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Bartonaspis new genus, a trilobite species
complex from the base of the Upper Cambrian
Sunwaptan Stage in North America

Stephen R. Westrop and Jonathan M. Adrain

Abstract: Despite being reported widely from basal Sunwaptan strata, Dellea? punctata Palmer, 1965, is known from
only four figured cranidia. New material from Nevada, Utah and Oklahoma, including librigenae and pygidia, indicate
that specimens assigned previously to D.? punctata are best interpreted as a complex of related species that are assigned
to a new genus, Bartonaspis. This genus is diagnosed by punctate sculpture, a pair of fossulae at the anterior corners
of the glabella, and by a subelliptical pygidium with a short convex axis composed of three segments. Three new species,
B. fredericksoni, B. palmeri,and B. wilsoni, are described and B. punctata (Palmer) is restricted to its holotype.
Bartonaspis is known only from the [rvingella major Zone, and its first appearance defines the base of the Sunwaptan
Stage. Dellea Wilson, 1949, is related to Bartonaspis and is differentiated from it primarily by pygidial morphology. In
contrast to Bartonaspis, the pygidium of Dellea has an axis composed of four, rather than three, segments and a nar-

row concave border.

Résumé :

Bien que sa présence dans des strates sunwaptiennes basales ait été notée a maintes reprises, Dellea?

punctata Palmer, 1965, n’est représenté que par quatre cranidiums figurés. Du matériel neuf du Nevada, de I’Utah et de
I’Oklahoma, dont des librigénes et des pygidiums, indique qu’il serait plus exact d’interpréter des spécimens antérieure-
ment affectés a D.? punctata comme faisant partie d’un complexe d’espéces reliées appartenant & un nouveau genre,
Bartonaspis. La diagnose de ce genre repose sur une sculpture ponctuée, une paire de fossules aux coins antérieurs de
la glabelle et un pygidium subelliptique présentant un court axe convexe composé de trois segments. Trois nouvelles
especes, B. fredericksoni, B. palmeri ¢t B. wilsoni, sont décrites et B. punctata (Palmer) est restreint a son holotype.
Bartonaspis n’est connu que de la zone d’/rvingella major et sa premiére apparition définit la base de 1’étage sunwaptien.
Dellea Wilson, 1949, est relié & Bartonaspis, dont il se distingue principalement par sa morphologie pygidiale. A
I’encontre de celui de Bartonaspis, le pygidium de Dellea présente un axe composé de quatre segments plutdt que

trois, ainsi qu’une étroite bordure concave.

[Traduit par la Rédaction]

Introduction

Dellea? punctata was named by Palmer (1965) for a sin-
gle figured cranidium from the Irvingella major Zone (basal
Sunwaptan Stage) of Nevada. Since then, the species has
been reported from coeval strata in Texas (Longacre 1970),
Oklahoma (Stitt 1971), and Alberta (Westrop 1986), but
only three additional cranidia were illustrated in these stud-
ies. All specimens show the prominent fossulae at the ante-
rior corners of the glabella and the pitted sculpture of the
holotype, but also display variation in, for example, glabellar
proportions, strength of glabellar furrows, and frontal area
proportions. This species concept, cobbled together from
small samples in widely separated areas, exemplifies a com-
mon approach to Cambrian trilobite systematics (Adrain and

Westrop 2005). Differences between specimens are tacitly
interpreted as geographic variation within a single species
but the evidence generally remains anecdotal. Our recent
work with large silicified samples of Upper Cambrian and
Lower Ordovician trilobites (Adrain and Westrop 2005,
2006) indicates that some widely reported species actually
represent geographically arrayed groups of distinct species.
The occurrence of such species complexes in the fossil re-
cord is not unexpected, given the discovery of many geo-
graphically or environmentally structured groups of cryptic
or sibling species among modern animals (e.g., Knowlton et
al. 1992). Although this revolution in modern species dis-
crimination has been driven by widespread application of
molecular methods, cryptic species can often be recognized
by more traditional approaches. A number of recent analyses
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of a broad range of animals have shown that a variety of
morphometric methods produce results that are congruent
with those based on molecular analyses (e.g., Knowlton et
al. 1992; Adams and Funk 1997; Martin and Bermingham
2000; Guy et al. 2003; Nicola et al. 2003; Gouws et al.
2004; Lockwood et al. 2004; Olsen et al. 2004), so that spe-
cies complexes should be recognizable in the fossil record
(e.g., Pandolfi et al. 2002; Holcomb et al. 2004).

Despite the confidence with which the species has been
identified from different regions, the published record of
Dellea? punctata, like those of many Cambrian species, is
inadequate for a meaningful evaluation of variation. How-
ever, problems of inadequate documentation are not limited
to paleontology. In her discussion of “pseudo-sibling spe-
cies,” Knowlton (1993, p. 190) argued that extensive differ-
entiation among modern marine species goes unnoticed
because of incomplete information on morphology or other
characteristics, and, “in the absence of information to the
contrary, considerable intraspecific variability is considered
‘normal’”. She also noted (p. 190) that “wide geographic
ranges have been uncritically accepted as the natural conse-
quence of potentially broad oceanic dispersal”, even though
the extent to which wide dispersal reduces geographic isola-
tion and speciation in the marine realm is not well under-
stood. Knowlton’s comments mirror the conventional
wisdom of marine paleontology, and there are good reasons
to believe that there is considerable unrecognized species
diversity in the fossil record. Although some authors have
presented evidence for variable species (e.g., Hughes 1994;
Labandiera and Hughes 1994) and broad geographic ranges
(McCormick and Fortey 1999) among trilobites, the data
from modern animals indicate that species complexes should
be commonplace. Moreover, the expansive epeiric seas of
the Paleozoic were not homogenous but were instead divided
into distinct, salinity- and temperature-defined water masses
that are expressed by differences in geochemistry,
lithofacies, and biofacies (e.g., Holmden et al. 1998; Simo et
al. 2003; Young et al. 2005; Panchuk et al. 2006). In tandem
with the inevitable influence of current systems (e.g.,
Palumbi 1994, p. 550) and physical barriers (e.g., the period-
ically emergent Transcontinental Arch of the lower Paleozoic
of Laurentia), these conditions would have been conducive
to the development of geographically and environmentally
segregated species complexes.

In this paper, we examine the conventional interpretation
of Dellea? punctata using new collections from the Great
Basin and southern Oklahoma. With a much larger sample
of sclerites, we can identify significant differences between
members of what we interpret as a species complex using
even simple bivariate methods (Imbrie 1956; Jones 1988).
Moreover, we are able to assign librigena and pygidia to spe-
cies and these strengthen the case for discrete species group-
ings. In addition, we establish a new genus, Bartonaspis, for
this complex of “pseudo-sibling” species.

Despite the change in species concept, Bartonaspis retains
considerable biostratigraphic significance. The genus is con-
fined to a narrow stratigraphic interval at the base of the
Sunwaptan Stage in shelf facies of Laurentia. Most occur-
rences lie within the Irvingella major Zone (Palmer 1965;
Stitt 1971, 1977; Westrop 1986), although Longacre (1970)
reported that it ranges into basal strata of the overlying
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Taenicephalus Zone in central Texas. It remains a key taxon
for the correlation of the Steptoean-Sunwaptan stage bound-

ary.

Localities and stratigraphic setting

In addition to restudying the holotype of Dellea?
punctata, we collected new material from four localities in
Nevada, Utah, and Oklahoma (Fig. 1). In all cases, collec-
tions are from the basal Sunwaptan Irvingella major Zone.
Full details of the stratigraphy and sedimentary facies at
these localities will be presented elsewhere, and only a brief
summary is provided here.

