in review) include the following

&

1) small relative-Size,

2) greater inflation of the frontal glabellar lobe;

3) reduction of the adaxial fixigenal tubercle row to two-

coarse tubercles opposite 1s-2s (versus, typically, five or

six: subequal -gized tubercles in B aliggna),

P

% ‘
4) a wide (tr),'»subrectangular rgstral plate . (versus

narrower, wedge-shaped rostral plate in Balizoma),';<%

5) subpentagonal hypostome with reduced rhynchos and’l

maculae, and rounding/flattening of the middle body .(versus

rhomboid hypostomal outline, prominent rhynchos and -

;maculae, and inflated subovate middle body in Balizomah
6) smaller eyes,
7) a 1ower, more sparsely tuberculate librigenal field

(typically bearing two "rows" of tubercles in Balizoma).

8) more round-margined and convexepygidium, usually with

_:ewer'axial rings and pleural ribs (7-9 rings in variolaris

T : -
plexus n. gen. versus 9-11 in Balizoma variolaris, 10-15 in

A




B> obtusus and -allied species; 6-8 ribs in variok

plexus n. gen. versus 7- -8 in B. variolaris, 8'12:‘

obtusus and allied species) As a result the pygidial 3{?
ratio is typically 1ower (see Ramskold 1986, text-figure
.3), and, '

9) evenlylﬁarabolic inner margin'of pygidial doublure
lacks U-shaped posteromedian notch: o

The recognition of variolaris plexus n. gen, thue‘

restricts- the degree of morphologic variation in Balizoma ,.
as diagnosed by Ramskold (1986L

The new genus demonstrates=progressive ontogenetio
reduction of 1L by posterior reorientation ‘of 1S to ‘merge

with the occipital furrow, a synapomorphy of the Encrinurus

variolaris plexus also characterjzing Encrinurus

(Nucieurus), Fragiscutum, Balizoma, and Frammia. Wnile the

type species variolaris plexus n. gen. n. sp. retains low, °

diecontinuous 1L noaes, %he AL lobe is apparently
nobsolete”, at least dorsally, in the COngeneric gpecies‘of
Tripp et él., 1977. In this epecies, the wide (sag;) furrow
tehind 2L represents a combined 1S / occipital furrow. This
_ character state, originating by progressive reduction /

loss of 1L, is nearly attained i&ldependently in other

lineages of the variolaris plexus [egh Encrinurus“

(Nudlenﬁus) diabolus (Tripp, Temple and Gass, 1977):

ampbell,ui967,_rraggia arctica

LR

. N . ‘ . 4& .
. . k P . Y. N
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variolaris plexus n. gen. n. sp;

.Pl. IvV-1, figs. 1-18; Pl. IV 2 figs. 1l- 21:
A o | o - ‘ %
Type locality. - Avalanche Lake Five, 58-60 metres ibove»f

base .[Delorme Formation; (mid?) Wenlock].

Type material. - Holotype pygidium UA 7843 (Pl. IV-1, figs.
14, 16-18); and paratypes UA 7836-7842, 78447853, 7857,
7861.

<

Other localities. - Avalanche Lake Four, l3é'meter%‘above

base; Avalanche '‘Lake Seven, basal seventy meters of
~measured section (occurrences at AV7-0, 25,_38,'and 70

.meters above base).

o

Diagnbsie.'-;A-speeiee of variolaris plexus n. gen. -
retaining 1L asﬂfg%,discontinueus lobes; maxiﬁﬁh glabellar .
‘convexity on front of 4ﬁ,'wﬁichvbearsvsmall‘paired laterafwa
lobe tubercles; I-1 present; genal spiees_bluntly pointed;
‘axial furrow flares abruptly in'front of enlarged fixigenal o
_tubercle opp051te zs.Idbrlgenal field bears "row” of 6-7

coanse tubercles and several smaller adventlt;ous

rcles. Pygfaial 1ength 55-65 perce

l

f'width, with 7-8

a: B

p}eural ribs,; =9 (rarely 10) axi ternating

smal’l and,ﬂ.arqe sagittal tnbercle

tuberCAesV*~*

q&gxial tOxﬂﬁgitta% qreeve,
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FIGURE IV-1 - Dorsal view of .a reconstruction of cephalon

and pygidium of'Qariolaris blexus n. gen. n. sp,
3’Reconstruction,is_ based on_specimens-illustrated in

' Plates IV-1-3:



*

Plate IV-1 - variolaﬁis plexus n. gen. n. sp. Delorme

Formation, - Mackenzie‘Mountains{ Ndrthwestherritories,
' cariada. All specimens‘ffom eectign_Avalanche Lake Five,
55-60»meters above baSe;(dver and Chatterton; 1987)
except 13 (from section Avalenche Lake Four, 138,meters
‘above ' base). ﬁagnifieation'xlo except'where,noted
othefwise.“;; dorsal view of free cheek, UA 7836; 2-4,
6, dorsel' ventral lateral, and anteridr views of
cranidium, UA 7837; 5, dorsal view of thorac1c segment,
7-10, anterior, dorsal ventral and lateral views of
‘ihcompleﬁe cranldlum and free cheek, QA 7839, x5; 11,
.dorSel view of cranidium, UA 7840; 1g,~ :;eril view of
eranidiﬁm; UA 7841; 13, dorsal view of pygidium, UA 7842;

;_, 16-1 ventrala(x5), lateral, dorsal, and posterior

views of holotype pygidium, g% 7843 15, external view

of free cheek UA 7844. %?






Plate IV-2 - variolaris plexus n. gen. n. sp. Delorme
Formation, Mackenzie Mount.ains, Northfw Terfitor\ies,

,

Caﬂada. All speci_men(é from syectioin“Aval’ nche Lake Five,
58-“60 meters above base (O‘ver and Chatterton, 1987)
except 3, 4, and 6 (from 's.'ectio‘n Avalanche Lake Seven,
27 vmeters above base). Magnifications x10 except where
otherwise noted. 1, 2, '_5_, dorsal, dorsolateral', and
lateral views of cranidium,v-UA 7845; 3, 4, 6, Q‘Slorsal,
lat':e‘-ral., and anteriqr'views of cranidium, UA 7846; 7,
E dorsal, and anterior views of theracic segmént, Uua
' 7847; _2-_1_;, lateral, ventral, and anterior views'of
hypostome, #A 7848:' 12-14, anteridr, ventral, ahd

pgsterior views of thoracic segment, UA 7849, x5; _Jé,

\

dorsal V‘bxof cranidium, UA 7850; 16, 19-_2_1,posterior,_
dorsal, ventral (xS5), and lateral;views of pygidium, UA
7851; ;j_, ventral view of hypostome, UA 7852; 18, dorsal

view of pygidium, UA 7853.






Plate IV-3 - variolaris ple\xus n. gen. n. sp. Delo'r;ne

Formation, ﬁackenziﬁ Mounqéins, Northwest Territogies,
Canada. All specimens from’section Avalanche Lake Five,
58-60 metefs above base (Over and Chatterton; 1987)
except 6, 10, and 11 (from section Avalanche Lake Four,
138 meters abovae base}, All‘ figures except 6, 10-12 are
scanning electroﬁ micrographs. 1l, 2, dorsal, and ventral
views of protaspis, UA‘7829,'x75;‘§,'dorsal view of small
(meraspid) cranidium, UA 7854, x50; g' external view of
small free cheek, UA 7855, x50; 5, -dorsal view of small
cranidiqmﬁ UA 7856! x30; 5, 10, 11, dorsal, lateral
(both xsj,~andfventral (x10) views of hypostome, UA-7857;
7, ventral viéw“of small hypostome, UA 7858, x50; 8,
ventral view of hyposﬁome, UA 7859, x30; 9, dorsa;.v&ew
of small cranidium, UA 7860, x30; 12, external view zof

free cheek, UA 7861, x5; 13, dorsal view of small

cranidium, UA 7862, x30.
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* The: specific diagn051$ above includes

brigenal, and'pygidial ch%racter}states by

is plexus n.>gen. n. sp. may be distingulsheda
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ﬂown'conqeneric species« Supplementary notes on. -
f§tic attributes are included below. Rostral,;'

"”and thoracic character states, as well as

yentral morphology, are presently known only;

e

r e:specles, and are thus described 1n greater

wr

Lo

5a1 1ength 55 65% of width, 4L 1.4 - 1 5. tlmes
3L, and 1 2 - 1. 3 times w1dth of. oco pltal

lla 1 1 - 1 2 times. longer than w1dth across 4L;

)

a small adax1ally-po51tioned anterior tubercle,

S s

g .
posterlor tubercle), contrasting with sxngle

L

a_ly-narrowing anterior border bears 10

8" with occipital furrow behind I 1 tubercle

lbellar tubercles. %labell&r tuberculationbﬁ‘

41“ 2, 3F/R, V-l, 2, VI-l, and smaller 1nter—rowt

um convexity forward on 4L. 1L present as low,t

ldbeS'bounded by posterior-directed 1s furrow"';.

_ral lobe bears a pair of exsagittally—alignedy

bercles on’ 2L-3L distlnctly lirger than more;_lL
'1} II 1, ;iii 0, }II 1,:2(F) 3 4L bearsd«
§Oqcipital riné and cranidial posterior /-

Yial border tuberculate in ~all but largestr f

cseeialso "Ontogeny“) Preglabellar furrowliu
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e

. .

‘e .
PR A
b . a

tubercles, aba ialuost pair ("PLP}4not'relatively‘enlarged:

cranidial ante 1or margin straight sagittally, defining

w1de (tr.) rostr 1 suture Adaxial fixigenal margin almdstT
'straight anterio to enlarged conical tubercles opposite is

./ 28 which ove hang abruptly flaring ax}%l furrowr

3Palpebral lobe o posite gs 41?’ mm; proxim,l to axialg
furrow, w1th one small 1ntervenﬁg't-ubercle a»long facial
)suture. FiXigenal field pitted .densely tuberculahn,

1nc1ud1ng distinct CTl CcT4 of subequal size to coarse

glabellar tabercles,iCTl adjacent to back-of "lpebral lobe

'(oppoSite front of 2 ngle bluntry;

p01nted

Pitted Jibrigenal
;! ‘))«.
, arse tuberc es anﬁ sever smﬁller adventitiOu
& Y e r‘ ¥ ?

tubercles, 80 -90% hei\ht (tr) of _faintly-tuberculate

ield with a poorly-defined "row" of

'lateral border, very Sll htly longer (exsag ) than\aensely

tuberculate precran1d1 l 1obe. eye socie prominent.

