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LYCOPSID STEMS AND ROOTS 
AND 

SPHENOPSID FRUCTIFICATIONS AND STEMS 
FROM THE UPPER FREEPORT COAL 

OF SOUTHEASTERN OHIO 

MAXINE L. ABBOTT 

Western State College of Colorado 

ABSTRACT 
The Upper Freeport coal, uppermost Allegheny, in southeastern 

Ohio, contains a shale parting which bears a diversified compression 
flora. A portion of the flora consists of organ genera of lycopsids 
and sphenopsids and are herein described and figured by Ime draw- 
ings and photographs. The lycopsid species are as ioWow*: LcpiJodcn- 
dron andrci'.'si Lesquereux, 1879-80, Lcpidodendron cf. jaracze'uiskn 
Zeiller, 1888, Lcpidodendron aculeatum Sternberg, 1825, Lepidodeii- 
dron scutalum Lesquereux, 1879-80; Lcpidophtoios vaningeni D. 
White, 1900, Lepldophloios larcinus Sternberg, 1825; Asnlanus lampto- 
taenia Wood, 1861; Siijillaria mamillaris Brongniart, 1836, SigiUaria 
elcgans (Sternberg), Brongniart, 1828, Siffillaria lacoci Lesquereux, 
1879-80, SigiUaria laurenciana (Lesquereux ex Abbott), Sigillana 
rugosa Brongniart, 1828, SigiUaria orbicularis Lesquereux, 1879-80, 
SigiUaria pilcata Abbott, n. sp.; Stigmaria jicoidcs (Sternberg), 
Brongniart,   1822. 

The sphenopsid species, which include the fructifications of 
Sphcnophyllum and Calamitcs and the axes of Calamitcs, are as fol- 
lows: Boivmanitcs incurvata Abbott, n. sp., Bowmanites magna (Les- 
quereux? ex Abbott); Mazoslachys compacta Abbott, n. sp., Calamo- 
stachys luhcrctitata (Sternberg), Weiss, 1884, Calamostachys german- 
xca Weiss, 1876, Calamostachys bisporangiata Abbott, n. sp., Cala- 
mosiac/ivs minuta Abbott, n. sp., Calamostachys recurvata Abbott, 
n. sp., Calamostachys longibractcata Abbott, n. sp., Calamostachys in- 
terculala Abbott, n. sp., Palacostachya clongata (Presl), Weiss, 1876, 
Palacostachya ovalis (Lesquereux ex Abbott), Palacostachya trabe- 
culata Abbott, n. sp.; Calamitcs undulalus Sternberg, 1825, Calamitcs 
carinatus Sternberg, 1824, Calamitcs cisti Brongniart, 1828, Calamitcs 
cistiiformis Stur, 1877, Calamitcs sachsi Stur, 1878, Calamitcs schiit- 
zciformis Kidston and Jongmans, 1913, Calamitcs suckovji Brongniart, 

INTRODUCTION 
The Upper Freeport, uppermost Allegheny, is more or 

less continuous throughout the Appalachian Coal Basin. 
One of the few areas of this coal, bearing an identifiable 
compression flora, occurs near Kimberly, northern Athens 
County, in southeastern Ohio. The coal was strip mined 
over a period of approximately 10 years and resulted in 
about 20 miles of essentially continuous exposures of the 
coal. In this area, the diversified compression flora occius 
in a discontinuous shale parting in the coal. The shale part- 
ing ranges from a few inches up to three feet in thickness. 

The flora consists of organ genera of lycopsids, 
sphenopsids, ferns, and pteridosperms. The species are so 
numerous that monographic treatments of each of the 
groups is necessary in order to: 1) review previously re- 
ported North American species, many of which are inade- 
quately described and figured; 2) to present additional new 
material: 3) to describe new species; 4) to list the occur- 
rence of the same species in floras of comparable age from 
other coal basins of the United States and Canada. There- 
fore, a few of the species discussed herein do not occiu- in 
the Kimberly flora. 

The present paper treats only the lycopsids and sphen- 
opsids. The fern-pteridosperm complex will be reported at 

a later date. The lycopsid flora is limited to stems and 
roots, including species of Lcpidodendron, Lepldophloios, 
SigiUaria, Asohmus, and Stigmaria; the fructification genera 
were reported previously (Abbott, 1963). The sphenopsid 
flora considered, consists of fructifications and stems, in- 
cluding species of Palaeostachya, Calamostachys, Mazo- 
slachys, Bowmanites, and Calamitcs. The leaf genera were 
reported in an earlier paper  (Abbott, 1958). 

In order to obtain cellular detail of cone parts and 
spores, transfer (Abbott, 1950) and modified maceration 
techniques were used. Individual sporangia were isolated 
and macerated in deep well slides and the resulting spores 
and sporangial wall parts were permanently mounted in 
permoimt. 

In the synonymies only American species are consid- 
ered because of the availability of the American types upon 
which the original descriptions were based. I have not in- 
cluded European species in the synonymies because I was 
unable to study the type specimens. 

All of the form genera considered in this study are 
well established morphologically and taxonomically, there- 
fore I have not repeated their definitions. 

Lesquereux, in his Coal Flora, cited nimierous fossil 
plant localities in Pennsylvania. Some of the names of the 
towns have been changed or are no longer in existence. In 
order to relocate these localities I consulted maps dating 
as early as 1858. The localities most often referred to and 
thus effected are as follows: 

Cited Location Present Location 
Pittston — northeast   of   Wilkesbarre,   Lu- 

zerne County 
West Pittston — southwest   of   Scranton,   Lacka- 

wanna County 
Pottsville — Schuylkill County 
Archbald — southwest   of   Scranton,   Lacka- 

wanna Coimty 
Northern Anthracite      —about    12    miles    northeast    of 

Coal Field Scranton, Lackawanna County 
Alton — not located. 
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hospitality and generosity in making their specimens avail- 
able for my studies. They arc as follows: 1) Type speci- 
mens are now deposited: 

Geological Smvey of Canada, Ottawa, Canada 
The Smithsonian Institution, Washington, D.(;. 
Museum of Natural History. Springfield. Illinois 
University of Illinois and the Illinois Geological Sur- 

vey, Urbana, Illinois 
Harvard University. Cambridge, Massachusetts 
University of Michigan, Ann Arbor, Michigan 
Academy of  Natural Sciences,  Philadelphia.  Pennsyl- 

vania 
University of Cincinnati. Cincinnati. Ohio: 

2) Other specimens, from different localities, but of com- 

parable age are deposited: 

Princeton Uni\'ersity, Princeton, New Jersey 
Brown  University,  Providence,  Rhode  Island 
University    of    West    Virginia,    Morgantown,    West 

Virginia 
Michigan State University, East Lansing. Michigan 
Ohio University, Athens, Ohio. 

My thanks are also given to Mrs. Beltina Dalve, Uni- 
versity of Cincinnati, for inking my penciled drawings; to 
Dr. Harry Muegel, Emeritus, University of Cincinnati, for 
suggestions concerning new epithets as well as translations; 
and to Dr. Francis Hueber, Smith.sonian Institution, for 
photographs of some of the type specimens. 

CLASSIFICATION 

Division  Cormophyla 
Subdivision Paleocortnophvta 
Class Lycopsida 

Order Lepidophytales 
Family Lepidodendraccac 

LcpiJoJi-ruiro?! luijrf'u.si Lesqucrcux 
LipiJodeiuiron cf. jar/iczi-wsiii Zeiller 
LipiJoJcitJrun aculrutum  Sternlicrg 
Li'pidodrndron  sculatum  Lesiiuereux 
LrpiJop/iloios liircliius Sternlierg 
Lrpidophloios vaninijeni V). White 
Asolatius sigillarioidrs  (Lesquereux ex .\hliotl) 
Asotanus ramptotarniu Wood 

Family Sigillariaceae 
Sii/illaria  mamillaris  Brongniart 
Siiiillaria i-lryuiis   (Sternberg),  Brongniart 
Si/jillariu lacor': Lesquereux 
S'lyillaria Itiurrnciana   (Lesquereux  ex  .\bbott) 
Sii/illaria nii/osa Brongniart 
Siijillariii nrhicularis Lesquereux 
Sii/Ularia pUcala Abbott 
Stigmaria jicoidfs   (Sternberg)   Brongniart 

Class Sphenopsida 
Order Sphenophyllales 
Family Sphenophyllaceae 

liii'u.manilcs magna   (Lesquereux? ex Abbott) 
Boivmaniles incurvata Abbott 

Order Equisetales 
Family Calamitaceae 

Mazostachys compacia Abbott 
Calamtistachyi  tuhrrcuiata   (Sternberg)   Weiss 
Calamostacliys grrmanica Weiss 
Calamostachys hisporangiain Abbott 
Calamostacliys minuta Abbott 
Calamostachys rrcurvata Abbott 
Calamostacliys longibractcata .Abbott 
Calamostachys intcrculata .Xiibott 
Palacostachya clongata   (PresI)   Weiss 
Palaeostachya oralis   (Lesquereux ex .Abbott) 
Palacostachya aperta  (Lesquereux ex .Abbott) 
Palaeostachya traheculata .Abbott 
Calamitcs cistiiformis Stur 
Calamitcs cisti Brongniart 
Calamitcs carinatus Sternberg 
Calamitcs suckoiui Brongniart 
Calamitcs schiilzciformis Kidston and Jongmans 
Calamitcs sachsi Stur 
Calamitcs iinduliitus Sternberg 

DESCRIPTION  OF  SPECJIES 

Genus LEPIDODENDRON Sternberg,  1820 

Lepidodendron  andrewsi  Lesquereux,   1879-80 

Plate 12, figure 12; Plate 18, figure 3 

l.cpidodcudron   andrciisi   Les(|ucrcux,    1S79-80,    Coal    Flora,    p.    389, 
pi. 6+, fig. 6. 

Descriplio7i. —Stems up to 5 cm in diameter. Leaf 
cushions rhomboidal or rhomboidal oval, base tapering 
but blunt, apex blunt, rounded; lateral angles rounded. 
Leaf cushions 3.5-7 mm high, 3.5-6 mm wide. Leaf scars 
in middle of leaf cushion and average 3 mm wide and 2 
mm high; thickened rim outlines the outer limits of leaf 
.scar; central vascular area below middle, vascidar binidle 
scar about one-fourth mm high, obovate; parichnos scars 
rounded, extremely small but recognizable. Ligidar scar 
1 mm below apex of leaf cushion, horizontally elongate, 
three-fourths mm long. 

Entire surface of leaf c ushion smoDtli, flat witiiout keel 
markings except rarely a cushion will ha\e a faint central 
\ertical line from apex to base. 

Discussion.— The type specimen at the National 
Museimi, nimiber 15430, rever.se side numbered 15431, is 
a Mazon Creek, Illinois, nodide. The leaf cushions are 5 
mm high, 4 mm wide; leaf scars 3 mm wide, 2 mm high and 
centrally placed on the leaf cushion. A raised rim outlines 
the leaf cushion. No ligular scar or depression is evident. 
On a few of the cushions, a faint "caudal" line or ridge 
extends from the apex to its base but not evident on the 
very smooth leaf scar. Other specimens in my collections, 
especially the numerous ones from Wheatland, Indiana, 
show additional featines. The ligular scar is jjronn'ncnt on 
all the cushions and is a millimeter below the blunt ajiex. 
The vertical central "caudal" line  is niissin"  and  the en- 
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tire surface of the cushion and leaf scar is smooth. On the 
smaller stems, which are 1 cm in diameter, the leaf cushions 
are 3.5 mm high and 3.5 mm wide with leaf scars 2 mm 
wide and 1.5 mm high. Larger stems have cushions up to 
7 mm high and 4.5 mm wide. 

The leaf cushions on the Ohio specimens average 6 
mm high and 4 mm wide with leaf scars averaging 3 mm 
wide and 2 mm high. Leaves were not seen attached to 
any of the stems. 

Lesquereux related L. andrewsi to L. vo'.kmannainum 
Sternberg but remarked on the difference in position of 
the leaf scars. He noted that the leaf scar was not so broad 
as apically placed in L. andrewsi. After seeing the type of 
L. andrewsi at the National Museum, I agree with Les- 
quereux. 

Janssen, 1940 (pp. 14-16) reevaluated the Lesquereux 
specimens pertaining to /.. r'olknjannianum. These speci- 
mens have nothing in common with L. andreu'si. The 
American material of /.. volkmanuainum has leaf cushions 
widely separated both horizontally and vertically, and the 
surfaces are distinctively ornamented. L. worthcni also has 
a distinctively wrinkled surface below the leaf scar. 

Occurrence. - Kimberly, Ohio (8587, 8588) ; Wheat- 
land, Indiana (ninnerous specimens) : and Mazon Creek, 
Grundy Comity, Illinois  (Lescjiiereux, 1879-80). 

Lepidodendron cf.  jaraczewskii Zeiller,  1888 

Plate 12, figure 7 

I.epidodcnJroii jitraczeix'skii Zeiller,  1888, Valenciennes,  p. +57, pi. 67, 
figs. 3, 3a. 

Description. —heni cushions siibrliombic, raised, with 
prominent groove outlining the cushions; cushions 26 mm 
high, 6-7 mm wide, long tapering, widest in upper one- 
third. Leaf scar slightly raised, small, 1 mm high and 1.5 
mm wide, diamond-shaped with upper margin more or less 
descending from lateral angles for about 2 mm; vascular 
area obscured by heavy carbonization; small scar above 
leaf scar might be ligiilar scar. Up]jermost coaly siuface 
immarked by cushion outlines; coarsely striated. 