East-central Nevada

The Irvingella major Zone occurs at the top of the Barton
Canyon Limestone (Fig. 2), a thin (11 m), cliff-forming,
bioturbated wackestone—packstone unit at the base of the
Windfall Formation in the Cherry Creek and northern Egan
ranges, White Pine County, Nevada. We collected samples
from ridges on each side of Barton Canyon, Cherry Creek
Range (Fig. 1), where the /. major Zone is a thin (8 cm),
condensed interval of amalgamated packstone, grainstone,
and rudstone. Bartonaspis is rare (<1% of sclerites recov-
ered) and the assemblage is dominated by Irvingella Ulrich
and Resser, in Walcott, 1924, Comanchia Frederickson,
1949, and agnostoids. The overlying Catlin Member of the
Windfall marks a shift from shallow subtidal deposition to
deeper subtidal, cherty lime mudstone, laminated calcisiltite,
thin shale, and minor packstone horizons that yield faunas
dominated by olenid trilobites and agnostoid arthropods.

Northern House Range, Utah

The type section of the Orr Formation (Hintze and Palmer
1976, fig. 4) extends along a ridge on the north side of Big
Horse Canyon, at the eastern end of Orr Ridge, northern
House Range, Millard County, Utah. We measured, logged,
and sampled a section on the south side of the canyon
(Fig. 1a), which has more complete exposures of the upper
two members of the formation, the Corset Spring Shale
(31.8 m thick) and overlying Sneakover (49.6 m thick) mem-
bers. This interval is sparsely fossiliferous, but silicified
Elvinia Zone faunas that include Elvinia Walcott, 1924,
Iddingsia Walcott, 1924, Kindbladia Frederickson, 1949,
Cliffia Wilson, 1951, and Pterocephalia Roemer, 1849, oc-
cur 25-30 m above the base of the Corset Spring Shale. The
base of the Irvingella major Zone lies at 60.2 m above the
base of the section, 28.4 m above the gradational, somewhat
arbitrarily defined boundary between the Corset Spring
Shale and Sneakover members. Barfonaspis is relatively
common in the collections, which have provided most of the
information about sclerite associations. Associated genera
include Irvingella, Comanchia, Stenambon Palmer, 1965,
and several agnostoid arthropods.

Southern Oklahoma

Changes in land ownership over the years have meant that
some classic localities in southern Oklahoma are no longer
accessible. We measured, logged, and sampled sections at
two localities that provided collections from the Honey
Creek Formation (Figs. 1-2). In the Slick Hills on the north
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Fig. 1. Locality maps. (a) Orr Ridge area, Millard County, Utah (collection ORR 60.3 — ORR 60.4). (b) Barton Canyon area, White
Pine County, Utah (collection CHC-1-0). (¢) Dotson Ranch area, Murray County, Oklahoma (collection DR-12.2 — DR-12.45). (d) Ring
Top Mountain area, Wichita Mountains, Comanche County, Oklahoma (collections KR1-22.3 — KR1-22.45, KR1-24).
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flank of the Wichita Mountains (northern Comanche
County), the Kimbell Ranch section was measured on the
east side of gully at the north end of Ring Top Mountain,
1.5 km east of Highway 58 (Fig. 1d). Here, the Irvingella
major Zone is 2 m (22-24 m above the base of the section)
thick and is characterized by decimetre-scale thick alterna-
tions of trilobite- and orthid brachiopod-rich bioclastic
rudstone. The trilobite-rich horizons are dominated by
Irvingella and Comanchia, whereas Bartonaspis and
agnostoid arthropods are rare, accounting for <1% of the
sclerites recovered. The Dotson Ranch Section (Fig. 1c¢) is
located 5 km east of Hennepin in the Arbuckle Mountains
(northern Murray County), and was measured in a south-
facing slope about 200 m east of the house. The /rvingella
major Zone is only 25 cm in thickness (12.2-12.45 m above
the base of the section) at this locality and is composed of
trilobite-dominated rudstone; as at the Kimbell Ranch sec-
tion, Bartonaspis is a rare component in the /rvingella and
Comanchia dominated fauna. Orthid-rich rudstones that im-
mediately overlie the trilobite rudstone yield sclerites of the

trilobite genus Parabolinoides Frederickson, 1949 and thus
belong to the younger Taenicephalus Zone.

Systematic paleontology

Figured specimens are housed at the Oklahoma Museum
of Natural History, University of Oklahoma (OU) and at the
National Museum of Natural History (USNM). Localities
are Barton Canyon, Cherry Creek Range (CHC); ORR
Ridge, Utah (ORR); Royer Ranch, Arbuckle Mountains,
Oklahoma (RR; J.H. Stitt Collection, now housed at the
Oklahoma Museum of Natural History); Dotson Ranch,
Arbuckle Mountains, Oklahoma (DR); Kimbell Ranch,
Wichita Mountains, Oklahoma (KR). Cranidia from Nevada
and Utah were assigned to species by visual inspection of
digital images prior to measurement and bivariate analysis.
All measurements were made on digital images to the near-
est tenth of a millimetre using the Measure Tool of Adobe
Photoshop ™. Proportions expressed in percentages in de-
scriptions and diagnoses are means, with numbers in paren-
theses indicating the range of values. Reduced major axis
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Fig. 2. Trilobite biostratigraphy and lithostratigraphy of the
Steptoean-Sunwaptan boundary interval in east-central Nevada,
western Utah and southern Oklahoma. All material described in
this paper is from the Irvingella major Zone (I. major). Fm.,
Formation.
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regressions were computed using PAST v.1.44 (Hammer et
al. 2006); see Table 1 for regression coefficients and for
pairwise comparisons between species that yielded signifi-
cant differences (comparisons made using the method de-
scribed by Imbrie 1956 and Jones 1988).

Family Dokimocephalidae Kobayashi, 1935

Genus Bartonaspis n. gen.

TYPE SPECIES: Bartonaspis wilsoni n. sp. from the Sneakover
Member of the Orr Formation, Orr Ridge, northern House
Range, Millard County, Utah, and the Barton Canyon Lime-
stone, Cherry Creek Range, White Pine County, Nevada.

DERIVATION OF NAME: For Barton Canyon, Cherry Creek
Range, White Pine County, Nevada, a locality that yielded
some of the first known representatives of the genus.; aspis
(greek), shield. Gender is feminine.

DIAGNOsIS: A genus with slit-like fossulae at anterior corners
of glabella. Cranidia and librigena with punctate sculpture.
Small palpebral lobe located opposite L2 lobe, with length
(exsag., exsagittal) equal to 29% (24%-25%) of glabellar
length (sag., sagittal). Pygidium transversely subelliptical in
outline; axis short and convex with three segments; one
well-defined axial ring present, with second ring poorly
differentiated from terminal piece. Punctate sculpture devel-
oped on axis.

piscussioN: With the recognition of three new species, for-
merly autapomorphic cranidial characters of Dellea?
punctata, including the slit-like fossulae at the anterior cor-
ners of the glabella, and the punctate sculpture of the exter-
nal surface (e.g., Figs. 3, 4), become synapomorphies of
Bartonaspis n. gen. Where visible, S1 furrows of
Bartonaspis are sigmoid and bifurcate (e.g., Figs. 10a, 11a),
a configuration that is also expressed on internal molds of
some species of Dellea Wilson, 1949 (Ludvigsen and
Westrop 1983, pl. 2, fig. 14), Pseudosaratogia Wilson, 1951
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(Palmer 1965, pl. 2, fig. 18), Kindbladia (Palmer 1965, pl. 3,
figs. 2, 3), Lorrettina Shergold, 1971 (Shergold 1980, pl. 15,
figs. 1, 4), and Protemnites Whitehouse, 1939 (Paterson and
Laurie 2004, figs. 10A, 10B, 10E). The pitted sculpture of
the cranidia extends onto the librigenae, which are character-
ized by narrow, convex borders and moderately long genal
spines that curve gently backward (Figs. 84&m, 80, 8, 8s).
Pygidia (e.g., Figs. 4r—, 8a—f) are identified for the first
time and provide additional support for monophyly. Assign-
ment is based on the presence of punctate sculpture on the
axis that is identical to the sculpture of the cranidia and
librigenae. Transversely subelliptical in outline, the pygidia
have short axes composed of two axial rings and a terminal
piece, although the second ring is usually differentiated from
the terminal piece by a shallow, ill-defined ring furrow.
Among other dokimocephalid genera, Barfonaspis is most
similar to Dellea (e.g., Wilson 1951, pl. 91, figs. 1-17, 25, 26;
Westrop 1986, pl. 28, figs. 1-5) in frontal area topography,
size, and position of the palpebral lobes, and glabellar outline
and convexity, although the latter typically possesses a some-
what longer preglabellar field. However, Dellea has a smooth
or finely granulose external surface, rather than punctate
sculpture. The librigenae of Bartonaspis are not unlike those
attributed to D. suada (Walcott 1890) by Wilson (1951, pl.
91, figs. 20, 21) and are also similar to those of D. rogersi
Loch and Taylor (2004, fig. 5.12-5.14), differing in the depth
of the border furrows, height and inflation of the librigenal
fields, and sculpture. The pygidia assigned to D. suada by
Wilson (1951, pl. 91, figs. 18, 22, 23) are relatively longer
and narrower than those of Bartonaspis and have four seg-
ments in the axis; pygidial borders are narrow and concave.

