Mitt. Mus. Nat.kd. Berl., Geowiss. Reihe 6 (2003) 125-160 10. 11. 2003

Dentitions of Barbclabornia (new genus, Chondrichthyes: Xenacanthiformes)
from the Upper Palaeozoic of North America

Gary D. Johnson!

With 14 figures and 3 tables

Abstract

Barbclabornia luedersensis (Berman, 1970) is defined on the basis of small (2 mm high) isolated teeth that lack an interme-
diate cusp. It is known from the Lower Permian and possibly the Upper Pennsylvanian of North America. The two principal
cusps are slightly curved orally, nearly parallel, and bear cristae mainly on their distal halves. They are cylindrical but become
compressed proximally. The long axis of each cusp base is >45° to the labial margin of the tooth base. The base bears a
prominent apical button in contact with the cusps; a central foramen is absent. Fewer than ten foramina occur on the aboral
surface of the base, which bears a prominent concave basal tubercle. The shape of the base ranges from somewhat triangular
to quadrangular. The cusps are composed of orthodentine covered by hypermineralized pallial dentine; the base is composed
of orthodentine but may also contain trabecular dentine. Except for the possible occurrence of symphysial teeth, the dentition
is homodont. Barbclabornia cf. B. luedersensis is stratigraphically highest in the known range of the genus and is restricted to
the nearly lowermost part of the Clear Fork Group (Artinskian) of Texas. The teeth are similar to B. luedersensis, but are
more robust and have a quadrangular-shaped base. Barbclabornia was large, based on an undescribed palatoquadrate some
45 cm long. [t was probably freshwater and is most closely related to Triodus.

Key words: Chondrichthyans, Xenacanthiformes, Early Permian, North America.

Zusammenfassung

Barbclabornia luedersensis (Berman, 1970) wird anhand kleiner (2 mm Hohe), isolierter Zahne definiert, denen eine Median-
spitze fehlt. Die Art ist aus dem unteren Perm und méglicherweise dem oberen Pennsylvanium von Nordamerika bekannt.
Die zwei Hauptspitzen sind schwach oral geneigt, beinahe parallel und zeigen hauptsichlich auf der distalen Halfte Cristae.
Die Spitzen sind zylindrisch, erhalten allerdings proximal durch Kompression einen ovalen Umriss. Der Winkel zwischen der
Liangsachse jeder Spitze und dem labialen Rand der Zahnbasis betrégt mehr als 45°. Die Basis besitzt einen prominenten, in
Kontakt mit den Spitzen stehenden Apicalhdcker, ein zentrales Foramen fehlt. Weniger als zehn Foramina sowie ein pro-
minenter, konkav eingebuchteter Basaltuberkel befinden sich auf der aboralen Seite der Basis. Die Basis zeigt einen etwa tri-
bis quadranguliren Umriss. Die Spitzen bestehen aus Orthodentin, ummantelt von einem hypermineralisierten Pallialdentin;
die Basis besteht aus Orthodentin, kann aber auch Trabeculardentin beinhalten. Mit Ausnahme des Auftretens von Symphy-
senzihnen ist die Bezahnung homodent. Barbclabornia cf. B. luedersensis reprdsentiert den stratigraphisch jiingsten Vertreter
dieser Gattung und ist etwa auf den untersten Abschnitt der Clear Fork Group (Artinskium) von Texas beschrinkt. Die
Zihne shneln denen des B. luedersensis, sind aber robuster und besitzen eine Basis mit quadranguldrem Umriss. Ein unbe-
schriebenes Palatoquadratum von etwa 45 cm Linge weist Barbclabornia als gro3wiichsig aus. Es handelt sich wahrscheinlich
um eine Sii3wasserform. Barbclabornia besitzt enge Beziehungen zu Triodus.

Schhiisselworter: Chondrichthyes, Xenacanthiformes, Unterperm, Nordamerika.

Introduction that began with Johnson (1984). The purpose of

this study is to examine the taxonomy and bio-

This study is a continuation of a study by John-
son (1999) that reviewed the occurrences of
Orthacanthus and ?Xenacanthus teeth in the
Upper Palaeozoic of North America. It com-
pletes a review of known occurrences of faunas

stratigraphy of a species of xenacanth that be-
longs to a new genus, but previously assigned to
Xenacanthus (Berman 1970, Lund 1976).

Two additional species from North America
were previously assigned to Xenacanthus.
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Hampe (1989: 80) suggested that X. moorei
(Johnson, 1980) belongs to Triodus; Schneider &
Zajic (1994: 134) thought that species should be
assigned to a new genus. I agree that it does not
belong to Xenacanthus. Schneider & Zajic (1994:
134) correctly assigned X.? nebraskensis (John-
son, 1984) to Bransonella; the type species, B.
tridentata, was also incorrectly assigned to Xena-
canthus by Hansen (1996: 291).

Johnson (1999) discussed the hazards of using
isolated teeth, methods of their recovery, and
their fundamental characters, morphologic termi-
nology, and the importance of the Waggoner
Ranch Collection from the Lower Permian of
Texas, which includes about 20,000 teeth for this
study. He questioned the importance of inter-
mediate cusp development, but in the present
study, it is their absence that is a paramount
character. The stratigraphic nomenclature used
here (Table 1) is explained by Johnson (1996,
1999). The highly fortunate discovery of a large
incomplete palatoquadrate (Oklahoma Museum
of Natural History OMNH 18111; Bill May, pers.
comm.), possessing teeth indistinguishable from
those described here, further supports the pre-
sence of a new genus.

Material and methods

The isolated teeth used in this study are reposited in the
Shuler Museum of Paleontology at Southern Methodist
University, Dallas, Texas (SMU; the Waggoner Ranch Collec-
tion); the Institut fiir Paldontologie, Museum fiir Naturkunde,
Humboldt-Universitdt zu Berlin (MB.); the Carnegie Mu-
seum of Natural History, Pittsburgh, Pennsylvania (CM); and
the Texas Memorial Museum (TMM), University of Texas,
Austin.

Terminology: The terms used here to describe xenacanth
teeth are defined by Johnson (1999). Labiolingual and anter-
omedial-posterolateral are used for width and length, respec-
tively, of the base. These terms are abbreviated 1-1 and am-pl
in the descriptions to follow. Because the anteromedial and
posterolateral ends of many teeth cannot be distinguished,
the abbreviation am/pl is used in such instances. especially
for the cusp margins.

The proximal portion of the principal cusps in all xena-
canth teeth is compressed. The angle between the major
transverse axis of this part of the cusp and a line parallel to
the labial margin of the tooth base between the principal
cusps is often diagnostic. The relationship is shown in
Fig. 1A, D.

In Barbclabornia teeth, the only heterodonty that appears
to occur is at the jaw symphysis, represented by a pair(?) of
symmetrical teeth, different from adjacent teeth. The term
symphysial tooth used here differs from Applegate’s (1965)
definition (asymmetrical teeth occurring on either side of the
symphysis).

Measurements: Selected samples of teeth from the
Waggoner Ranch Collection along with those from the
Franklin Mall and Powhatan Point local faunas (Table 2)
were measured to define the species described here and to

Fig. 1. Tooth morphological nomenclature and dimensions
used in this paper. A, occlusal, B, lingual-occlusal, and C,
anteromedial/posterolateral views of Orthacanthus texensis
(Johnson, 1999); and D, occlusal, E, labial, F, anteromedial/
posterolateral, and G, aboral views of Barbclabornia lueders-
ensis (Berman, 1970). The serrations on the cusp in B and
cristac in E and F are slightly exaggerated. ab, apical button,
am-pl, anteromedial-posterolateral dimension; bt, basal tu-
bercle; ¢, cristae; cf central foramen; k, see text for explana-
tion; I-1, labial-lingual dimension; mm, medial margin of cusp;
mta, major transverse axis of base of cusp. Dashed lines in A
and D demonstrate differences in the angle between the ma-
jor transverse axis of the principal cusps and the labial mar-
gin of the base. A—F from Johnson 1999: fig. 1; G is from
the Brushy Creek I local fauna (Fig. 6).

determine if any intraspecific changes occurred stratigraphi-
cally in the sampled section represented by the Waggoner
Ranch Collection. Sampling procedures, method of measure-
ment, and the accuracy of the measurements are discussed in
Johnson (1979: 90—94).