Discussion. — The three specimens from Kimberly are 
more similar to Zeiller's L. jaraczeiuskii than to other 
known species. The Kimberly specimens do not show a 
central line or raised area from apex to base of the leaf 
cushion, but this is perhaps a minor point due to the state 
of preservation. Dr. Bell (1944) recorded the sjjecies from 
Nova Scotia. His figure 2 on plate 51 is moie nearly like 
the Kimberly species than his figure 1, although the leaf 
scars on his specimens are more nearly centrally placed. 
His specimens are perhaps from older portions of the 
triuik than are those from Kimberlv. 

Occurrence.-Y.imhcY\y, Ohio (8328, 8320, 8102). In 
Canada; two localities in northern Nova Scotia (Bell, 
1944). 

Lepidodendron aculeatum Sternberg, 1825 

Plate 12, figure 8 

Lepidodendron aculeatum  Sternberg,  1825,  Flora  der  Vorwelt,  vol.   1, 
p. 23, pi. 6, fig. 2. 

Lepidodendron   tngens   Wood,    1860,   Acad.   Nat.   Sci.    Philadelphia, 
Proc, p. 239, pi. 6, fig. 4. 

Lepidodendron lesquereuxii Wood, 1860, ibid, p. 240, pi. 5, fig. 4. 

Description.—TrunVs large, portions incomplete, 34 
cm wide, 60 cm long, with leaf cushions spirally arranged, 
separated by a prominent, 1 mm wide striated fmrow out- 
lining each cushion. 

Leaf cushions 11-15 mm wide, 20-28 mm high, elongate, 
long tapering, asymmetric; lateral margins gently curving, 
lower right margin concave, lower left margin roimdedly 
convex. Leaf cushion surface with prominent keel ridge 
from leaf scar area to base of cushion; 3-4 horizontal trans- 
verse ridges or wrinkles sometimes present on either side 
of keel ridge. 

Leaf scar area raised, placed above the middle and in 
upper one-third of cushion; 1.5-4 mm below apex of 
cushion; leaf scar angular, wider than high, 3-6 mm wide, 
2-5 mm high; lines from lateral angles of scar arch to mar- 
gin of cushion in most specimens. 

Vascular area in center of leaf scar; vascular bundle 
and parichnos scars small, circular, less than 0.5 mm in 
diameter. Ligular scar above leaf scar and at apex of 
cushion, circidar, 1 mm in diameter. 

Discussion. — The above description is based on speci- 
mens from Paoli, Indiana. The poor preservation and the 
presence of an iron stain has rendered a single specimen 
from Kimberly almost useless. However, the extremely large 
leaf cushion, asymmetric shape, and leaf scar area make 
it noteworthy. 

I have been luiable to locate the sjiecimens of Wood 
and of Lesquereux. The synonomy is based on that of 
Lesquereux' because he had access to Wood's specimens. 

Occurrence. — Kimberly, Ohio (8622) ; Illinois (Jans- 
sen, 1939) ; Paoli, Indiana, and site unknown (Canright, 
1959) ; Michigan at several localities (Arnold, 1949) ; Car- 
bondale, Pennsylvania (Lesquereux, 1879-80). In Canada: 
two localities from the Cimiberland Group, northern Nova 
Scotia   (Bell,  1944). 

Lepidodendron scutatum  Lesquereu.x,  1879-80 

Plate 12, figure 11; Plate 18, figure 2 

Lepidodendron seutatum  Lesquereux,  1879-80,  Coal  Flora,   p.   369,   pi. 
43, fig. 6   (figs. 6a,  6b  specimens not located). 

Lepidodendron    sclifolium    Lesquereux,    manuscript    bound    in     wilh 
Lesquereux' cop>' of the  Coal  Flora,  p.  370. 
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Description. —Stems I lo 10 cm in diaiiR-lcr. Leal 
cushions rhomboiilal or rhomboidal o\al. base lapeiiiis> but 
bhint, apex rounded, lateral angles roiuided. Leaf cushions 
8-10 mm high. 5-6 mm wide; leaf scars above middle of 
cushion with lower part or base of scar more or less in the 
middle. Leaf scars transversely rhomboidal, 3-3.5 mm wide, 
2-2.5 mm high. Vascular area below middle of scar, round 
with central vascular bundle one-foiuth mm in diameter: 
two lateral parichnos scars rounded to oxal but smaller 
in diameter than vascular bimdle. 

Ligular scar narrow, irregularly shaped, someiimes de- 
jjressed about 1 mm long horizontally and located 0.75 mm 
below apex of leaf cushion, other than scar area, smooth 
except for from 3 to 5 zigzag horizontally aligned wrinkles; 
wrinkles 0.5-1.25 mm long and narrow; no prominent 
vertical "keel line" or "caudal line". 

Discussion. — The above description is based not only 
on Lescjuercux' type but also on additional material from 
1) the same locality, 2) other localities in Henry County, 
Missouri, 3)   Kimberly, Ohio, and -1)   Wheatland, Indiana. 

The type of Lepidodcnchun scuta turn which Les- 
quereux illustrated on plate 43, figure (i, is in the National 
Museinn, bears number 15118, and is from Clinton, Henry 
County, Missouri. Additional material, collected later from 
the same locality, was described by Dr. White, 1899, pages 
198-200. 

The smaller stems, well seen on specimen number 
G071 from Ciilkerson's Ford (only a part of which is shown 
on Dr. White's ]jlate 72, figure 1) has twigs 3 mm wide and 
up to 13.5 cm long. The attached leaves are 15-18 mm 
long, 0.5 mm wide, sickle-shaped and erect spreading. 

Number 6044 from Pitcher's mine, on Dr. White's 
plate 45, figure 4, has leaf cushions 4 mm long, and slightly 
over 2 mm wide. The leaf scar is 1.3 mm wide and more 
or less 1 mm high and placed slightly higher on the cushion 
than the usual central placement. A few cushions show a 
faint more or less continuous ridge from base of leaf scar 
to the bliuit apex. This is the only specimen which shows 
even a hint of a vertical ridge. 

Number 6046 from Deepwater, Dr. White's figure 2, 
plate 55, has stems 2 cm wide, 15 cm long with leaf cush- 
ions 5 mm high and 3 mm wide. The leaf scars are 1.5 nnii 
wide and about 1 mm high. 

Number 6045 from Deepwater, Owen's coal mine, Di. 
White's figure 1, plate 55, has several dichotomously 
branched stems with and without leaves attached and a 
few recognizable leaf cushions. His line drawing at figure 
2, plate 65, shows too much wrinkling and, therefore, the 
appearance of a ridge which is not present. 

Sellards recognized /,. scutalutn in the flora of Kansas. 

On his page 423 (])late 56, figure 3) Sellards stated: "This 
species seems to be represented by a single specimen of a 
sni;dl clichotomous branch from Lancing, Kansas. The 
stem is slender, only 5 mm wide below the dichotomy, the 
bolsters elliptical, 2.5 to 3 mm long, about one third as 
wide as long, aciue above and below, rounded at the sides. 
The leaf scar is placed above the middle." 

Lepidodcndron scutatian is distinct from /-. obovatum 
and should not be included in that synonomy as indicated 
by the bibliograjjhy of Fossiliiun Catalogus. The differences 
lie in the shape, proportion of area in leaf cushion with 
that of the leaf scar, size range, and the ornamentation at- 
tributed to L. obovatum is not seen on /.. scutatum. 

Occurrence. — Kimberly, Ohio (8589) ; Clinton, Gilk- 
erson's Ford, Pitcher's mine, Deepwater, Missouri (Les- 
quereux, 1879-80, White 1899); Lancing, Kansas (Sellards, 
1903) ; and \Vheatland, Indiana (numerous specimens in 
.\bboit collection) . 

Genus LEPIDOPHLOIOS Sternberg,  1825 

Lepidophloios vaningeni D. White, 1900 

Plate 13, figure 6 

LrfiiJop/iloios van Ingeni D. White, 1900, Monograph 37, pp. 205-210; 
pi. 56, figs. 1-8; pi. 58, fig. 1?; pi. 61, fig. 1-c; pi. 62, fig. f; pi. 
68. fig. 5. 

Description. — Large trimks characterized by diagonal 
rows of transversely rhomboidal leaf cushion.^. Cushions 
more than twice as wide as high, ranging from 9 mm wide 
and 2 mm high to 20 mm wide and 6-8 mm high; apical 
angle 135-145°, sides forming the apical angle more or 
less straight to slightly convex, in order to accommodate 
the rounded lower margin; lateral angles 25-23°; lower 
margin concave and rounded and appears to overlap the 
apex of the cushion below. Leaf scar, in lower one-third of 
cushion, also transversely rhomboidal, but apical portion 
gently rounded and not acute as in the corresponding por- 
tion of the cushion. Leaf scar near to or touching lower 
border of cushion; scar 9 mm wide and 2 mm high on a 
cushion 20 mm wide and 6 mm high; others are in propor- 
tion to area of cushion. Vascular bimdle scar minute, cir- 
cular, about 14 nim in diameter. Parichnos scars to right 
and left of vascular bundle scar vertically elongated and 1 
mm wide and 0.25 mm high. 

Discussion. — This species is represented in the U]jper 
Freeport flora by a single specimen which agrees in all 
aspects with the specimens used by Dr. White in his original 
descriptions. 

Occurrence. — Kimberly.   Ohio   (8826) ;   Pitcher's  coal 
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bank   and   Gilkerson's    Ford,    Henry    Coinily,    Missouri 
(White, 1900). 

Lepidophloios larcinus Sternberg, 1825 

Plate 12, figure 6; Plate 19, figure 4 

LrpiJophloios laninum Sternberg, 1825, Flora der Vorwelt, vol. 1, 
4, p.  13. 

LcpiJophloios acajuuius Dawson, 1968, .\cadian Geology, p. 489, fig. 
171. 

LcpiJnphloyos ohcorjatum Lesquereux (in part), 1866, Geo!. Sur. Il- 
linois,  vol. 2,  p. 457, pi. 41, figs. 2-2a,  not fig.  1. 

LcpiJophloios ohcorjiilus Lesquereux, 1880, Coal  Flora,  vol. 2,  p. 423. 

De.jfr/p//o». — Hexagonal leaf cushions 6.5 mm wide 
and 4 mm high; leaf scars not clearly delineated; vascular 
bundle scar slightly above the middle, circular, 0.25 mm 
in diameter; \ertically oriented, crescent-shaped parichnos 
scars, to right and left of \ascular scar, 0.25 mm wide and 
0.75 mm high. 

A bow-shaped arching wrinkle prominent in lower one- 
tliird of cushion extending across width of cushion. 

Disctission. — The specimen illustrated at figure 1, 
jjlate 41 by Lesquereux in his Coal Flora has not been lo- 
cated, therefore, I shall not speculate on it. 

Lesquereux' type of Lepidophloios obcarduttis. which 
is illustrated at figures 2 and 2a in the Geological Survey 
of Illinois, II, is in the Illinois State Museum collections 
and bears number 1728. Janssen, 1940, pages 20-21 and 
plate 3, figme 3, ree\aluated the status of this specimen 
and belie\ed it to be a poorly preserved Lepidophloios 
larcinus. 

Dr. Bell, in his Memoir 238 (1944), stated that due 
to the variation of leaf cushion, leaf scars, difference in 
size and of branches and their mode of preservation, that 
all of the Canadian specimens should be considered as L. 
larcinus. Therefore, Dawson's L. acadiaiiiis, is only one 
form of Lepidophloios larcinus. 

Only one specimen was collected at the Kimberly 
locality, and although it is fairly well preserved, it does 
not show a ligular scar as do Dr. Bell's specimens. 

OccHrre/jce. — Kimberly, Ohio (8715); DuQuoin and 
Colchester, Illinois (Lesquereux, 1866, 1880; Janssen, 
1940) ; Vigo County, Indiana (Canright, 1959). In Canada: 
Riversdale Group, Cumberland Group — at several local- 
ities each, northern Nova Scotia and roof of the Coalbrook 
seam near Wadden Cove, Sidney Coalfield, No\a Scotia 
(Bell,   1938,  1944). 

Genus ASOLANUS Wood, 1861 

Asolanus campt-otaenia Wood,  1861 

Plate 13, figure 1; Plate 19, figure 1 

tisolaiius ciimptolaenia Wood, 1861, .\cad. Nat, Sci. Philadelphia, 
Proc,  vol.  12,  p. 238,  pi. 4,  fig.  1. 

Siyillaria   monosliyma   Lesquereux,   1866   in   part,   Cieol.   Sur.   Illinois, 
vol. 2,  p. 449,  pi. 42,  figs.  1-5. 

Lepidodrndroti   cruciatum   Lesquereux,   1870,   Geol.   Sur.   Illinois,   vol. 
4,  p. 432,   pi.  25,  fig.  2. 

Sigillarioides stellaris Lesquereux,  1870,  Geol.  Sur.  Illinois,  vol. 4,  pi. 
29, fig. 3. 

Stigmarioidrs   tuhrrosus   Lesquereux,    1870,   Geol.    Sur.    Illinois,    vol. 
4, p. 453, pi. 29, fig. 5. 

Stigmaria stfllaris Lesquereux, 1870-80, Coal Flora, vol. 2, p. 516, pi. 
74,   figs.   5,   7. 

Stigmaria  firoidrs   var.   slrllalu   Lesquereux,   1883-84,   Indiana   Dept. 
Geol. Nat. History, 13th .\nn. Report, Part 2, p. 96, pi. 19, fig. 4. 

Sigillaria   (.Isolanus)   ramptotactiia  D.  White,   1899,   U.S.  Geol.   Sur,, 
Mon.   37,   pp.   230-238,   pi.   69;   pi.   70,   figs.   1,   3,  4;   pi,   61,   fig. 
Ig?;  pi. 62,  fig.  i?;  pi.  64,  fig. e'. 