Pygidia of Dellea? landingi Ludvigsen and Westrop
(1983, pl. 1, figs. 1, 5, 6, 7, 8) differ from those of both
Bartonaspis and Dellea suada in having a well-defined post-
axial ridge and a broad, concave border. As noted by
Ludvigsen and Westrop (1983, p. 19), the short, relatively
flat anterior border of the cranidium is also distinctive, so
that D.? landingi likely represents an undescribed genus.
The pygidium assigned provisionally to D. saratogensis
(Resser 1942) by (Ludvigsen and Westrop 1983, pl. 2, fig.
12) has an axis that, although relatively narrower and less
convex, resembles Bartonaspis in having three segments. As
noted by Ludvigsen and Westrop (1983, p. 18), this
pygidium does not resemble those attributed to Dellea by
Wilson (1951) and Grant (1965), and it may be misassigned.

Chalfontia Shergold, 1982, from the Irvingella tropica
Zone (Iverian) of Australia, has an anteriorly tapered,
weakly furrowed glabella similar to that of Bartonaspis
(compare Figs. 10a—10c, 10~—10; with Shergold 1982, pl. 8,
figs. 1-8), and the two genera also have broadly comparable
frontal areas that are divided into relatively short
preglabellar fields and convex anterior borders. Chalfontia
differs in having much larger, strongly curved palpebral
lobes (Shergold 1982, pl. 8, fig. 1), although like
Bartonaspis, they are positioned near glabellar mid-length.
The single, incomplete pygidium assigned to Chalfontia
(Henderson 1976, pl. 51, fig. 4) has an axis with two well-
defined axial rings in front of the terminal piece. Large
palpebral lobes that extend from mid-point of L1 to S2 are
also characteristic of Lorrettina Shergold, 1971 (e.g.,
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(A) Glabellar width against glabellar length

Species Slope (a) Intercept (b) ” Standard error (a) Standard error (b)
fredericksoni 0.736 -0.027 0.994 0.012 0.058

palmeri 0.82 —-0.144 0.996 0.010 0.039

wilsoni 0.725 —0.048 0.991 0.017 0.059

(B) Significant differences between slopes

Species pair z p

frederickson—palmeri 5.18 <0.01

palmeri-wilsoni 4.66 <0.01

(C) Anterior border length against glabellar length

Species Slope (a) Intercept (b) r? Standard error (a) Standard error (b)
fredericksoni 0.156 0.035 0.980 0.005 0.025

palmeri 0.119 0.036 0.982 0.003 0.011

wilsoni 0.132 0.001 0.964 0.005 0.017

(D) Significant differences between slopes

Species pair z p

frederickson—palmeri 6.35 <0.01

frederickson—wilsoni 3.39 <0.01

Shergold 1980, pl. 14, fig. 6, pl. 15, figs. 2, 4), an Australian
dokimocephalid from slightly younger Iverian strata than
Chalfontia; in other respects, cranidia of Lorrettina are quite
similar to those of Bartonaspis. Librigenae (e.g., Shergold
1980, pl. 15, fig. 5) are characterized by very short genal
spines that contrast with the longer spines of Barfonaspis
(e.g., Fig. 81, 8m, 8s). Pygidia of Lorrettina (e.g., Shergold
1980, pl. 14, fig. 9) are similar to those of Bartonaspis in
outline and general proportions. However, the axis com-
prises four segments, and the pleural field is traversed by at
least two pairs of firmly impressed, oblique pleural furrows.

Dokimocephalus Walcott, 1924, Burnetiella Lochman,
1958, and some species currently assigned to Iddingsia
Walcott, 1924 (e.g., Iddingsia anatina Resser 1942), differ
from Bartonaspis in possessing much longer anterior bor-
ders and, consequently, longer frontal areas, as well as
larger, more posteriorly positioned palpebral lobes (e.g.,
Wilson 1949, pl. 9, figs. 1, 4; Wilson 1951, pl. 89, fig. 18,
pl. 90, fig. 25; Westrop 1986, pl. 29, figs. 2-5). Pygidia of
this group of genera are relatively broad with firmly im-
pressed pleural and interpleural furrows, and at least four
segments in the axis (e.g., Wilson 1949, pl. 89, figs. 14, 16;
Westrop 1986, pl. 29, fig. 6; Chatterton and Ludvigsen 1998,
figs. 22.1, 22.4, 22.6).

Fossulae are developed at the anterior corners of the
glabella of Olentella Tvshin, 1956 (e.g., Shergold et al. 1976,
pl. 42, figs. 1, 2) and Protemnites Whitehouse, 1939 (as re-
vised by Shergold 1982; e.g., Shergold and Webers 1992, pl.
6, figs. 8, 10, 11; Paterson and Laurie 2004, fig. 10), two
genera of uncertain affinities that have been variously as-
signed to the Elviniidae, Dokimocephalidae, or
Aphelaspidae (e.g., see Shergold and Webers 1992; Jell, in
Jell and Adrain 2003). Olentella has much larger palpebral
lobes than Bartonaspis, and the pygidia assigned to the ge-
nus by Shergold (in Shergold et al. 1976, pl. 42, figs. 9-10)
have much longer axes that have three axial rings in front of

the terminal piece, and a wide, flattened border that expands
anteriorly. In addition to larger palpebral lobes, Protemnites
differs from Bartonaspis in having an inflated preglabellar
field. Paterson and Laurie (2004, figs. 10K, 10L, 100) illus-
trated librigenae of Protemnites magnificans Shergold and
Webbers, 1992, and these are characterized by short, very
slender genal spines. Pygidia attributed to Protemnites
(Henderson 1976; Paterson and Laurie 2004) have relatively
long axes with three axial rings and a terminal piece, but
vary in the expression of pleural and interpleural furrows.
Protemnites brownensis (Henderson 1976, pl. 50, figs. 14,
15, 19) has convex, well-furrowed pleural fields that slope
down to a flat border, whereas the pleural field of P.
magnificans is weakly furrowed and the pygidial border nar-
rows conspicuously towards the rear.

Conspicuous glabellar fossulaec are also present in the
early Sunwaptan genera Taenicephalus Ulrich and Resser, in
Walcott, 1924 (e.g., Westrop 1986, pl. 21, figs. 5, 6, pl. 22,
figs. 14, 16), and Croixana Nelson, 1951 (e.g., Westrop
1986, pl. 23, figs. 3, 5, 12, 16), both of which currently lan-
guish in the almost certainly paraphyletic family
Parabolinoididae. Both genera typically possess small, ante-
riorly positioned palpebral lobes that are located opposite
the S2 glabellar furrow, and inflated preglabellar fields. Ex-
ternal surfaces of the cranidia may appear irregularly pitted,
but this effect is produced by a network of fine
anastomosing ridges, and is unlike the sculpture in
Bartonaspis. Taenicephalus has a transversely subelliptical
pygidium (e.g., Bell and Ellinwood 1962, pl. 57, figs. 8, 19,
20; Westrop 1986, pl. 21, figs. 7, 15, pl. 22, figs. 6, 9) with
well-incised pleural and interpleural furrows, an axis with
two or three well-defined rings in front of the terminal piece,
and a narrow, rim-like border. The pygidium of Croixana is
known from only two small but distinctive specimens
(Westrop 1986, pl. 23, figs. 8-9) that are strongly effaced
with a long, narrow axis that shows no trace of axial rings,
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and an unfurrowed pleural field; external surface carries a
network of fine, anastomosing ridges.