Two measurements were taken for each tooth, maximum
labiolingual (I-1) width and maximum anteromedial-postero-
lateral (am-pl) length of the tooth base. A third measure-
ment, designated as k, was taken in all but the teeth from
the Little Moonshine Creek local fauna. It is defined as the
am-pl length of the base (parallel to the maximum am-pl
measurement) measured at right angles to the 1-1 axis of the
tooth 1/4 of the 1-1 width from the lingual margin (Fig. 1G).
The purpose of its use is to emphasize the differences in
tooth base shape between Triodus (X.) moorei (Johnson,
1980) and Barbclabornia (X.) luedersensis because they have
about the same maximum dimensions. Because 1 have more
confidence in the I-l measurements than in the am-pl mea-
surements of the teeth, the former are taken as the indepen-
dent variable and are used as the abscissas in the linear re-
gression plots.

Systematic paleontology

Class Chondrichthyes Huxley, 1880
Subclass Elasmobranchii Bonaparte, 1838

Order Xenacanthiformes
Berg, 1940

Family Xenacanthidae Fritsch, 1889

(= Pleuracanthodii)



Mitt. Mus. Nat.kd. Berl., Geowiss. Reihe 6 (2003)

127

Barbclabornia gen nov.

Synonyms:

1970 Xenacanthus — Berman: 20—21, pl. 7, figs 8—9.
1976 Xenacanthus — Lund: 234.

1981a Xenacanthus — Johnson: fig. 3.

1987 Xenacanthus — Johnson: 2225, figs 1, 3A—E.

1987 Xenacanthus — Murry & Johnson: 262263, table 1.
1992a Xenacanthus — Johnson: 41, 43—47, figs 2—4.

1996 ‘Xenacanthus’ — Johnson: 376—379, figs 3—5.

Diagnosis: Teeth small, maximum base length
0.4—5 mm. Cusps cristated, with distal portions
circular in transverse section; major transverse
axis of proximal end of principal cusps forms an
angle of >45° with the labial margin of the base;
apical button closely associated or in contact
with the principal cusps; central foramen al-
ways(?) absent; intermediate cusps absent. Den-
tition homodont.

Type-species:  Xenacanthus  luedersensis
(Berman, 1970) from the Lower Permian of
Texas, U.S.A.

Time: Late Carboniferous (Gzhelian)?, Early
Permian (Asselian-Artinskian).

Derivatio nominis: Named after Barbara
and Alvie Claborn, who discovered (B. Claborn)
and prepared a large tooth-bearing palatoqua-
drate from Oklahoma, US.A. All other speci-
mens representing the genus are isolated teeth.

Remarks: Berman (1970) followed Hotton
(1952) and his predecessors in using Xena-
canthus because it was believed that all Upper
Palacozoic xenacanths belonged to that genus.
The taxonomic nomenclature used here is dis-
cussed by Johnson (1999), as are the general
characters of xenacanth teeth. The main differ-
ence is the absence of an intermediate cusp in
most of the teeth described below. The angle be-
tween the transverse axes of the principal cusps
and the labial margin of the base is illustrated in
Fig. 1, where it is contrasted with Orthacanthus
(<45). This angle, >45 in Barbclabornia, is simi-
lar to that of Triodus (X.) moorei (Johnson,
1980) and Bransonella (X.?) nebraskensis (John-
son, 1984: 180). Similarly, the presence of a cen-
tral foramen in Orthacanthus (Fig. 1B) and in
species of ?Xenacanthus (Johnson 1999: 256,
259) contrasts with its absence in Barbclabornia.
The apical button (Fig. 1) is isolated from the
cusps in Orthacanthus, but its position varies in
species of ?Xenacanthus (Johnson 1999: 256,
259). The surface of the base is generally smooth
in Barbclabornia teeth in contrast to the rough
surface in Orthacanthus (Johnson 1999: 223).

Barbclabornia luedersensis (Berman, 1970)

Synonym:
1976 Xenacanthus cf. X. leudersensis — Lund: p. 234.

Material: The teeth from 50 local faunas in the Waggoner
Ranch Collection [SMU 64024—64028, 64035—64119,
64825—64826, 68807—68811, 69157—69161; and 64844—
64847 (Johnson 1996)] serve as the basis for this study.
Included in that collection are several deformed teeth de-
scribed by Johnson (1987). Also examined are 10 teeth (MB.
£7711/1-10) from the Brushy Creek I local fauna, 10 teeth
(MB. £7709/1-10) from the West Franklin Bend C local
fauna, and 12 teeth (MB. £7710/1—12) from the Mitchell
Creek B/ac local fauna (Table 1). In addition, measurements
of teeth from two local faunas (CM 26424, 35139-35141 and
CM 26437, 26444, 35151-35153) from the Dunkard Basin
are included. Except for three closely related teeth, none be-
longing to Barbclabornia luedersensis occurs in the Peru local
fauna (Table 1; Ossian 1974, Johnson 1979: 120).

Occurrence: All occurrences documented
thus far are of Asselian-Artinskian age in North
America, but Barbclabornia luedersensis prob-
ably extends back to the Late Carboniferous. It
may be restricted to this continent, given the ap-
parent endemic nature of most xenacanth genera
(Johnson 2000). Some would accept a Late Penn-
sylvanian (“Gearyan age”) assignment for oc-
currences in the Admiral or Nocona Formation
[Table 1; see Johnson & Zidek 1981: 524—-526
and Johnson 1981b; Schultze (1985: 2) consid-
ered the Gearyan as Early Permian]. Berman'’s
(1970) main collection is from Tit Butte in the
Wichita Group (Table 1). Besides the North-
Central Texas localities, Barbclabornia is known
from several localities in Oklahoma, Kansas, and
the Dunkard Basin. The Oklahoma localities
include the East Manitou site, the Northeast
Frederick site, and the Waurika site (Olson 1967,
Simpson 1979, Johnson 1979: 119). The palato-
quadrate is from the Lake Frederick site in Ok-
lahoma (Bill May, pers. comm.). Schultze (1985)
reported B. (X.) luedersensis from the Wreford
Megacyclothem (Speiser Shale, Wreford Lime-
stone and Wymore Shale Member of the Mat-
field Shale) in central Kansas. However, the
tooth he illustrated (from the underlying Fun-
ston Limestone) is Bransonella (X.?) nebrasken-
sis (Johnson, 1984). Both species from the Wre-
ford Megacyclothem (Asselian-Sakmarian; Baars
1990) occur in the University of Kansas collec-
tions. The Dunkard Basin occurrences are men-
tioned by Lund (1976); specific localities are
listed in Table 1. In addition, two teeth from the
Nineveh Limestone Member of the Green For-
mation at Limestone Hill, Wirt County, West
Virginia, are in the University of Oklahoma
(now Oklahoma Museum of Natural History)
collection (OUSM 00317). Despite the earliest
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Permian occurrence of B. luedersensis in Kansas
and the Dunkard Basin, it is absent from a
highly fossiliferous locality in Texas that is prob-
ably close to the Asselian-Sakmarian boundary
(Sander 1989, Johnson 1992b and study in pro-
gress).

Revised diagnosis (Berman 1970): Labio-
lingual dimension of tooth base nearly always
greater than anteromedial-posterolateral dimen-
sion. Base composed of orthodentine and prob-
ably trabecular dentine. Apical button well de-
veloped, extending from the lingual margin to
between the principal cusps, or nearly so, domi-
nating the oral surface of the base; central fora-
men absent. Prominent basal tubercle with basal
surface concave, sometimes flat; labial margin
generally well defined. Principal cusps composed
of orthodentine, variably covered by hyperminer-
alized pallial dentine (cristae only?), compressed
in proximal region, distally changing to cylindri-
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Fig. 2. A. regression of anteromedial-posterolateral (am-pl)
dimension on labial-lingual (I-1) dimension for Barbclabornia
teeth. B, Regression of k dimension on 1-1 dimension for
Barbclabornia teeth. Letters refer to faunas in Table 2. See
text and Fig. 1 for explanation of the k dimension.

cal, nearly parallel to each other; often slightly
recurved orally, with distal tips sometimes diver-
gent, rarely pointing in same direction; cristae
well developed on labial margins, extending from
distal ends proximally toward am/pl and medial
margins; cristae absent or often poorly devel-
oped on lingual margin. Intermediate cusp ab-
sent. Teeth small relative to palatoquadrate
length.