Dcscriplioii. — Siu face of stems marked between leaf 
cushions by rough, irregular, ropelike striae or strands; 
striae radiating from all sides of the leaf cushion, the most 
prominent of which diagonally connect the foiu neighbor- 
ing leaf cushions. 

Leaf cushions range from 10-32 mm apart \ertically 
and 13-40 mm apart horizontally; cushions rhomboidal, 
higher than wide with acute lateral angles and roimded 
apical and basal margins; cushions 4-6 mm high and 4-5 mm 
wide; leaf scar area in upper 2 mm of cushion, 2 mm high 
and 3-6 mm wide; leaf scar area raised apically 2 mm, low- 
ering gradually to more or less 1 mm high basally. 

Vascidar scar slightly above tiie middle of the leaf 
scar, slightly elongated horizontally, about 14 mm; two 
lateral parichnos scars linear, crescent-shaped, aligned verti- 
cally, 0.5 mm high, iip])er and lower ends almost touching. 

Discussion. — Asolanus cantptotaenia is well repre- 
sented in American collections from many horizons and 
localities. Dr. White, 1899, in Monograph 37, discussed 
many of the earlier types of Lesquereux in the National 
Museum and concluded that the types listed in the above 
synonomy should be considered as one and the same 
species, Asolanus camptotacnia Wood. 

Janssen, 1940. re\iewed the Lescjuereux' specimens at 

the Illinois State Museiun and was in agreement with Dr. 
AVhite. 

I agree with the above authors that almost all of the 
specimens shoidd be considered as one species. Howe\er, 
two specimens figured by Lesquereux are different from 
Asolanus camptotacnia although they do belong to genus 
Asolanus. One specimen bears U.S.N.M. number 16420 and 
is shown on plate 26, figure 5 of the Geological Survey of 
Illinois vol. 4, and the same figure is repeated in Coal 
Flora on plate 73, figure 6. The second specimen is shown 
on plate 73, figure 4 of the Coal Flora. Both of these speci- 
mens were used by Lesquereux in his later description of 
Sigillaria monostigma. This epithet cannot be retained nor 
used for these two specimens since the first description was 
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|)ublislicd ill  ]S(M\ and llie tvpc shown ai   lis^tnc   I, plate 
•12, is another specimen. 

Occurrence. — KhnbvvU. Oiiio; liiaiihvooil. (lliestcr, 
.Xforiis and Mazon Creek. Illinois (Ixsquereux, 1866, 1870, 
1S79-80 and Noc. 1925): Indiana (Lesquerenx, 1883-81): 
Cannelton, Pennsylvania (Lesquerenx, 1879-80) : ,St. 
Charles and Grand Leds^e, Michigan (Arnold, 1919) : 
Gilkerson's Ford and Pitcher's coal mine, Henry County. 
Missouri (\Vhite, 1899) : LeRoy shales near Lawrence and 
the Chanute shales, Thayer, Kansas (Sellards, 1908). In 
Canada: roof of Gowrie seam (Phalen seam) and shales 
above Routhillier seam. Sydney Cioalfield. No\a Scotia 
(Bell, 19,'5S). 

Asolanus sigillarioides (Lesquereux ex Abbott) 

Plate 13, figure 3 

S'liiillaria  jissii  Lesquerenx,   1858,   Geol.   Pennsylvania,   p.   871,   pi.   13, 
fig. 4   {7iomru coJifusum). 

Li-pidnphloios   siaiHttrioiJis   Lesquereux,   1879-80,   Coal   Flora,   p.   425, 
pi. 68, figs. 8, 8a. 

Sigillaria   {Asolanus)   sigillarinidcs   II.   White,   1899,   U.S.   Ceol.   Sur., 
Mon.   37,   p.  239,   pi.   70,   fig.  2. 

Description. — Surface of ii imk marked by fine longi- 
tudinal striations arching arotmd leaf cushions. Leaf cush- 
ions spirally arranged, 0.5-1.5 cm distant vertically, 1.8-2.25 
cm distant horizontally: no ribs or grooves separate cush- 
ions into a \ertical series; leaf cushions trans\ersely ihom- 
boidal, laterally acute, 5-6 mm high, 5-7 mm wide. 

Leaf scar area raised iqj to 2.5 mm: leaf scar area 
occujMes the upper one-half of the cushion; 5 mm wide, 2-3 
mm high; vascular bimdle scar in lower part of leaf scar, 
circidar, a little less than 0.5 mm in diameter, parichnos 
scars to right and left of vas<ular sen. loimded to linear 
cre.scent-shaped, 0.25 mm wide, 1.2 iiini high. An additional 
rounded scar sometimes present in uppei onc-ihird of leaf 
scar, 0.5 mm in diameter, perhaps ligular. 

DisciLssion. — The smface of the specimens is marked 
by rope-like striations vertically aligned and arching around 
the leaf cushions. The striations are not so prominent as 
those of Asohimi.s caniplotuenia and only occasionally do 
the striations appear as diagonal lines between the cush- 
ions. There are variations on a single specimen, although 
the cushions remain the same size. 

There are two pieces of shale at the National Museum 
which obviously fit together and form one adjoining and 
contiguous .segment of stem. One of these pieces is labeled 
as the type of Sigillurin jissa Le.sq., while the other is 
the type of Asolanus sigillarioides. The two fragments, 
according to Dr. White, were either separated at the time 
of collection or one was afterwards misplaced. The type 
S. fissa as desci ibcd and figuied was sujjposed to have come 

from Pennsyhania, while in reality, it came from Missomi. 
The figure re))resenting the tyjje is inadec|uate as well as 
the descrij)tion of the leaf cushions. Therefore, I agree with 
Dr. White, that the epithet S. fissa should be designated as 
a nomen confusuni and shoidd be designated as Asolanus 
si'^illarioicles. 

Occurrence. —Km\hL-\\). Ohio (86,50, 8()51), and (Clin- 
ton,  Henry C:oimty,  Missouri   (U.S.N.M.  No. 6173). 

Genus SIGILLARIA Brongniart,  1822 

Sigillaria mamillaris Brongniart, (1824) 1836 

Plate 12, figures 2, 2a, 3, 3a; Plate 16, figures 1-2; 

Plate 19, figure 2 

Sii/illaria mamillaris Brongniart, 1824—Ann. des Sciences, natur., vol. 
4, p. 33, pi. 2, fig. 5 poorly preserved and not used as the type; 
1836,   Histoire   des   veg.   Fossilcs,   vol.   1,   p.   451,   pi.   149,   fig.   1 
(type). 

Description. — Ribs raised, ()-10 mm wide, separated by 
zigzag or undidating finrows; where decorticated, furrows 
straight. Ribs with vertical series of leaf cushions separated 
by 1-4 mm of transversely wrinkled area and more or less 
prominent- arc-shaped groo\e 0.25 mm above the apex of 
leaf scar. 

Leaf cushions 6-10 mm wide, delimited by width of 
rib, and up to 10 mm high. 

Leaf scars angidarly pyriform, 5-6.5 mm wide, widest 
slightly above the middle, taper to a 2 mm wide, rounded 
apex; ape-x of leaf scat sometimes with \ertical central in- 
dentation. 

Vascidar area 2-3 mm below a])ex of leaf scar, roimded 
vascidar bimdle scar 0.25 mm in diameter; lateral parichnos 
scars concrescent, narrow, 1.5 mm high, more or less con- 
verging upwards. Vascidar area on decorticated specimens 
large, 2-2.5 mm long, 1-1.25 mm wide; iqjper margin con- 
cave, 0.5 mm deep, lower margin rounded. 

Discussion. — Most of the American specimens attrib- 
uted to this species have raised more or less rounded ribs 
with leaf cushions touching, although the lower limit of the 
cushion is not prominent in all specimens. The apex of the 
cushions is clearly defined by an arching transverse groove, 
since the apex of the cushions stands slightly higher than 
the basal area of the cushions. The leaf scars on younger 
stems occupy all of the upper surface of the cushions since 
the cushion is interpreted as an inverted truncated cone. 
On older stems, the leaf cushion is more elongated, the leaf 
scar is not elongated by remains essentially the same size 
as on the younger stems, and thus does not occupy all of 
the upper surface of the cushion. The surface of this part 
of the cushion is inconspicuously wrinkled by transverse, 
discontinuous wrinkles. 
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According lo Dr. Bell (i'JU, ]xigc 92) a ligiilar scar 
can be seen above the \ascular scar on his (ianadian ma- 
terial. 

The specimen tigured by Lescjuereux in Coal Flora, 
(vol. 3, plate 108, figure (i) is in the National Museiun and 
bears Number 16520 (Lacoe 475). The specimen has un- 
dulating ribs with an axerage diameter of 6 mm. The 
(ushions vary in size from base to apex of the large speci- 
men. Towards the base, the cushions are not clearly de- 
limited, but the pyrifonrr leaf scars are separated by 3.5 to 
5 mm of cushion which is slightly ornamented by discon- 
tinuous transverse wrinkles. In the apex of the specimen 
the leaf scars are smaller and only slightly separated from 
one another, with their outlines angular. This specimen is 
from Biictel. Ohio, which is not far from the Kimberly 
locality. 

The specimen also figured by Lesquereux in Coal 
Flora, (vol. 2, plate 72, figine 6) is also at the National 
Museum. It does not show the variation in leaf scars that 
the first specimen does. However, they are the same as those 
otr the lower part of the previous specimen, that is, pyri- 
form in outline, and separated by fine transverse wrinkles. 
This specimen is from Oliphant, Pennsylvania. 

I have not been able to locale the specimen which 
Lesquereux illustrated on plate 72, figin-e 5. 

OreMr?r?/fY'. — Buctel (U.S.N.M. 16,520) and Kimberly, 
Ohio (8831, 8057) ; Knox and Sullivan Counties, Indiana 
(Canright, 1959); Christopher, Illinois (Jans.sen, 1939); 
Tennessee and Virginia (Lesquereux, 1879-80). In Canada: 
the Cmnberland Group ai S|)ringhill, northern Nova Scotia 
(Bell, 1944). 

Sigillaria elegans (Sternberg) Brongniart, 1828 

Plate 12, figure 5 

^Favulatia  elegans  Sternberg,   1825,   Versuch,   1,  4,   pp.  +3-+4,   pi.   52, 

Sigillaria  elegans  Brongniart,   1828,   Prodrome,   pp.   65,   172. 

Dfscriptiou.. — heal cushions in a \erii(al zigzag series 
with about 0.25 mm between them. Cushions raised, trun- 
cated, hexagonal with somewhat roimded lateral margins, 
upper and lower margins straight; cushions 3.5-4 mm high 
and 4-6 mm wide. 

Leaf scars occupy most of the surface on the triuicated 
leaf cushion and essentially the same shape although slight- 
ly smaller; center of upper margin sometimes indented or 
emarginate. Vascular bundle and parichnos scars about 1 
mm below upper margin of cushion; on decorticated sur- 
face, vascular area almost in middle of cushion. 

Elliptical vascular bundle scar elongated horizontally 
from 0.4-0.75 mm long; parichnos scars narrow, elongate, 
diagonal to vertical in alignment. 

Decorticated surface with vertical slriations, imdidating 
or not so prominent zigzag finrows, vascular area 1.5 mm 
^\•h\c with carbonized circular rim. 

Ligular pit, in Canadian specimens, commonly incon- 
spicuous, placed almost above the center of the leaf scar. 

Discussion. — Zeiller, in lS8(i, 88, stated that Sternberg's 
figure is not accurate and that imtil Sternberg's type is 
reviewed, there will be some doubt as to the validity of 
the species. Zeiller reviewed the specimens upon which 
Brongniart based his s]jecies giving their \ariations, differ- 
ences, and relationships. 

The Canadian, as well as the Kimberly specimens, 
agree with the figures and description given by Zeiller in his 
]'(il(nicie>nies. 

Lesquereux, in Coal Flora, placed many specimens in 
his consideration of S. tessellata. I believe some are, in all 
probability, S. elegans; however, until I have occasion to 
review all specimens labeled S. tessellata, I cannot be cer- 
tain. S. tessellata does not occur in the Kimberly flora. 

Dr. Bell recognized .S'. elegans Dawson as correct and 
without comment. 

Occurrence. — Kimberly, Ohio (8354). In Canada: five 
localities in the Cumberland Group, northern Nova Scotia 
(Bell, 1944) and roof of the Harbour seam at Old Queen 
Pit, Sydney Coalfield, Nova Scotia   (Bell, 1938) . 

Sigillaria lacoei Lesquereux, 1879-80 

Plate 13, figures 4a, b 

Sigillaria laioel LeMiuereux,   1879-80,  CoaL Flora,   p.  +99,   pi.   72,   figs. 
12- 12a- 12b. 

Sigillaria discoidea Les<iiiereiix,  1858,  Geol.  Pennsylvania,  p.  873,  pi. 
14,  fig.  5. 

Descrij)lion. — Ribs large, 4-7 (in wide, average 4 cm 
with surface vertically striated except on leaf scars. Leaf 
scars 12-20 mm apart vertically. 

Leaf scars elongate, ovate, upjjer margin emarginate; 
scars 17-25 mm high; 5-13 mm wide; width uniform from 
near apex to rapidly tapered blunt base. 

Vascular area above middle, vascular bundle 1 mm 
wide crescent-shaped, aligned horizontally and centrally 
between two parichnos scars; parichnos scars elongate, ellip- 
tical, aligned vertically, 2 mm high, about 0.5 mm wide. 

