


FIGURE [~ Edaphosaurus raymondi, CM 1941, spine fragment. /, an-
terior? and posterior? views; 2, lateral views. Scale = 5 mm.

hardestii from the Upper Pennsylvanian of Kansas (Reisz and
Berman, 1986; Modesto and Reisz, 1990) have necessitated
reexamination of neural spine material of small size attributed
to Edaphosaurus. Ianthasaurus, represented by several speci-
mens, is the oldest known edaphosaur and its neural spines are
virtually indistingushable, except for their smaller size, from
those of Edaphosaurus. These recent increases in our knowledge
of the North American edaphosaur assemblage permit a thor-
ough comparison of Edaphosaurus raymondi with other eda-
phosaurs. This reevaluation is an attempt to determine whether
the Pitcairn specimen is referable to either Edaphosaurus or
Ianthasaurus, or if E. raymondi is actually an invalid taxon.

SYSTEMATIC PALEONTOLOGY

Subclass SYnNAPSIDA Osborn, 1903
Order EUPELYCOSAURIA Kemp, 1982
Family EDAPHOSAURIDAE Cope, 1882

Genus EpapaOsaURUSs Cope, 1882
EDAPHOSAURUS RAYMONDI Case, 1908

Figure 1

Edaphosaurus raymondi Casg, 1908, p. 237-238, fig. 7, PL. 59, fig. 3;
ROMER AND PrICE, 1940, p. 19, p. 388; ROMER, 1952, p. 93; PEARODY,
1957, p. 948; VaugHN, 1969, p. 24; BErMAN, 1979, p. 186; REisz,
1986, p. 72; REIsZ AND BERMAN, 1986, p. 89; MODESTO AND REISZ,
1990, p. 834-844.

Material. —Carneigie Museum of Natural History specimen
CM 1941 (Figure 1). This fragment is the sole evidence of eda-
phosaurids in the Pittsburgh red shale (Conemaugh Group, Up-
per Pennsylvanian) at Pitcairn, Pennsylvania.

Description. —Shaft straight, 12 mm long, oval in cross sec-
tion, with long axis aligned anteroposteriorly; anterior and pos-
terior sides cannot be distinguished from one another and de-
void of longitudinal ridges or grooves; mere stumps remain of
lateral tubercles; one pair of lateral tubercles lies at one end of
fragment with second pair just short of the other; all tubercle
stumps appear to be directed laterally and slightly towards same
end of fragment; one pair of lateral tubercles lies directly op-
posite one another, remaining pair staggered; whether fragment
belonged to mature or immature animal is not determinable.

Discussion. —Case’s (1908) suggestion that the fragment is
from near the arch because one end is transversely wide is ten-
uous. The end appears large because the break includes the base
of one of the lateral tubercles. However, Case (1908) was prob-
ably correct in his identification of the proximal and distal ends
of the fragment, since lateral tubercles are more commonly di-
rected slightly dorsally than ventrally in specimens of both eda-
phosaur genera. The absence of either a longitudinal groove or
ridge is not useful in determining affinities to either genus with-
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out knowing the location of the fragment on the neural spine.
All neural spines of Tanthasaurus lack longitudinal ridges distal
to the basal lateral tubercles, whereas longitudinal grooves and
ridges originating proximally on the neural spines vary in length
in Edaphosaurus. Accordingly, the morphological evidence does
not bar the Pitcairn fragment from belonging to either a mature
Ianthasaurus or an immature Edaphosaurus.

Both Edaphosaurus and Ianthasaurus are present in strata of
Pennsylvanian age of North America. Janthasaurus hardestii is
well represented by both mature and immature specimens from
the uppermost Missourian of Kansas. Neural spine material
attributed to the medium-sized E. novomexicanus has been col-
lected from Upper Pennsylvanian strata in El Cobre Canyon,
New Mexico. Edaphosaurus colohistion, a medium-sized eda-
phosaur from West Virginia, comes from deposits that have
been recognized as either Upper Pennsylvanian or Lower Perm-
ian (Berman, 1979). The validity of E. mirabilis has been ques-
tioned by Reisz (1986). Modesto and Reisz (1990) have sug-
gested that, by virtue of its early occurrence and small size, the
Kuonova edaphosaur may be closely related to the insectivorous
Tanthasqurus hardestii. The stratigraphic position of the Pitcairn
fragment, intermediate to those cited above, is therefore of du-
bious use in associating the Pitcairn fragment with either genus.