Remarks: Berman (1970) based his diagnosis
and description on teeth he recovered from Tit
Butte (also his Site 1, the Type-locality) and
Lake Kemp B and B/ac (his Site 2; see Johnson
1979 and Table 1). I have slightly modified his
width-length diagnosis of the tooth base. Ber-
man’s (1970: pl. 7f, g) labial and lingual views
are reversed. Availability of more teeth permits
a revision of his description and discussion.

Description

Measurements: The measurements for each
of the selected Wichita Group and Dunkard
Group local faunas are plotted on scatter dia-
grams in Johnson (1979: 99—106). Measurements
of teeth from the Albany and Clear Fork
Groups accompany the Waggoner Ranch Collec-
tion. The statistical calculations are summarized
in Table 2 and Figs 2, 3. The large sample from
Mitchell Creek B/ac local fauna was split into
three smaller samples to provide a check of the
sampling technique. The means for these sam-
ples and also the Wolf Creek/ac sample are un-
doubtedly high because only about half the
available small-dimension (less than 1.2 mm)
concentrate was utilized. The net effect is less
than —1/2 standard deviation (Johnson 1979: 98,
108, 110), not enough to affect the trend shown
in Fig. 3. A similar but negligible effect is pre-
sent in the East Coffee Creek 47 data.

The trend (Fig. 3) from smaller to larger teeth
occurs throughout the range of Barbclabornia
luedersensis except for a leveling off in the
uppermost Wichita Group (witnessed in several
faunas at that horizon). The reasons for the dis-
tinctly smaller teeth in the Tit Butte fauna are
unknown. Because the tendency for the increas-
ing overlap of the standard deviations for the 1-1,
am-pl, and k measurements (Fig.3) upward
through the Wichita section is not disrupted, it
must be independent of size. A slight reversal of
this tendency occurs in the overlying Albany
Group, where the largest teeth are found, but
this does not appear to be significant.
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Fig. 3. Tooth dimensions (in millimeters) of Barbclabornia: Mean + 1sid. dev. a, B. cf. luedersensis, b—j, B. luedersensis
(Berman, 1970). Letters refer to faunas in Table 2. See text and Fig. 1 for explanation of the k dimension; am-pl, anteromedi-

al-posterolateral; I-l, labial-lingual.

The change in slope of the k on I-1 regression
lines (d—i, Fig. 2B) from the upper Washington
Formation to the middle Lueders demonstrates a
general chronological trend from more triangular
teeth (but with many exceptions in each local
fauna) to teeth with a more blunt lingual margin.
The validity of this trend is reduced by the older
Franklin Mall teeth (regression line j in Fig. 2B
and Fig. 4).

Tooth base: Representative samples of meas-
ured teeth from four faunas (Figs 4—7) fail to
reveal any consistent pattern of foramina on the
aboral surfaces. As in other species (Johnson
1999: 217), each tooth has a unique pattern. The
number of foramina is fewer than ten in the ex-
amined teeth (Hampe 1993).

The apical button is accompanied by numer-
ous foramina, which occasionally perforate the

tooth base. They may perforate the lingual end
of the apical button or they may be adjacent to
its lingual margin. They are also adjacent to its
labial margin between the principal cusps and
are either single or paired, often hidden by a
slight overhang of the button. A single foramen
occasionally occurs along either am-pl side of the
apical button near the lingual margin.

The I-1 width is usually greater than the am-pl
length. The greatest variation in Barbclabornia
luedersensis tooth bases occurs in the lingual por-
tion (Figs 4—7). The bases of the teeth from the
lower part of the Texas section (Fig.6) tend to
have triangular outlines, with the lingual tips
forming an acute angle; many are rounded,
however. In the upper part of the same section
(Wichita Group), the lingual margins of the
teeth tend to be rounded or even flat (Fig. 7).
The lingual ends of the bases are rarely bifur-
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Fig. 4. Sketches (Johnson 1979: 111) of Barbclabornia lueder-
sensis (Berman, 1970) aboral tooth surfaces from the Frank-
lin Mall local fauna, Colvin Limestone Member. Waynesburg
Formation. Labial margins face upward.

cated, unlike Triodus (X.) moorei teeth (Johnson
1980). Because bifurcated teeth occur only in the
upper half of the sampled portion of the Wichita
Group in Texas, this pattern may be related to
tooth size (Fig. 3). A few of the larger Dunkard
Basin teeth have a similar pattern (Fig.5).
About one-third of the Little Moonshine Creek
teeth (Albany Group) show slight evidence of
bifurcation, with only a few of the 300 teeth with
an intact lignual margin having intercepted fora-
mina. These “bifurcations,” usually only slightly
more than an indentation of the margin, occur
throughout the size range of the Little Moon-
shine Creek teeth.

Principal cusps: The most striking feature of
Barbclabornia luedersensis teeth is the long, slen-
der, cristated cusps. The pattern of the cristae
differs only in minor detail from one tooth to
another, which might be related to position in
the jaw. Generally, the cristae extend one-third
to one-half the length of the cusps from the dis-
tal end, rarely as much as three-fourths on the
medial margin (Figs 8C, 9D). They usually occur

Fig. 5. Sketches (Johnson 1979: 112) of Barbclabornia Iuedersensis (Berman, 1970) aboral tooth surfaces from the Powhatan
Point local fauna, upper Washington Formation. Labial margins face upward.
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Fig. 6. Sketches (modified from Johnson 1979: 113) of Barbclabornia luedersensis (Berman, 1970) aboral tooth surfaces from
the Brushy Creek I local fauna, upper Belle Plains. Upper scale bar for upper two rows; lower scale bar for remaining six
sketches. Labial margins face upward.

Fig. 7. Sketches (Johnson 1979: 114) of Barbclabornia luedersensis (Berman, 1970) aboral tooth surfaces from the Tit Butte/ac
local fauna, middle Lueders. Upper scale bar for top row; lower scale bar for remaining six sketches. Labial margins face
upward.
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Fig. 8. Barbclabornia luedersensis (Berman. 1970). A—C, teeth from the Franklin Mall local fauna, Colvin Limestone Mem-
ber, Waynesburg Formation; A, lingual-occlusal, and B, anteromedial/posterolateral-occlusal views of CM 35140; and C, lin-
gual-occlusal view of CM 35141. D—E. teeth from the Powhatan Point local fauna, upper Washington Formation; D, lingual
view of CM 35152; and E, lingual-occlusal view of CM 35153. F—H, tooth (SMU 64026; typographical error in Johnson 1979:
pl. 17) from the Brushy Creek I local fauna, upper Belle Plains; F, labial, G, aboral-labial, and H, oblique lingual-occlusal
views; note the change in appearance of the cristae caused by minimal rotation of the tooth. I-J, teeth from the Wolf Creek/
ac local fauna, upper Belle Plains; I, lingual-occlusal view of SMU 64113; and J, lingual-occlusal view of SMU 64114. K—N,
teeth from the Wolf Creek B local fauna, upper Belle Plains; K, lingual-occlusal view of SMU 64110; and L, lingual-occlusal,
M. labial. and N, aboral views of SMU 64 105. From Johnson (1979: 455—456).
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on all margins of the cusp at the distal end, but
are often absent from the lingual margin. On the
labial margin of the cusps, the cristaec produce a
spiral effect by curving away from the distal end
toward the am-pl and medial margins (Figs 9J;
10G, Q; 11C). Those originating on the medial
margin of each cusp tend to curve toward the
lingual margin (Figs 91, 10J), and those originat-
ing on the am/pl margin tend to run parallel to
the axis of the cusp or curve lingually (Figs 9C,
G; 10B, M; 11B, D). The extent of the spiraling
is seldom more than one-eighth turn. Cristae
that originate on the lingual margin of the cusps
extend straight down the cusp with little or no
spiral effect (Figs 8D, 9B, 10A). As the diameter
of the cusps increases proximally, additional cris-
tae often originate away from the tip (Figs 9J, L;
11G). In some cases, as many as half originate
about one-fourth the cusp length from the tip,
and an anastomosing pattern may occur. Be-
cause of this, coupled with the spiral effect and

rather small size of the teeth, the number of cris-
tae on any given cusp is not easily determined;
nor are they easily illustrated (Fig. 8F, G).