Discussion. — On decorticated ribs, the vascular area 
remains prominent, especially the parichnos portions. At 
first the area is entire, that is, a single unit deeply emargi- 
nate at the upper margin, then deeper further below the 
surface.   By  further  emargination   or  indentation   of  the 
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ii|)j)er margin, ilie area betomes liigli twin scars close to- 
gether, contiguous, still vertically aligned, higher than 
wide— 17 mm high and each one 5 mm wide. 

In his Coal Flora, plate 72, Lesqiiereux figmed only 
one rib of a large specimen from Wyoming Valley, Ply- 
mouth, Pennsylvania (U.S.N.M. Number 16817). Its preser- 
vation is such that several stages of decortication is present. 
Several other specimens from Plymoiuh are in the National 
Museum collodions as well as some fiom Pittston, Pennsyl- 
vania. 

One specimen is from Kimberly, Ohio, Nimiber 8619. 
None of the sm faces, either where the scar is better pre- 

served or where decortication has continued, are rugose. 
This species has nothing in common with Sii^illaria riigosa 
except that the two are of the genus Sigillaria. 

Other of the Lesquereux' species listed in Fossilium 
Catalogus imder the bibliography of Sigillaria rugosa 
should not be considered under that species since they are 
ilifferent. 

Oc( urrouf. — Kimberly, Ohio (8(i 19) , and Plymouth 
and Pittston, Pennsylvania  (U.S.N.M. I<i81l, 16806. 16810). 

Sigillaria  laurenciana (Lesquereux ex Abbott) 

Plate 12, figure 4; Plate 16, figure 3 

Sigillaria laurciuiana Lesquereux, description only, written in long- 
hand (script), p. 483b ,ind liound inside Les<|uereux' copy of the 
Coal Flora  (numrn nudum). 

Description. — VJihf, 15-30 mm witle; leaf cushions not 
clearly defined; leaf scars of every other rib match as to 
position or are in the same position horizontally; leaf scars 
10 nnn high, 11 mm wide and 10-13 mm apart vertically. 
Rib surface faintly vertically striated; surface horizontally 
wrinkled or reticulate between the leaf scars, sometimes 
with a rounded conca\e deeper wrinkle 2 mm abo\e the 
leaf .scar. 

Leaf scars ovate, slightly eccentrically placed on the 
rib, not in the middle, more to the right side of the rib, 
especially noticeable in specimens with larger ribs. 

Leaf scars with apical and basal margins convexly 
lounded, sides with more or less rotuided lateral angles. 
Lowermost 2 mm of leaf scar surface faintly horizontally 
wrinkled. 

Vascular bundle scar and jjaiit linos stais prominent. 
situated above the middle on narrower ribs; vascular bimdle 
scar rounded, 0.75 mm in diameter; parichnos .scars about 2 
mm high \ertically; bases of parichnos scars and vascular 
scars connected apically to form a bracket-shaped scar. On 
larger ribs, vascular scar is u-shaped and 0.75 mm wide 
horizontally; parichnos scars more or less straight, 2-2.5 mm 

high and 0.5-0.()5 mm wide, o(cup\ing about 2-,S mm of 
sj)ace horizontally. 

Discussion. —'Y\\c: type s]jecimen is in the National 
.\fuseimi and assigned Niniiber 16571. A .second specimen is 
ninnbered 16570. Both s])eciniens are from the shales of 
Lawrence, Kansas. 

Lesquereux described this tyjje in script or longhand, 
on tissue thin jjages which were inserted and bound be- 
tween the pages of his copy of the Coal Flora. The writing 
is beautifully executed and, with the exception of a few 
words where the ink has faded, is still clearly legible. A 
small outline sketch of the va.scidar area is also included in 
the margin, so there is no doid)t as to which sjjecimen 
Lesquereux was refeiring. 

Reference to this species is made by Dr. White in his 
Bulletin 211, page  106, although he did not discuss it. 

Reference is also made to the species by Lesley, Kept. 
of the Geological Survey, Pennsylvania, Dictionary of 
Fossils, \ol. .8, 1890, page 855, however, he made no com- 
ment. 

OrfMirc ;/('■." Shales of Lawrence, Kansas (U.S.N.M. 
16571)   and Kimberly, Ohio   (8000-1). 

Sigillaria rugosa Brongniart, 1828 

Plate 12, figure 10; Plate 17, figures 3, 4 

SigiUuriu   rui/osit   Brongniart,   1828,   Prodrome,   pp.   64,   171;   Histoire, 
1.  12, p. 476,  pi.  144, fig. 2. 

Description. — Ribs distinctly delineated, more or less 
straight but irregidar in width; 5-13 mm, average 7 mm 
wide, with vertical series of leaf scars separated by 21-25 
mm; surface of rib with low ornamentation of horizontal 
wrinkles in "jet-like trail" below leaf scar, widest immedi- 
ately below leaf scar and outlined for a length of 15 mm 
by a straight line or wrinkle on either side of rugose area. 
Surface above leaf scar also rugose and a reverse "jet trail" 
extends ujjward above leaf scar about 8-10 mm. 

Leaf scar pyriform, 2.5-5 mm wide, widest below mid- 
dle, apex notched or shallowly grooved; 6-7 mm high, base 
more or less truncated. Area below base and 1-2 mm of base 
of leaf scar raised. Scars in diagonal series horizontally and 
no two are in the same alignment. 

Vascular area in upper one-third of leaf .scar, 2 mm 
below apical notch. Central vascidar bimdle U-shaped or 
concave upwards, small, 1 mm high; jjarichnos scars ellip- 
tical, vertically aligned, 1-2.5 mm high, 0.33-0.5 mm wide, 
parichnos scars usually not same length in one vascular 
area. 

A circidar area or  scar   1   mm  in  diameter,  situated 
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immediately above apical notch, perhaps representing ligu- 
lar position. 

Discussion. — The Lesqiiereiix specimen, U.S. National 
Museum, Number 17463, is from the Diamond Vein, Brigg's 
shaft Scranton, Pennsylvania. The trunk is 20 cm in di- 
ameter and it is not complete. The ribs are 12-12 mm wide 
with leaf scars 21-22 mm apart. The leaf scars are 8 mm 
high and 5 mm wide with lines off the sides trailing down- 
ward for about 15 mm. The aluminum-like sinface makes 
the "jet-trail" wrinkling conspicuous. 

The specimens, which were described by Brongniart 
and upon which this species is based, were from W'ilkes- 
barre, Pennsylvania. 

The bibliography of Sigilhiria riigosa, in Fossiliiuii 
Catalogus, includes several species, described by Lescjuereux, 
which do not belong to SigiUaria ritgosa. Because the pres- 
ent study is one of a flora and not a monograph of each 
genus represented, I shall not dwell here on all of the 
American species so flagrantly included in the synonomies 
of S. rugosa or other species. Three species do not belong 
here: SigiUaria marginata, S. lacoci, and S. pittsioniana. 

Occurrence. - Kimberly, Ohio (8652, 8615, 8693, 8621), 
and Brigg's shaft, Scranton, Pennsylvania (U.S.N.M. 
17463). 

SigiUaria orbicularis Lesquereux,  1879-80 

Plate 12, figure 9; Plate 16, figure 4; Plate 17, figure 1; 

Plate 18, figure 4 

S'liiillaria orb'uularis Lesqueieux,  1879-80,  Coal  Flora, 2,  p. 491 

Description. —'R\h% straight, 11-12 mm wide with leaf 
scars up to 12 mm apart vertically; cushions aligned hori- 
zontally at every third rib. Rib siuface smooth, decorticated 
surface finely striated vertically. 

Leaf cushion wider than high, 9 mm high, 6-7 mm 
high; upper margin emarginate, roiuided, sides angular, 
base roimiledh iruiuate. Stars match hoi i/onially, every 
third rib. 

Circular vascular area slightly elevated above rib sur- 
face, 1 mm below the apex of the leaf scar. Vascular bundle 
scar circular, one-fointh to one-third mm in diameter, 
parichnos scars prominent, vertically elliptical, 0.33-0.5 mm 
wide;  1.5 mm high, scars almost touching apically. 

Decorticated rib siuface vertically striated; vascular 
scar area prominent, broadly o\ate, larger than on the 
upper surface, 5 mm high, 2 mm wide. 

Discussion. — Two specimens at the National Museimi 
labeled by Lesquereux are from Maltby, Pennsylvania. Both 
specimens show details of ribbing and leaf scars, as well as a 
decorticated rib surface area. The one bearing Lacoe col- 

lection Number 616a and U.S.N.M. Number 16489, was 
used by Lesquereux, in Coal Flora, page 491, in his descrip- 
tion of the species SigiUaria  orbicularis. 

Other specimens of this species are from Pittston, 
Pennsylvania. 

The shape of the leaf scar, as well as its widih, (be- 
cause it takes up almost all of the rib width), and the 
absence of prominent vertical lines trailing below the scar 
area, precludes the inclusion of this species within the 
circumscription of SigiUaria laevigata as is suggested in Fos- 
silium Catalogus, page 892. 

Occurrence. —M^lthy and Pittston, Pennsylvania 
(type-Lacoe Number 616A and U.S.N.M. Number 16489) 
and Kimberly, Ohio   (8800, 8626, 8654, 8831, 8829), 

SigiUaria pileata Abbott, n. sp. 

Plate 12, figure 1; Plate 17, figure 2 

Description.—Ribs raised, straight, 4 mm wide, with 
vertical series of leaf scars 14 mm apart. Surface of rib 
immediately above leaf scar rugose in rounded patch 2.5-3 
mm high and 2-2.5 mm wide, the remainder of surface verti- 
cally striated to base of scar above; rarely is a narrow area 
below scar rugose. 

Leaf scar angularly pyrilorm, 6 mm liigli. .".5-1 mm 
wide, widest below middle; as wide as rib; apex of scar in- 
dented, base truncated. 

Vascular area 2 mm below apex of leaf scar, with con- 
crescent, 0.5 mm wide, bundle scar and two parichnos scars 
also concrescent in shape but vertically elongated, 1 mm 
long. 

Discussion. — There are five specimens from Kimberly, 
Ohio, but I ha\e not seen this sjjecies in any other Ameri- 
can collections. 

The species can be compared with SigiUaria rugosa in 
that the two are ornamented on the rib surface by horizon- 
tally oriented wrinkles; howe\er, the siuface of S. rugosa 
is wrinkled both above and below the leaf scars in charac- 
teristic "jet stream" areas. The species also can be compared 
with S. schlotheimiana because this species also is ornament- 
ed by a rugose rib surface; howe\er, S. scliJotheimiana is 
a European species which is recorded from the lower Coal 
Measures. 

Offi/rrr'HfV'. - Kimberly, Ohio (8719, 8796, 8790. 8722, 
and 8017). 

Genus STIGMARIA Brongniart, 1822 

Stigmaria ficoides (Sternberg) Brongniart, 1822 

Plate 19, figure 3 

Vdiiotaria  ficoidea   Sternberg,   1820,   Flora   tier   Vorwelt,   vol.   1,   fasc. 
1,  p. 24, pi. 40,  figs.  1-3. 



14 PAI.AK.ON'KXJRAlMliCA   .\M1R1C:ANA    (VI,   .S<S) 

Stigmaria ficoijrs Brongniart,   1822,  Mtiii.  Mii>.   Mist,  nanirtlle,   \(il. 
8, pp. 228, 239, pi. 1, fig. 7. 

Stigmaria elliplica Lesquereux, 1870, Gcol. Sur. Illinuis, vol. 4, p. 451, 
pi. 29,  fig.  2. 

Stigmaria vcrruioui I). Wliitf,  1899, V. S. Geol,  Sur. Monograph  37, 
p. 244. 

Discussion.— y,one of the American s]jccinicns, attrib- 
iitecl to this Avell-known root .species, show acklitional in- 
formation which coiikl be of aid to further its description. 

The type of Stigmaria clliptica Lesq., No. 1706 in the 
Illinois State Museum, is illustrated by Janssen, 1910. The 
specimen is distorted slightly, perhaps by lateral pressiue, 
as Janssen suggested (p. 28), and the rootlet .scars are more 
or less elliptical in outline rather than circular. This differ- 
ence does not seem significant enough lo assign it to a 
separate species. 

Dr. White, 1900, based his synonomy of this species 
upon the date 1809 at which time Martin described this 
root luider the name PhytoJithns verrucosus. 

Occurrence. — Kimberly, Ohio, numerous s]jecimens; 
Ma/on Creek and Braidwood, Illinois (Lesquereux, 1870. 
Noc, 1925, Janssen, 1939) : Gilkerson's Ford, Henry C.ounty, 
Missouri (White, 1900) : .Si. Charles-Garfield mine at East- 
wood, Michigan (Arnold, 1949) ; several localities in Penn- 
sylvania, AV'est Virginia, Indiana, and Ohio. Also scattered 
throughout the Morien .Set ies of Nova Scotia. Canada (Bell, 
1938). 

Genus BOWMANITES (Binney), Hoskins and Cross. 1943 

Bowmanites incurvata Abbott, n. sp. 

Plate 1, figures 1-4; Plate 11, figure 2 

Description. — (J.ont incomplete. 9 cm long. 15 mm 
wide; raised ribs or ridges 0.75 mm \vide. separated by 
narrow grooves; internodes 5 mm long with axis 6 mm 
wide; apical verticil steiile. 

Bracts 8-10 mm long, 0.5 mm wide, ia])er lo an amte 
apex; bracts united basally into a "(ollar" lor a distance 
of about 2 mm, free portion at first at light angles to then 
downwardly diiected, free tijjs spreading and 4-5 mm long. 