Cephalic apodemes exp nded distally, directed inwar

at outer end of occipital,‘ls 2S, and 3s furrows,'ls/gz
ipogémes large, longftudlnally ovate and subspherical
jrespectively, occipitah’and, particuiarly,_ss apodemes
ismall.ﬁIn ventral view, 3S is a short agﬁeroﬂ%dially- _
.directed furrow shallowinghzak jv ﬁﬁkdamgal to 2L—3L'«

'lateral lobes,:straight 25 weakly%-g

f’ct'acr s much of
S oqg( ; : Y
,hormly broag beneath
SR (4 -
‘librigenal lateral border a'd genal anqle, cranidial_'

T Ae

'glabella. Cephalic douB}ure_un
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doublu?!inarows abruptly adaxial ‘to genal angle, librigenal
'doublure narrows gently beneath anterior border /
precranidial lobe. Shallow vincular furrow along
ventrolateral margin of cephalic doublure beneath
librigenal lateral border corresponds with m;iginal flange
=beneath anterior three of four pairs of pygidial pleural
ribs.* Pygidial doublure broad widening.slightly
posteromedially, inner margin evenly rounded broadly
‘parabolic. o : ." s ’- _ E
Rostral plate (inferred by course of rostral
connective, and hypostomal sutures, 1nclud1ng soecimens
with complete free cheéks articulated with cranidium)
_subrectangu]ar, narfbwing veiy slightly ahteroventrally,r
approximately 1.5 times broader than long. |
Hypostome with large flattened muddle body of low
'COAVBXLLy, subc1rcular, slightly broaier han long;
rnynchos weakly developed defined by a fai broadly?———
:rounded swelling on anterior margin of middle body,‘and o
fvery shallow. furrows abaxially which are faintly-distlnct ;

M

_in ané%rior 40 percent ‘of middle body and athel strongly
fdivergent posteriotly, 1ncorporating ab t 60 percent of ’
‘width oi'middle body where they shallow-out oppOSite front
wof anterior wings:; macg&ae inconspicuous, forning small,:
low, ovate swellings on posterolateral margin of middle i
body, anterior border uniformly narrow and weakly ffexed
.downwards to form a marginal r}m, ;eparated from middle

body by a rather broad shallow b&éder furrow with distinct



deeper elongate pits'anterolaterally'(at changes in
curvature of margin),'anterior margin rather straight

sagittaily, with abrupt posterolateral reorientation on

straight anterolateral margins such that outline of

170

ypostome is subpentagonal (particularly in small stages),

’anterior wings large, pofltioned in front of mid*length of

lmiddle,body ‘and shorterJtheight than.middle body, short

ving ‘process near upturned edge of anterior wing. doublure-

[ 3B

of middle body), widening beneath posterior border,“

extending almost half-way‘to border furrow with gently

,concave anteriorwmargin (lacki%? anterior-projecting median

: arrow anteriorly and’ behind posteripr wfhgs (positioned';’

tongue presentoin,Fragiscutuﬁ rhytium and many other

encrinurines)ijniddle body inflat to overhang lateral
<border 1mmed1ately behind ‘anterior
border narrow, widening slowly poster edialiy bounded by

ia deep, narrow border furrow which shallows sagittally

A
boundlng posterior border,.margin flexed backwards

posterolaterally with distinct 1engthening of broadly-

:ngs; posterolateral W

- rounded posterior border, angled ventrally, comprising less

.than 10 percent of sagittal length of hypostome.gi‘

Number of thoracic segnents unknownA‘.xial r%ng-

"comprises about 35% of width of thdrax, bowed ge

axial furrow, articulating half—ring

tly .
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length of axial ring; ring.moderately convex,rrounded or.
weakly flattened“sagittally, inner half of pleurae sloping
gently inwards and fairly straight, outer half strongly
recurved downwards, p%eural band gently widens abaxia{ly‘
towards abrupt change in slope, 3baxia1 to which it narrows
‘and is gently flexed backwards with a weakly concave
_anterior marQl’ pleurae terminate in a bluntly rounded
'point. Axial processes prominent“transrersely ovate
swellings, anterior flange uniformly narrow and about 30
‘percent of length of pleural ban%ﬁ?n inner half of pleuiae,'
nﬁdsning abaxiallg and projectinq forwards abaxial to;
fulcrum tq féri‘% prominent bluntly pOinted facet, doublure"
of axial riﬁg gently wiq-%f sagitﬁally to almost oné-hai% |
length of segment, apodemes posf%ioned slightlyffhﬁgrd of
axial furrow, directed strongly inward and weakly downwardy
posterior recess well developed in inner ha%f of pleural.
doublure.'{. v. i x o “v;,'ﬁ°?'§”'i i o
Pygidium subhemispherical in outline,,with length 55 —-.
65% of maximum width, 7 or 8 pairs of pleuralwribs

~ )

downturned outer part of firs! rib pair inclineq at 70 - 80
' degreés, interpleural furrowswwidem towards change in

slope, then narrow distally where tips of pleural ribs are '
vexpa”ed, posterior z\g pairs of interpleural furro f‘
indistinctly continuous to ventral margin o: pygidium
(distal part of pleural ribs fused). 8 or 9 (rarely 10)f
axial rings $ith a narrow sagittal groove in all but the

‘anterior 1‘- 2 rings, in lateral view,’. axis is gently»
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convex and weakly sloping for moSt of length, with abrupt' .

steep slope 1n posterior rings and postaxial pleural ribs.
v% 2 ‘

'ié rse sagittal tubercles presentnon approximately every
second ring, - with smaller sagittal bercles typﬁ%ally
occurring on altern‘

it

fabaxial‘to the s,i‘

paired tubercles positioned

fove on several of the ante&%gr
1 O '. - ‘. . N Q:r“

rings.

N 1
g v
d ¥ -

11 noxs and Wisconsin, and almost certainly congeneric
pygidia from the St. c1a1r Limestone, Arkansas assigned to .
Balizoma sp. by Holloway (1980)& Descriptio; and.
.illustrati‘.‘éf the former species is based on ‘a single/nd

' rather po'orﬁ preserved and fragmentary cranidium, !'"’free.
cheeif and a few pygidia. The new species may be mbst

areadily distinguisg:d from the form. described by Tripp et
al., 1977 by its retention of 1L as/low dis;bntinuous
ridges (this lobe is obsolete in ‘the Iliinois/Wisconsin
spec1es), presence of a I 1 tubercle pair, small paired
ftubercles on 4L,?and short }1xigena1 spines, more - anterior-

opositioned maximum glabellar convexity (in front of 4L -
versus 3L),» more pronounced and abrupt flaring of thC{:i

”‘axial furrow in front of the enlarged fixigenal tubercle °

‘opposite ZS. more forward position of the palpebral lobes

.»,
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4

.

‘tubercles on the, librigenal field in add‘ition to ‘the

LY

J"aligned" 6 -7 coarse tubercles. ‘and,. a more strongly '

sloping pygidial profile. L , "“’ . ;‘v ‘f‘:‘;
| : S a e oo R <«

(1980) are'

03ngeneric pygidia described by Hollow’a,‘ 2

P s
more ﬁlongate and slope more steeply in® l.ateral‘ 4

"

(notably postax?.ally) than those of variolaris pLexus n. e

.qe_n. n. sp.l The Arkansas species has only six pleural ribs’?

pair almost vertically 1ncli ed), seven ,.,,*

(more strongl ;B"ck- and down-turned, with the outer part
of the first

axial =rings,' and@a shallower sagittal groove. Hol_loway

at. tge small number :of axial «ings and .,pleural?ribs
k] * . .

3

could be attributed to t‘n»all sizé of known specimens, .
'apparently implying “the preservation of juvenile‘g-rowth '
stages. This possibility is weakened by compcxrison with

: similarly small adult holaspides of variolaris plexus n.

gen. n. sp., vin which a full’omplement of ejght mr‘!m

pleural ribs may be attained in pygidia with lengths

' 1ittle a@’s§§ 25 percent of the largest known spec1mens ‘and by B |

‘the onto énetic‘lly advanced appearence Q? the smﬁh

other tAxa of the v’ariolaris plexus) - ‘ ",

ONTOGENY - Silicified m@terial of var olaris plexus n. gen.
n. sp. includes a re’,l.atively comp te - growth series for .
y ;

most sclerites, recording orftogenetic deVelopment from the

protaspid throtrgh the holaspid periods.



( P o 174
| .
A protaspﬂbxgﬁ,this species figured by Edgdcombe,
,Speyer and Chatterten~(in review, Chapter III herein) as
‘"Balizoma sp." [gggiglggig plexus n. gen. n. sp.]"is
;rdlllustrated herefh (Pl. IV 3, figs.ll, 2) to document
ontogenetic changes across the protaspid meraspid
gtransition. Distinguishing character states relptive to /

——— - P - Y e W

.illustrated by Edgegombe angh Chatterton 119(1987. iBChaptcar II, W
E » RN R S

%herein) and in Chapter III tnclude.lsmaller sizg; stouter,
mord’strqngly curved-outwards anterior fixigenal spines.
;ore strongly divergent posterior fixigenal spines; sparser
'cranidial marginal-spines, including an anterolaterally-
directed'spiné.inmediatelf’behind the anterior fixigenal
:spine, and a;st t'midfixigenal.spine midvaf (exsagd
beEween the an'erior and.posterior fikiJenal spines; two
pairs of shorfer anterior border: spines, the torulus is
broad (about 9 e-half width of fixigenal field across 3L).
.low, ahd dist nstly abaxial to the 3L glabellar lobe, while
the torular tubertcle (CT1) is indistinct and not obviously
‘larger than‘the granular'prosopon, smaller protopygi ium
 with three pairs of shorter,_more (pcstero-)Ventrally

directed ma ginal spines.

Trends 1 post-protaspid ontOgeny are generally
-comparable to those documented by Whittington and Campbell

,(1967) in Fragiscutum and Edqecombe and Chatterton (1987)
' )
,in Balizoma. These include the following‘
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r(l) relative broadening of the glabella (r ctilinear
decrease’ in 1ength/width ratio; Figure A?

175

particularly, broadening of relative to 1L-3L (Figure

IV=-3). Protaspides navo a subovate 4L, slightly broader
‘than subequal (in length and width) 2L—3L, with.straight

‘transglabellar 1s - 38 turrowp The growth seri,és- E

jaenonstratee relative lengthening of 4L, becoqing

subhen'lispheric'al in outline, while 3S reduces to aﬁ%ﬁbrt

" anteromedially-oriented furrow. 2S reﬁains straight, but

1out adaxiallyu while 1S reorients pogteriorly to
-

&

shallows

merge with the occipital: furrow behind the 1I-1 tubercle~

- pair; 1L is greatly reduced to low, discontinuous lobes in
il k ¢ ,

large holaspides (Pl. Iv-1, fig. 8; Pl. V-2, figs. 1, 2),

although continuous 11./ straight 18 may be retained into

the holaspid period (Pl ‘Tv-1, fig. 2)

(2) Glabellar tubercle development is ‘tgpical of the‘

'variolariS'plexus, as documented in Balizoma by Edgecombeﬂ

and Chatterton (1987; Chapter II herein). .Protaspides have

‘a IV 1 tubercle pair positioned posterolaterally on 4L, .

while V-1 is also present in early meraspides. A small
(meraspid) cranidium (P Iv-3, fig. 3) shows distinct I—l‘,
" II- 1. III-1; Iv-1 (enlarged). V-l, 2;- and VI -1 spine pairs

A At this developﬁental stage, the lateral glabellar lobes

By

-are non—tuberculate (beifing short spines), and inter-row
tubercles are indistinct. Additional major row tubercles

are added’ abaxially through the meraspid period,?on~3L

. N _ .
(III-2F) and 4L (IV-2, V-2). Small inter-row tubercles



176

mm Lo '
& G
> 5 ’ . »
Sy Lo,
4}~ - |
\ j
. { e
- \ o e
>~ \«,. . - / ."
g’A 3 #® " L
Q I ARSI
—— ‘9;;?_';' )
5 .
— b P
; . .0 » -
. Q 2 F ) ’
2 e ©
o .,
' .
Te N b &
.. IR . . 4‘&3
1F ° B . gzﬁ o
/ . e
[ J - /‘ El ’
‘ v,
o - N— —+ -
.0 w1 2 . 3 4mm
‘. - Width 4L" ) A
L % ‘. i
r g
‘;l, ~ e p,

FIGURE IV-2 -~ ﬂcatter ‘plot of glabellar iength (sag)
versus w1dth across 4L for 20 spe!.hens éprotaspid.

through holaspld perlod) of variolarls plexus n. gen.

. h. sp. Measured specimens from section Avalanche F;ve,‘
58-60 meters above base (closed circles); and section.
Avalanche Lake Seven, 27 meters above base (opeQ

Y
/«\squares) and, 38 meters above base (clo&ed squares)
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e 4 L . ‘ ™

Width 4L
~N

' o

FIGURE IvVv-3 - Scatter plot of glabellar wldth across 4L

versus w1dth across 3L forf21 spec1mens (p&otaspld

through holaspld perlod) of varlolarls plexug n.. gen.

R )

n. sp. Measured spec1mens from section Avalanche Lake

.

‘%

Five, 58-60 meters above base (closed circles); and
{ -

;ection Avalanche Lake Seven, 27 meters above<base (open

squares),‘and 38 mete:s~above‘base (closed squares)./ {)>
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1édeveloped adjacent to the axial t;fndw _i

ithe tﬁorax Such transverse furrqQ ing of the occip__

include iii-0 (and occasionally ii-0), andfare.abundant on

4L. Rounded tubercles develop on the 2L'412E lateralﬂlobes}

finely denticulate in early stages. Large holaspides recordﬂ

flattening of tubercles through this peridﬂ (spinose in

small growth stages), enlargement of tubercles on the 2L -

3L lateral{lobes relative to more medial tubercles, and an

allometric trend towardd‘subequal,size of major row pairs

_(IV-1 notably larger in early stages) and enlargement 7f

inter-row tubercles. ' ;o ,?-, : /

(}) The occipital"ring and ,cranidial

pqsterior/posterolateral border are prominently tuherculate '

in meraspides_and small holaspides, but smooth or only
faintlf tuberculate in large holaspides.'oceipital
tuberculation includes aalarge median tubercle and a

.