Bartonaspis punctata (Palmer, 1965)
Fig. 3j-31

Dellea? punctata Palmer, 1965, p. 84, pl. 3, fig. 8.

non Dellea? punctata Palmer; Longacre, 1970 p. 56, pl. 1,
fig. 1 (= Bartonaspis sp. indet.).

non Dellea? punctata Palmer; Stitt, 1971, p. 48, pl. 1, fig. 6
(= Bartonaspis fredericksoni, n. sp.).

non Dellea? punctata Palmer; Westrop 1986, p. 59, pl. 28,
fig. 10 (= Bartonaspis sp. indet.).

piscussioN: The holotype cranidium of Bartonaspis punctata
(Palmer; Figs. 3j-3/) is from a section through the Catlin
Member of the Windfall Formation in the Eureka District,
Nevada, that is now covered completely by talus from min-
ing activities, so that additional material cannot be collected.
Palmer (1965, p. 84) also recorded this species from the
Cherry Creek section but did not figure any specimens; new
material from this locality, illustrated in Fig. 3, is assigned to
B. wilsoni n. sp. The holotype of B. punctata has a relatively
narrow glabella (glabellar width/length = 0.73) that falls
within the range of variation of B. wilsoni (glabellar
width/length = 0.67-0.75). However, this cranidium has a
more firmly impressed anterior border furrow and a larger
palpebral lobe than cranidia of B. wilsoni from Nevada
(Figs. 3a—3i) and Utah (Figs. 4a—4n, 4u—4w), but in the ab-
sence of additional material from the type locality, the sig-
nificance of these differences cannot be evaluated.
Accordingly, we recommend that B. punctata be restricted to
the holotype.

Among other reported occurrences of B. punctata, the
cranidium from Oklahoma illustrated by Stitt (1971, pl. 1,
fig. 6) is transferred to B. fredericksoni, n. sp., but a decision
on the status of cranidia from Texas (Longacre 1970, pl. 1,
fig. 1) and Alberta (Westrop 1986, pl. 28, fig. 12) must await
the discovery of additional material.

Bartonaspis wilsoni n. sp.
Figs. 3a—i; 4a—4w; Sa

DERIVATION OF NAME: For James Lee Wilson

HOLOTYPE: A cranidium (OU 12161) from the Sneakover
Member of the Orr Formation, Orr Ridge, northern House
Range, Utah (Figs. 4a—4c).

DIAGNOSIS: A species with short anterior border that occupies
11% (10%—12%) of cranidial length. Glabella relatively long
and narrow, with width at occipital furrow in larger individu-
als (cranidial length (sag.) > 3 mm) equal to 72% (67%—
75%) of glabellar length (sag.). Pygidium with relatively
short axis that accounts for 72% of pygidial length.

DESCRIPTION: Cranidium exclusive of posterior projection
subrectangular in outline, with width between palpebral fur-
rows 84% (75%-93%) of cranidial length. Glabella tapers
forward and bluntly rounded anteriorly, width at occipital
furrow equal to 72% (67%—75%) of glabella length (sag.);
occupies 80% (77%—82%) of cranidial length; convex and
raised well above fixigenae; longitudinal profile arched
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gently upward in front of occipital ring, but curves
downward anteriorly. Preglabellar furrow lightly impressed
medially but deepens laterally into slit-like fossulae at ante-
rior corners of glabella; axial furrows shallow but well-
defined grooves. Occipital ring with median node and
weakly inflated lateral lobe; occupies 15% (14%—18%) of
glabellar length. Occipital furrow transverse and well incised
medially but bifurcates at lateral lobe into very short (tr.,
transverse) posterior branch and longer, finely etched ante-
rior branch that curves forward. Faint S1 and S2 curve
obliquely backward; expressed on external surface largely
by absence of pitted sculpture. Small cranidia (Figs. 4¢q, 5a)
with three pairs of well-defined lateral furrows; S2 nearly
transverse and S3 directed forward. Frontal area divided into
steeply downsloping, weakly inflated preglabellar field and
shorter, convex anterior border by forwardly curved anterior
border furrow; anterior border accounts for 11% (10%—12%)
of cranidial length. Posterior border furrow broad (exsag.)
and firmly impressed; widens somewhat distally. Posterior
border convex and widens laterally to reach maximum
length (exsag.) at posterior corners of cranidium. Palpebral
area of fixigenae weakly inflated and equal to 28% (24%-—
31%) of glabellar width at occipital furrow. Palpebral lobe is
gently upsloping flap centered opposite L2 glabellar lobe
and with length equal to 29% (26%-35%) of glabellar
length; palpebral furrow shallow and nearly straight.
Palpebral ridge weakly convex and extends obliquely for-
ward to intersect axial furrow near anterior corner of
glabella. Anterior branches of facial sutures diverge
slightly between palpebral lobe and anterior border furrow,
then curve sharply inward along anterior cranidial margin;
posterior branches diverge backward, following a weakly
sigmoid path. Sculpture of closely spaced punctae over en-
tire cranidial surface, except furrows; augmented by
anastomosing terrace ridges on anterior border. Internal
molds are smooth, except for small tubercles on occipital
ring (e.g., Fig. 3d).

Small cranidia (Figs. 4¢, 5a) differ from larger individuals
in having relatively narrower, parallel-sided glabellae,
shorter preglabellar fields, and firmly impressed glabellar
furrows. Punctae are absent, but scattered, faint tubercles
present on fixigenae and glabella. Tubercles not evident on
associated early meraspids (Figs. 5b, 5¢).

Pygidium subelliptical in outline, with maximum width
(tr.) opposite terminal piece; length 43% (42%—44%) of
maximum width; convex, with height in posterior view about
30% of pygidial width. Posterior margin flexed upward me-
dially in posterior view. Articulating facet at anterior corner
with width (tr.) about half width of pleural field. Axis tapers
gently backward, length 96% (94%—98%) of width at first
axial ring; relatively short occupying 72% of pygidial
length; width at first axial ring is 33% (32%-33%) of maxi-
mum pygidial width. Axis composed of three segments, al-
though second axial ring indistinct ; articulating half-ring
semielliptical in outline and slightly shorter than first axial
ring; one well-defined, transverse ring furrow and additional
faint furrow present; axis moderately convex and accounts
for about half of pygidial height in posterior view. Pleural
field flexed downward and separated from gently sloping
border by shallow border furrow. One well-defined pleural
furrow present at anterior; remaining pleural and interpleural
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Fig. 3. Bartonaspis n. gen., all Barton Canyon Limestone, Barton Canyon, Cherry Creek Range, Nevada, collection CHC-1-0, except j—
[ (Catlin Member, Windfall Formation, Eureka District, Nevada). (a—i) Bartonaspis wilsoni n. sp. (a—c) cranidium, OU 12158, dorsal,
anterior, and lateral views, X8. (d—f) cranidium, OU 12159, dorsal, lateral, and anterior views, x9. (g—i) cranidium, OU 12160, dorsal,

TR,

furrows indistinct. Border relatively long and accounts for
14% (13%—15%) of pygidial length. External surface of axis
with sculpture of punctae; remainder of surface is smooth, as
are internal molds.

piscussioN:  Two  distinct cranidial morphotypes of
Bartonaspis co-occur in the Sneakover Member of the Orr
Formation at Orr Ridge, Utah, differing significantly in the
relative width of the glabella (Fig. 6a). A similar distinction
is also apparent at the top of the Barton Canyon Limestone
in the Cherry Creek Range, Nevada. Bartonaspis wilsoni n.
sp. is named for one of these morphs, and differs from the
other, B. palmeri n.sp., in having a relatively longer, nar-
rower glabella, whose width at the occipital furrow averages
72% of length (this proportion is 78% in B. palmeri).
Pygidia were not recovered from the Barton Canyon Lime-
stone, but two pygidial morphs that possess pitted sculpture
on the axis are present in the Sneakover Member. These
were assigned to each species on the basis of relative abun-
dance, so that the most common pygidial morph was as-

anterior, and lateral views, x10. (j—I) Bartonaspis punctata (Palmer, 1965). (j—/) cranidium, USNM 141543 (holotype) x15.