Sporangiophores arise midway on collar portion of 
bract whorl, arch upward then recurve toward cone axis; 
maximum heighi of (ui\e 5 mm, entire spoi angiopliore 
lengtli 7 mm. 

.Sporangia 5-() on each sjjorangiophore, in vet tical align- 
ment, indi\idually attached, not grouped. Sporangia ?i mm 
high, 3 mm wide, circidar in outline; where crowded, ovate 
to pear-shapeil, 4 mm long and 2 mm wide; attachment area 
to s|)orangiophore small. 

Sjjorangial wall cells long, narrow with thick walls, 
cells elongated in ihe (iiic'ciion of ilie long axis of the 
sporangium. 

Di.icussion. — The axis of the cone, with its ribs and 
grooves, is more nearly that of a yoimg calamitean axis 
than one of SphmophyUum. Attachment of the sporangio- 
piiore to the bract whorl, rather than to the cone axis, 
places the species in liowinanites, heretofore assigned to 
species belonging to Splienophylluni. 

Bouniumitcs also has various arrangements and orient- 
ation of the sporangial grouping on the sporangiophores. 
1 he s])orangial arrangement is iniic|ue in this species be- 
cause the sporangia are attached in a \ertical series on the 
sporangiojohorc. 

Usually fertile s])ecimens fiom Mazon Creek have the 
sjjores excellently preserved, but in this specimen, I was 
unable to procine them. 

Occurrence. — The species does not occcur in the Kim- 
berly flora. Mazon Creek, Grimdy County, Illinois (at the 
University of Illinois, Botany Department Number 8l4fia 
and 1). both halves of an ironstone nodule) . 

Bowmanites  magna (Lescjuereux ex Abbott) 

Plate 6, figures 1, 2, 4; Plate 8, figures 1, 2: 

Plate 9, figures 9-16; Plate 11, figure 1 

Calamostatliys  magna   (Lesquereux?)   Noe,   1925,  Pennsylvania  Flora 
of  Northern  Illinois,  plate  5,  fig.  5. 

Description. -Your incomplete cones, 8 cm long, 12 
mm wide; internodes (> mm long. Cone axis <i-7 mm wide. 
Bracts 20 at a node, subtend 2-2.5 bract whorls above; 12-15 
mm long, 0.5 mm wide, widest near base, bracts at first at 
right angles to cone axis then gently arch upward. Apical 
whorl not spreading, sterile. One sporangiophore attached 
adaxially to each bract about 1 mm away from axis; spo- 
rangiophore 4 mm long, 0.25-0.33 mm wide, gently arching, 
stout, extends up to one-half to sligluh more ihan the 
middle of the internode. 

Sporangia elliptical, terminal on sporangiophore, four 
in ninnber on sporangiophore, distal ends of sporangia 
toward cone axis; imequal in size, lower pair 5 mm long. 
1 mm wide; upper pair aboiu 3 mm long, 1 mm wide. 

Spores rounded, smooth, wrinkled, trilete, range from 
42.5 u to 67.5 u in diameter; trilete apparatus with sutmes 
inconspicuous, 7.5-12.5 u long. 

Discussion. —NoC', in 1925, on plale 5, iiguie 5. showed 
the type specimen and gave credit to Lesquereux for its 
specific epithet. Noe did not give a description or discussion 
of the species. Because Lescjuereux worked for many years 
in Illinois, he probably labeled the specimen. However, 
I have been imable to find any mention of it in the num- 
erous writings of Lesquereux. The specimen is in ilic llni- 
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versity of Illinois Collection. Number P12fil, and rephoto- 
graphed on Plate 6, figiiie 2. 

The type specimen, as well as three cones from Kimber- 
ly, shows the sporangiophore attachment to be on the bract 
and not on the cone axis, thus belonging to the genus 
Boruma}}iic's. 

The Illinois specimen did not contain sjjores, however, 
all three of the Kimberly specimens contained the same 
spore type. 

Occurrence. — Mazon Creek, Grimdy County, Illinois 
(University of Illinois Botany Department Nimiber P1284) ; 

Kimberly, Ohio   (8532, 8531, 8504, 8691 and 10 slides). 

Genus MAZOSTACHYS Kosanke. 1955 

Mazostachys compacta Abbott, n. sp. 

Plate 6. figures 5-8; Plate 11, figure 3 

Description. — Fertile branches bear from 2-7 cones at a 
node, internodes 1-1.5 cm distant, axis 0.5-1 mm wide. Cones 
sessile on fertile branches; composed of a compact series 
of bracts alternating with sporangiophores and verticillate. 
Cones 1.2-2.5 cm long, average 2 cm; 2-3 mm wide, average 
3 mm; with internodes 1-1.5 mm long between bract whorls; 
central axis 0.5 mm wide. 

Bracts 12-16 in a verticil, average 2.5 mm long, 0.3 mm 
wide at base, acuminate; slender, narrow, strongly keeled, 
somewhat reflexed near axis then abruptly curve upward; 
bracts reach slightly above the base of the next higher 
bract whorl and in some cases, reach as high as the second 
higher whorl. 

Sporangiophores 6-8 in a verticil; only one-half the 
nimiber of bracts in verticil; attached above middle of inter- 
node and directed downward; each sporangiophore bears 
two sporangia, one above the other. 

Sporangia ovate, 0.75-1 mm long, 0.5-1 mm wide. 
Sporangial wall cells typical for the sphenopsids; cells 

elongate, more or less rectangular, elongated in the direc- 
tion of the long axis of the sporangium. 

Diacjission. — Thc leaves of Annularia sphenophyl- 
loidcs Zenker have been foimd in a.ssociation with three 
types of articulated cones; CalamosUichys, Metacalamo- 
.stachys, and Mazostachys. Sterzel, in 1882, gave a text-figure, 
showing the leaves of An7i. sphenophylloides attached along 
the branch axis bearing several cones of Calamostachys 
calatliifera Weiss. The Upper Freeport coal flora bears 
numerous specimens of cones as well as numerous frag- 
ments of leafy shoots of Anti. sphenophylloides. Other cone 
genera are also present among the fragments of this foliage 
genus, signifying that mere association does not mean affin- 
ity to that genus. 

The species belongs within genus Mazostachys in that: 
I) the sporangiophore attachment is below the bract; 2) 
there are two sporangia on a sporangiophore; 3) there 
are one-half as many sporangiophores as bracts in a verticil. 

The species cannot be intimately compared with 
Mazostachys peduncitlata Kosanke because the highly car- 
bonized nature of its preservation eliminates the study of 
the vascular traces to the sporangiophore. However, dif- 
ferences lie in the facts that there are only two cones per 
node in M. pedunculata while there are two to seven cones 
per node in M. compacta. The internodes are longer in M. 
pedunculata and the bracts are not keeled. The sporangia 
M. pedunculata lie side by side or in horizontal juxtaposi- 
tion, while the sporangia are over and under or vertically 
positioned in M. compacta. 

Occurrence. - Kimberly, Ohio (8539, 9540 and 25 
transfers). 

Genus CALAMOSTACHYS Schimper, 1869 

Calamostachys tubercu!ata (Sternberg) Weiss, 1884 

Plate 3, figures 1, 2. 5; Plate 9. figure 6; Plate 10, figure 2 

Bruckmannia  lubnculiilii   Sternlicrg,   1825,   Flora   der   Vorvvelt,  4,  29, 
pi. 45,  fig. 2. 

Ciilamostachys  luhi-nuldla   Weiss,   1884,   Stcinfccililcn-t'alamaricn   5,   2, 
p.   178. 

D«m/;//on. —Articulated strobili with alternating 
verticils of sterile bracts and sporangiophores. Incomplete 
strobili up to 11 cm long, 15 mm wide; internodes average 
5 mm long; axis averages 5 mm wide. 

Bracts at axis united into a collar; bracts 1 mm wide 
on separating from collar; bracts 5-9 mm long, linear lance- 
olate, acuminate, reflexed, spreading away from collar then 
directed upward to cover ba.se of succeeding bract whorl 
above. Bracts 14-16 in a verticil. 

Sporangiophores attached in midporiion of internode; 
2.5-3 mm long, 0.25 mm wide; foin- sporangia narrowly at- 
tached apically; sporangiophores fewer in number than 
bracts, average nine in a verticil. 

Sporangia 2.5 min long, 2 mm wide, 1.25 mm thick; 
ovate; sporangium wall cells elongated, thickencil by num- 
erous projections internal to each cell. 

Discussion. — This species has been reported as hetero- 
sporous. I also have found large and small spores in the 
macerations but not in the amoimts necessary to substanti- 
ate that they originated in this particidar cone. Especially 
since there are other spores present which obviously do not 
belong to the calamitean  taxa. 

Occurrence.-Y.'\mher\y, Ohio (8530, 7413, 7254 and 
six slides) ; Mazon Creek, Grundy County, Illinois (B2573) ; 
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\\'heailaiKl, Knox Coiiiily, Indiana (9620, 9621). In Can- 
ada: 200' above the Tracey seam to the roof of the Hiil) 
seam of the Morien Series, Sydney Coalfield, Nova Scotia 
(Bell, 1938). 

Calamostachys germanica Weiss, 1876 

Plate 7, figures 1-5; Plate 9, figures 4, 5, 7, 8; Plate 10, figure 7 

Calamostachys germanica  Weiss,   1876,  Steinkohlen-Calamarien,  2,  p. 
47,  pi.  16,  figs.  3, 4. 

Description.— SuohiW 8-11 cm lont;. 1-1.5 cm wide, 
cylindrical with alternating verticils of bracts and sporan- 
giophores. Cone axis 3.5-6 mm wide, internodes 3.5-6 mm 
long; axis striated and with up to 14 ribs. Numerous bracts 
in a verticil, 20-25 in the visible part of the verticil; only 
1-5 sporangiophores in a verticil. 

Bracts imited for 3-4 mm into a collar at axis; collar 
bends downward at jimcture with axis then curves upward, 
the free portion of bracts ascend and are somewhat diver- 
gent from axis extending one to two nodes above. Free 
|5ortion of bracts 4-10 mm long, average (i mm; O.fi-l mm 
wide at imion into collar. 

Sporangioj^hores attached to axis slightly below mid- 
portion of internode, with varying degrees of divergence 
from axis; apex of sporangiophores enlarged to 1 nnn wide 
with fom- horizontal prongs or arms. Sporangiophores 2-5 
nmi long, average 3 mm, and 0.25-0.33 mm wide. 

Four sporangia attached narrowly at apex of sporangi- 
ophore, one on each of the four prongs; sporangia ovate, 
2-4 mm long, 1.25-2 mm wide. 

Sporangiimi wall one cell layer ihick, lateral walls with 
many inwardly projecting ridges; cells rectangular, elon- 
gated in the direction of the long axis of sporangium; near 
or in attachment area, cells roimded. 

Spores average 47.5 X ^^ fi, tend to siiik togciher in 
tetrads, triradiale with trilele sutures; sutures ihin. narrow, 
7.5-10 IX long; outer spore layers granidosc. 

Discussion. — Calainostachys germanica are the most 
numerous of all of the cones in the Upper Freeport. The 
cones are mostly incomplete, that is, some lack a base while 
others lack the apex. None of them were foimd attached 
to a larger axis. 

The cones show \arying degrees of maturation. Many 
which are over I cm in width have shed their spores and 
the sporangial sacs are fragmentary. Many of the bracts 
are gone, as well as the sporangiophores and the small scars 
of the axis can be coimted to indicate the numbers orig- 
inally attached in each verticil. In some instances, bases of 
the sporangiophores adhers  to the  axis giving them  the 

appearance of a hook or, as Jongmans (1911) said, a "rose 
prickle". 

In specimens where the cone axis is \isible, the axis 
is not only striated but also ribbed with as many as eight 
ribs in a "half-whorl" or the part visible. 

Bracts at the node are imited into a collar for from 3 
to 4 nnn before being freed. As many as four to five of the 
free bract portions bend upward to partially surround each 
sporangial groiijiing, thus giving the striking appearance 
which immediately separates this species from others in 
Calainostachys. 

According to Jongmans (1911) C. thuringia Weiss is 
similar to C. germanica, C. germanica being more robust. 
Because there is a variation in size, perhaps attributed lo 
natmal growth, as well as in preservation, I hesitate to 
separate the Kimberly specimens into these two species. 

Occurrence. — Kimberly, Ohio (numerous specimens, 
the better preserved ones: 8861. 8862, 5606-26, 8045); 
Wheatland, Knox County, Indiana (numerous specimens) ; 
Chiefton Mine, Terra Hame, Vigo County, Indiana (nu- 
merous iron stone nodides) ; Mazon Creek, Grundy County, 
Illinois (B2573). In Canada: Thorburn Member of Stellar- 
ton Series, Pictou Coalfield, northern No\a Scotia (Bell, 
1940) ; and ranges from about 1000' below the Tracey seam 
to roof of Phalen seam, Sydney C^oalfield. Nova Scotia 
(Bell, 1938) ; Cumberland Group, northern Nova Scotia 
(Bell, 1944). 

Calamostachys bisporangiata Abbott, n. sp. 

Plate 6, figure 3; Plate 10, figure 6 

Description. — Aiiiculaled cone, incomplete with either 
apex or base missing, fragments 5-6 cm long, up to 13 mm 
wide, cylindrical, linear with alternating verticils of sterile 
bracts and s])orangio])hores. Cone axis 1.5-2 mm wide, in- 
ternodes a\eraging 4 mm long, ribbed with 3-4 striated 
ribs, ribs not alternating at node. Axis below cone striated, 
ribbed, up to 15 mm long ^vithoiii another articulation 
visible. 