The number of cristae per cusp does not
change stratigraphically in the Wichita local fau-
nas (Table 3), despite an increase in average
tooth size through the section. Representative
teeth selected for examination were chosen as
possible candidates for illustrations. The number
of cristae vary slightly with cusp size. The cusps
of very small teeth (am-pl = 1/2—3/4 mm) pos-
sess as many as 12 cristae, while slightly larger
teeth (am-pl = 1 mm) often have 14 or 15 cris-
tae. Cusps of the largest teeth have about the
same number, up to 18 cristae. Symphysial teeth
(discussed below) have significantly fewer cristae
than average. Teeth from the Dunkard Group
localities have slightly fewer cristae per cusp,
averaging about ten.

The cusps are more or less cylindrical in their
distal half (Fig. 8E). They are increasingly more

Fig. 9. Barbclabornia luedersensis (Berman, 1970). A—M, teeth from the Wolf Creek B local fauna, upper Belle Plains. A,
lingual-occlusal view of SMU 64104; B, lingual-occlusal view of SMU 64106; C, anteromedial/posterolateral, and D, oblique
lingual-occlusal views of SMU 64107; E, lingual-occlusal, F, labial, and G, anteromedial/posterolateral views of SMU 64109;
H. oblique lingual-occlusal view of SMU 64108; I, lingual-occlusal, J, labial, and K, aboral views of SMU 64111; and L,
lingual-occlusal, and M, labial views of SMU 64112. Modified from Johnson (1979: 457—-458).
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compressed toward the base in their proximal
half (Figs 8D, H; 9D; 100; 11E, F))

Symphysial teeth: The Barbclabornia Iue-
dersensis dentition does not demonstrate any
distinctive heterodonty except for the presence
of presumed symphysial teeth. Sixteen probable
B. luedersensis symphysial teeth (SMU 64092—
64100) were selected from nine local faunas for
study (Fig. 10C, D). These teeth are slightly
smaller than average and have nearly vertical
principal cusps that are very close together: the
base is highly compressed in the am-pl direction
and sometimes elongated in the I-1 direction. The
most logical position for such a tooth would be
at or adjacent to the jaw symphysis. The distribu-
tion of these teeth in the Wichita local faunas is
inconsistent, however. In the larger local faunas,
the rate of occurrence is about one in seven or
eight hundred teeth. Single teeth of this type oc-
curred in one local fauna (Brushy Creek M) that
produced only four teeth and in another (Brushy
Creek H) that produced only nine teeth. No
symphysial teeth were found in the Wolf Creek
local faunas (Table 1; Johnson 1979: 593-595)
or in the Spring Creek B local fauna, but each
contains several teeth that approach a similar
morphology. It is not possible to determine if
there is a gradational pattern emanating from
the symphysis. If there is, then the teeth posses-
sing the morphology described here along with
the symphysial tooth should be termed medials,
following Applegate’s (1965) terminology. A few
possible symphysial teeth are present in the
Albany Group (Little Moonshine Creek local
fauna).

Teeth with three cusps: Three teeth were
found that possess an intermediate cusp in addi-
tion to the principal cusps. The first (SMU
64036), from the Mitchell Creek B local fauna,
has both principal cusps broken. The distal end
of the intermediate cusp has also been lost, so it
cannot be determined whether or not it was cris-
tated.

The second tooth (SMU 64058) is from the
West Franklin Bend C local fauna. It is very
small (I-] dimension = 3/4 mm), with the lingual
tip of the base missing. The intermediate cusp is
nearly two-thirds the length of the principal
cusps (one distal end is missing), narrow,
smooth, cylindrical in cross-section, and very
prominent. The principal cusps bear about the
normal number of cristaec for a tooth this size.
The third tooth (SMU 64088), from the Wolf
Creek/ac local fauna, is abnormal (besides hav-
ing a third reduced cusp originating from the la-
bial side of the basal tubercle) and is described
in Johnson (1987: 23).

Histology: Four teeth selected for thin-sec-
tioning, with emphasis on the cusps (Fig. 12), are
dominated by orthodentine (Smith & Sansom
2000: 67) and show no evidence of change
throughout the Wichita Group. The orthodentine
is similar to that of Orthacanthus and Xena-
canthus, and is unlike that of Triodus (Hampe
1991). The outer part of the base is composed of
orthodentine (Fig. 12A), but trabecular dentine
(Hampe 1991: pl. 4: §, Hampe & Heidtke 1997:
fig. 6D, E) probably occurs in its interior
(Fig. 12A, E). The interior is highly vascularized
and is sharply offset from the cusp orthodentine
(Fig. 12E).

The cusps contain a pulp cavity, and the ortho-
dentine surrounding it is often covered by a
clear layer of tissue into which the dentinal tu-
bules slightly extend (Fig. 12C, K). No term for
this marginal layer is universally accepted.
Although Hampe (1991) preferred pallial den-
tine, this useage differs from the pallial dentine
of Smith & Sansom (2000: 67, fig. 5.2A), and
should probably be avoided (Johnson 1981a: 2).
Smith & Sansom (2000) and Sander (2000: 93)
use enameloid, apparently to maintain simplicity,
but many object to its use because it implies the
presence of crystallites, which are not present in
xenacanth teeth (Reif 1977: 570, Hampe 1991,
M. Richter, pers. comm.). Peyer’s (1968: 65) de-
scription of vitrodentine (shiny outer zone of

|

Fig. 10. Barbclabornia luedersensis (Berman. 1970). A—B, tooth (SMU 64115) from the Hackberry Creek C local fauna.
middle Clyde; A, lingual-occlusal and B. anteromedial/posterolateral views. C—D, possible symphysial tooth (SMU 64100)
from the West Franklin Bend C local fauna, middle Clyde; C, nearly occlusal and D, anteromedial/posterolateral views. E—K,
teeth from the West Franklin Bend C local fauna, middle Clyde; E, lingual, F, anteromedial/posterolateral, G, labial, H,
lingual-occlusal, and 1. aboral views of SMU 64116; J, anteromedial/posterolateral, and K, lingual-occlusal views of SMU
64056 (the isolated appearance of the apical button is only apparent). L—R, teeth from the Spring Creek B/ac local fauna,
upper Clyde: L, anteromedial/posterolateral. and M, oblique anteromedial/posterolateral-occlusal views of SMU 64028; and N,
lingual-occlusal. O, lingual. P. anteromedial/posterolateral, Q. labial, and R, aboral views of SMU 64101 (note the significant
change of appearance caused by a slight rotation of the tooth from lingual-occlusal to lingual view). Modified from Johnson

(1979: 457—460).
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Fig. 11. A—H, Barbclabornia luedersensis (Berman, 1970). A—E. teeth from the Lake Kemp B local fauna, middle Lueders;
A, lingual-occlusal, B, anteromedial/posterolateral, and C, labial views of SMU 64118; D, anteromedial/posterolateral, and E,
lingual-occlusal views of SMU 64119: F. lingual-occlusal, G. aboral-labial. and H, anteromedial/posterolateral views of SMU
64117 from the Lake Kemp B/ac local fauna, middle Lueders. I-P, aff. Barbclabornia. I-M, teeth from Site 2 (I-K) and Site
3 (L—M), Peru local fauna, Towle Shale: I, lingual-occlusal. J. labial. and K, anteromedial/posterolateral views of TMM
41647-335; and L, lingual-occlusal, and M, labial views of TMM 41648—132. N, labial, O, lingual-occlusal, and P, anteromedi-
al/posterolateral views of CM 35155 from the Kennard Playground local fauna, lower Pittsburgh Formation; the medial mar-

gin of the complete cusp and the adjacent margin of the apical button are obscured by matrix. From Johnson (1979:
461-462).

orthodentine with few dentinal tubules) seems to
best fit the present observations. But objections