Qo

sumed to belong to the most abundant cranidial morph. The
pygidium attributed to B. wilsoni is relatively longer than
that of B. palmeri and has a proportionally shorter axis
(= 72%, rather than 84%, of cranidial length). Bartonaspis
fredericksoni n. sp. (Figs. 10, 11), from the Honey Creek
Formation of Oklahoma, is indistinguishable from B. wilsoni
in glabellar proportions (Fig. 6a), but has a significantly lon-
ger anterior border (Fig. 60). Like B. palmeri, the pygidium
of B. fredericksoni (Figs. 11m, 11n) is relatively shorter than
the morph attributed to B. wilsoni, and the axis is relatively
longer.

Bartonaspis palmeri n. sp.
Figs. 75b, ?5¢, 5d; Ta-Ts; 8a-8j, 8n, 8p, 8¢q

DERIVATION OF NAME: For Allison R. Palmer
HOLOTYPE: A cranidium (OU 12177) from the Sneakover
Member of the Orr Formation, Orr Ridge, northern House

Range, Utah (Fig.7a-7c).
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Fig. 4. Bartonaspis wilsoni n. sp., Sneakover Member, Orr Formation, Orr Ridge, northern House Range, Utah, collection ORR 60.3 —
ORR 60.4. (a—c) cranidium, OU 12161 (holotype), anterior, lateral, and anterior views, x9. (d) cranidium, OU 12162, dorsal view,
x12. (e) cranidium, OU 12163, dorsal view, x12. (f) cranidium, OU 12164, dorsal view, x9. (g) cranidium, OU 12165, dorsal view,
x12. (h—j) cranidium, OU 12166, lateral, anterior, and dorsal views, x9. (k—m) cranidium, OU 12167, dorsal, anterior, and lateral
views, x9. (n—p) cranidium, OU 12168, dorsal, lateral, and anterior views, x9. (g) cranidium, OU 12169, dorsal view, x25 (see Fig. Sa
for SEM image). (r, s) pygidium, OU 12170, posterior and dorsal views, x12. (#) pygidium, OU 12171, dorsal view, x12. (u)
cranidium, OU 12172, dorsal view, x9. (v, w) cranidium, OU 12173, lateral and dorsal view, x9.

Fig. 5. Bartonaspis n. gen, Sneakover Member, Orr Formation, Orr Ridge, northern House Range, Utah, collection ORR 60.3 — ORR
60.4. All scale bars = 100 um. (a) Bartonaspis wilsoni n. sp., cranidium, OU 12169, dorsal view (see Fig. 4¢ for a light photograph).
(b, ¢) Bartonaspis sp. indet. (b) cranidium, OU 12174, dorsal view. (¢) cranidium, OU 12175, dorsal view. (d) Bartonaspis palmeri n.

sp. cranidium, OU 12176, dorsal view (see Fig. 8n for a light photograph).
s g

Fig. 6. Bivariate plots, with reduced major axis regressions computed using PAST v.1.44 (Hammer et al. 2006); see Table 1 for regres-
sion coefficients and for pairwise comparisons between species that yielded significant differences (comparisons made using the
method described by Imbrie 1956 and Jones 1988). Note that all comparisons in Table 1 remain significant if a Bonferroni correction
for multiple comparisons is applied. Number of cranidia measured: B. wilsoni, 23; B. palmeri, 26; B. fredericksoni, 20. (a). Anterior
border length against cranidial length. (b) Glabellar width against glabellar length.
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DIAGNOSIS: A species with short anterior border that occu-
pies 11% (9%—12%) of cranidial length. Glabella relatively
short and wide, with width at occipital furrow in larger in-
dividuals (cranidial length (sag.) > 3 mm) equal to 78%
(75%—-82%) of glabellar length (sag.). Pygidium with rela-
tively long axis that accounts for 84% (83%—85%) of
pygidial length. Posterior pygidial margin flexed up medially
in posterior view.

Glabellar length (mm)

DESCRIPTION: Cranidia of Bartonaspis palmeri are sufficiently
similar to those of B. wilsoni that a description is unneces-
sary; cranidial comparisons between these species are pre-
sented earlier in the text. Associated early meraspid cranidia
(Figs. 5b, 5¢) may belong to either B. palmeri or B. wilsoni.
Glabella narrow and terminates anteriorly at short, flat ante-
rior border; cylindrical in larger cranidium (Fig. 5b) but an-
teriorly expanded in smaller cranidium (Fig. 5c¢). Occipital
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Fig. 7. Bartonaspis palmeri n. sp., Sneakover Member, Orr Formation, Orr Ridge, northern House Range, Utah, collection ORR 60.3 —
ORR 60.4. (a—c) cranidium, OU 12177 (holotype), dorsal, anterior, and lateral views, x8. (d) cranidium, OU 12178, dorsal view, x8.
(e—g) cranidium, OU 12179, dorsal, lateral, and anterior views, x12. (h—j) cranidium, OU 12180, lateral, dorsal, and anterior views,
x12. (k) cranidium, OU 12181, dorsal view, x9. (I-n) cranidium, OU 12182, dorsal, lateral, and anterior views, x12. (0) crandium, OU
12183, dorsal view, x9. (p—r) cranidium, OU 12184, lateral, dorsal, and anterior views, x9. (s) cranidium, OU 12185, dorsal view, x12.

¥ TERH T ) ¢ 8 - A 7 2 «‘
L g -

¥

© 2007 NRC Canada



Westrop and Adrain 997

Fig. 8. Bartonaspis n. gen, all Sneakover Member, Orr Formation, Orr Ridge, northern House Range, Utah, collection ORR 60.3 —
ORR 60.4, except g—j (Barton Canyon Limestone, Barton Canyon, Cherry Creek Range, Nevada. (a—j, n, p, q) Bartonaspis palmeri n.
sp. (a) pygidium, OU 12186, dorsal view, x12. (b, c¢) pygidium, OU 12187, posterior and dorsal views, x12. (d, e) pygidium, posterior
and dorsal views, OU 12188, x12. (f) pygidium, OU 12189, dorsal view, x12. (g—i) cranidium, OU 12190, dorsal, anterior and lateral
views, x9. (j) cranidium, OU 12191, dorsal view, x10. (n) cranidium, OU 12176, dorsal view, x25 (see Fig. 5d for SEM image). (p, q)
hypostome, OU 12192, posterior and dorsal views, x12. (k—m, o, r, s) Bartonaspis spp. (k, ) librigena, OU 12193, lateral and dorsal
views, x12. (m) librigena, OU 12194, dorsal view, x12. (c¢) librigena, OU 12195, dorsal view, x10. (7, s) librigena, OU 12196, lateral
and dorsal views, x1.
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Fig. 9. Bartonaspis cf. B. palmeri, Sneakover Member, Orr Formation, Orr Ridge, northern House Range, Utah, collection ORR 60.3 —
ORR 60.4. (a) cranidium, OU 12197, dorsal view, x7.5. (b—d) cranidium, OU 12198, anterior, lateral, and dorsal views, x7.5.

Fig. 10. Bartonaspis fredericksoni n. sp, Honey Creek Formation, all from Dotson Ranch, Arbuckle Mountains, Oklahoma, collection
DR-12.2 — DR-12.45, except 15, 16, 18 (Kimbell Ranch, Wichita Mountains, float block about 22 m above base of section). (a—c)
cranidium, OU 12199, dorsal, lateral, and anterior views, x7. (d—f) cranidium, OU 12200, dorsal, lateral, and anterior views, X7.

(g) cranidium, OU 12201, dorsal view, x12. (h—j) cranidium, OU 12202, dorsal, lateral, and anterior views, x7. (k) cranidium, OU 12203,
dorsal view, x7. (l-n) cranidium, OU 12204, lateral, anterior, and dorsal views, x10. (o, p, ) cranidium, OU 12205 cranidium, anterior,
lateral and dorsal views, x10. (¢g) cranidium, OU 12206, dorsal view, x10. (s, #) librigena, OU 12207, lateral and dorsal views, 6.

furrow well-incised and transverse; transverse S1, S2, and
S3 furrows well expressed on smaller cranidium. Palpebral
lobe located opposite S3; palpebral ridges curve forward
from palpebral lobe to intersect axial furrow opposite mid-
point of frontal glabellar lobe. External surface of cranidium
is smooth.