Bracts 6-12 in a verticil, fewer near apex, 5-7 mm long, 
0.5 mm wide, linear, acicular, stiff, somewhat divergent 
from axis, extend to base of node above. 

Sporangiophores same number as biatts in \erlicil, 
6-12, up to 1.5-3.5 mm long, 0.5 mm wide, atlathcd to axis 
in center of internode. 

Sporangia two in a group, attached narrowly at apex 
of sporangiophore; ovate, 1.5-3 nnn long, 1-2 mm wide; 
6-12 groups in verticil, depending u]jon size of cone. 

Sporangium wall one ceil layer thick, cells elongated in 



OHIO FREEPORT COAL LVCOPSIDS AND SPHENOPSIDS: ABISOTT 17 

the direction of long axis of sporangium; cells at or near 
attachment area smaller, more nearly rounded. 

Discussion.— This type of cone, where the base is pre- 
served, consistently showed a slender, naked, ribbed axis 
below the fertile portion which is 10 to 15 mm long, but 
^\ithout an articulation. This is the longest stalked species 
of cone in the Kimberly flora. 

The bracts and sporangiophores are of the same num- 
ber in each verticil and the verticils are about the same 
throughout one cone. However, the size of the cone varies 
and the next cone may have fewer bracts or more bracts 
in a verticil. The variation is from six to as many as 
twelve. The bracts and sporangiophores are in a \ertical 
series, one above the other. 

There were no assignable spores to these cones. 
Occurre7ice.-Kimherly, Ohio (8555, 8821, 8558, and 

several transfers and macerations) ; Maimiee Chiefton Mine, 
Terra Haute, Vigo County, Indiana; Mazon Creek, Grundy 
County, Illinois. 

Calamostachys minuta Abbott, n. sp. 

Plate 8, figure 3; Plate 10, figure 4 

Description. —Yi'dgments of cones up to 37 mm long, 
articidated with alternating whorls of sterile bracts and 
sporangiophores;  cones long, slender, 5.5 mm wide. 

Cone axis smooth (not ribbed) . striated, 0.5-0.75 mm 
wide,  internodes 3 mm long. 

Bracts six in a verticil, widely divergent from cone 
axis, acicular, 2-2.5 mm long; cone apex terminates in six 
erect bracts,  1  mm long. 

Sporangiophores attached well abo%e the middle of the 
internode, in upper one-third of the length of the inter- 
node; directed upward and outward; thorn-shaped, 1-1.5 
nmi long, peltate with enlargement 0.75 mm wide. 

S])orangia four in a group on each sporangio])hoie, at- 
tached to the adaxial peltate portion; sporangia o\ate, 
1-1.5 mm long, 0.75 mm wide. 

Cells of s]3orangial wall one cell layer thick. Cells 
elongated in the direction of the long axis of the sporan- 
giimi, cells in attachment area inuch smaller and more 
or less rounded. 

Discussio)!. — Parts of seven cones are in close prox- 
imity on one transfer. Two of the cones bifurcate from a 
common axis. The others are oriented in such a fashion 
that they probably were attaclied to the same axis as the 
bifurcating pair. 

The sporangiophore attachment, in the upper one- 
third of the internode, and its ascending position, places 

the sporangia under the protection of the bracts of the next 
liigher verticil. 

The sporangial wall cells are about the same general 
shape and size as those in the other species of articulated 
cones even though the sporangia are much smaller than the 
general  size. 

No spores, with certainty, can be assigned to the 
species. 

Occurrence. - Kimberly, Ohio   (Transfer 325). 

Calamostachys recurvata Abbott, n. sp. 

Plate 1, figure 6; Plate 10, figure 3 

Description. — Three incomplete cones, 3-4 cm long, 
5-6 mm wide; cones articulated with alternating verticils 
of sterile bracts and sporangiophores. 

Cone axis smooth, not ribbed, striated. I mm wide; 
internodes 4 mm long, except near apex and then 2 mm 
apart. 

Bracts eight in a verticil, acicular, 2.5 mm long, 0.25 
mm wide, widely divergent from node, droop downward 
then outward. 

Sporangiophores attached 1 mm above the node, well 
below middle; 2 mm long, upwardly directed holding the 
sporangia well away from the cone axis. 

Four sporangia apically attached to each sporangio- 
jihore, sporangia ovate, 2 mm long, 1 mm wide, I mm in 
thickness. Sporangial wall cells elongated in the direction 
of the long axis of the sporangium; cells smaller than the 
usual sjjorangial wall cells yet in proportion to the size of 
the sporangiinn. 

Discussion. — Thh cone is one of the smallest and 
slenderest of the articulated cones. Its long internode length 
and small bracts and sporangia make it different from other 
species. The position of the sjiorangiophore is likewise dif- 
ferent since it originates in the lower one-third of the inter- 
node. This position and the upwardly directed sjjorangio- 
phore also makes it appear close to a Palaeostachya. 

No spores, with certainty, can be assigned to the 
species. 

Occurrence.-Khwher]), Ohio (Transfers 326-327), 
7089 on shale. 

Calamostachys longibracteata Abbott, n. sp. 

Plate 2, figures 6, 7; Plate 10, figure 5 

Description. — Incomplete strobilus, apical portion 
only, 9 cm long. 15 mm wide in lower part, gradually 
diminishing toward apex, with alternating verticils of 
bracts and sporangiophores, in vertical series. Internodes 
average 7 mm long, 7 mm wide, ribbed, ribs not alternat- 
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ing at node. Bracts 18-20 in a verticil, 13-15 mm long. 1 mm 
wide at base. Bracts acicidar, stiffly divergent from axis, 
extend to a little above the base of next succeeding verticil. 

S]jorangioi)hores equal in number with bracts, 2.5 mm 
long, 0.25 mm wide, attached in center of internode and at 
right angles to it. Each sporangiojjhore with two sporangia 
at apex: sporangia attached along upper one-half and ex- 
tend beyond the apex of the sporangiojjhore. Sporangia 
roundeil to ovate, 3.5-4 mm long, 3 nun wide, 2-2.5 mm 
thick. 

Apical verticil sterile with all bracts enclosing the 
apex tightly, budlike in appearance. 

Disciissioti.—This calamitean type of cone has been 
reported in American literature from Mazon Creek, Illinois, 
and Michigan Valley, Kansas. Dr. Baxter, 1963, in the 
American Jomnal of Botany, described heterosporous 
calamitean cones found in coal balls. These compression 
cones have more or less the same general organization as 
do the three dimensional cones of the coal balls. Using 
maceration methods, the carbonaceous cones have the same 
sporangial wall details as the better preserved coal ball 
material. That is, the cells are rectangular and elongated 
in the direction of the long axis of the sporangium. The 
cells are large, up to 400 ^ long with the walls thickened 
by inward projections. The projections are not unique to 
this particular species because the sporangiinn wall of all 
the species which I have been able lo nKuerate have tlie 
same inward thickenings. 

On the theory tliat this might be the megasporangiate 
cone of the heterosporous species, the Kimberly material 
was completely used u]) in macerations. I found no spores 
which might  designate  it  megas]3orangiate. 

Orn/rre/jrc. — Kimberly, Ohio (was 852fi) ; Mazon 
Creek, Grundy County, Illinois (janssen, 1939), and 
Michigan Valley, Kansas  (Baxter, 1963). 

Calamostachys interculata Abbott, n. sp. 

Plate 7, figures 6, 7; Plate 10, figure 1 

Description. —Cones articulated with alternating verti- 
cils of bracts and sporangiophores; bracts and sporangio- 
phores of equal number, 16-20 in a verticil; bracts attached 
at node, sporangio]jhores attached in middle of ribs about 
middle of internode, attachment areas zigzag or are not in 
vertical alignment; axis striated, ribbed, ribs alternate at 
nodes. Cones incomplete, up to 10 cm long, 18 mm wide 
with internodes 4-6 mm long. 

Bracts united into a narrow, I mm wide, collar at 
node, free portion at first sags downward from collar then 
gently  arches  upward  and  diverges   from  axis,  reach  in 

height to about the middle of the internode. Free portion 
of bracts 5-6 mm long. 

Sporangiophores attached at riglit angles to axis about 
midway on internode, 2-4 mm long, about 0.33 mm wide. 
.\pex of sporangiophore divided into I "arms", each of 
which is 0.5 mm long. 

Four sjjorangia attached narrowly at apex of .sporangio- 
phore, one on each arm; sporangia 3 mm wide, 3-3.5 mm 
long, about 2 mm thick, ovate. 

Cellular detail of s])orangial wall as in CaJdinoslachys 
germanica. 

Discussion. — Cal/imosliichys inlcrculata is one of the 
larger calamitean cones in the Kimberly flora. There are 
four large fragments upon which this description is based. 
The cone axis is not always clearly ribbed, but with careful 
dissection and partial maceration, the axis as well as other 
parts may be examined. 

The sporangiophores are not situated direttly above 
the bracts as in many of the species; the sjiorangiophores 
alternate with the bracts and are midway on the rib. The 
ribs, therefore, alternate at the node which arrange the 
bracts and sporangiophores in a zigzag .series rather than 
a vertical one. 

Cahunostacliys iulrrciiliita is not an oversized C. gcr- 
manica because the bracts of C. inlcrculata are equal in 
number with the sporangial groups, while as many as four- 
five bracts subtend each sporangial group of C. germanica. 
Also the free bracts in C. interculata are stubby, stiff, and 
short reaching upward to midway of the internode on 
which they are inserted. 

The cellular detail of the sporangium walls is like that 
in C. germanica   (see PI. 7, fig. 5). 

No spores could be assigned with certainty to this 
species. 

Orr»rn'»rr. - Kimberly. Ohio   (8513, 711.8). 

Genus PALAEOSTACHYA Weiss, 1876 

Palaeostachya elongata (Presl), Weiss, 1876 

Plate 1, figures 5, 7; Plate 10, figure 9 

Palncnstarhya rloiu/ata   (Presl), Weiss,  1876,  Steinkohlen Calamarien 
I, p. 108, pi. 15;  II, p. 181, pi. 22, fig. 15. 

Description. —Axis 13 cm long, 7 mm wide, striated, 
ribbed; ribs 0.5 mm wide; six internodes 2 cm long, bear- 
ing two opposite cones at each node. 

Cones shortly stalked, stalk not more than 5 nun long, 
8 mm wide. Cones incomplete, up to 7 cm long. 8 mm 
wide with 16 internodes, bract whorls 3-4 mm apart. 

Bracts average eight in a whorl, but as few as six 
toward apex; bracts 6-7 mm long, 0.75 mm wide, narrowly 
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lanceolate, pointed, extend to, seldom above the succeeding 
bract whorl. 

Sporangiophore attached in axil of bract, ascending, 
3-4 mm long, 0.25 mm wide; equal in nimiber with bracts. 

Fom- sporangia attached apically and nanowly to 
ajaex of each sporangiophore. Sporangia average 3 mm long, 
1.25 mm wide, ovate; sporangial wall cells similar in size, 
shape and orientation as those of Calnmostachys. The cells 
are rectangular, elongated in the direction of the long axis 
of the sporangiimi. and walls with inwardly directed thick- 
ened jjrojections. 

No spores can be assigned to this species. 
Discussion. — Shale specimen, No. 8690, bears parts of 

eight cones, none of which are complete. The longest cone 
is 7 cm long with 16 bract whorls. This cone tapers grad- 
ually from its maximum width of 8 mm near the base to 
5 mm near its apex. The lower part bears eight bracts in a 
whorl and the apical part only six bracts in a whorl. The 
o\erall preservation leaves much to be desired and \\n- 
fortunately no spores could be found that could be as- 
signed to this cone. 

Orc!/rj"e/(f('. — Kimberly, Ohicj (8690, 8710 and two 
transfers) ; in Canada: roof of the McLean seam, Sydney 
Coalfield; and .several localities in the Cmnberland Group, 
northern Nova Scotia   (Bell,  1938,  1944). 

Palaeostachya ovalis (Lesquereux ex Abbott) 

Plate 2, figures 2, 3; Plate 10, figure 10 

Aslerophyllitrs ovalis Lesquereux, 1858, /;; Roger's, Geol. Pennsyl- 
vania, 2, p. 851, pi. 1, fig. 2. 

Calamostachys ovalis Lesquereux, 1879-80, Coal Flora, 3, pp. 717-718, 
pi. 89, figs. 3, 4. 

Description. — Cones more than 7 cm long, incomplete, 
1 cm wide near apex, 1.7 cm wide near base; cones com- 
pact with sporangiophores superimposed on bracts, bracts 
verticillate; axis distinctly ribbed, ribs not alternating at 
node. Internodes 3 mm long near apex. 1.5 wide toward 
base. 

Bracts near apex six in verticil, 5 mm long, 1 mm 
wide; bracts near base of cone ten in verticil, 10 mm long, 
1.5 mm wide, stout; bracts acicidar, narrow, carinate, taper 
from base to slender apex; somewhat reflexed near axis 
then curved outward and upward; bracts near apex reach 
almost to base of second node above, those near base more 
reflexed and reach only to base of first node above. 

Sporangiophore inserted on adaxial surface of each 
bract near juncture with axis; sporangiophore 5 mm long, 
bears four ovate sporangia. 

Sporangia narrowly attached at apex, 3.5-4.5 mm long, 
2-2.5 mm wide. 

No spores could be assigned with certainty to this 
species. 