. ; . . , : :
smaller pair posterolaxerally "The occipital ring in 1arge

holaspides (Pl. IV-2 v}igs. 1, 2) is broad and conspicuoslyu

furrowed (a broad shallow furrow curved posterolaterélly~

from abaxial edge of anterior margin and extending straight

 across midlength of occipital ring, separating slightly

depressed arlteari.or' t:arxd fron z'ai.sead?

posterior/posterolateral band) The longitudinal swelli"‘
‘on the abax1al part of the’ °c°é§}

and swelling of the anterolateral part of the tnoracit

axial rings are wveakly devel ed in other taxa ot the

178

D
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banmia. In thas,
Cow e

var;oleris.plexus, being most PrpmineﬂﬁykW
[ssea anterior

typefspecies, F. arctica (Salter), ‘i
behd is very distinctly separated] m the elebated'
po-terior’hand and, as noted by ppp,p’gt al. (1977),

simulates a 1L lobe. #

(4) Ten to fourteen tqperoles deQeIop on the anterior
cranidial border. Protaspiées have two blunt spine pairs
(P1l. IV-3, figs.]u 2). These are elongate'spines in small’
meraspides 1P1. IV -3, fig. 3), with a srall third}pair
forming sagittally. Smailer tubercles inserted between
these pairs increase in relative size through the hoi;spid
period, resudting in a morekuniformlyfsﬂzed‘row of
flattened tubercles in adults._ | , ) . .

(5) The stout, eloqgate4a;§eriofeﬁixigenal spine‘of
protaspides (subequally loné as the posterior fixigenel
spine) is greatly Yeduced in early meraspides, and forms

" the rounded CT4 tubercle in holaspides. The midfixxgenal
spine is also reduced, and migrates posterlorly in front of

_‘the posterior fixigenal spine ¢he atter remain elongate ,x.
in méraspides,-and régrient~backwards, progress1ve %

Wreduotion»occurs through the holaSpld period, with the«

"tuﬁé géggle An’ largefﬁndividuxié,only bluntly pointed.
'4%) §mall spinose fixigenal tubercles develop along the
axial furrow opposite the 1S and 2s glabellar furrows (with
clusters ‘of tiny denticles in these" positions in early
growth stages, P1. Iv-3, figs. 3, ) . These tubercles’

' coarsen through the growth series and assume a subconical
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shape, neariy«buttressing-the axial furrow (Pl. IV-2, fig.

1) . v

(7) Small cranidia demonstrate the primary developmont o£

the CT1/CT2/CT3 fixigenal "circumocular" spinos, with tho

totulus indistinct in early meraspides. The fixigenal field‘9

undergoes increased tuberculation, in which later-forming

tubercles enlarge to a size only slightly smaller thanthe =

"circumocular" tubercles. , -

(8) The palpebral lobe, bearing short spines in'earlf'

staqes, migrates backwards from opposite 4L through most of
- the growth series to opposite 3s in large holaspides.

(9) The hypostonal middle body (widest anterolaterally in

smakl stages and more bluntly rounded anteriorly than~

posteriorly) flattens, becomes rounder in outliné, and
inflates laterally to overhang the lateral border. A small

pair of denticles on the lateral_horder;and'two pairs on

" the posterolateral border are present only'in'early growth

‘ (10) The librigenal. 1atqra1 border bears numerous short

spines in small stages (Pl \rv- . fig. 4) which axe reducedh

_to the faintly tuberculate adult stﬂie. Tuherculation on

the lateral,border preoedes that on-the precranidial lobe
“ and field,ﬁwhich are more,densely tuberculate in later

*ontogeny. \‘?X‘ R : ' N .o e

(11) An }ncrease in pygidial length/width ratio occurs

through the holaspid period (Figure. IV-4) Other. trends

~
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.

FIGURE V-4 - Scatter plot of length versus w1dth for 25

holaspld pygxdla Qf varlolarls plexus n.‘gen_ n._st

Measured specimens from sectlon Avalanche Lake Pour, 138

meters .above base (ciosed trlangles), sectlon Avalanche

T‘kj ’
© Lake Flve, 58-60 meters above base (closed c1ro&es), and
sectlon,Avalanche Lake Seven, 27 meters above base (open

¢
-squares),fand_38 meters above base~(closed squares),

» ) o . ) g i ]
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through this period (early holaspides already possessing
seven or eight pairs of pleural ribs and eight or nine
axial rings) include' reduced spinosity of the free rib
terminations, with smoothing of the\pygidial margin,;
qeepening.and broadening of the\sagittal grrove, shortening
of~sag§ttal spines ‘to- rounded tubercles, ‘and development of
\axial tubercle pairs lateral to the sagittal groove, lossi
of pleural tubercles, deepening and broadening of‘the axial

« and imterpleural funrows;Lsteepening'slope of the distal .;
part of the pleurae, and, increasing axial width relative "

to pygidial Wldth (Figure IV-5) ] LO T s

COMPARATIVE ONTOGENY OF THE GENAL FIELD IN HE VARIOLARTS
“PLEXUS: CHARACTER. EVOLUTION BY CHANGES IN DEVELOPMENTAL -
TIMING AND RATE . . - .. N |
."' A '
That minor c/a es in the timing and rate of

developmental events affecting early ontogeny can yield“;:ﬁ

i .
TR

iodification of adult morphology “has’ long been: g

central to the role of devebopment i macroevolutionary-‘

®

“theory (Goldschmidt, 19407 deBeet, 1954 see Goula, 1982;
Maderson, 1982; Raff et al.;'1987 for rec"nt perspectives).
Comparative ontogenetic studies on species of saveral

. ‘k
genera .of the Encrinurus variolaris plexus (Figure Iv- 6)

suggest that differences in "taxonomic characters" (Mayr, .

1942) such as the number of tubercles in the adaxial
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FIGURE'IV- - Scatter'ploé‘of pygidial width versus axial -’
»

width for 22 holasgigyﬁgoidla of varlolarls plexus n. -

gen. n. sp. Measured—spec1mens from sectlon Avalanche

LY

,Lake'Four, 138 meters above base (closed trlangles);
sectlon Avalanche Lake Flve,_58 60 meters above base
"(closed c1rcles), and sectlon Avalanche Lake Sevéh 27-
.méters aboveibase (open squares),'and 38 meters above

/

‘base (closed” squares). o
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"Figure Iv-6 - Comparat1Ve ogtoggpy of the gesal fleld and
-phylogenetic relationihips -in the variolaris plexus.

. Adaxial f1x1genal tubercles " in meraspldes (bottom row,

approxlmately x11) and large holaspldes‘(top row,

(9 -

approximately X5.5) shdded in black. Apomorphles
‘1nclude. A, reduction of adax1al f1x1genal row to 2-4

'tubercles (by postdlsplaced onset t1m1ng of anterior'

1

e tubercles)p~B, enlardéd eyes (by accelerated rate of
(

allometrlc growth), C adax1al row reduced to two'coarse

3

tubercles opp051te 1s- ZS (paedomorphlc arrest of’
. e \ !

developmeat of tubercles opp051te 35S and further
anteriorly), D, only'three tubercles opp051te 1s=35

(development of anteérior tubercles spatlally constralned.~

ad
4

}by expans:.on of eyes to adlgcent to axial, furrow)

¢
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fixigenqlltubercle'row, eye size, and area of the genali
..fields . may be riZ{ted to 'suble temporal shifts in

ys. Furthermore, . certain evolutionary

-

‘ developmental path

vnovelties are recognized as structurallydconstraineﬂ.:

ponadaptive'yy prqducts of timing related sqlection

o P PR 4 T, :
',%ragkers. - . f/f

targeted dﬁ ;

y < > . ‘ 5 : '_
’ The adaxial fixigenal .tubercle row ig Balizomwa and a~
* yariolaris plexus n. gen. is initiated  in the meraspid .

period as small granulose tubercles, although clusiere of.
Atiny spinose dentlcles along the axial furrow opposite the
1S !nd 28 glabellar furrows in early meraSpldes (Plate IV-
3, fig: 3) are a precursor to tubercle development
Edgecombe and Chattertoh (1987; Chapter II herein) noted
.that this tubercle row inlaaliZOEQ formed as a unified

"

series distinct from otherLgenal tubercles in Ramskold’s
;(1986) “ciro;mocular'tubercle ring". [also comprised of the.-
librigenal fleld thbercle row and the fix;genal‘fleld
"circumocular tubercles" CT1 - CT4]. Balizoma meraspides
show a rather;uniform slzed row, of small granulose
tubercles, opPoSite the glabellar f%rrow5=(ano farther~'
.forward opposite -the abaxial end of the preglabellar
furrow), although the tubercles oppoaite 1S and 2S tend to
;evslightly larger, a result of earller onset of
'development.7This.adax1al row enlarges through ontogeny
' relatiGe go‘other tixigenal tubercles, and is composed of 5 -

or 6 (rarely'7)'subequalésized-rounded tubercles in adults.



-

Evidence from Encrinurus (Nﬁcleufug), probably ancestraf,to

Balizoma as well as vagiolaris plexus n. qen.'and

189

Fragiscutum, indicates that 4 or 5 subegual-sized coarser

-~

tubercles are plesiomorphic for the variolaris plexus,

probebly primitively developing Oppoeite the three laterﬁl

"glabellar furrows, with an anterior pair abaxial to the

preglabellar furrow and a posterior~peir opposite the
\ ‘ :

occipital furrow added later in the meraspid period.

Meraspid stage?ﬁin a new Llendovery species from the

——

.

-Avalanche Lake sections (with four nodular adaxial

fixigenal tubercles in large holaspides; ct.—B. (N.)

,anticostiensis (Twenhofel 1928); E. (g.f inexpectatus
($najdr, 1975); and, E. (N.) diabolus (Tripp,‘;,’.l‘emple.and
Gass, 19?7)1 indicate three snall.spinose tebercles
‘opposite . lS - 38 (PlatéxIV-4§T

: In contrast to this plesiomorphic state of four or more

tubercles in . the adaxial fixigenal row, species of
N .

zvariolaris plexus n. gen. and Fragiscutum develop as few as -

2 - 3 (variolaris plexus n."gen. n. sp.; F. glebalis) to 3

ﬁ .
- 5 (F.- rhytium)etubercles. This reduction is expressed in |

the meraspld peniod by prominence of tubercle pairs
opposite 18 and 28, with tubercles opposite 38 either

absent (in variolaris plexus n, gen.) or small (in F.

rhxtiu ). This includes meraspides at degrees certainly'

more advanced than those at which Balizoma has desveloped
- five tubercles in the row (see Figure IV-6). Delayed timing

of onset of development of these anterior tubercles



Plate IV-4 - Small cranidia of Encr{nurus (Nucleurus) n.*
sp. Whittaker Formation (Llandovery), Mackenzie

Mount7£;;; Northwest Terrltorles,iéanada. Specimens from

' section Avalanche Lake One, 413 meters above base,

(Chatterton and' Perry, 1983, 1984). A, dorsal view of
— early meraspld"cranidlum UA 7891, x75 B, dorsal v1ew

" of small cranidium, UA 7892, x50.
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represents post-displacement in the terminology of Alberch
et al. (1979). . Further development of the adaxial row is
typically completely errested in variolaris plexus n. gen.
n. sp., in which tubercles opposite 1S and 2S undergo
allometric enlargement through the growth series but
anterior or posterior pairs are eitner smell or absent.
This paedomorphlc state differs from more plesiomorphic F.
rhytium, in uhich'a row of three to five subequal sized
tubercles in adults also includes pairs positioned opposite

3S, and sometimes opposite the pneglabellar.and/or

_192

occipital furrows, more compereble to Encrinurus.

(Nucleurus) and Balizoma.