Hampe & Long (1999: 25) describe the base of
Antarctilamna priscus as containing trabecular

to the use of vitrodentine have been influential
(Drvig 1967: 79, Poole 1967: 112). Poole (1967)
suggested enameloid and Qrvig (1967) suggested
“enameloid substance,” which brings the argu-
ment full circle. Parallel to the present observa-
tions is Rieppel’s (1981: 351) pallial dentine,
which is restricted to the dentine-enameloid
(strict sense) boundary in hybodont teeth.

dentine and hypomineralized dentine with nu-
merous interglobular spaces. They also state that
the cristae-bearing zones of the cusps “...seem
to show a differentiation of the outermost layer,
in this case pallial dentine...”, inferring a lack of
dentinal tubules in the outer part of this differen-
tiated layer. In their Fig. 3 (p. 26) they describe a
“ ..peripheral zone of hypomineralized pallial
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dentine (cristae-bearing zone)...” They presum-
ably meant for this peripheral zone to be hyper-
mineralized pallial dentine. Employment and jus-
tification of a new term for the external layer in
Barbclabornia teeth are beyond the scope of this
discussion. Therefore, “hypermineralized pallial
dentine” is presently used for this essentially
atubular outermost layer, based on my interpre-
tation of Hampe & Long (1999: fig.3). The
thickness of this layer is variable, from nearly
absent (Fig. 12H) to a maximum where a crista
presumably occurs in the section (Fig. 12B, J).
The layered appearance of the hypermineralized
pallial dentine (Fig. 12C, K) is presumably an ar-
tifact of preservation.

Palatoquadrate: An incomplete large
(37.5cm long) right palatoquadrate was recov-
ered from the Lake Frederick locality (upper
Garber Sandstone, =? Lower Clear Fork Group,
Bill May, pers. comm.) in Oklahoma. According
to Jiri Zidek (pers. comm.), hundreds of teeth
are scattered in and ventral to the palatine den-
tal groove; no intact tooth files can be discerned.
However, the teeth show a consistent pattern in
the changing shape of the base from anterior to
posterior. Anteriorly positioned teeth have a
more triangular shape to the base than the later-
ally and postlaterally positioned teeth with ob-
liquely quadrangular shape, as seen in aboral
view (Jiri Zidek, pers. comm.). Teeth similar to
the presumed symphysial teeth described above
are apparently absent, although the anterior end
of the dental arcade may be missing (J. Zidek,
pers. comm.). Based on the teeth, there is no
doubt that this specimen belongs to Barbclabor-
nia luedersensis.

Remarks: Perhaps the most distinctive feature
of Barbclabornia teeth as well as Triodus and
Bransonella teeth, for example, is the presence
of cristae on the cusps. These teeth, with their
cristated cylindrical cone-like cusps, present a
marked contrast to the smooth, compressed
cusps of Xenacanthus and Orthacanthus (most
species bear serrated cusps, Johnson 1999).
Whereas all other genera generally possess one
or more intermediate cusps (Fig. 1B), except in
some posterior teeth (Hampe 1988: 746747,
1989: 94, Johnson 1999) and symphysial teeth
(Hampe 1994: 72, 1997), the intermediate cusp is
absent in Barbclabornia. However, it is present
in its presumed most closely related species as
discussed below. Stritzke (1986) described teeth
lacking an intermediate cusp, but they were lost
during preparation (see Stritzke 1986: fig. 2,

R. Soler-Gijé6n, pers. comm.). Hampe (1994: 67)
states they are ctenacanthoid teeth, not xena-
canthid.

If only the teeth from the Wichita Group and
Albany Group were considered, one might infer
an evolutionary trend in the general shape of the
bases of Barbclabornia Iluedersensis teeth. This
apparently is not true upon considering the Lake
Frederick palatoquadrate and older Dunkard
Basin teeth.

Several of the teeth from the West Franklin
Bend C/ac local fauna have smooth cusps with-
out cristae. This appearance results from part or
all of the hypermineralized pallial dentine being
stripped off, but the cause is unknown as abra-
sion is not apparent (Johnson 1979: 117-118).

The cusps are frequently broken in Barbcla-
bornia luedersensis teeth. Typical xenacanths, as
illustrated in various publications, may have
cusps broken off at their base, but most are bro-
ken at various distances above their base. Con-
trary to this generality, the cusps in B. lueders-
ensis teeth are mostly broken at the point where
they join the tooth base (Johnson 1979: 236-—
237).

Although the divergence of the principal cusps
is slight in Barbclabornia luedersensis teeth, the
most asymmetrical teeth (Fig. 8M) probably oc-
curred in the posterior portion of the arcade,
anterior to those teeth with both cusps leaning
toward the commissure (Fig. 8K). The pattern
and number of cristae may also be controlled by
tooth position in the arcade, but this would be
very difficult to demonstrate.

The presumed symphysial teeth compare fa-
vorably with those of Triodus kraetschmeri
(Hampe 1997: 127, fig. 6f—h). They lack an inter-
mediate cusp, are compressed in the am-pl direc-
tion, and are smaller than normal. The compari-
son with Xenacanthus remigiusbergensis (Hampe
1994: 72, fig. 9f—h) is less favorable in the sense
that its cusps are more divergent, besides differ-
ing in more obvious aspects. If only symphysial
teeth were available for comparison, T. kraetsch-
meri and B. luedersensis teeth might be judged
to be similar, based on Hampe’s (1997) illustra-
tion. If symphysial teeth are present in Barbcla-
bornia luedersensis, their presence does not sig-
nificantly detract from considering the dentition
to be homodont, relative to the heterodonty
found in Orthacanthus teeth (Johnson 1999).

There is little doubt the three teeth with an
intermediate cusp belong to Barbclabornia lue-
dersensis. It is most likely an atavistic feature,
and they are as uncommon as deformed teeth
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(Johnson 1987). But the presence of a separate
species cannot be ruled out. These teeth cer-
tainly compare less favorably with Triodus (X.)
moorei (Johnson, 1980) than with B. luedersensis,
for example, and they are not similar to aff.
Barbclabornia teeth described below.

Barbclabornia cf. B. luedersensis
Figs 2, 3, 13, 14; Tables 1, 2

The youngest Barbclabornia teeth (SMU 68811,
69157—69161) known from Texas occur in the
nearly lowermost part of the Clear Fork Group
(lower “Arroyo Formation” Murry & Johnson
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Fig. 13. Scatter diagrams of tooth-base measurements of
Barbclabornia cf. B. luedersensis teeth from the East Coffee
Creek 47 local fauna, lower Arroyo. Lines represent the line-
ar regressions of the am-pl dimension on the 1-1 dimension
(A) and the k dimension on the -l dimension (B); see Ta-
ble 2 and Fig. 2. For an explanation of k, see text and Fig. 1.

<

1987; lower part of informal Red Tank sandstone
member of Nelson etal. 2001, R. Hook, pers.
comm.). The teeth are similar to B. luedersensis,
except the base is much more robust and always
quadrangular in shape. The lingual margin of the
base is straight and the labial margin of the base
sometimes extends beyond the labial margin of
the basal tubercle. Cristae are absent on the lin-
gual margin.

The only distinctive feature of these teeth is
the robust or inflated appearance of the base
(Fig. 14) relative to Barbclabornia luedersensis.
Measurements of the base (Table 2, Figs 2B, 3,
13) reflect this inflation, and the slope of the lin-
ear regression (Fig. 2A) demonstrates a persis-
tently greater 1-1 width than am-pl length with
few exceptions (Fig. 13A). There is little differ-
ence between the am-pl and k dimensions
(Fig. 3), reflecting the generally quadranglar
shape of larger Barbclabornia teeth.

Cristae are restricted to the distal half of the
cusps. Only a trace of one crista occurs on the
illustrated tooth (Fig. 14C). On the few cusps
that are preserved, 14 to 18 or 20 cristae are pre-
sent plus a few more proximally shorter ones.
The coarsest cristae are on the medial and am-pl
margins. The cusps are composed of orthoden-
tine (Fig. 14F); hypermineralized pallial dentine
is presumably present in the cristae.