Associated librigenae (Figs. 84k8m, 8o, 8r, 8s) at Orr
Ridge belong to B. palmeri or B. wilsoni. Long, weakly con-
vex genal spine present; in smaller specimens (Fig. 8m) faint
furrow extends along length of spine and convex ridge run-
ning along inner edge merges anteriorly with posterior bor-
der furrow. Broad (tr., exsag.) librigenal field accounts for
about 85% (83%—87%) of librigenal height in lateral view;
rim-like eye socle present. Lateral and posterior border fur-
rows are shallow but well defined and merge at posterior
corner of librigenal field. Lateral border is convex rim. Ex-
ternal surface, except for eye socle, with punctate sculpture;
faint caecal markings on librigenal field; fine terrace ridges
on outer edge of lateral border.

Hypostome (tentatively assigned) subrectangular in out-
line, maximum width about 67% of length. Median body
subelliptical in outline; median furrow and macculae absent
so that anterior and posterior lobes not expressed. Rim-like
lateral borders separated from median body by narrow, well-
incised border furrows that become shallower posteriorly;
posterior border furrow absent. Anterior wings triangular in
outline, maximum length (exsag.) equal to about 25% of
hypostomal length.

Pygidium subelliptical in outline, with maximum width
opposite anterior end of terminal piece; length 43% (38%—
48%) of maximum width; convex, with height in posterior
view about one third of pygidial width. Posterior margin
flexed upward medially in posterior view. Articulating facet
at anterior corner with width (tr.) about half width of pleural
field. Axis tapers gently backward, length 99% (92%—104%)

of width at first axial ring; relatively long and occupies 84%
(83%—85%) of pygidial length; width at first axial ring 37%
(34%-39%) of maximum pygidial width. Axis composed of
three segments, although second ring poorly differentiated
from terminal piece; articulating half-ring semielliptical in
outline and slightly shorter than first axial ring; one well-
defined, transverse ring furrow and second barely percepti-
ble furrow present (Fig. 8a); axis strongly convex and ac-
counts for about 67% of pygidia height in posterior view.
Pleural field flexed gently downward and separated from
weakly convex border by shallow border furrow. One well-
defined pleural furrow present at anterior; remaining pleural
and interpleural furrows poorly defined. Border accounts for
11% of pygidial length. External surface of axis with sculp-
ture of punctae; remainder of surface is smooth, as are inter-
nal molds.

piscussioN: Differences between Bartonaspis palmeri n. sp.,
and B. wilsoni n. sp. were discussed earlier in the text.
Cranidia differ from those of B. fredericksoni in having a
significantly wider glabella (Fig. 6a) and a shorter anterior
border (Fig. 6b). Pygidia attributed to B. palmeri are similar
in general outline and proportions to the single specimen
available for B. fredericksoni (Figs. 11m, 11n), with the lat-
ter differing only in being less rounded posteriorly and in
having somewhat more firmly impressed pleural furrows.
Cranidia of B. palmeri show minor variation in width be-
tween the palpebral lobes and in the curvature of the anterior
margin (e.g., compare Figs. 7e and 7i); punctae of the exter-
nal surface may be finer and less clearly defined on some,
usually larger, individuals (e.g., Fig. 7a) and are not ex-
spressed at all on the smallest cranidia (e.g., Figs. 8n, 5d,
71). Cranidia of B. wilsoni display a comparable range of
variation (e.g., compare Figs. 4e, 4f, 4/, 4k, 4q). Variation in
pygidial outline is also evident in B. palmeri, and some
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specimens (Fig. 8a) are somewhat shorter and wider than
others.

Large cranidia (Figs. 7a, 7d) display an incomplete row of
pits in the anterior border furrow. They are well-defined in
front of the fixigenae, but are restricted to a narrow (tr.) me-
dial band in front of the glabella.

Bartonaspis ct. B. palmeri
Figs. 9a-9d

piscussioN: A few large cranidia from Orr Ridge resemble
similarly sized specimens of B. palmeri (Figs. 7a—7d) in the
presence of an abrupt expansion of the glabella opposite the
S1 furrow. Weak expansion of the glabella may occur in
some smaller specimens assigned to B. palmeri (e.g.,
Fig. 7e), but none show the conspicuous expansion of the
larger individuals. The interpretation of these differences is
unclear given the small sample size, and the large cranidia
are placed in open nomenclature.

Bartonaspis fredericksoni n. sp.
Figs. 10a—10z; 11a-11n

Dellea? punctata Palmer; Stitt, 1971, p. 48, pl. 1, fig 6.
DERIVATION OF NAME: For E.A. Frederickson

HOLOTYPE: A cranidium (OU 12208) from the Honey Creek
Formation, Ring Top Mountain, Kimbell Ranch, Slick Hills,
Oklahoma, (Figs. 11a—11c).

DIAGNOSIS: A species of Bartonaspis with relatively long an-
terior border that occupies 13% (12%—14%) of cranidial
length. Glabella relatively long and narrow, with width at oc-
cipital furrow in larger individuals (cranidial length (sag.) >
3 mm) equal to 73% (66%—77%) of glabellar length (sag.).
Pygidium with relatively short axis that accounts for 81% of
pygidial length. Posterior pygidial margin nearly flat in pos-
terior view.

DESCRIPTION: Cranidium exclusive of posterior projection
subrectangular in outline, with width between palpebral fur-
rows 81% (77%—-86%) of cranidial length. Glabella tapers
forward and bluntly rounded anteriorly; width at occipital
furrow in larger individuals (cranidial length (sag.) > 3 mm)
equal to 73% (66%—77%) of glabellar length (sag.); occu-
pies 81% (77%—86%) of cranidial length; convex and raised
well above fixigenae; longitudinal profile arched gently up-
ward in front of occipital ring, but curves downward anteri-
orly. Preglabellar furrow lightly impressed medially but
deepens laterally into slit-like fossulae at anterior corners of
glabella; axial furrows shallow but well-defined grooves.
Occipital ring with median node and variably expressed in-
flated lateral lobe; occupies 16% (13%—18%) of glabellar
length. Occipital furrow nearly transverse and well incised
medially but bifurcates at lateral lobe into short (tr.) poste-
rior branch and longer, finely etched anterior branch that
curves forward. Lateral glabellar furrows variably expressed.
S1 well-defined, sigmoid and bifurcate with very short ante-
rior branch on some individuals (Figs. 11a, 11f) but faint on
others (Fig. 9k); internal molds show similar variation
(Figs. 9a, 11j). S2 generally shallower than S1, also sig-
moid; S3 indistinct and nearly transverse. On some internal
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molds, S3 and S4 expressed as short (tr.) transverse to
forwardly oblique ridges (Figs. 10a—10c, 104—-10j). Frontal
area subequally divided into steeply downsloping, weakly
inflated preglabellar field and convex anterior border by
forwardly curved anterior border furrow; relatively long an-
terior border accounts for 13% (12%—-14%) of cranidial
length. Posterior border furrow broad (exsag.) and firmly
impressed; widens distally. Posterior border convex and
widens laterally to reach maximum length (exsag.) at poste-
rior corners of cranidium. Palpebral area of fixigenae weakly
inflated and equal to 27% (22%—34%) of glabellar width at
occipital furrow. Palpebral lobe is flap centered opposite L2
glabellar lobe and with length equal to 29% (24%—35%) of
glabellar length; slopes gently upward from shallow and
nearly straight palpebral furrow. Palpebral ridge weakly con-
vex and extends obliquely forward to intersect axial furrow
in front of S3 lateral furrow. Anterior branches of facial su-
tures diverge slightly between palpebral lobe and anterior
border furrow, then curve sharply inward along anterior
cranidial margin; posterior branches diverge backward, fol-
lowing a weakly sigmoid path. Sculpture of closely spaced
punctae over entire cranidial surface except furrows.