Holaspides of Fraqiscutum glebalis cCampbell, 1967

[complete specimens, including oustretched and partially
enrolled individuals, also illustrated by Johnson, 1985;
Giuseffi, 1986] record the development of" three nodular
tubercles opposite the 1S - 38 glebellar furrows. A
correlation is epparent between expension of the greatly
enlarged eyes to immediately adjacent to the axial furrow

and reduction in the area of the genal fields and reduced

adaxial fixigenal tuberculation (i.e” absence of anterior

tubercles sonetimes developed in F. rhytium). It is

‘hypothesized that accelerated rate of eye development
¥esulted in positloning proximal to the axlal furrow,
imposing a spatial constraint on ontogenetic development of

late-tprming~enterior tubercles in the adaxial fixigenal
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row. _ ‘
‘To test this pypothesis, rate of eye development niy be
approxim;ted by the allometric chéngd in ratio of length of
' the palpobral lobe to length of the cranidium. The latter
i- aclnctcd as the indopond:nt variablo representing
overall body size on the basis of most species being known ~
'only from disarticulaéed silicified material. Thoso data
(présented in Figure 19-7 in the form of an ordingt- plot
to allow'absolut§ size,cémgarisons) suggest that
differences in the ;;qrgg-eyed" forms (a synapomorphy

between species of Fragiscutum) relative to the "small-

eyed" forms A{Balizoma; yariolaris pPlexus n. gen.) are

\

indeed results of accelerat?d rate of eye size inéreas..
This refutes gertain altern#tiQe scenarios which could be
evoked witpout these ontqgenetic data: i.e., varjation in
eye ;ize betwg@n éaxp is nof a simple allometric corrolato‘
of dirferencés in body size (see Caldér,’1984 for
comprehensive review of this topic) on an unmodified
developmental trajectory. As well, the inferred rate
pertufbation in Fragiscutum demonstrates .that increased eye
size would not be adeqﬁately modelled as a result of pre-
displacement [inQolviné earlier onset timing of a phase of
~ eye development; size'increasg could theretofe result trdn
prolongation of the growth period without a change in rate

or offset timing (chaﬁara, 1986) ). . We cannot demonstrate

that some aspect of pre-displaced timing was not operating/

in concert with rate acceleration; such difficulty "



?igure IV77 - écatfe@ plet of maximqm length Q§ palpébrélb

LohebverSus‘sagittal length of‘eranidium in ﬁaxa Sf the
:variolaris~plexus..MeasurementS-are in miliimeters Data’

-for Fraglscgtum rhytlum and F. gleballs measured from

 photographs in Whlttlngton and. Camﬁbell (1967) and

eCampbeil (1967)u respectlvely;“varlolarls plexus n. gen;

. -

;h;’ep:‘ from'Avalanehe Lake Five,‘58 60 meters above

ﬁbase, and Avalanche Lake Seven ‘27 meters auove baSe,
) )

'eBallzoma spp from Avalanche Lake Four 126 meters abovez

fbase A L - A)
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.distinguishing heterochrony involving selection for shape ,

-versus timing changes. has been recognized by ‘Bonner ,ahd

Horn.(1982), .

[N

Regardless of the'Specific process.involved‘in-these

ltemporal perturbations, howéver, it is apparent that such
» 3

*derived character states as reduction in the area of the

ffixigenal and librigenal ‘fields in Fraqiscutum (and further

Treduction of the adaxial fixigenal tubercle rOW'in F.

e e v e e

3 \ .
pgigbalis) are, exaptations (Gould and Vrha, 1982)uf_

ffpiphenomenal with selection on eye size. Spatial

fconstraint ol the development of, the adaxial’ fixigenali

ftuhercles and genal fields falls imto the category of non-,

fadapthe,»non-selected character transformations of Gould

fand Lewontin (1979, p 262), in which "".the form of.the

part is a\correlated conseguence of selection directed .o

2

.elsewhere" relationships implic1t in Rensch’q‘J1959)

”mat ~hal compensation" and Thompson’s (1942) "mechanically
A . 3

torced correlations"; An analogou§~examp1e from the-

‘Trilobita is provided by Eldredge’s (l972) proposal'that a

¢omparable reductiom in area of the genal fields in certain
e a - i - v‘%.

calmoniids originated as a by-product .of secondary

¢

'“phacopiform““narrowing'of the posterior portion of the

A

'glabella. Recognition of these structural constraintS‘

_provides -a substantially modified framework foé assessingg

the "fqnctional"isigniticance-of,such character states '

(i.e., their "effect" in the’terminologyﬂof Gould and Vrba)
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~

o

from that offered by strlct adaptatipnist paradigm¥. The

-
'adoption of structuralist models in comparatlve ontogenetic

studies (eg. Kauffman, 1980) is an outgrowth of perceiving

development as an 1ntegrated control on the evolutionary -

3

expre551on of organlsmal form.\
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CHAPTER V

;ﬁlinurine.trilobites haye been refined considerably in
%t years, due largely'to studies by Tripp (1957; 1962)‘
and coauthors (Evitt and &ripp; 1977:; femple'and Tripp;
1979; Tripp, Temple end Gass, 1977), Strnsz (1980), an?

Ramskdld (1986).~Taxononic revieions have trended towards

o

splitting of the once broadIY1diagnoqed Encrinurus.Emnrich,
1844,’with recognition of eeverdi epeoiose subgenera
(Romékold} 1986). Fron‘these\a number of restricted
Silurian gene}a jmonotypic,'~or Qistinctive clades
comprising few'species) are hypothesized as derived. With.
the notable exception of Temple~and’Tripo’é (15795 pnenetic
analy31s, encrinurine systematists, although not explicitly
stating so, hive foIlowed classical evolutionary systematic
pr1nc1ples (for review, see-Hul;, 1970; Charig 1982;
'SChooh, 1986).“hncestrai/pIesiomorphic gfades'haée been
’assigned generic ranking based on'"raoid" morphologic
divergence ':(Eas expre'sseti by d'jfsft_inct co_mp;]..exe;'.of
autapomorphicvonaractet states). Such evolutionary

noveltles,'for example, include development of only ten

‘thorac1c segments and large, lowzeyes in Fraglscutum

Whittington and Campbell, 1967 (a temporally wnd
. N _ v
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g‘ograpnically restricted clade comprising only two
speciesﬁ, and extremely'coarse, denseiy-q;ranged glabeliar
tuberculation and a prominent non-tuberculate ring’ on the
tixigenal field in the monotypic genus Batocara Strusz,
1980. |
| Such taxonomic splitting in the Silurian Encrinurinae
contrasts with currently estaplished syStematics.of
Ordovician encrinurines.'With the excaption of

| Physemataspis Evitt and Tripp, 1977 (including only two

species), a diverse radiating assemblege of ;cdovician

encrinurines are’ assigned to either Encrinuroides Reed,

204

1931 or Erratencrinurus Krueger, 1972. The latter,

comprising the nominate subgenus and Celtencrinurus Evitt

and Tripp, 1977 (Owen, 1981; Lespérance and Tripp, 1985),

is a monophyletic terminal taxon united by synapomorphies

between congeneric species. As indicated in Lespérance and -

Tripp’s (1985) diagnosis, these include six pentagonally-
arranged tubercIe‘ on lL-ZS som? or all of which may merge

into one to four short horns; a single row of 8-~10
2 V]

‘tubercles along the anteriorycranidial border; and a

‘subtriangular oygidium with a narrow.axis consisting of 25-
35’ rings, and 8-11 strongly curved pleural ribs.~ '
As diagnosed in recent revisions (Evitt and Tripp,

197%; Strusz, 1980), Engrinuroides, however, is a
R

pasaphyletic (sensu Farris, m974, Wiley, 1981) greuping of

¢
early, mostly ordovician, bncrinurines sharing only

prinitive character states. Lineagesugrouped in tnis genus
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~are ancestral to (or the plesiomorphic.sister groupd’of)

“Late Ordovician and Silurian encrinurinds assigned to all

208

other genexa of the subfamily. Referral of Spocies to .

» X
'Encr;gurgides has placed considerable weighting on the

retention’of a deep preglabellar furrow (in contrast to the

apomorphic shallowing of this furrow independently in
v

several different Silurian lineages), }s~well as such

symplesiomorphies as a distinct cranidial anteronbdian.‘

7/

depressids and/or longitudinel median glabellar furrow, and

typicell subquadrate 2L-4L lateral glabellar lobes with
paired or multiple tubercles. Sharing of certain character
states plesiémorphic for the subfamily (eech retained in at

least EQme descendants assigned to other genera) does not,

however, impiy that "Encrinuroides” is a static or

conservative group, as might "be used to aftempt to justify

peraphyly-as an "adaptive grade” (SenEu Simpson, 1961; see

Van Valen, 1978). Indeed, evolution within distinct
lineages praduced con31derab1e d1Vergence in most

characters. Thus the traditlonal dlagnosis of Encrinuroides

Py

results in a wider range of morphologic variation than in

, other (moncphyletic)-encfinurine qenera.:Strusz's (1980)
diagndsis, for example, ipcludes;species with five to ten
pygidial pleural ribs and ten to twenty ax{ai?flngaq and
lists ce:tain- character states yhich are wideépre;d
thréughout the subfamily. Tnese include well-devoloped

l&ateral'glabellar furrows, a narrow cranidial anterior

| 8
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border, pedunculata to stalked eyes, typical presence of
fixigenal spinés,-pifted fixigenae, eleven thoraéic
segments, "Qhallow to obscure" pygidial axial ring furrowsﬂ
posteriorly, and'absence of a mucro.

The traditional emphasié on retenkion of
| plesiomorphies/ in opposition to cladistic methodologies,

obscures the evolutionary dynamics of Ordovician

encrinurines. This problem is of particﬁlar s&égz}&pance

since ‘it is within "Encrinuroides" that the most
fundamental cladistic events in the evolutionary history of
the subfamily are recorded. Rather than attempting a
rediagnosis of this complex paraphyleti;‘class (in the
ontol§giqal sense; Hull, 1976; reviewed in Wiley, 1981;
Eldradge, 1985), emphasis is placed on apomorphic‘novelﬁies
attained in lineégesiwithin "Encrinuroides™ by recognizing,
and analyzing the relationships within and between,
informal species groups. Shoulq further examination
c;rroborate hypoﬁheses;ofﬁmohophyiy'(if diagnostic
character‘states are synapomorphic), they form a naturai
basis for formal taxonomic splitting, as well‘as‘
establisﬁing re%ised takponomic ranking based on recency of
common ancestry (as indicated by nested patterns of
_synapomorphy). Ag‘preSent, these species groupé'are
proposed in relation to the.convéntional concept of
Encrinuroides to inntain‘taxoggmié stability and encourage

further testing. With‘tha\objective that systematics

ret;ects'phylpgeny, the goai of the present study is to
ST e . . ,
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' r
further discern evolutionary relationships within the

Encrinurinae by analyzing a "supraspecific ancestor" (sensu

Wiley, '1979) ¢

In addition to these fundamental revisions, a new

earliest Liliandovery spé;ies, Encrinuroides n. sp., is
described from the Mackenzie Mountdins, Canada.. Th.is forns
pagt of coﬁtinuing documentation of silicified trilobite
:aunas from silur{an sections in the Avalanche Lak; area
(Ch&ttér'ton and-’ Perry, 1983; 1984). Strati'graphic and

locality datacited in discussion of the new species are as

outlined in these works (see also Chapter I).

SYSTEMATIC P?\LEONTOLOGY :

'Family ENCRINURIDAE Angelin, 1854
Ty
Subfamily ENCRINURINAE Angelin, 1854

Genus ENCRINUROIDES Reed, 1931

Type species.- Cybele sexcostata Salter, 1848, p. 343, Pl.
viii, fig 10 (pygidium) only. Neotype complete specimen
selectBd and described by Whittington (1950) from the

- I

Shoalshook Limestone (mid Ashgill), Shoalshook, near

-

Haverfordwest, Pembro , South Wales.” Additional

material ffo\n the-Rhiwlas Limegtone at several localities‘

near Rhiwlas, Bala area, Me neth, Wales figured by

Whittington (1965).

207
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‘Diagnosisg~ See St;psz (1980,-p.‘s),“yith remarks below.-

208

‘Discussion.- The paraphyletic class conventionally grouped‘

as Encrinuroides is. perceived as comprising four major.

'

ispecies groups.‘Included taxa,.ch& acter analysis and
relationships, and distribution o these groups are

joutbined.herein. | |
| i

a) "sexcostatus species g{oup" ?'Strdsi (1986) modelled . a-

lineage stemming'from late. Arenig - earliest qugv1rn E o

whornei Dean, 1973 including Llandeilo E. autochthon Tripp,

1954,{age following Thomas, 0wens, and Rushton, 1984], E.