None of the teeth possess a bifurcated lingual
margin on the base. Otherwise, these teeth have
a base similar to Barbclabornia luedersensis re-
garding the number and pattern of the foramina,
and the apical button. In some instances the in-
flated basal tubercle does not have a well de-
fined articulating surface (contact with the suc-
ceeding apical button in the tooth file) which
reduces the accuracy of the Il measurement
(Johnson 1979: 92).

As both principal cusps are not intact in any
of the available teeth, their attitude is unknown.
Evidence from the few intact proximal ends sug-
gests no difference from B. luedersensis.

Remarks: Barbclabornia cf. B. luedersensis
teeth are restricted to the base of the Clear Fork
Group (Murry & Johnson 1987, Johnson 1996:
fig. 5). Although there is considerable overlap in

Fig. 12. Thin sections of Barbclabornia luedersensis (Berman, 1970) teeth. A—C, successive enlargements of SMU 68807 from
the Brushy Creek I local fauna. D—H, teeth from the Hackberry Creek C local fauna; D—E, SMU 68809 (the lingual tip of
the base in D is not displaced, but the result of the plane of the section passing through a vascular canal; the arrow in E
indicates the cusp-base boundary); F—H, SMU 68808 (H is an enlarged portion of G). I-K, successive enlargements of SMU
68810 from the Lake Kemp A local fauna. Arrows in C and K indicate dentinal tubules extending into the hypermineralized
pallial dentine. Ordinary light, except polarized light in E, F, and 1.



140 Johnson, G. D., Dentitions of a new Late Paleozoic chondrichthyan

Table 1

List of local faunas containing Barbclabornia (n. gen.) teeth obtained by bulk sampling. Compare with Table 1 in Johnson
(1999). Stratigraphic order is maintained as closely as possible. Numbers following the Clear Fork, Albany, and Wichita local
fauna names are SMU locality numbers. Numbers in parentheses following the Wichita locality numbers are thicknesses in
meters from the Belle Plains-Clyde contact (uncertain for Lake Electra/ac and especially Bluff Creek local faunas; horizons
estimated from field notes and Hentz & Brown 1987). Permian stratigraphic nomenclature in Texas based on Johnson (1979,
Wichita Group) and Johnson (1996, Albany Group) with approximate equivalent names based on Hentz (1988) in parenthe-
ses, and on Murry & Johnson (1987, Clear Fork Group). Dunkard Basin stratigraphic nomenclature based on CMNH catalo-
gue data, modified by U.S. Geological Survey stratigraphic nomenclature where possible. Sample sizes vary considerably; see
Johnson (1979, Wichita Group; 1996, Albany Group) and Murry & Johnson (1987, Clear Fork Group); sample size unknown
for Peru and Dunkard Basin local faunas.

B. B. cf. B. B. cf.
lueders- lueders- lueders- lueders-
ensis ensis ensis ensis
LOWER PERMIAN Wolf Creek A 285 (-8 m) 37
Clear Fork Group (Artinskian), Texas Wolf Creek/ac 285 (-8 m) 796
lower Arroyo Brushy Creek M/ac 370 (—9 m) 4
East Coffee Creek 47 29 Brushy Creek L/ac 371 (—10 m) 8
Brushy Creek K/ac 372 (—10 m) 106
East Coffee Creek 39 0
Brushy Creek J/ac 373 (—10 m) 160
East Coffee Creek 38 0
Brushy Creek I 338 (—10 m) 1073
East Coffee Creek 37 9
East Coffee Creck 36 1 Brushy Creek H 338 (—10 m) 9
Brushy Creek G 374 (-11m) 0
Albany Group (Artinskian). Texas Brushy Creek F 276 (—11 m) 5
upper Lueders Formation Brushy Creek E 375 (—12m) 3
Little Moonshine Creek 268 591 Brushy Creek D 376 (—12 m) 1
g S Brushy Creek C 377 (—12 m) 94
chhlta Group (Artinskian). Texas Brushy Creek Clac 377 (12 m) 167
middle Lueders (1. upper Waggoner Ranch) Brushy Creek B 378 (—12m) 0
Southwest Butte/ac 343 (+88 m) 7 Admiral (0. N . Sakmari
Tit Butte/ac 344 (+88 m) 114 upper Admira C(“~ ocona; flégaf‘an) 5
Lake Kemp B 345 (+87 m) 143 Rattlesnake Canyon 284 (?-100 m)
Lake Kemp B/ac 345 (+87 m) 45 Dunkard Group (Asselian-Sakmarian),
Lake Kemp A 340 (+86 m) 170 Dunkard Basin
Lake Electra/ac 346 40 .
. Greene Formation
lower Lueders (u. mid. Waggoner Ranch) Windy Gap Limestone
Mitchell Creek H 347 (+72 m) 178 Fairview Ridge 35
Mitchell Creek G 348 (+70 m) 3 upper Greene
MltcgleHdCr(ee.lfj F(:,c 349 (+;7 m)h) 14 Postlewaithe Ridge 0
upper Clyde (mid. Waggoner Ranc
Mitchell Creek E 350 (+60 m) 0 fower Rockport Member o
Mitchell Creek E/ac 350 (460 m) 27
Mitchell Creek D 351 (+60 m) 2 lower Greene
Mitchell Creek C 352 (+59 m) 14 Belpre 0
Miichell Creek B 160 (456 m) 61 Washington Formation
Mitchell Creek B/ac 160 (+56 m) 6440 upper Washington
Mitchell Creek A 353 (+56 m) 934 Powhatan Point 46
Bluff Creek C 354 0 Waynesburg Formation
Bluff Creek B 355 0 Colvin Limestone
Bluff Creek A 356 5 Franklin Mall 88
Spring Creek B/ac 357 (+53 m) 1375
La Paloma/ac 358 (+50 m) 768 UPPER PENNSYLVANIAN
Spring Creek A/ac 359 (+48 m) 1068 Admire Group (Gzhelian), Nebraska
Spring Creek/ac 360 (+48 m) 284 Towle Shale
Old Military Crossing 361 (+44 m) 0 Peru Site 2 1!
middle Clyde (1. mid. Waggoner Ranch) Peru Site 3 2!
West Franklin Bend C 286 (440 m) 1832 Monongahela Group (Gzhelian),
West Franklin Bend C/ac 286 (+40 m) 1212 Dunkard Basin
Hackberry Creek C 339 (+37 m) 1013 Pittsburgh Formation
West Franklin Bend B/ac 362 (+36 m) 3 lower Pittsburgh limestone
West Franklin Bend A/ac 363 (+34 m) 8 Kennard Playground 1!
Hackberry Creek B 364 (432 m) 0 Conemaueh Group (Gzhelian
Hackberry Creek A/ac 365 (432 m) 6 Dunkard %asin p( )
Franklin Bend A/ac 366 (424 m) 212 Conemaugh Formation
Franklin Bend A 366 (+24 m) 312 Duquesne Limestone bed No. 6
lower Clyde (lower Waggoner Ranch) Fort Pitt Tunnel-6 ol-2
Cottonwood Creek 367 (+6 m) 0 Duquesne Limestone bed No. 2A
Brushy Creek O 368 (+2 m) 1 Fort Pitt Tunnel-2A 0
Brushy Creek N 369 (+1 m) 1
upper Belle Plains (upper Petrolia)
Wolf Creek B/ac 285 (-8 m) 67 ' Barbclabornia aff. luedersensis, see text.

Wolf Creek B 285 (-8 m) 290 2 See Lund 1970: 241 and text.
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Table 2

Summary of Barbclabornia (n. gen.) tooth measurements (in millimetres). N and n are the number of teeth in the local fauna
and sample, respectively; m and b are the slope and y-intercept, respectively; other abbreviations defined in text; (b)
from Johnson (1996) and (c)—(j) from Johnson (1979: 109). *data from this sample used to represent (e) in Figs 2 and 3:
**first line represents regression of am-pl on 1-1, second line, k on 1—-1; 95% confidence intervals determined by method
given in Simpson et al. (1960: 224—-229). The means in local faunas (f) and (h) are slightly biased; k not determined for (b};
see text. N includes MB. teeth (e, h) and thin-sectioned teeth (a, h); values differ from Table 1.