Librigena with long, flattened genal spine. Librigenal field
broad (tr., exsag.) and elevated well above weakly convex lat-
eral border; narrow eye socle present. Lateral border furrow
shallow groove that becomes faint posteriorly, merges with
shallow posterior border furrow. Posterior border weakly con-
vex. Doublure narrow; anteriorly, row of tubercles developed
along inner edge. External surface with sculpture of punctae,
augmented by genal caecae on librigenal field and fine terrace
ridges along outer edge of lateral border.

Pygidium subelliptical in outline, with maximum width
opposite anteriormost axial ring furrow; length 39% of max-
imum width; convex, with height in posterior view about one
third of pygidial width. Articulating facet at anterior corner
with width (tr.) about half width of pleural field. Axis tapers
gently backward, length 88% of width at first axial ring; rel-
atively long and occupies 81% of pygidial length; width at
first axial ring 36% of maximum pygidial width. Axis com-
posed of three segments, although second axial ring indis-
tinct; articulating half-ring semielliptical in outline and
slightly shorter than first axial ring; one well-defined, trans-
verse ring furrow and second, barely perceptible furrow
present; axis strongly convex and accounts for about 70% of
pygidial height in posterior view. Pleural field flexed gently
downward and separated from weakly convex border by
shallow border furrow. One well-defined pleural furrow
present at anterior; remaining pleural and interpleural fur-
rows poorly defined. Border accounts for 9% of pygidial
length. External surface with sculpture of faint punctae.

piscussioN: Cranidia of Bartonaspis fredericksoni from
Oklahoma consistently display significantly longer anterior
borders than specimens of both B. wilsoni and B. palmeri
from the Great Basin (Fig. 6b). The single cranidium avail-
able from Alberta (Westrop 1986, pl. 28, fig. 12) has a short
anterior border comparable to those from the Great Basin,
suggesting a biogeographic pattern to species differentiation.

Although all specimens from Oklahoma are united by a
relatively long anterior border, there is some variation in
glabellar outline and in the expression of glabellar furrows
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Fig. 11. Bartonaspis fredericksoni n. sp, Honey Creek Formation, all from the Kimbell Ranch section, except 8-10 (Royer Ranch sec-
tion, Arbuckle Mountains, collection RR142 (Stitt, 1971)); 1-6, 12, float block about 22 m above base of section; 7-8, collection
KR1-22.3 — KR1-22.45; 11, 13, 14, collection KR1-24. (a—c) cranidium, OU 12208 (holotype), dorsal, anterior, and lateral views, x8.
(d—f) cranidium, OU 12209, anterior, lateral, and dorsal views, x8. (g) cranidium, OU 12210, dorsal view, x8. (h—j) cranidium, lateral,
anterior, and dorsal views, x8. (k) cranidium, OU 12211, dorsal view, x12. (1) cranidium, OU 12212, dorsal view, x12. (m-n)
pygidium, OU 12213 posterior and dorsal views, x12.

. -
PR £
\ . »

2 o %

© 2007 NRC Canada



1002

and the lateral lobes of the occipital ring. If end-member
variants (e.g., Figs. 11g, 11;) are compared in isolation, a
case could be made for the presence of more than one spe-
cies. However, other cranidia fill in the “gap” in glabellar
outline (e.g., Figs. 104, 1la, 11f), and expression of
glabellar furrows varies in otherwise closely comparable
cranidia (e.g., Figs. 10a, 10/). Accordingly, only a single
species is recognized at present.

Although the librigena has a row of small tubercles on the
inner edge of anterior portion of the doublure (Figs. 10s, 107),
a complementary row of pits in the anterior border furrow is
not evident on the cranidia. However, a pit row is present on
at least some specimens of B. palmeri (Figs. 8a, 8d)

The pygidium of B. fredericksoni is most like that of B.
palmeri (Figs. 5m-5r), differing only in having a slightly
shorter axis and in lacking the arching of the posterior mar-
gin in posterior view.

Acknowledgements

Support from the US. National Science Foundation through
grant EAR 0308685 is gratefully acknowledged. We thank the
Kimbell Family and K. Dotson for access to localities in
Oklahoma, and J. Bean, B. Beck, J.D. Eoff, C. Monson, C.
Nickel, D. Shultz, and R. Waskiewicz for assistance in the
field; R. Burkhalter provided a variety of help both in the
field and in the laboratory. C. Labandiera, M. Florence, and
D. Levin arranged for loan of type material from the National
Museum of Natural History. D-C. Lee and B.R. Pratt pro-
vided helpful reviews of an earlier draft of this paper.

References

Adams, D.C., and Funk, D.J. 1997. Morphological inferences on
sibling species and sexual dimorphism in Neochlamisus
bebbianae leaf beetles: multivariate applications of the thin plate
spline. Systematic Biology, 46: 180—194.

Adrain, J.M., and Westrop, S.R. 2005. Late Cambrian ptychaspidid
trilobites from western Utah: implications for trilobite systemat-
ics and biostratigraphy. Geological Magazine, 142: 377-398.

Adrain, J.M., and Westrop, S.R. 2006. New earliest Ordovician tri-
lobite genus Millardicurus: the oldest known hystricurid. Jour-
nal of Paleontology, 80: 650-671.

Bell, W.C., and Ellinwood, H.L. 1962. Upper Franconian and
lower Trempeauleauan Cambrian trilobites and brachiopods,
Wilberns Formation, central Texas. Journal of Paleontology, 36:
385-423.

Chatterton, B.D.E., and Ludvigsen, R. 1998. Upper Steptoean (Up-
per Cambrian) trilobites of the McKay Group of southeastern
British Columbia. Paleontological Society Memoir, 49.

Frederickson, E.A. 1949. The trilobite fauna of the Upper Cam-
brian Honey Creek Formation. Journal of Paleontology, 23:
341-363.

Gouws, G., Stewart, B.A., and Danials, S.R. 2004. Cryptic species
within the freshwater isopod Mesamphisopus capensis
(Preatoicidea: Amphisopodidae) in the Western Cape, South Af-
rica: allozyme and 12S rRNA sequence data and morphometric
evidence. Biological Journal of the Linnean Society, 81: 235—
253.

Grant, R.E. 1965. Faunas and stratigraphy of the Snowy Range
Formation (Upper Cambrian) in southwestern Montana and
northwestern Wyoming. Geological Society of America Memoir,
96.

Can. J. Earth Sci. Vol. 44, 2007

Guy, F., Brunet, M., Schmittbuhl, M, and Viriot, L. 2003. New ap-
proaches to hominoid taxonomy: morphometrics. American
Journal of Physical Anthropology, 121: 198-218.

Hammer, ©., Harper, D.A.T., and Ryan, P.D. 2006. PAST —
Palaeontological Statistics Vol. 1.44. Available at folk.uio.no/
ohammer/past/ (last accessed Oct. 7, 2006).

Henderson, R.A. 1976. Upper Cambrian (Idamean) trilobites from
western Queensland, Australia. Palacontology, 19: 325-364.
Hintze, L.F., and Palmer, A.R. 1976. Upper Cambrian Orr Forma-
tion: its subdivisions and correlatives in western Utah. US. Geo-

logical Survey Bulletin, 1405-G.

Holcomb, M., Pandolfi, J.F., Macintyre, 1.G., and Budd, A.F. 2004.
Use of X-radiographs to distinguish members of the Montastria
annularis reef-coral species complex. Hydrobiologia, 530: 211—
222.

Holmdem, C., Creaser R.A., Muehlenbachs, K, Leslie, S.A., and
Begrstrom, S.M. 1998. Isotopic evidence from geochemical de-
coupling between epeiric seas and bordering oceans: implica-
tions for secular curves. Geology, 26: 567-570.

Hughes, N.C. 1994. Ontogeny, intraspecific variation and systemat-
ics of the Late Cambrian trilobite Dikelocephalus. Smithsonian
Contributions to Paleobiology, No. 79.

Imbrie, J. 1956. Biometrical methods in the study of invertebrate
fossils. Bulletin of the American Museum of Natural History,
108: 215-252.