: tincgirensis (Reed, 1928) and E. polypleura Trlpp, 1967
;Caradoc E. tuberculosis‘(Collie, 1903)' and Eh

,sublanceolatus (Reed 1935), and the Ashgill type speeiesf'

E. sexcostatus (Salter, 1848) Caradoc E. waigatschenSLS‘
r

vBurskiy,ﬂﬁéss and Llandovery E? newlandensis (Lamont 1978)
f

»are,probably derived from this 1ineaqe. The latter species,

'originally referred to Gurriedla Lamont 1978 (here

*

questionably placed in eynonomy w1th Encrinur01des Reed),

was’ reillustrated and assigned w1th questivy to Encrinurus =

‘by Howells (1982) Cephala of, this group are characterized

,by small, irregularly«distributed glabellar tubercles, weak _

fdevelopment of cranidial anterior border’tubercles,

,typically rather short genal spines, and. multiple tubercles

ion the lateral glabellar lobes. Tripp (1979) also,

/cognized the earliest-occurring species from the Girvan

pdistrict. Scotland (§.,a9tochthon.-§. stincharensis.a .h
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.“‘ vy

polypleura) QS constituting a spec1es group which was

;diagnosed-as "glabella widens steadily forwards, glabellar
hfurrows shoré‘ genal spine short anterior border of free
cheek ‘not set at an angle to lateralﬂborder, 9 pairs-of
"pleurae in- pygidium, posterior pleurae fus;d abaxially,g
Jlarge paired granules on rachis of pygidium."

,g. sexcostatus Salter has been selected as nominate

~

fspec1es for this informal group with .the intention of

1ndicating that it is this species group which would'retaink

.he name Encrinnroides Reed shoufﬁ further examination

_favor formal subdivi31on of the genus. It must be noted,

+

_however, that E. sexcostatus differs considerably from the‘

‘hypothetical stem speCies of the group (mere closely‘

‘approximated by E. autochthon and E. stincharensis) This
is clearly an eftect of the late occurrence (Ashgill) of
this specigs.The constricted glabellar stalk and greatly
"inflated frontal-lobe, transglabellar 1S.furrow, prominent
genal spines, and reduction of the number of pleural ribsv

to seven pairs in this species (also seen in late Caradoc

g, sublanceolatgs) may t/us\he regarded ag derived -
- character states.
E.lnornei ,‘the earliest known encrinurine trilobite,

is excluded from the "sexcostatus species group" as

-perceived here, which shows several derived states‘
,(particularly pygidial) upon its appearence in the early;

 Llandeilo. The early stratigraphig,occurrence and cybeline~-
AT , S, O AN



like, morphology of E. horne1 provide a useful outgroup for

asse851ng character state polarltles in younger
1}
"'Encr1n01des" ) he fine, . 1rregular gl

tuberculatlon suggests, for example, that thls sta ,In the

"sexcostatus group" lS plesxomorphlc, whlle the small,

210
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rather broad pygidium with few pleural r1bs (five palrs, ﬁ

comparable to cybellnes) and axial rlngs is more closely»

approximated by the "tholus group" (d15cu$sed below)

-

Spec1es assigned to the "sexcostatus gxoup" retaln a deep

preglabellar furrow, a prlmltlve state shared w1th ‘the
"tholus group". Pygldla of the former llneage do, howvever,

" indicate unique derived statesb(bywoutgroup comparison with

'cybelines and E.hornei) Most notable are the relatlvely

elongate subtrlangular shape and 1ncreased number of

qpleurll ribs and ax1al rlngs relative to otherf

"Encrlnur01des" (9 rather blunt-endlng r1b palrs in most

. species;{ 20 or more xlngs).,These states contrast w1th
Voo AT :

smaller pygidia, typically with 6-7 palrs}of ribs and'fewer

than 20 rings, in early‘Spec;es,of'the "uncatus",ﬂ"tholus",

and “Zhenxiongensis" groups (each described below). This -

:a

character analysxs thus provides support for Strusz s

(1980) hypothe51s that spec1es here aSSLgned to these three

groups share more recent. common ancestry with each,other

than with the "sexcostatus group" ThlS is partlcularly_

&

1ndicated by* synapomorphlc development (p0551b1y by
paedomorphlc retention ofsa;wedespread juvenlle.character

stat;}*see Chapter III) of a'distinctly symmetrical

-
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distribution of glabellar tubercles in adult stages, with,‘
distinct pOSltion-l pairs in major rows. -
It is probable that Cromus‘%arrande, 1852, first

represented by Caradoc c.(Encrinuraspis) p imus Webby,

Moors and McLean, 1970, has ancestry hear the "sexcostatus

species group". This relationship is indicated' by paired orv
trepled tubercles on the subquadrate iaterel lobes,qp 6
irregﬁlarly-aistributedAglabellar tubercles in many species
[altnoﬁgh some Llandoveryﬂand,Ludlow species of Qf;

(Encrinuraspis) possess relatively_coarse, distinctly

syﬁmetrically-distributed tubercles], low eyes,'reduced
genal spines, and the relatively large, rether flat
!pygidium w1th a hlgh number of pleural ribs (approximaf31y-
ten pairs).-Recognizing monoph&letic taxa, the

Encrinurdides "sexcostatus species group" - Croggg -

Perryus clade [see Gass and Mikulic, 1982 for evidence

’

linking.Perryds to Cromus] is the plesiomorphic'sister

group of all other encrinurines (descended from a_common
. _ A : e

ancestor of the "tholus, "uncatus, and "zhenxiongensgis ,
species groups") | ' : ! .
The restricted geographic distributlon of early species

of the "sexcostatus group" refiects the Scoto-Appalachian:

origin of the Encrinurinae suggested by the occurrence of

late Arenig-earliest Llanvirn E. hornei in northeastern

Neﬁfoundland. Llandeilo species (g.-autochthon, 5;,

¢ : s o , - ‘ .
stincharensis, and E. polypleura) are known only from the
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'Giruanvdistrict of Scotland. The Caradoc offshoots E.

N -

tubercugosis (from Pennsylvania) and E. walgatschen51s

212

(from“the Sov1et Arctlc) [and p0551bly closel%? related

Cromus (Encrinuraspls) optimus from Australla] indicate:

geographic dispersal also observed in other contemporaneous‘

L

encrinurine Iineages, while late Caradoc E. sublanceolatus,

‘Ashgill E. sexcostatus, and Llandévery E’ newlanden51s'

record per51stent occurrence in Scotland and Wales. The

~

'increasingly cSsmopolitan. trend 1ﬁ—0rdovic1an encrlnurlne

blogeography is comperable to that observed in, other

0rdov1cian trilobite groups (Whlttlngton, 1966; Whittington
and Hughes, 1972),'w1th notable caradoc dlspersal

co»«fastingqgith thebessentially Scoto-Appalachian

‘Llandeilo radiatlon of the "sexcostatus” and "tholus

groups". : v

b) "uncatus species-group“.— Evitt and Tripp (1977), in

diaQn051ng Encrlnur01des torulatus, E. uncatus, and E.'

‘neuter from the Ordov1cian (Llandello-Caradoc) of Vqu1nla,.

noted that these spec1es formed a dlstlnct grouo

characterlzed by the stratlgraphlcally-earl1est development

—

of coarse symmetrlcally dlstrlbuted glabellar tubercles.

aThi:/7§€Exfs group, extended into the Lower Llandovery by
§1A sp., particularly shows distinct p051tlon-1 tubercle

'palrs ir major rows, and single" tubercles along the

pygidxal saglttal band. An exception is the. earllest—

r,, 1 o

occurrlng spec1es, E.torulatus, in whlch these pygldlal“'
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tﬁberclesJare’paiped..Tﬂls piesionofpny is shared with many .

other ‘early "Encfinuxoides" species, for example‘E

insularis Shaw, 1968 anq E. tholus EVitt and Tripp, 1977 of

‘the “tholus group", as well as early species of the

£l

—— > S ——— S —— — ——— o d—

!"sexcostatus group"“S“Ch as E. autoc@on, _g_.‘

stincharensrs,ﬂand E. polypleura. The "uncatus species,

roup" retains p1e51omorphic "Encrinuroides" character'

states of a relatively deep preglabellar furrow, a distinct :
lonqitudinal median glabellar furrow, multiple small’

ubercles on the lateral glabellar Iobes, .and a poorly-}

-

defined adaxial tubercle ‘row on the fixed cheeks (coarse L

and typically overhanging the axial furrows in' Encrinurus .
. . EEE———

and-allied genera).

LS *
.

I Encrinuroides sﬁ. Westrop.and L@dvigsen, 1983 from:the.
iate'cafadoc of Manitoba is also assigned‘to this group,
,providinghan additionallmorphologic 1ink=between the
’Encfinuroides "tholus,species g}oup" (see belowliand E.-
torulatus, the earléest"occurrinq species referred to'the

'"uncatus group" E. sp Westrop and Ludvigsen and E.’

torulatus retain the primitive short (sag ), wide (tr.)
cranidium withia'rather compact glabella, and small,'convex
pygidium with 6-7 pairs of pleurail ribs,hfine.sagittal

_grenniation°(not coarse tuberculation), and only.weAK
)deyelopment of~a'sagittal band. These forms, however,’snow
'tne apomo?pnic (”uncatns group?);deVelopment o}‘coarse
_position-1: major row glabellar tubercles and'coarseu;\
sparsefyadistributed fixiéenal tield;tubercufation. E. ”
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torulatus ﬁnrther resembles the cluster of species referred
toru-atus

to ‘the “tholus group" in its long, gﬁronle-divergent‘
~poeterior fixigenal spines and highly-elevated eyes; the
tragnentary nature of materfBI described by Westrop»and
Ludvigsen (1983) does not permit comparison with these’

pleeiomorphic states which are modified in later-occurring

species of the "uncatus group . v

The geographic distribution of known species of the

-

"uncatus group" (Llandeilo -~ Caradoc §: torulatus,.g.

uncatus, E. neuter from Virgini'a; late carado'c'g_..sp._ from

)

‘Manitobaf early Llandovery g;'n. sp. Erﬁﬁ}the Mackenzie

2

Hountains, northwestern Canada) indicates progressive'
dispersal of this_North A;erican\lineage through.the
.Ordovician. fhe occurrence .of thevearliest species in’
Virginia, thus geographically overlapping with the main
Llandeilo radiation of the "tholus group" is further
éonsistent with the hypotheSis of close common ancestry for
these two species groups indicated by 'morphological

*' (]

similarities ' f ' o 3 ..

2 ¢

This lineage is prbbably the anvestor or pleSiomorphic >

sister dgroup of Silurian Encrinurus (see Edgecombe and

[}

Chatterton, 1987 with references, and-discussion below

under E. n. sp. ), %s well as to Caradoc Ashgill

Erratencrinurus Kruegery 1972 (cf. Bvitt and_Tripp,¢1977,n

4Strusz,‘1980). Several more,resticted’silurian genetra were

-

descended from or shared cormon ancestry with Encrinurus

\d



($ensu Strusz, 1980; Ramskold, 1986); these\include

et e o et

i

Fraglscutum Whlttington ahd Campbell, 1967, Paraencrinurus

Antelo,.1973 {Balizoma Holloway, 1980, and Batocgra Strusz,
1980. s v

€@
.

%o) "tholus species group". -~ A nu?ber'of Llandeilo and

Learlj Caradoc=species which- form a major part of the
. S . -

initial radiation'oﬁ;"Encrinuroides" are united by _a

conp1Ex'of ch;racter'states'differing from contemboraneous

representatmves of the "sexcostatus"_and “uncatus groups"-

.The "tholus spec1es group" includes E. periops Tripp, 1967
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g.,fallax'(Reed, 1899), E. obesus Tripp, 1965, E. tholus .