Local Fauna N n Range Mean + 1s. d. Linear Regression**
I-1 am-pl k Il am-pl k m b
B. cf luedersensis
(a) East Coffee 30 26 1.83-4.92 1.48-3.56 1.21-348 3.03+.90 246+.65 222+.63 0.65+.13 +0.49+ 41
Creek 47 0.59+.16 +0.44+.52
B. luedersensis
(b) Little Moon- 591 99 1.13-3.56 0.89-3.12 2154+ .58 1.75+ .53 0.81+.08 0.004+.19
shine Creek
(¢) Tit Butte/ac 114 35 0.69-2.23 0.52-171 043-1.61 1.14+.37 097+.31 0.83+.33 0.81+.10 +0.05+.12
0.82+.11 -0.104+.13
(d) Lake 143 42 0.74-2.77 0.62—-2.40 0.55-240 1.86+.62 1.50+.50 1.42+.51 0.76+.08 +0.08 .15
Kemp B 076 £.09 —0.01+.17
(el) Mitchell 6452 98 0.69-3.20 0.62-3.01 0.60—2.88 1.754+.46 1.53+.41 134+ .40 0.83+.07 +0.08+.12
Creek Bl/ac 0.78+.08 —0.03+.14
(e2*) Mitchell 96 0.78—3.20 0.66—2.88 0.50—-2.81 1.84+.46 158+ .40 1.39+.38 0.82+.07 +0.07+.13
Creek Blac 0.76 £.07 —-0.01+.14
(e3) Mitchell 95 0.81-3.00 0.52—2.64 043-233 192+.53 1.66+.44 146+.42 0.76+.06 +0.20+.13
Creek B/ac 071+ .07 +0.10+.14
(f) Hackberry 1013 98 0.69-2.91 0.66—2.40 0.55-223 1.714+.41 143430 1.24+£30 0.67+£.07 4029+ .12
Creek C 0.65+.07 +0.13+.13
(g) Wolf 796 89 043-1.78 0.34—1.40 033-1.24 119427 097+.19 0.82+.18 0.56+.09 +0.30+.10
Creek/ac 0.52+.09 +0.20+ .11
(h) Brushy 1085 98 0.62—1.66 0.50—1.29 0.41-1.09 1.08+.24 0.89+.17 0.70+.13 0.59+.08 +0.25+.09
Creek 1 0.39+.08 +0.28+.08
(i) Powhatan 45 40 0.57-1.45 0.59-1.14 0.52-1.00 095+£.21 0.86+.16 0.73+.14 0.65+.14 +0.25+.13
Point 043+.18 +0.32+.17
(G) Franklin 72 61 0.41-0.97 0.34-095 029-091 0.64+.12 0.60+.12 0.53+.12 0.86+.12 +0.05£.08
Mall 0.80+.14 +0.02+.09

size with B. luedersensis teeth from the subja-
cent Little Moonshine Creek local fauna (Ta-
ble 2, Fig.3), the lack of smaller teeth above
the Albany (or Wichita)-Clear Fork boundary
suggests speciation may have occurred in the
Albany-Clear Fork transition (compare Fig. 13A
with Johnson 1996: fig. 4). Johnson (1996: 380)
asserted that only a size increase occurred and
that B. (‘X)) luedersensis continued into the
Clear Fork Group. The differences in the slopes
and y-intercepts (Fig. 2, Table 2) between the
upper Wichita (and Albany) and Clear Fork
samples, are not statistically significant. The in-
flated appearance of the Clear Fork tooth base
and concomitantly larger cusps, however, sug-
gest the existence of a new species. The lack of
a bifurcated lingual margin of the base in any
of the Clear Fork teeth suggests this is a trait
restricted to some of the B. luedersensis teeth
and is not a feature generally associated with
larger Barbclabornia teeth. The small number
of Clear Fork teeth (Table 1) and lack of com-
plete teeth is a hindrance in assessing their cor-
rect identity.

If there were not a stratigraphic boundary be-
tween the Little Moonshine Creek fauna and
East Coffee Creek faunas (Table 1), would there
still be an inclination to suspect the identity of
these teeth? Orthacanthus platypternus (Johnson
1999) spans the Wichita-Albany and Clear Fork
Groups, but several other shark species do not
cross the boundary (Johnson 1996: fig. 5, 1999:
table 1). It therefore seems that Barbclabornia
was “fortunate” to survive the boundary cross-
ing.

Teeth with affinities to Barbclabornia
Fig. 111-P

Three teeth (TMM 41647—335; 41648—132,—143)
from the Peru locality in southeastern Nebraska
(Table 1) are similar to Barbclabornia luedersen-
sis but exhibit two or three differences. Although
the apical button does not extend between the
principal cusps, it is still in contact with them. A
central foramen apparently is present but ob-
scured by matrix. An intermediate cusp is pre-
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Fig. 14. Barbclabornia cf. B. luedersensis teeth from the
East Coffee Creek 47 local fauna, lower Arroyo. A, lingual-
occlusal and B, anteromedial/posterolateral views, C, enlarged
medial surface of cusp (deliberately enhanced to show the
trace of the proximal end of a crista), and D, aboral. and
E. labial views of SMU 69157. F, thin section of SMU
68811 (polarized light); both margins are complete, and
there is interference from weathering and matrix; section is
thicker than normal.

sent (completely broken away in TMM
41648—132, Fig. 11L, M), occurring slightly labial
to the principal cusps (Fig. 11K). The principal
cusps have fewer cristae than in B. luedersensis.
Six typically occur on a cusp and are essentially
limited to the distal half, with the exception that
one medial crista extends nearly the full length;
all are nearly straight.

Lund (1970) briefly described Xenacanthus
teeth from his Duquesne Limestone No. 6 (Vir-
gilian = Gzhelian, Table 1) in the Dunkard Basin
as having six to eight cristae per principal cusp.

Table 3

Estimated numbers of cristae on the cusps of Barbclabornia
luedersensis teeth from the Lueders Formation (Albany
Group; Johnson 1996) and Wichita Group of Texas (Johnson
1979: 116). N = number of cusps examined, M = mean, R =
range

Cristae/cusp
N M R
Lueders
Formation
Lake Kemp B, B/ac 6 12.0 11-14
Wichita Group
Clyde
Spring Creek B 18 133 9-16
Spring Creek A 7 151 12-18
West Frankhn Bend C, C/ac 8! 111 8-15
Hackberry Creek 52 132 10-16
Franklin Bend A/ac 8 142 13-15
Belle Plains
Wolf Creek B 27 141 11-18
Brushy Creek J 21 121 9-16
Brushy Creek I 18 143 11-18

12 Includes 2 and 1 cusps, respectively, from symphysial
teeth: see text.

An intermediate cusp is present, about one half
the length of the principal cusps. For unex-
plained reasons, he later (1976: 232) considered
these teeth as X. gracilis, which they cannot be
(Hotton 1952, Johnson 1979: 258—259; examina-
tion of UF528 at Field Museum of Natural His-
tory, Chicago). They should probably be consid-
ered as aff. Barbclabornia even if they are not
identical to the Peru specimens; or they may be
a species of Triodus (or cf Triodus). Teeth
labeled as Xenacanthus gracilis (Lund 1976) or
Xenacanthus sp. from DL6 (Lund 1970) could
not be located in the Carnegie Museum collec-
tions. The teeth Lund (1976: 234) considered as
Xenacanthus cf. X. luedersensis do belong to B.
luedersensis.

A very small tooth (Fig. 11IN—P) from a lower
Pittsburgh Limestone (Gzhelian) locality in Pitts-
burgh, Pennsylvania (Table 1), also has an affi-
nity with Barbclabornia. 1t is different from the
teeth described above in that the tooth base has
an appearance similar to that of Orthacanthus
compressus teeth (Johnson 1999), except that the
apical button is nearly in contact with the inter-
mediate cusp. The principal cusps are slightly di-
verging, cristated (4/cusp?), and more cylindrical
than compressed in the distal portion; the major
transverse axes of the proximal portion ap-
proaches the attitude of the cusps in Barbclabor-
nia (Fig. 1D). The central foramen, if present, is
obscured by matrix. Despite these features, this
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tooth can be mistaken for an O. aff. compressus
tooth (Johnson 1999: 250). Although it is more
like a Barbclabornia tooth than an Orthacanthus
tooth, direct comparison of this tooth with the
three teeth from the Peru locality shows a con-
siderable difference in their bases. The main ex-
ception is that the apical button is not isolated
from the principal cusps (Fig. 1). This feature
was considered by Johnson (1979: 269) to be of
fundamental importance in xenacanth taxonomy.