Discussion. — VVliile reviewing specimens which others 
have referred to as CuJarnostachys germanica in the Ameri- 
can collections, I found significant differences in many of 
them. One such related group of specimens, which I here 
designate as Palaeostachya ovalis, had heretofore been as- 
signed as a probable Calamostachys germanica [Calamo- 
stachys ovalis, in Fossilium Catalogus (p. 487).] The type, 
from Alton, Pennsylvania, is Number 852f Lacoe Collec- 
tion and National Museum Number 18055. This specimen 
shows parts of two cones and is refigured on Plate 2, fig- 
ure 3. Additional specimens from Dade County, Georgia, 
also in the National Museum and later considered by 
Lesquereux, bear Lacoe numbers 825a and 825b. 

Due to the attachment of the sporangiophore in rela- 
tion to the subtending bracts, this species of cone is placed 
in Palaeostachya. Also the bracts are fewer in nimiber and 
different in arrangement from that of Calamostacliys ger- 
manica. 

Occurre7ice. — T>iot present in the Kimberly flora. The 
type is from Alton, Pennsylvania (Lesquereux, 1858). Dade 
Coimty, Georgia (Lescjuereux, 1879-80) ; and questionably 
from Henry Coimty, Missomi   (White, 1900). 

Palaeostachya aperta (Lesquereux ex Abbott) 

Plate 3, figures 3, 4, 6; Plate 4, figures 1, 2; Plate 5, figures 1, 2; 

Plate 9, figures 2, 3; Plate 10, figure 8 

.istcrophyllites aperta Lesquereux, 1858, in Rogers, Geol. Pennsyl- 
vania, p. 825,  pi.  1,  fig. 4. 

I'olkmannia ferlilis Lesquereux, 1884, Coal Flora, p. 720, pi. 90, fig. 4. 
Macrostachya aperta Lesquereux, 1884, Coal Flora, p. 829, pi. 3, fig. 

20. 
Maerostachya infundibulijormis Schimper, Lesquereux, 1884, in part, 

Coal  Flora,  pi.  3,  fig. 20 only. 
J'olkmannia crassa Lesquereux, 1884, Coal Flora, p. 719, pi. 90, fig. 1. 
.Innularia tuberculata Lesquereux, 1884, Coal Flora, p. 723, pi. 89, 

figs.  1, 2. 

Description. — Cones long, slender, articulate; basal 
portion for three internodes without leaves; next six in- 
ternodes above with leaves but sterile; all internodes up- 
ward to apex with leaves and fertile. 

Axis striated, ribbed, 1 cm wide at base gradually di- 
minishing upwards to one mm wide at apex; basal inter- 
node 3.5 cm long; second internode 16 mm long; third 
internode 14-17 mm long with more or less appressed 
leaves, the number of leaves indeterminate, many missing; 
axis 5 mm wide; 4th, 5th, 6th internodes diminish in height 
with more leaves remaining at node, leaves 10-12 mm long, 
longer than internode, extending outward and upward for 
a height of 1.5-2 internodes. The 7th internode. aboiu mid- 
way of cone, and on to cone apex fertile. 
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Fertile zone with up to 25 inieinodes; inteinodes more 
or less same height throughout, 4-4.5 mm, with leaves at 
first united basally then becoming united forming a 
"collar" with the outer edge toothed; collar 10-15 mm high, 
extends one sometimes two internodes above; teeth on edge 
of collar show that the width of about five bracts subtends 
each sporangial group; six to eight sporangial groups visible 
in a verticil, with two sporangia in a group; groups super- 
imposed. 

Sporangiophores attached in axil of bract whorl, up 
to 7 mm long, slightly cruciate at distal end. Sporangia 
ovoid, attached to sporangiophore distally at narrower end, 
up to 5 mm long, 1.5 mm wide, widest at lower end. 

S])ores range from 60 to 80 ^ in diameter, triradiate 
with thin, short trilete sutures; sutures 7:5-10 ^ long; outer 
spore layers thin, peeling, and smooth. 

Disciissio7i. — ln 1858, Lesquereux described and fig- 
ined Asterophyllites apcrta, a cone, from Archbold, Penn- 
sylvania, Lacoe Collection Number 950. 

In 1880, Plate III, figure 20, the same cone is figmed, 
but the explanation of figures shows the name as Macro- 
stachyn aperta. In the text, page 60, the plate and figure 
number is included in Lesquereux' Macrostachya infundi- 
bilijormis. In the discussion (page 62) Lesquereux had 
doubts about its inclusion imder this epithet. 

Later in his volume III (p. 829) in the Chapter on 
Additions and Corrections, Lesquereux removed this speci- 
men and renamed it Macrostachya aperta. 

This same specimen, Lacoe Collection Number 950, is 
figured also on plate 90, figure 4. and is described, this time, 
under the epithet Volkmannia fertilis. 

To sum up, the first four names in the synonomy deal 
with one specimen, Lacoe Collection Number 950. 

The last two names in the synonomy are cones of sim- 
ilar organization and are Volkmannia crassa (Lacoe Num- 
ber 851)  and Anniilaria liihnriilata   (Lacoe Number 914a- 

0- 
Lesquereux used the genus Volkmannia to show the 

cone's relationship to the foliage genus Asterophyllites. The 
definition of the genus Volkmannia, as applied by Stern- 
berg, 1825, is vague and may apply either to a cone or to 
a sterile branch bearing crowded verticils of imbricate 
bracts or leaves. Its usage, as applied here, is untenable. 

To further clarify the position of the Lesquereux' 
cones, terms applied by Wood, 1860, should not be con- 
sidered. Wood (page 438) renamed a British specimen 
(Annularia fertilis) Trochophyllum fertilis. Wood used the 

generic term Trochophyllum because he believed the term 
Annularia to be preoccupied by a subkingdom of Mollusca, 

Schumacher, 1817. The usage of the terms by Wood, should 
in no way be considered when dealing with the Lesquereux' 
specimens. 

Lesquereux, in 1884 (p. 723) described a cone and 
believed it to show a resemblance to one which Lindley 
and Hutton (1831) named Asterophyllites tuberculalus. 
Because the bracts of the cone were in closer affinity to an 
Annularia, Lesquereux used the term Annularia tubercu- 
lata for his cone. In Kidston's revision (1899) of the Lind- 
ley and Hutton specimens, he assigned the cones to 
Stachannularia, a term used to signify a section of Calamo- 
stachys. 

Lescjuereux' original description, as well as the study 
just comjileted, show the sporangiophores of the cones to 
be axillary in their orientation on the axis and thus in 
closer harmony with genus Pnlaeostachya than to Calamo- 
stachys. Therefore, their inclusion with the British speci- 
mens is untenable. 

This species, for one reason or another, does not fit 
within the circumscription of the 18 "valid" species already 
assigned to genus Palaeostachya. In order to avoid further 
confusion, the species epithet aperta is retained. 

Occurrence. —The species does not occin- in the Kim- 
berly flora. Archbald and West Pittston or southwest of 
Scranton, Luzerne County, Pennsylvania; Dade County, 
Georgia (Lesquereux, 1884) ; Stark County, Illinois ? 
(Lesquereux, 1884). 

Palaeostachya trabeculata Abbott, n. sp. 

Plate 2, figures 1, 4, 5; Plate 9, figure 1; Plate 11, figure 4 

Description. — Cones incomplete, base missing, 20 
bract whorls; cones 3 cm long, 5-8 mm wide; apical verticil 
of bracts sterile, appressed, budlike in form. 

Internodes 2-2.5 mm long, axis 1 mm wide; ten bracts 
in a verticil with a sporangiophore attached in the axil of 
each bract; bracts up to 5 mm long, extend horizontally 
just beyond the sporangial groups then cinve upwai^d 
reaching to about one-half the internode. Sporangiophores 
2 mm long, narrow, about 0.33 mm wide, apex slightly en- 
larged, 1-1.5 mm wide. Four ovate sporangia attached 
adaxially to curciate apex, 1.5-2 mm long, 1-1.5 mm wide, 
widest below middle. Cells of sporangium wall rectangular, 
elongated in the direction of the long axis of sporangium. 

Spores range in diameter from 27.5 to 37.5 u, trilete, 
sutures 9-10 fi long, thin; spores wrinkled, folded, surface 
smooth. 

Discussion.—Thh cone has few bracts in a verticil, 
only ten, and each bract bears a sporangiophore in its axil. 
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The apex of the sporangiophore is enlarged and in longi- 
tudinal view the length is 1-1.5 mm, but the width is un- 
known. Four sporangia are attached to this apical enlarge- 
ment. The spores are like those described for the homo- 
sporous Calamostachys and the sporangium wall cells are 
buttressed also like the sporangial wall of Calamostachys. 

The cones are similar to those of Palaeostachya vera 
Seward, 1898, with the bracts and sporangiophores equal 
in number, and sporangiophores cruciate. The course of 
the vascular trace of the sporangiophore cannot be com- 
pared due to the type of preservation of this cone. Also 
P. vera is a larger cone generally with 18 bracts and spo- 
rangiophores in a verticil. 

Occurrence.-Kimhe\-\y. Ohio   (8718, 8719. 7415). 

Genus CALAMITES Suckow, 1784 

Calamites undulatus Sternberg, 1825 

Plate 11, figure 9; Plate 14, figures 1-2 

Calamites undulatus Sternberg,  1825,  Versuch,  1, 4, p. 26. 

Description.— Stems up to 13 cm wide, some incom- 
plete, up to 34 cm long with six complete internodes. Inter- 
nodes shorter than broad, 1-6.5 cm high; shortest where 
branch scars occur; branch scars verticillate, 1.5-1.75 cm 
apart horizontally; branch scars above nodal lines, trans- 
versely oval, 5 mm in diameter. Ribs converge around 
branch scars. 

Ribs flattened, 1-2 mm wide, on some internodes 
straight, on others flexuous, or both straight and flexuous 
on same internode; some ribs do not alternate at node; 
rib endings rectangular to sharply pointed. 

Leaf scars on upper rib endings circular to oval, up to 
1 mm in diameter; smaller scars sometimes present on low- 
er rib ends. 

Outer surface and pith cast in organic connection: 
outer surface smooth to conspicuously transversely wrinkled. 
All internodal surfaces longitudinally striated and smooth, 
except for wrinkles; rib position not reflected on this 
smface. 

Discussion. —One Kimberly specimen, 8000-2, shows 
the outer surface in organic connection with the ribbed 
pith cast. The outer siuface on the upper three internodes 
is conspicuously wrinkled; while the fomth internode has 
only a few wrinkles, the fifth internode is not wrinkled. 
The ribbed surface shows straight ribbing on most of the 
internodes; however, two internodes at the top of figure 
2, Plate 14, shows the characteristic flexuous ribbing. 

Occurrence. —Calamites  undulatus  ranges   from   the 

Middle through the Upper Carboniferous of the United 
States and Canada. Kimberly, Ohio, nuinerous specimens; 
Michigan basin (Arnold, 1949) ; Danville, Illinois (Jans- 
sen, 1939) ; also in collections from Illinois, Indiana, 
Arkansas, Missomi, Pennsylvania, and West Virginia. In 
Canada; Pictou Coalfield   (Bell, 1944). 

Calamites carinatus Sternberg, 1824 

Plate 11, figure 8; Plate 15, figures 1-2 

Catamites  carinatus  Sternberg,  1824,  Versuch,  fasc.  3,  pp.  36,  39,  pi. 
32,  fig.  1. 

Calamites ramosus Artis,  1825, Antediluvian Phytol.,  pi. 2. 

Description. — Stems up to 19 cm wide with usually 
one, sometimes two, branch scars visible at a node; branch 
scars variable in diameter, 1.2-2.5-3.3 cm, oval, round to 
subtriangidar in outline; ribs converging on margin of 
branch scar, forming fan-shaped groups of 2-4 ribs. Inter- 
nodes up to 24 cm long, with ribs straight, longitudinally 
striated, 1-1.5 mm wide, most of which alternate at the 
nodes; upper ends of ribs broadly or obtusely angular with 
an elongate, ovate leaf scar, 1 mm long. 

Discussion.-Kidston and Jongmans (1917, p. 143) 
discussed at length the history concerning the species Cala- 
mites carinatus and Calamites ramosus. Their conclusions, 
based on the International Rules, are that the name 
Calamites ramosus must be placed in the synonomy of C. 
carinatus which was created a year sooner. 

American specimens previously referred to as Cala- 
jnites ramosus and thus effected, are as follows: Lesquereux 
(1879-1884); D. White (1893, 1900, 1903); Bell (1938, 
1944); Janssen   (1939). 

Occurrence. - Kimberly. Ohio (7422, 7469, 8075) ; 
Deepwater, Owen's bank, Gilkerson's Ford, Henry County, 
Missomi; McClelland's Shaft near Beeleville, and Aurora, 
Lawrence Coimty, Missouri (White, 1893, 1900) ; Grand 
Ledge, Michigan (Arnold, 1949) ; Severly shales, Osage, 
LeRoy shales, Lawrence, Kansas (Lesquereux, 1879-80 and 
White, 1903) ; Mazon Creek, Grundy County, Illinois 
(Janssen, 1939). In Canada: New Waterford, roof of Har- 
bour seam, Sydney Coalfield (Bell, 1938) ; Riversdale 
(rare) and Ciunberland (common) grou|)s, northern Nova 
Scotia   (Bell,  1944). 

Calamites cisti Brongniart, 1828 

Plate 11, figure 5 

Catamites cisti Brongniart,  1828,  Historie,  1,   (2),  p.  129,  pi. 20, figs. 
1-5. 

Description.— \v\te\nodes long, up to 13 cm with 
branching irregular to sparce, nodes not contracted; ribs 
straight, alternating at the nodes; rib endings angular or 
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subacute with an o\al or elliptical vascular star on the 
upper ends; lower ends usually wiihoiu such scars; ribs 
1-1.5 mm wide, longitudinally striated. 