ﬁVitt and Tripp, 1977, E. capitonis Frederick on, 1964 [see
] : & “R’"F“’ der. S :

<

~also Shaw, 1974],‘E. pernodosus'(Slocum, 1913), and -

—-_—-t-———-—-

_proba%;y E. contentus (Reed 1914) [lectotype pygidium'

selected and flgure‘ by Morrls ,and- 'I‘ripp, 1986] This group |

is characterlzed by: a short (sag), broad (tr) cranidium
‘ e
with long,'strongly—divergent fixigenal hpihes.,relatively

wide, - typ;cally strongly convex glabella whlch widens

forward ~lUd1y and regularly, abundant small glabellar‘

tuberc e “? ’alntly-dlstlnct symnmetry (position-l paire

typice. 2 Aistinct); preglabellar furrow usually deeper

than ir speﬂxes of the "uncatus group", rather indistinct-

anterior bn;:er tuberculation. cranldial anteromediann

depre531on varlably developed but longltudinal median

furrow typ1ca11y indents tront of glabella; pitted,

fixigenal field with many small tubercles?%?ighly'raiﬁedA
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»

and constricted eye stalk# a pitted librigenal field with
. R '
sparse tuberculation, almost smooth (non-tuberculate)

&

librigenal lateral border, prominenﬂly -inflated, rounded

hypostomal middle body:; small, rabherloonvex, triangular

pygidium with 6-8 pairs of pleural ribs and 14-23 axial
rings; only slight development of a sagittal_gand'inr
posterior part~of axis:‘and, weak sagittal granulation(
(paired granules in many speciesL As nated by Evitt and
Tripp k1977) and Strusz (1980), E; inSularis Shaw,- 1968
provides.a stratophenetic‘link hetween'thislspecies group
‘(notablyfg..tholus, E. periops; and g. capitonis) and
Physemataspis Evitt and Tripp, 1977.'Recogﬁ§tion of

monophyletic groups'including all descendants of a stem
. " - .

species'(Hennig, 4966) [the hypothetical stem of the'

‘"tholus group"] would thus include E. " insularis and

Physemataspis in a higher tagon w1th'the ”tholus group". Oon

cladistic principles, it is.apparent'that these fundamental
splittings of rspeciesvgroups“‘of'early_encrinurines which
have been retained in a single, paraphyletic,genus.

(Encrinuroidesj‘would belreeognized at higher:taxonOmic

L4

‘levels and also include desbendants/apomorphic sister

groups to maintain monophyly. In contrast the present

o3
systematic scheme has largely empha51zed ﬁatristic
\

relationships to ‘establish taxonomic rank; PhysemaQaspis,

for example, was diagnosed as a monotypic genus based onh

apparently rapid development of a’ distinctive complex ofA
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autapgmorphic?character.states. ’ ) .
" The taxonomic integrity of the "tholys group" is
:;pported;by biogebgraphicwr:lations betWeen;assignea
Y ,
species. The Llande€ilo radiation of this group is spatially

. ] » s ! - '
restricted toLScotia d (periops obesus, Physemataspis_

mirabilis Tripp, ,1980), Ireland (fallax), and eastern<ﬁorth

America (tholus, insularis, PQ;semataspis coopi Evitt and’

L4

Tripp, 1977), further reflecting the‘restricted.Scoto~

Appala ian distributiou of early Middle Ordovician

encrinurines..Caradoc'spécies such as®E. cap' onis (from
§ %

Oklahoma) and E. pernodosu (from Iowa) indicate dispersal

-

AintO'the kmerdcan midcog;anent As noted in discus51on of

.the "uncatus group" the earliest species of that group\

(notably E. torulatus; indicate affinities (iie ,.Shared
4
ancestry) with the—ﬂtholus group, consistent with

N ¥

overlapping geographic distributions. : N

Enchfuroides rarus (Waicott,.1877) [redescribed by
Chatterton and Ludvigsen, 1976}’is.of probiematic
systematic p051tion Resemblances to the "tholus group"
: iﬂjiude,bhe broad cranidium and general pygidial form (with
'seven pa*rs of pleural ribs and 17-19 axial rings), however‘

. the 1nf1ated glabellar frontal lobd ‘with erraticaliy—

N

drftributed tubercles is unique The latter state, as well

as the rather low ayes and short fixigeual spines, is more -

*

\suggestive of the

("sexcostatus groyp" This/character state

* mosaic prov1des support for'strusz s (1980) proposal that

' E. rarus was an earLy offshdot of the lineage giving rise



e

A}

218

‘ . : ™y .
to the "tholus group" ‘but retaining many primiéive states

from a common ancestor with the 4sexcostatus group". This -

'widespread and long-¥anging species would thus be

interpreted as representing-a plesiomorphic sister group of

the "tholus" - "uncatus" - "zhenxiongensis clade (united by
symmetricaily arranged glabellar tubercles in adult stages,
with distinct position-} pairs in majg;/cpws). ontogenetic
evidence reveai; quapomorphies of~protaspid and meraspid
stages in E. ggrug (illustrated‘by chatterton, 1980;
reflgured and dlscussed in Chapter III herein) compared to
other "Encrinuroides" for which protaspddes are known (E.

tholus and E. 1nsu1arls of the "tholus ‘group"; E. | euter of

the "uncatus group”). These include the broad, ovate '
ancatus. ' )

(rather than subquadrﬁte) outline, and an atypicaliy«

prominent transberse furrow'extending across the fixigenal

‘field opposite the 1S glabellar furrow. Evitt and Tripp-®

(1977) noted that a swollen' posterlor band on the field of
-the f1§ed cheek (as dellneated by this furrowo is
widespread in Qencrlnurld early ontogeny, but is

partlcularly dlstlnct in Physemataspls coApl. This further

links E. rarus to certaln taxa of the "tholus group".

- . ). e . &
Comparison of encrinurine protaﬁyldes with a. cybeline:
'S & 1 0

outgroup (Cybeloides) [see Chapter I{I], however, indicates

that E. insularis of ‘the "tholus group" retains the most
£
p1e81omorph1c character states of known encrinurine

protaspides, whereas the pr1m1t1ve staﬁgs (i.e., dlstant

A



»

common ancestry) of E. rarus may be obscured by
: : y

autapomorphies.
. X .

d) "Zhenxionéensis ;pecies group".'— th%,grouglis

tentatively propbsed for sevgrél rather poorly-known
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St

Chinese Ordovician and Silurian species which have heen '

1

referred to Encrinuroides (see Chang, 1974, 1983; Wu, 1979;

Strusz, 1980). Thege forms show the development of elongate

glabellar furré&s (1S commonly transglabellar) with
A ) y e
alignment of major-row tubercles across the glabellar

lobes. These character states, as well as the requisite
/ ' ' .

stratigraphic distributien and endemic Chinese occurrence,

suggest that this/species group is near the ahcestry of

"Coronocephalus Grabau, 1924, emend. Wang, 1938. Chang

(1983) 1listed evolutionary trends 1eéding to the
development of his "subfamily" Coronocephalinaefﬂelevated
:‘ -

4
rank not recognized herein) from Chinese Late Ordovician

or Early $ildrian Encrinuroides. This was diagnosed as

‘ havihg a "distinct pregiabellar.furrow, clear anteriof
cranidial border, strong médian'furrod,[=anteroiedian
Gdgpression], less forward expangéd glabella; smooth or
irregularlx’tuberculate lateral border of free cheeks, and

. K
small and paucisegmented pygidium".

Encrinuroides zhenxiongensis Sheng, 1964, of Caradoc-
‘éarly Ashgill age §rom South China, ié the earliest known
Chinese encrinurisne. As noted by Strusz (1980),. the

"subtriangular and rather small® pygidiﬁm and "fairly



coe:se and regular" glabeﬁlat tuberculation of this,species
squest common ancestry with the.Funcatus species group".
Thie'is further indicated by general glabellar form and
"Encrinurus-lise" adaxial row of fixigenal tubercles; also

‘retained in silurian Encrinuroides changningensis Wu, 1979

and E. songkanensis Wu, 1979..Prepara§ion of a
comprehensive list of Silurian species referrable to this
~ group is presently hindered bi inadequate knowledge of many

Chinese species which have b en referred to Encrinuroides.

Dr. Wu Hong-3ji, Nanjing Institute of Geology and
Paiaeontoioqy, is currently revising many of these taxa.
;reliminary results of application of Temple and Tripp’s
(1979) numerical taxonomid’analysis to Chinese encrinurids

indicates that E. zhenxiongensis, E. changningensis and

two undescribed Silurian spdcies plot‘closely together and
J \
are distinct from other encrrﬁurines on principal

components ordination (Wu, personal communmication, 1987).

220

Other Silurian species whiGh have been dssigned to

Encrinuroides show a greater tendency towards character

states intermediate w1th COronocephalus, for example "E."

anqustigenatus Wu, 1979, particularly in the elongete

pygidium with an Jncreased number of axial rings and,

pleural ribs. It appears.likely that séveral phyletic lines .

may be represented by Ch'inese "Encrinuroides"

Comprehensive revision of these.problematic\taXa is,

\

hewever, considered beyond'the.scope of the present study.
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silurian species agsfgned to Encrinurocides by Strusz
(1980) but reassigned hereinband by Ramskold (1986)
include' "Eﬂ'globosus (Maksimova, 1962) {?Perryus); "E."

hxgolegrus (Stearn, 1956) [?Encrinurus (Nueleurus)); 'and

paée ﬂ(HaswelI, 1865) [Encrinurus (Encrinurus)].

Caradoo cei?uruq.vigilips Hall, 1847 from New York

ontario, Illinois and Wisconsin, referred to Encrinuroides
by Ludvigsen (1979), is here reassigned to Erratencrinurus
(?Erratencrlnurus) De Mott (1963) indicated the synonomy

~N -
of  Encrinurys trent&pensis Walcott, 1877 and Encrinurus

czgglefbrmfs Rayqpnd ‘I921 (see,:gfo Wilson, 1947). The

small subquadrate glabella wit enlarged position-1

thbercle.pairs in rows I and, particularly, II- III, and few

[

coarse fixigenal tubercle suggest affinities to

Erratencrinurus spiCatus‘(Tripp, 1974) from Wisconsin.
. These species record an early offshoot: of Errateﬁcrinurus
in the North Amerlcan Caradoc, predating the main radiation
of the nomlnaté'subgenus in the late Caradoc of Nbrth

Germany (Krueger, 1971). ’ !

Y

Encrinuroides n. sp.

pl. V-1, figs. 1-15; Pl. V-2, figs. 1-15; Pl. V-3, 'figs. 1-

13; Fig. V-1

\' -
Type locality. - Avalanche Lake One, 95.5 meters above base

i -
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- Dorsal view of a reconstruction of cranidium

FIGURE V-1

o

. and.pygidium of Encrinuroides n. sp. Reconstruction is

based on specimens sillustrated in Plates V-1-3.°

E}
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Plate V-1 - En?uroides n. sp. ‘Whittaker Formation,

Mackenzie Moun ains,-Northwest Territories, Canada. All

1

specimens fromn section Avalanche Lake One, '95.5 meters -
agove.base (Chatterton and Perry, 1983“ 1984) except 5, g'
(from Same iocalify, 97.5 meters above base).
:Magnlflcatlons x10 except where noted otherw1se. 1-3
Alateral anterlor, and dorsal views o£ holetype
cranidium, UA 7863; 4, 6, dorsal and anterlorrv1ews of
ithorac1c segment UA 7864 x5; 5, external view of free
»cheek. UA 7865; 7, dorsal Vlew of cranldlum UA 7866; 8,
dorsal view of hypostome, UA 7867; 9, external vaew of
free cheek, UA 7868; 10, 12, posteroventral and yentral
Views of hypostome,,UA 7869; 11, 13, 15, dorsal,_lateral,

and posterior views of pygidium, UA 7870; 14, ventral

view of pygidium, UA 7871. ‘_ : g
. Rk o | .
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Plate V-2 - Encrinurcides n. sp. Whlttaker Formatlon,

Mackenzie Mountains, Northwest Terrltorles, Canada. All
D ‘

'spec1mens from sectlon Avalanche Lakeugne 95.5 meters

' above base (Chatterton and Perry, 1983"1984)‘ ;}g,

A dorsal anterlor, and dorsolateral views of cranidium, UA
7872 xS 4, external v1ew of small free cheek "UA 7873,
x50;'§,§, dorsal and latdral views of pygldlum, UA 7874
X5; zég dorsal lateral, apd anterior v1ews pf}
craaidium, UA 7875, x5f=;g, ventral view of small
hypostome, UA 7876 x50, 1l, ventral view of '.incompiete,

thora01c segment UA 7877 xS;'l , ventral * view of

hypestome, UA 7878, x10, 13, dorsal view of small
pygidium,'UA 7879, x50; 14 dorsal view of transitory
pygidium, UA 78870 x50; 15, ébrsal v1ew of pygidium, ua °

7881, x30.
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Plate V-3 - Encrinuroides n. sp. Whittaker Formation,

Méckenéie Mountaipsp Northwest Terﬁitories,'canada. All
‘;spec;mens f;om‘section Avaianfhe Lake One, 95.5 metérs
above base (Chatterton and Perry, 1983; 1984).
Magnificaﬁions x10 except where noted otherwise. 1,
dorsal view of cranidium, ua 7882; 2, dorsal-view of;

free cheek, UA 7883;'3, 4, dorsal and posterior views of

pygidium, UA 7884; §; ventral view of hypostomef*UA 7885;
6, 7, anterior and dorsal views of incomplete thoracic

segment, UA 7886, x5; 8, cdorsal view of cranidium, UA
\ ) s . w . .

i0, 12, 13,

‘7887} 9, ventral view 'of cranidium, UA 7888;

dorsal,-lateral, and posterior views of ngidium, UA

N

7889; 11, ventral view of;pygidiuﬁ, UA 7890.