Remarks: Because Triodus teeth are more
similar to Barbclabornia than those of any other
described genus, then B. luedersensis is probably
most closely related to a species of Triodus from
the Pennsylvanian that possessed a tooth base
similar to Barbclabornia (Fig. 1D) in which a
central foramen might be absent (although a
central foramen may always be associated with
an intermediate cusp; R. Soler-Gijén, pers.
comm.). It is further assumed that this species
would have been closely related to an ancestor
of T (X.) moorei (Johnson 1980). The teeth de-
scribed by Lund (1970; see above) might serve
as a candidate if they are not aff. Barbclabornia.
The stratigraphic isolation of 7. (X.) moorei re-
mains unexplained. Its ancestor should be ex-
pected in the Lower Permian, because teeth very
similar to T. (X.) moorei occur in the Parana Ba-
sin of Brazil (questionably from Permian strata
[otherwise from the Triassic], Evaldo Wehmuth
Ragonha, pers. comm., March 1985).

Habitat of Barbclabornia

Berman (1970) suggested that Barbclabornia
luedersensis may be a marine species, mainly
because of its then unique occurrence in the
Lueders, which is partly marine (Johnson 1996:
fig. 2). Johnson (1992b) also suggested the possi-
bility of a marine habitat because of its absence
from a prolific freshwater fauna (Sander 1989;
see Occurrence above) in the Bowie Group be-
low the Wichita Group. However, Barbclabornia
very likely inhabited fresh water. Berman consid-
ered both his localities (Tit Butte and Lake
Kemp B and B/ac in this study) as nearshore
marine, although he invokes a direct influence of
discharging freshwater streams at Tit Butte. The
limeclasts in the fossiliferous layer at Tit Butte
(Berman 1970: 10—15) suggest deposition by one
or more storm surges, similar to that described
by Parrish (1978: 230—232; see also Hentz 1988:
39—41). The depositional environment of the

clay-pebble conglomerate containing the Lake
Kemp B and B/ac faunas (Berman’s Site 2),
which contains tetrapods (Johnson 1979:
627—628), remains uncertain as explained by
Berman (1970: 15). All the Wichita local faunas
probably occur in coastal-plain or nearshore de-
posits, based on the presence of thin marine car-
bonates; nearly all contain B. luedersensis teeth
as well as tetrapod elements (Johnson 1979:
580—632). Although some of the tetrapods
(temnospondyl amphibians) may have been salt-
water tolerant (Sequeira 1998: 256—257, Laurin
& Soler-Gijén 2001), many, such as the pelyco-
saurian reptiles, were definitely terrestrial (Olson
1971: 645—651). The most prolific faunas cannot
be demonstrated to be exclusively terrestrial
(floodplain facies), as in most of the lower to
middle Clear Fork Group deposits (Nelson et al.
2001), for example. But many of these Wichita
faunas are not in close proximity to marine
carbonates (Johnson 1979: 580—632), and the
Wichita facies are dominantly freshwater (Hentz
1988).

The restricted occurrence of Barbclabornia cf.
B. luedersensis in the basal Clear Fork, which
may have been a coastal plain (Murry & John-
son 1987), might strengthen the argument for a
marine affinity. However, it is present in presum-
ably freshwater tetrapod-bearing facies 25 km
northeast of the Coffee Creck localities where
marine limestones are absent from the Wichita-
Clear Fork boundary (Hentz & Brown 1987)
(study in progress), and it is absent from the
marine facies of the Arroyo Formation in Cen-
tral Texas (Olson 1989). Also, B. cf. luedersensis
teeth do not occur in the very lowermost facies
of the Clear Fork that includes the intertidal to
supratidal Craddock dolomite bed (informal) of
Nelson et al. (2001); they are found in the mean-
dering-channel deposits of the overlying Red
Tank sandstone member (informal), which is the
most fossiliferous (vertebrates and plants) unit of
the lower Clear Fork (Nelson et al. 2001).

Both Barbclabornia luedersensis and Ortha-
canthus texensis (Johnson, 1999) could have been
brackish-water or nearshore marine inhabitants,
but their relative abundances in the various
Wichita local faunas fail to show a consistent
pattern (Johnson 1979: 231-233). There is evi-
dence that O. texensis probably was a coastal
dweller at least part of the time (Johnson, 1999:
254), and may occur beyond North America,
whereas Barbclabornia is endemic to North
America because of a more restricted habitat,
similar to O. platypternus (Johnson 1999: 253).
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Occurrences of Barbclabornia in tetrapod-bear-
ing facies, which are dominantly freshwater, sug-
gest it was a freshwater shark.

Dentition and diet of Barbclabornia

The morphologic differences in Barbclabornia
and Orthacanthus teeth suggest they utilized dif-
ferent food sources. Because Barbclabornia had
a functionally homodont dentition, its diet must
have been different from that of Orthacanthus
(Johnson 1999: 252-253). Barbclabornia prob-
ably could only bite down on its prey, with the
cristae providing additional surface area on the
cusps to improve its grasp. Without the presence
of slicing teeth, they probably attacked prey they
could swallow whole. The presence or absence of
an intermediate cusp further suggests a subtle
dietary difference between Barbclabornia and
Triodus (X.) moorei (Johnson, 1980) and Bran-
sonella (X.7) nebraskensis (Johnson, 1984). There
is no consistent pattern of wear facets in the
teeth of these species to suggest any influence of
the intermediate cusp on occlusion or any func-
tional differences (Johnson 1979: 234—236). Be-
cause intermediate cusps would aid in withstand-
ing lateral forces of captured active prey, such as
large fish and amphibians, perhaps Barbclabor-
nia sought less active prey, such as arthropods,
smaller fish, and small amphibians. The more
massive, cristated intermediate cusp in B. (X.?)
nebraskensis would increase its grasping ability,
allowing it to take larger prey than could T. (X.)
moorei, assuming they were of similar size.

Williams (2001) contrasts the shark dentitions
of “graspers and swallowers” (cladodonts and
Barbclabornia) with “cutters and gougers” (most
modern sharks, but would also include Ortha-
canthus). He notes that the living sand tiger
shark, a grasper and swallower, feeds primarily
on bony fishes and sometimes on arthropods and
squid. Graspers and swallowers have cylindrical
rather than compressed cusps, but the sand tiger
and cladodonts have a central, usually cristated,
principal cusp with smaller lateral cusps, quite
unlike Barbclabornia. Based upon Williams’
(2001: table 1) generalities, Barbclabornia may
have had gaps between the tooth files with sev-
eral functional teeth in each file. However, all
xenacanths have a labiolingually expanded tooth
base, not just the graspers and swallowers.

Small teeth, large shark: Species of
Orthacanthus probably possess the largest teeth
of any xenacanth shark (see Johnson 1999, for

example); palatoquadrates of the species illu-
strated by Heidtke (1998, 1999) do not appear to
exceed 30cm in length. [Heidtke’'s (1999) O.
senckenbergianus is a species of Lebachacanthus
(Soler-Gij6n 1997, 2000, Hampe 1999).] In con-
trast, the Oklahoma palatoquadrate of Barbcla-
bornia mentioned above may have had a total
length of 45cm, which translates into a total
body length of more than four meters (J. Zidek,
pers. comm.). Because tooth size is not related
to body length, then speculation about the
length of B. cf. luedersensis is probably not war-
ranted.

Conclusions

Barbclabornia luedersensis (Berman, 1970) pos-
sessed a functionally homodont dentition. The
increase in size of the teeth through time ulti-
mately results in a persistent quadrangular shape
of the tooth base in B. cf. luedersensis.

Barbclabornia was endemic to North America
during its Early Permian existence, and was
probably most closely related to Triodus. It
probably inhabited a coastal plain freshwater
environment.

This study, combined with others in North
America and Europe cited above, and poten-
tially with others being conducted in Brazil (M.
Richter, pers. comm.), will eventually help to de-
termine the effect of biodiversity patterns (Erwin
1998) on the evolution of the xenacanths.
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