In the absence of diagnostic features below the familial level
in the Pitcairm specimen, it is therefore necessary to declare
Edaphosaurus raymondi a nomen vanum. The Sangre de Cristo
material, thought by Vaughn (1969) to show close affinities to
E. raymondi, should be assigned to Edaphosauridae incertae
sedis. Nevertheless, the Pitcairn fragment remains an important
specimen attesting to the widespread success of this group of
pelycosaurs in the Pennsylvanian.
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THE LATE Jurassic Paulchoffatiinae, one of two named subfam-
ilies of the family Paulchoffatiidae (suborder Plagiaulacoidea),
are generally recognized as the most primitive known, undoubt-
ed multituberculates (e.g., Hahn, 1969; Clemens and Kielan-
Jaworowska, 1979; Hahn and Hahn, 1983; Hahn et al., 1989).
Despite the primitive morphology of members of this subfamily
(Paulchoffatia and Pseudobolodon), three featurcs have been
posited as autapomorphic for the subfamily (or family), and
thus to preclude it from the ancestry of latcr multituberculates:
1) the distribution of cusps on M, (Hahn, 1969, 1971); 2) the
complex structure of I* (Hahn, 1969, 1971); and 3) the position
of M2 relative to M! (Van Valen, 1976; Clemens and Kielan-
Jaworowska, 1979; Hahn, 1987). Van Valen (1976) argued that
the first two features are not unequivocally autapomorphic for
paulchoffatiines and that they could, and indeed should, be
considered primitive for the order. Hahn (1977) responded to
Van Valen’s assessment but Clemens and Kielan-Jaworowska
(1979, p. 138) opined that “neither argument is particularly
compelling” in light of the poor early record of muitituberculates
and the consequent lack of knowledge concerning morphological
variability.

Despite the recent discoveries of numerous specimens of mul-
tituberculatc or multituberculate-likc mammals from the Late
Triassic and Early Jurassic (e.g., Jenkins ct al., 1983; Woutcrs
et al., 1984; Hahn et al., 1987, 1989; Sigogneau-Russell et al.,
1986; Sigogneau-Russell, 1989), these matcrials are of isolated
teeth only and, as such, cannot serve to re¢solve unequivocally
the polarity of states in the first two characters. The condition
of the third purportedly apomorphic feature (the relative po-
sition of M?) heretofore has not been resolved, in part because
there is not a single paulchoffatiine specimen in which M? is
preserved in situ. Nonetheless, our recent restudy of all of the
relevant materials allows us to demonstrate conclusively that
the position of M? with respect to M! in paulchoffatiines is as
in all other known multituberculates and that this character state
is not autapomorphic for paulchoffatiines.

In other plagiaulacoids and, in fact, in all other nonpaul-
choffatiine multituberculates in which this region is known, M?
lies distolingual (rather than directly distal) to M' (Figure 1.1).

Thus, since only two rows of cusps are generally developed in
plagiaulacoids, the buccal row of M2 lies directly distal to the
lingual row of M'. The buccal row of M! has no distal continuity
with a row of cusps on M? and the lingual row of M? has no
mesial continuity with a row of cusps on M!. In later multitu-
berculates, a third row of cusps is developed distolingually on
M! and mesiobuccally on M2 such that the three rows of cusps
on M2 are, in fact, continuous with three rows of cusps on M!.
Hahn (1969, 1971, 1987), however, claimed that M? lay directly
distal to M! in paulchoffatiines and that the buccal and lingual
rows on M? were continuous with those on M! (Figure 1.2).

The importance of Hahn’s observations concerning the rel-
ative position of M? werc summarized by Clemens and Kielan-
Jaworowska (1979, p. 139):

“Should future discoveries validate Hahn'’s reconstruction
of the occlusal pattern of the paulchoffatiine dentition, we
would argue that its difference from the occlusal pattern of
all other rmultituberculates is of great phylogenetic signifi-
cance. First, it would clearly bar paulchoffatiines from thc
ancestry of any other multituberculates. Also, it would in-
dicate that the common ancestry of paulchoffatiines and other
multituberculates would have been at the evolutionary grade
at which the second rows of cusps wcre just being added to
the molars. If this is true, a tremendous amount of parallelism
followed in the evolution of the dentitions of these two lin-
eages . . . . Further, the differences in molar occlusal pattern
would be so basic and ancient that they would warrant sep-
aration of the paulchoffatiines from all other multitubercu-
lates, possibly at the subordinal level.”

Van Valen (1976, p. 198), on the basis of examination of
figures of specimen V.J. 110-155a presented by Hahn (1969,
fig. 9 and PL 8, fig. 25), was the first to question Hahn’s obser-
vations. Van Valen concluded that the alveoli for M? were in-
deed lingual to those for M!, “and to the expected degree.” He
further judged that ““the relative position does not appear to be
due to distortion, but this is not certain.” Clemens and Kielan-
Jaworowska (1979, p. 138) expressed greater doubts in stating:
“Study of the illustrations of this specimen . .. suggests to us