_ .. | & o
(Whittaker Formation; ea%ly-LlandOVery).

Type material. - Holotype cranidium UA~Hi63 (P1. V-1, figs.

1-3); paratypés UA 7864-7872, 7874-75, 7878, 7887-7889.

/
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other localities. - E. n. sn.is presentiy'known through a

‘stratigraphic interval of thirteennneters in Avalanche Lake

One (84. 5 to 97.5 meters above base of section),vand occurs

at equivalent earliest Llandovery levels in Avalanche Lake

e

Four.

Diagnosis. - A species of the "uncatus group" with 1L low,
- . ) N : .
reduced by 1S directed backwards, merging with occipital
furrow; glabellar and ‘fixigenal/librigenal field

tuberculation fine, dense; twelve to sixteen small

Jérenidial-anterior border tnbercles; f)xigenal field broedn

nalpebral lobe forwards opposité 2S-3L; eight to ten small

tubercles aligned on fixed cheek adjacent to axial furrow;

moderately long, weakly diveréent genal spines; hypostomal

‘ 5 - _
rhynchos broad, posterior border long, lacking marginal
‘spines; pygidium with seven‘er eight pairs of pleural ribs,
narrewow'intérpleurel furrows; ring furrows and axial

furrow weakly impressed posteriorly.

. ." \
DeScription.‘-_ This species is sufficiently close in its

morpholoqy to late Caradoc Encrinuroides neuter Evitt and’

g;Iripp, 1977 from the Martinsburg Sﬁale of Virginia such

that a detailed d1fferential description is presented. E.’

n. sp. may be distinguished by the tollowing character_



states-
Glabellar length 1.1 - 1:2 tlmes width acggss 4L (see

Edgecombe and chatterton, 1987, Figure 4A; Figure II-4A
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hereinLL,frontal lobe slightly shorter, approximately fifty

percent of glabellar length; width across 1L seventy
percent of width across 4L; 1L considerably reduced

depressed relative to 2L - 4L, shortest sagittally with

posterior ontogenetic reorlentation of 1s, merging withn

cccipital furrow behind I-1 tubercle ﬁair in largest
holaspides; 2S n--:‘*;S‘sl:i.ghtly shorter than in gr*heuter,

ektending less far adaxially acrose‘glabella in ventral

view; glabellar tubercles slightly smaller, léss flattened-'

position-l pairs only slightly’ enlarged relative: to more-

abaxial tubercles, and only faintly dlstlnct on. fronial

flobe (ie. IV-1 - VI-l), small adventltlous tubercles rather
3

irregularly distributed on frontal lobe and 1nter-row ’

tuberc}nchn posterlor part of glabella (1nter-rows ii and

H

iii) .typicall.y more abundant, than 1n E. n’er, crarﬁdlal"

longitudinal median.glabellAr:furrow prominent at front of

4L; anterior border shows a. more pronounced narrowing

towards middle {(sag.) of cranidium, with twelve to sixteen

small tubercles; PL may be an exsagittally-aligned tubercle

pair, comparable to small paired or trebled tubercles on
ZL-4L lateral lobes; fixigenal field broader (tr.), such

that eye is posltioned.farther ahaxially from'glahella;
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. ‘

\ffoht of palpebral . lobd opposite front of 3L or 3S, back of
lobe opposite midale to front of ZL, thus farther forward
than in E. neuter; outer part of palpebral lobes separated
/
indistingt, small fixigenal field tubercles mofe abundant,
densely arranged'except for ‘distinct non-tuberculate ring
around'eyef'CTl and CT2 distinct; eight to ten smell
éubercles aligned on adaxial part offcheek, but.not
overhanging axial furrow; genal spine considerably longer,
thin, and more: strongly divergent lacking incurved tip;
genal spines extend baqk beyond occipital ring by. twenty-

five to thirty percent ‘sagittal length of cranidium.

by a. distance}about 2.2 times. dnidth of 4L; eye ridge\

Librigenal field considerably more densely tuberculate

(obscuring pitting), with two or three poo ly-defined

tubercle rows; field relatively shorter, subequal in height ’

to lateral border; seven or eight slightly more prominent‘ '

/tubercles immediately adaxial :to lateral border furrow.
Hypostome with broader rhynchos, more bluntly rounded
anteriorly, projecting short of enterior margin but bounded

by furrows extending backwards for- at least forty‘percent

of.length of middle body and only weakfy convergent

anteriorly; posterior border longer}‘approximdtely'twenty .

percent of sagittal length of hypostome, tongue-shepedi

_posterolateral1margin smoothly ‘rounded in large stages,

~N
lacking denticles, margin gently scalloped in small stages

d
with three pairs of small denticles; middle pair closer to

anterior pair opposite beck of rhynchos than to posterior



, :
pair at corners of gently convex posterior border (cf.

equidistant in E. neuter); hypostomal %oublure considerably
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narrower (sag. and exsag.); posterior wings less incurved '

extending only a short distance adaxial to lateral border
furrow, ‘short anterior-projecting median tongue beneath
posterior border terminates about mid-way to border furrow.

Thoracic axial rings less convex, bowed gently forwards

mesially and swollen adjacent to weakly-impressed axial

furrow;_axial nodes/spines absent' articulating process

only weakly developed; pleural band gently. curved backwards
distally; anterior flange w1dens rapidly 1ateral to axial
furrow, almost as long (exsag.) as p&eural band along most
of weakly convex inner part of pleurae, separated from band

:by a broad furrow.

Pygidial sagittal length seventy to eighty, percent of

width (see Edgecomb: and Chatterton, 1987, Figure 8; Figure

II 6 herein), seven or eight pairs of broad pleural ribs

S

with interpleural furrngoconsiderably narrrw?r than in E.
neuter; anterior riq§(q$tend further ventrally, with a

‘q&rter marginal r 2‘and distal parts more gently

backturned; first four .or five.ribs with free bluntly-

, @ : :
pointed Terminations; sixtH and more-posterior interpleural

furrows shallow out beﬁoreareaching‘margin: eighth rib

T

pair; when present, postaxial and separated by a‘short,
13 s .

pit-like jurrow; axial furrow more gently‘impressed;

_ T / :
4shallow1ng_and converging rapidly behind the tenth ring
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(approximately corresponding to fifth pair of interpleural
furrows); axis comprises thirty-five to forty perqpnt of
pygidial width; ventrally, seventeen to sqiineteen ringsfma;!
be discernid, with two cdngruent-segments (Temple and
Tripp, 1979); ripg furrows shallow out mesialiy behind the
third axial ring, forming !.broad sagirqal band; ring
furrows,short‘and'rather indistinct in posterior part of
axis (behind tenth to twelfth axial ring); three or four'-~
faint sagittal tubercles distinct dorsally; in lateral
Vview, axis is slichtiy more convex, suq& that postaxiol

4

steepening of slope is less abrupt.

Discussiigj\é The close similarity of early Llandovery

Encrinurgides n. sp. to E..uncatus Evitt and Tripp, 1977

and, particularly, g.(gggggg Evitt and Tripp, 1977;
s .
indicates the perSistence of conservative descendants of

~

-
the "uncatus group" into the earliest Silurian. Ramskold
(1986) previously neted_that no known descendant species of
this~lineage have been recorded from the uppermost

ordovician. ‘While referral of. E;‘n. sp. to the "uncatus

A S

group" serves-.to. recognize this phyletic conservatism, the

-new specxes possesses certain evolutionary novelties shared

/

with Silurian Encrinurus. These statesr most notably
' J

coarsening of.a distinct row of fixigenal tubarcles

ad)acent to the axial furrow (eight to ten in Encrinuroides

n.. sp.:‘typically five in Encrinurus) and posterioP

‘ @
reorientation of the 1S glabellar, furrow (already present -



'
in early' Llandovery Encrinurus (Nucleurus)], - pro@ide

important distinctions between Encrinuroide;‘* sp. and

othorwise-similar ‘caradoc species of the lineage. These

synapomorphies indicatk more recent common ancestry between
* 3 l
plesiomorphic Encrinuroides n. sp. and Bpomorphic

3

A ] . o
Encrinurus than shared with Encrinuroides neuter, as might

be expected from temporal distributions. This stratigraphic
and morphologiq intermediate status of the new species ghus
provides a, further link between the ordovician “uncatus

group" and the Silurlan Encrinurus plexi.
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CHAPTER VI

GENERAL DISCUSSION

The studies grouped in this volume are united by their

departure fromdconvention. Superficially, eaqh represents.

¢ 4

an outgrowth of the wrlter s studies on the ontogeny and
evolutionary history of the_Encrlnurlnae,,integrating a
siqnificanﬁ new silicified Silurian fauna from the
Avalanche Lake area of the Mackenzie Mountains into the
general framework of encrinurine systematics and phylogeny.
"General dlscusslon " could assume the predictable form of

a llstlng of hew dlscoverles and their impllcations. A new

early Llandovery species of "Encrinuroides" for example,

prov1des an 1mpoftant extension of the temporal- range of
the Ordov1c1an lineage ancestral to the Silurian Encrinurus,
plex1. One could, however, look at the‘same trlloblte from
-a broader'angle; conservatlve descendant species frequently
per51st in tlme with apomorphlc desc%Pdants of a common

ancestor. A new Silurian species of "Encrlnuroldes“, ‘when

. placed in a temporal context, records a pattern of_
evolutionary stasis. Or,'prov*ding another\example, the
'two-stage protaspls (wlth a torulus and palred tubercles)
on'the one hand tells us that "advanced cybelines”
staurocephalids, and encrinurines‘forn;_a previousl&:\

unrecognized monophyletic taxon, and on the.other,dit

245 - ¢
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indicates the significance af early ontogeny in

phylogenetic inference. | i -

v

I suggest that the conceptual framework in which these

studieslﬁere shaped forms as important a ﬁnitihg link as

. . . 3
does the. homogeneity of their data base. Tracing the

.

pevagi:: influence oflontoqpny in evolution to the results
outlined in feur papers designed to speak for themselves
provi es ;\re\insight than reiterative conclusions.

C\ : N

‘a§\ ‘
MAKING THE CLADE. -§k§ discussed in Chapter V, previoys

\
\

\epCrinurine workers have\%althOugh not explicitly stating

~

~influence of cla&fstic theory and methodologies and the

so)\ 1m05t invariably followed classical evolutionary];

prlnciples (for review and discusélon, see Hull
1970’ Charia}\\géz Schoch, 1986). Explicit statements of
principles appliéﬁxto recognlzlng taxa (or, indeed whether
taxa are real units\;h{ch can be recogniied) are,_however,
scarce in the descriptLQE\”triloblte papers" in whlch the
systematics of the Encrlnurinae\have developed5 Systematic
reVisiops presented herein differ in the/deliberate
explication of the philosophy'béhind them. Anderson’s
(1952 fide Hennig, 1966. P 28).observa£ion that
n.taxonomists are more- llke artists than like art
critics; they practise tpeir-trade and don’t discuss‘lt"
B

is, unfortunately, perceptive.