Ivshin, N.K. 1956. Upper Cambrian trilobites of Kazakhstan. Part
1. Kuyandisk faunal horizon between the Olenty and Shiderty
rivers. Institute of Geological Sciences, Academy of Sciences of
SSR, Alma-Ata, 98 p. (in Russian.)

Jell, P.A., and Adrain, J.M. 2003. Available generic names for
trilobites. Memoirs of the Queensland Museum, 48: 331-553.
Jones, B. 1988. Biostatistics in paleontology. Geoscience Canada,

15: 3-22.

Knowlton, N. 1993. Sibling species in the sea. Annual Review of
Ecology and Systematics, 24: 189-216.

Knowlton, N., Weil, E., Weigt, L.A., and Guzman, H.M.1992. Sib-
ling species in Montastrea annularis, coral bleaching and the
coral climate record. Science, 255: 330-333.

Kobayashi, T. 1935. The Cambrian-Ordovician formations and fau-
nas of South Chosen. Palaeontology, part III. Cambrian faunas
of South Chosen with special study on the Cambrian trilobite
genera and families. Journal of the Faculty of Science, Imperial
University of Tokyo, Section 1I, 4: 49-344.

Labandiera, C.C., and Hughes, N.C. 1994. Biometry of the late
Cambrian trilobite Dikelocephalus and its implications for trilo-
bite systematics. Journal of Paleontology, 68: 492—-517.

Loch, J.D., and Taylor, J.F. 2004. New trilobite taxa from Upper
Cambrian microbial reefs in the central Appalachians. Journal of
Paleontology, 78: 591-602.

Lochman, C. 1958. Sulcocephalus Wilson, 1948, to replace
Berkeia Resser, 1937, and Burnetiella to replace Bernetia
Walcott, 1924. Journal of Paleontology, 32: 247.

Lockwood, C.A., Kimbel, W.H., and Lynch, JM. 2004.
Morphometrics and hominoid phylogeny: support for a chim-
panzee-human clade and differentiation among great ape sub-
species. Proceedings of the National Academy of Sciences, 101:
4356-4360.

Longacre, S.A.1970. Trilobites of the Upper Cambrian Ptychaspid
Biomere, Wilberns Formation, central Texas. Paleontological
Society Memoir 4.

Ludvigsen, R., and Westrop, S.R.1983. Franconian trilobites of
New York State. New York State Museum Memoir 23.

Martin, A.P., and Bermingham, E. 2000. Regional endemism and
cryptic species revealed by molecular and morphological analy-

© 2007 NRC Canada



Westrop and Adrain

sis of a widespread Neotropical catfish. Proceedings of the
Royal Society of London, B, 267: 1135-1141.

McCormick, T., and Fortey, R.A.1999. The most widely distributed
trilobite species: Ordovician Carolinites genacinaca. Journal of
Paleontology, 73: 202-218.

Nelson, C.A.1951. Cambrian trilobites from the St. Croix Valley.
Journal of Paleontology, 25: 765-784.

Nicola, P.A., Monteiro, L.R., Pessoa, L.M., von Zuben, F.J, Rohlf,
F.J., and dos Ries, S.F. 2003. Congruence of hierarchical local-
ized variation in cranial shape and molecular phylogenetic struc-
ture in spiny rats (Rodentia: Echimyidae). Biological Journal of
the Linnean Society, 80: 385-396.

Olsen, L.E., Goodman, S.M, and Yoder, A.D. 2004. Illumination of
cryptic species boundaries in long-tailed shrew tenrecs
(Mammalia: Tenrecidae; Microgale), with new insights into geo-
graphic variation and distributional constraints. Biological Jour-
nal of the Linnean Society, 83: 1-22.

Palmer, A.R. 1965. Trilobites of the Late Cambrian Pterocephaliid
Biomere in the Great Basin, United States: US. Geological Sur-
vey, Professional Paper 493.

Palumbi, S.R. 1994. Genetic divergence, reproductive isolation,
and marine speciation. Annual Review of Ecology and System-
atics, 25: 547-572.

Panchuk, K.M., Holmden, C.E., and Leslie, S.A. 2006. Local con-
trols on carbon cycling in the Ordovician mid-continent region
of North America, with implications for carbon isotope secular
curves. Journal of Sedimentary Research, 76: 200-211.

Pandolfi, J.M., Lovelock, C.E., and Budd, A.F. 2002. Character re-
lease following extinction in a Caribbean reef coral species
complex. Evolution, 56: 479-501.

Paterson, J.R., and Laurie, J.R. 2004. Late Cambrian trilobites from
the Dolodrook River limestones, eastern Victoria, Australia.
Memeoirs of the Association of Australasian Palaeontologists,
30: 83-111.

Resser, C.E. 1942. New Upper Cambrian trilobites. Smithsonian
Miscellaneous Collections, 103(5), 136 p.

Roemer, C.F. 1849. Texas. Mit besonder Riicksicht auf deutsche
Auswanderung und die physischen Verhiltnisse de Landes.
Bonn, 464 p.

Shergold, J.H. 1971. Late Upper Cambrian trilobites from the Gola
Beds, western Queensland. Australian Bureau of Mineral Re-
sources, Geology and Geophysics Bulletin 112.

Shergold, J.H. 1980. Late Cambrian trilobites from the Chatsworth
Limestone, western Queensland. Australian Bureau of Mineral
Resources, Geology and Geophysics Bulletin 186.

1003

Shergold, J.H. 1982. Idamean (Late Cambrian) trilobites, Burke
River Structural Belt, western Queensland. Australian Bureau of
Mineral Resources, Geology and Geophysics Bulletin 187.

Shergold, J.H., and Webers, G.F. 1992. Late Dresbachian
(Idamean) and other trilobite faunas from the Heritage Range,
Ellesworth Mountains, West Antarctica. /n Geology and paleon-
tology of the Ellesworth Mountains, West Antarctica. Edited by
G.F. Webers, C. Craddock and J.F. Splettstoesser. Geological
Society of America, Memoir 170, pp. 125-168.

Shergold, J.H., Cooper, R.A., MacKinnon, D.A., and Yochelson,
E.A. 1976. Late Cambrian Brachiopoda, Mollusca, and Trilobita
from northern Victoria Land, Antarctica. Palacontology, 19:
247-293.

Simo, J.A., Emerson, N.R., Byers, C.W, and Ludvigson, G.A.
2003. Anatomy of an embayment in an Ordovician epeiric sea.
Geology, 31: 545-548.

Stitt, J.H., 1971. Late Cambrian and earliest Ordovician trilobites,
Timbered Hills and lower Arbuckle Groups, western Arbuckle
Mountains, Murray County, Oklahoma. Oklahoma Geologic
Survey Bulletin 110.

Stitt, J.H. 1977. Late Cambrian and earliest Ordovician trilobites,
Wichita Mountains area, Oklahoma. Oklahoma Geological Sur-
vey Bulletin 124.

Walcott, C.D. 1890. Description of new forms of Upper Cambrian
fossils. Proceedings of the United States National Museum, 13:
267-279.

Walcott, C.D. 1924. Cambrian geology and paleontology, V. No. 2.
Cambrian and Lower Ozarkian trilobites. Smithsonian Miscella-
neous Collections, 75(2):53-60.

Westrop, S.R. 1986. Trilobites of the Upper Cambrian Sunwaptan
Stage, southern Canadian Rocky Mountains, Alberta.
Palaeontographica Canadiana, No 3.

Whitehouse, F.W. 1939. The Cambrian faunas of northeastern Aus-
tralia. Part 3. The polymerid trilobites. Memoirs of the
Queensland Museum, 11: 179-182.

Wilson, J.L. 1949. The trilobite fauna of the Elvinia Zone in the basal
Wilberns Formation of Texas. Journal of Paleontology, 23: 25-44.
Wilson, J.L. 1951. Franconian trilobites of the central Appala-

chians. Journal of Paleontology, 25: 617-654.

Young, S.A., Saltzman, M.R., and Bergstrom, S.M. 2005. Upper
Ordovician (Mohawkian) carbon isotope (5'°C) stratigraphy in
eastern and central North America: Regional expression of a
perturbation of the global carbon cycle. Palacogeography,
Palaeoclimatology, Paleoecology, 222: 53-76.

© 2007 NRC Canada