Thug, the conventional approach sees species grouped in



genera .(or subgeflera), but taxonomic revision at’ the
.suprageneric-level has not been attempted This practice is

partiall§§an sutgrbwth of the common perception of "higher"

247

taxa as rathef %rbitrarily-defined units of conveniengo, a

prevalent concept in the works of influential systematists

of the ‘synthesis (see, for example Mayr, 1942; Simpson, .

o R4 )
'1961). ' This "generic grouping only" approach to encrinurine

systematics appears to have been influenced by the
traditional view that genera are somehow "more real® than
other monophyletic taxa. Mayr (1942, p. 284), for example,

considered that "...the delimitation of the genus is, to a

considefabl
judgement. in
intangibles" A cladistic perspective alternatively views
genera as one rank in the Linnean hierarchy, a monophyletic

species group. And like all monophyletic taxa, they

nt, a matter of judgement, and that this

depends on wide experiencq and on some

N

originate with eir stem species (Hennig, l966).vThe‘

:\ ' / ' % N
"usable and reliable™ (Simpson,. 1961, pf 199) nature and,

frequently, ecological int@grity, of such taxa are results

of recency of shared ancestry between their includeg

species, rather than the inexplicable ”something” which

.genera share in the writings of the synthesis’
systematists. Encrinurine genera have thus been perceived
as clusters of related species, but suprageneric taxa

/ ) . .
(below the subfamilial level of the Encrinurinae)vare'ngt

recognized_because such units are not considered-realuor,’

as freqﬁently.argued,,require recognition of too many taxa
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gior'practicai puiposes.namskold, an'excelient student of
the Encrinurinae, for example, noted (1985) that "...the
ultimate decisive factorn.must be the practical utility of
the taxa deftﬁea“—sinc"f*ionomy for taxonomy's saké is an
ivory tower of little interest". "Taxonomy” is thus not
recognized as ‘'a direct statement of phylogenetic
relationships between real historical entities, in.thisT
writer’s opinion,: the ultimgte goal of systematic biology..
I WOuld further note that only'nonophyletic groups provide
"practica15 taxa .since paraphyletic segments and arbitrary
groupings of convenience have no reality except‘in the
minds of their erectors ' (see Patterson, 198;: Schoch, 1986

\

for siiilar vieWs) As i'§ecognized by many have chosen to
N E

'al st:%ﬂz of taxa, only monophyletich

v RN U
y qn%ig\ '13.65 fistclud:i@d% o,.ll descendants of a

1985), with

Histories,Jand “deaths*\ ;
gy \‘/ \

1The cladistic\ approaéh appl ed herein to the

iﬁnwrinnrinae by recoani;ing'the ‘hierarchical nesting of

DO S
mp&Arecognized by dther methods. chapter Iv, for xample,
\/\

£3
1lines a testabl hypothesis of descent within the\'\

% u_inurus variolaris plexus.‘uorphological criteria (a
N P
'plex\ot{sxgapomorphies), in parsimony with similar

o, %, . . : : :
23N TR S Sl . 5

ngblutfonary novelties, records relationships\giE::en taxa
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l
temporal and biogeographical distributions, suggest that

Fragiscutum- ;nd variolatis plexus n. gen. .share a common

Cd

ancestor not shared with Balizoma. The perception of this

hierarchy forms an\objectiVe basis for a revised taxonomic
ranking by acknowlegging patterns ignored by splitting into

genera only. The Fragiscutum - variolaris Plexus n. gen.

clade (including all descendants of the unique common
ancestor of these "genera") is as real and important a

taxon as is either "genus", the variolaris plexus, or the'

subfamily Encrinurinae%QIt originated, probably in the
early Weg&ock, with a steﬁ‘speciesvacquiring diagnostic
synapomorphies, had ug efiistorical tendencies (splittinqg
into two major line:ﬁe\ach defined by a 'ux":ique complex
ot‘evolntiondry novelties), and terminated with the
extinction of its last included species (probably a Ludlow
species of Fraqiscutum)

- ¥

Beyond such phllosophical questions as to the oq?plogy

of taxa, the applied effects of this revised conceptual
framework are expressed by rigorous character analysis and
renewed study of morphology. Hany~cha;;cters previously
receiving little descriptive emphasis are hetein subjected
to thorough scrutiny as indices of. d%velopmental timing and
_keys_to phylogenetic relationshipef these include, for
examplz, the adaxial fi&igenel tubercle row, major row
vereus'inter-roé glaﬁellar tubercles, and fixigenal
circumocular tnbegches.\jarwin?s (18?}: fide Gduld, 1983,

p. 120) remark that "... >de minimis lex non curat’ [the
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,1§w is not concerned w1th trifles] Wpes not apply to

‘science" remains 1ns1ghtfu1. ' I-J T -

‘Indeed,_one is forced to think about one’s éncrinurines

?complexes of primitive and derived character statesV

S
which record the pattern of evolution through which they

originated. For’ exz/ple, all spec1es conventionally grouped'

as Enc*inuroides share a deep preglabellar furrow . The

widespread occurrence of this state in early (G'f*dovunén)_
ncrinurines [1 e., “ingroup comparison] and 1t presence in
“early ontogeny [the "Ontdgenetic argument"] suggest that a

Ldeep preglabellar furrow is a primitive character state.

ﬁmhe "diagnostic" presence of this state stems from the

hrecognition that most Silurian encrinurines have shallow

(apomorphic) pneglabelbar furrows, .although cﬁrtain

fneages (Erratencrinurus and Cromus, for example) retain

athe primitiqu;tate,‘Further character *naly51s of‘
Enoginuroides (outlined 1n Chapter V) reVeals that other'
characters are extremely variable (d to acquisition of

evolutionary novel ies’ Wlthln dli:f?;t lineages, the}
“species groups" of Chapter V), or are shared with at least»

ome descendants a551gne§gto other genera. Encrinur01des Ais,

thus recognized as.a paraphyletie group united ‘by retention’
of:a few symple51omorph1es. In short a deep preglabellar
urrow does neither. -an ;"adaptive unit"’nor’a natural

istorical group make.’
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THE ROLE OF_DﬂbELOPﬁENT c The most 51qn1ficant effect of
the Mackensie Mountains fauna has been providingh
previouslyeunknown data on the ontogeny'of several taxa of
Sflurian encrinurlnes. Such“infornation is;finvitsdlf,

interesting from a descriptive viewpoint; documenting

-

protaSpides for Ballgoma,'variolaris,plexusxL geq., and
grgggg, or recognizing allometric‘trends through growth
\se«ries. of greater;significance is the p'otentiial af‘forded
by such data for comparative ontogenetic studies, an
approach invOEVing recognition of‘the influence of
developm;;t 1n the evolutlonary process. The‘writer's
pervasive emphasis on the pﬁylogenetlc expression of
perturbatr?ns in ontogenetic programs (i.e., changes in ',ﬂ
developmental tlmlng and rate) has undeniably bign -f

_lnfluencad by current trends in comparatlve biolo

Heterochrony has . been resurrected, largely through Gould’
- L

P

'(1977) landmark "Ontogeny and Phylogeny" Development is.

; being dlssected at the genom1c:(Daw1d Laé%) and.cellular-
levels (Gerhart 1982), related to ecdloglcalhstrategies
(Mcxlnney;.1986),-and to patterns of macroevolution
(Maderson, 1982, Raff et al., 1987). Indeed, -I}oytrup (.1984)."

';has deflned phylogeny as the changes to whlch ontogeny has R

been subject in the course of time, Anderson (1937) reduces

r'evolutionary chande to the serial accumulation of small

_ changes in developzent’ constrained by the'conservatism‘of

[developmental programs, 6S¥stemat13t8,_(notab1y :

—— N



paleonxologists)'arebemphasizing a comparative approach to
ontogeny, and are recognizing heterochronic patterns in

"their groups" (to which a glance at the titles in recent

issues of Paleobiology~will attest). Chapter'II in this

252

volume is thus, in many*ways,sa product of itgﬁtimeSa The

point to emphasize is' that &ontemporary evolutionary

theorists have (again) seized on the very real parallels'

between ontogeny and phylogeny. | \7.ﬁ&§f‘
The promotion of ontogeny to the forefront of
_phylogenetic‘inference'(see yelson, 1978;aFinkf 1982;

- 4, ld . p
Patterson, 1983) is well demonstrated by current statements

A

of the "ontogenetic argument" for determining character»

L4

state polarities (in evolutionary sequenceso in terms of '

"von Baer's Laws" of development from the general to the,

specific,.similarities in early growth stages reflect ‘

-proximity of common ancestry, with divergence increasing

"through ontogeny. This perception of the 81gnificance of

[

ontogeny“is a central theme through the studies presented

herein. Growth series are documented 1n a comparative,

Lo

rather than purely descriptive manner.,the protaspis is no

longer,a curiosity in‘the upper left corner of photographic

’plates. Larval-characﬁer’states are used'to'assess

phylogenetic relationships (Chapter III), with profound
systematic implications rendered less immediately apparent

by "von Baerian" divergence through later ontogeny

To relate these studies in encrinurine ontogeny to-

¢

more;general‘evolutionary;phenogena,—two,opposing roles of
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development in shaping the course of phylogeny should be'

stressed. Developmental pathways provide a Botential source
of variation, a’ means of generating’substantial change in
form through subtle perturbations in timin§ or rate [aptly

summarized in Gould’s, (1982) "small inputs, biq outputs"j

The encrinurine examples serve to document the expression'

of these patterns in the fossil record. Rapid divergence of

the pugctatus and variolaris plexi’ from common ancestry

suggests the potential role of heterochronyéﬁyi

) macroevolutionary phenomena (cladogenesis,=eoclog}cal
~displacement and indeed, adaptive radiation) As well,

"taxonomic" variation within clades (the variolaris plexus

~

for example) may be recognized as results of extrapolating

'1\

'minor temporal shifts along growth trajectories; 'vl’

The use of the term ”res 1ts"™ in the preceding

statement leads to the .opposing ro’ of development as

constraint on evolution (Gould, 1980, Alberch, 1982)

"Byproducts" "allometric correlates" and the like are,a~

)

= pervasive theme in the 1nterpretative sections herein, and

: attest to the adoption of structuralist models (see_',

Kauffman,¢1983) as a logical outgrowth\of perceiving

development as an integrated control on the organiemalii

'Bauplan. This-marks a radical departure from the

tadaptationist scenarios which pervade conventiona1‘~

functional morphologic anaIysis (see Gould and Lewontin,

'1979) Atomiiing Encrinurus (Encrinurus) into discrete non—_
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correlated characters and speculating on the functional’

significance of derived states (long genal spines -for
‘increased soft substrate stability, to make up a typical

~‘examp1e)-is both unrealistic ‘and misleading. "Non-adaptive”

-(i.e., exaptive sensu Gould and Vrba, 1982) does not imply ‘

"non-functional”, nor is the role of selection denied;

Indeed E. CEncrinurus) was a longpranging taxon 1nc1uding

numerous species, alltsubtle modifications on thefsame
_ general body form. Recognizing these derived states as
unified ontogenetic correlates modifieswhnstead the way we
approach theitarget of selection.'ThisAView forms a-more

ipromising direction for unifying developmental theory with

ecological theoryﬁ HcKinney (1986), for example,.has

stressed the relationship between acceleration versus

retardationagnd life.history strategies (see Chapter I1),

»

§
with seleciion on body size (Calder, 1984) and timing of

* maturation of paramount 1q@ortance. These 1ssues are well

demonstrated in Chapter I1I1’s discu531on on protaspides of
\ 3 !

silurian Balizoma, in which many differences with

Ordovictian encrinurine protaspides are 51mple allometric

rby-products of increased size of the instar. The target of

selection shifts from discrete characters (anterior

fixigenal spines,.hypostomal posterioriborQer furrow, eth -

A Y

to integrated organisms.

— ' <>

Thus, to draw on one of many ekamples,?the_recognition?
L & . R

of a sister group relationship between Fragiscutum and .
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»

. -~
-x‘» L

variolaris plexus n. gen., } “lhdicated by delayed ons@

tlming of an anterior tube
A\

e pair ZJ the fixed cheeks
dpcumenting a new

along' the axial furrow, is a xewlt (o)
silicified fauna from the Mackenzie Mountains. Perhaps*nidre
importantly, it is an ‘expression of a different way of

b
looking at "the same old trilobite".
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