Discussion. —The type specimen of Calumites cisti is 
from Wilkesbarre, Pennsylvania, and was originally de- 
scribed by Brongniart. This specimen has been refigined 
in Kidston and jongmans  (1917)  on plate 95. figines 4, 5. 

Since Brongniart's description, additional material has 
been figured and described by Lesc]uereux (1879-1883), 
Dawson (1873), ^Vhite (1900)', Bell (1911), and Arnold 
(1949). 

Lesquereux' specimen, figure 16, plate 75 (1879-80) 
and repeated on figure 6, plate 5 (1883), belongs to Caln- 
mites schiitzeiformis and shoidd not be placed in the 
synonomy of Calarnites cisti as Dr. White indicated on his 
page 149, 1900. 

Occurrence. — Wilkesbarre, Pennsylvania (Brongniart, 
1828); Kimberly, Ohio (8075, 8028, 8064); Grand Ledge 
and Corunna, Michigan (Arnold, 1949) ; Pitcher's coal 
bank (U.S.N.M. 5424), Henry County, Missouri (White, 
1900). In Canada: several localities, Cumberland Group; 
I locality, Riversdale Group, northern Nova Scotia (Bell, 
1944). 

Calamites cistiiformis Stur, 1877 

Plate 11, figure 6; Plate 18, figure 1 

Catamites   cistiiformis   Stur,   1877,   Culmflora,   II,   .Mill.   K.   K.   tieol. 
Reichsanst., 8, p. 9+  (200), pi. +  (21), figs. 5, 6. 

Description. — Stems 3.3-9 cm wide with iutcrnodes 4-5 
cm long; nodes slightly constricted with or without branch 
scars; several branch scars may occur at one node with not 
more than eight ribs effecting each scar. Ribs straight, 
longitudinally striated, 1 mm wide, separated by deep fur- 
rows; some ribs alternate at node, others continuous; rib 
endings sharply pointed when alternating at node; leaf 
scars small, roimded, on upper rib ends. 

Discussi071. —The species is represented in the Kim- 
berly collections by several specimens although two are 
larger and show more features in common with the Eu- 
ropean specimens. 

C. cistiifonnis is separated from (.'. cisti in ha\ing some 
of the ribs alternating at the nodes while others pass di- 
rectly through. In C. cisti all the ribs alternate. 

C. cistiiformis is similar to C. rnmifer yet separated 
on the basis of rib width and rarity in the occiurence of 
branch scars. Calamites cistiifonnis has much narrower and 
straigluer ribs. 

'occ!(m'??fe. - Kimberly, Ohio (8505, 7387). In Can- 
ada: four localities, Cansco series, Pictou Coalfield, Nova 

Scotia  (Bell. 1910)  and two localilies, Cansco group, north- 
ern Nova Scotia  (Bell, 1944). 

Calamites sachsi Stur, 1878 

Plate 14, figure 4 

Catamites sachsi Stur,   1878,  Verhandl.  K.  K.  Geol.  Reichsanstalt,  p. 
327; 1887, Calam. Schatzl. Schichfen, II, 2, p. 180, pi. 2, fig. 1. 

Description. —Stem 8 cm in diameter, incomplete; 
outer surface smooth with fine fibrillous, longitudinal stri- 
ations. Ribs inconspicuous, noticeable only near nodal line, 
slightly raised at upper ends; upper ends rounded with 
small leaf scars 1 nmi in diameter. 

Branch scars whorled, five evident, 1.0 cm in diameter, 
7-9 mm high, all same height, roimded. 

Discussion and occurrence. — A single specimen. Num- 
ber 8000-3, from Kimberly, conforms to the general descrip- 
tion of the Eurojjean species. This is the only specimen that 
I have seen in all the American collections. 

Calamites schutieiformis Kiciston and Jongmans, 1913 

Plate 11, figure 7; Plate 14, figure 3 

Catamites siliiitzeiformis Kidston  and Jongmans,  1913,  forma  typicus 
Kidston   and   Jongmans   in   Jongmans   and   Kukuk,   Cala.   Rhein. 
Westf. Kohlenb., No. 20, p. 32, text fig. 2. 

CatamnJendron   ? species Lesquereux,  1880-84,  dial  Flora. \'ol. I, pp. 
32,  33,  pi.  75,  fig.  16. 

Catamites approximatus Lesquereux,  1883,   13tli  .\nn.  Report Indiana, 
II, p. 40, pi. 5, fig. 6. 

Description. —Svems 4-6 cm wide; iutcrnodes irregidar 
in length, 6-13 cm; nodes contracted; ribs straight, some- 
times alternating at nodes, narrow, 10-13 ribs per cm. 

Leaf vascular scars on upper rib endings circular, small, 
up to 0.33 mm in diameter; smaller scars on lower part of 
rib occasional, only two to three per node. 

Z)i5f!/55/o?7. — Lesquereux' Calamodendroti species, il- 
lustrated on his plate 75, figure 16, which he later called 
Calamites approximatus with the same figure repeated 
(1883, j)l. 5, fig. 6), is from Cannelton, Pennsylvania. This 
specimen conforms to the general description of Calamites 
schiitzeiformis. 

Because there are so lew specimens re]jrescnting diis 
species in the United States, their separation into forms is 
unwarranted. Therefore the Ohio and Pennsylvania speci- 
mens are lumped imder the general name, as does Dr. 
Arnold for his Michigan specimens  (Arnold, p. 181, 1949). 

Occurrence. — Kimberly, Ohio (7360, 7087) ; Grand 
Ledge, Michigan (Arnold, 1949) ; Cannelton. Pennsylvania 
(Lesquereux,   1879-80,   1833). 

Calamites suckowi Brongniart,  1828 

Plate 11, figure 10; Plate 15, figures 3-5 

Catamites sueltoiui Brongniart,  1828,  Histoire,  1,  p.  124;   pi.  15,  figs. 
5, 6;  pi.  16, fig. 2. 
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Calamitcs   cannaeformis   Dawson,   1871,  Kept.   Geo!.   Sur.   Canada,   p. 
26,  pi. 4,  figs. 47, 48. 

Description. — Sterna large, up to 15 cm wide with 
nodes not contracted; internode length variable from 15 
mm up to 9.5 cm; branch scars not common, irregular, 
large. 

Ribs straight, longitudinally striated, average 2 min 
wide; some ribs pass through without interruption; other 
ribs alternate at node with upper endings bhnitly roimded 
and conspicuous oval leaf scars; lower rib endings may or 
may not show circular leaf scars. 

Ribs of rhizoiTies as in stems but rib endings with 
sharply pointed terminations. Nodes with verticils of root- 
let scars. 

Discussion. — Calamitcs suckowi is characterized by its 
wide ribs, some of which do not alternate at the nodes; by 
rib endings which are more or less rounded; and by the 
large conspicuous roimd to oval leaf scars on the upper 
rib endings. 

Branching in Calamiles suckowi is usually sparce. How- 
ever, a specimen from Pitcher's coal bank, Henry Coimty, 
Missouri, (U.S. National Museum, No. 5425) has branch 
scars occurring at every two or three nodes. Number 8610 
from Kimberly has an luiusiially large branch attached. 

Calamitcs snckoxci is common and is reported from 
most of the collecting areas. Because it is so widely dis- 
tribiued, it, ilierefore, has little stratigraphii significance. 
Slopes, 1914, followed by Bell, 1944, placed Dawson's Cala- 
mitcs cannaeformis in the synonomy of C. suckowi. 

Lesquereux' plates, pertaining to the fossil plants and 
referred to in the Geological Siavey of Kentucky (vol. 4, 
p. 435) were not published. I do not know upon which 
s|jecimen or specimens Lesquereux based his description of 
Calamitcs dccoratus. In the absence of a figine, as well as a 
specimen, I shall not place this species. 

Occurrence. — Kimberly, Ohio; Illinois, several local- 
ities (Noe, 1925 and Janssen, 1939) ; shales above the Grand 
Ledge coal, Michigan (Arnold, 1949) ; Pitcher's coal bank, 
Henry County, Missoiui (White, 1900) ; several localities 
in Pennsylvania (Lesquereux, 1879-1880) ; Green County, 
Indiana (Canright, 1959) ; LeRoy shales, Kansas (White, 
1903). In Canada: St. John beds, St. John, New Brunswick 
(Slopes, 1941) ; Joggins, Nova Scotia (Matthew, 1906) ; 
many locahties in Nova Scotia (Bell, 1938, 1940, 1944) 
ranging from the Riversdale through the Pictou Series. 
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EXPLANATION OF PLATE 1 
Figure I'aijr 

1-4.   BoiL'manitrs incurvata Aliboit, n. sp   1+ 
Mazon Creek nodule, University Illinois, No. 8446, showing general overall aspect 
of cone. 2. Reverse half of nodule shown in figure 1. 3. Enlargement of figure 2 to 
show: a, the ribbed axis; b, sporangiophore; c, bract; and d. the sporangium. 4. 
Detail of one sporangium, showing the elongated wall cells, not unlike those shown 
on  Plate  7, figure 5, for Calamostachys germanica;   X   13.3. 

5. Palaeostachya  clongaia   (Presl),  Weiss     18 
Kimlierly, Ohio, No. 8690. .\n enlargement of a part of the lower cone at figure 7. 
The sporangiophore (b) is situated slightly above the bract (c). Two of the four 
sporangia  (d)  in a group are also evident. 

6. Calamostachys rrcurvata Abbott,  n.  sp   1" 
Kimberly, Ohio, No. 7089. The bracts (c) sag downward, away from the sporangial 
group (d). The sporangiophore (b) is attached near the axil of the bract. The 
internode is 4 mm long;  X  7.5. 

7. Palaeostachya elongata   (Presl), Weiss    18 
Kimberly, Ohio, No. 8690. Three cones, two of which are attached to a calamitean 
axis. 
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I.    Palai-uslachya Iruln-culitlu Ahhutt, ii. sp   20 
Kimberly, Ohio, No. 8718. 

2,3.    Palaeostachya ovalis   (Lesquereux  ex  Abbott)      19 
Alton, Penna., Lacoe collection No. 852f and U.S.N.M., No. 18055. One of three cones 
widely separated on one piece of shale, none of which was definitely designated 
type 3. The other two cones on the piece of shale, as in figure 2. 

4,5.    Palaeostachya trabeeulala Abbott, n. sp  20 
Kimberly, Ohio, No. 8719. Same cone as shown in 4; b, indicating sporangiophorc; 
c, bract;  and d, sporangium. 

6,7.    Calamostachys longibracteata Abbott,  n.  sp   17 
Kimberly, Ohio, No. 8526. Overall aspect of cone identical to that shown by Janssen, 
1939, and Baxter, 1963. 7. Enlargement of figure 6, to show at b, sporangiophorc; 
c, bract;  and d, sporangial group. 
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KXPI.ANATION OF PLATE 3 

Figure Page 

1,2.    Caldmustachys tuhrnuliilii   (Sicrnlicrg), Weiss    15 
Kimlicrlv, Ohio, No. 7254, natural si/e, transfer. 2. Same specimen as figure 1, en- 
larged X +. At c, free portions of bracts; 1), the sporangiophore; and d, the 
sporangium. 

3,4.    Paltiiiistacliyii apcria  (Lcsquereiix ex Abbott)      19 
Lacoe Collection, No. 950, natural size, type of Volkmannia fi-rtilis Lesquereux. 
4. Enlargement of a portion of the reverse side of Palacostarhya aprrta, Lacoe No. 
950, shown in figure 3. The apical whorl shows the bracts united into a wide collar. 
The projecting teeth on the margin of the collar indicate the only free portion of 
the bract whorl. Scale included. 

5. Calamostachys   iuberculata   (Sternberg),   Weiss      15 
Further enlargement, X 20, of figure 1 showing sporangial groups (d) inserted mid- 
way on the internode, their orientation to the sterile bracts (c)  and the cellular detail 
of the sporangium wall. 

6. Palarostachya aprrla   (Lesquercux ex Abbott)      19 
Same specimen as shown in figure 4, but further away from the apex to show the 
relationship of the bract whorl   (c)  to the sporangiophore  (b). 
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1,2.    Palacostachya   apcrta   (Lesquereux   ex   Abbott)      19 
The type of Lesquereux' Annutaria lulurculala, Lacoe No. 914b. U.S.N.M., No. 18147, 
natural size. The cone shows the base and six sterile internodes before the fertile 
area where the sterile bracts and sporangiophores are in alternating verticils. The 
teeth on the margin of the collar, or united bract whorl, are longer on this speci- 
men than on the one shown on Plate 3. 

Lesquereux believed  that both the cone  and the calamitean  axis on  the  left,  in 
both figures, belonged to the same plant. Photographs courtesy of the  U.S.N.M. 
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the Brewery Cut, West Pittstcn, Pennsylvania. Natural 
Both photographs courtesy of the I'.S.N.M. 
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1. Bowmanitrs  magna   (Lesijuereux ?   ex  Abbott)       14 
Kimberly, Ohio, No. 8691, scale included. Verticils of sporangiophores b are external 
to groups of sporangia d, and the bracts are not shown. 

2. BoiLinariitrs magna   (Lesquereux?)   Noe    14 
University Illinois, No. 1284. Scale included. A new photograph of parts of two 
cones originally illustrated by Noe. The bract verticil c is divergent from the 
sporangial groups. 

3. Calamoslachys  bisporangiala   Abbott,   n.   sp   16 
Kimberly, Ohio, No. 8555. The sporangiophore is shown at b, midway between 
verticils of bracts; c, the bract whorl; and d, the sporangium. 

4. Boivmanites magna   (Lesquereux?  ex  Abbott)      14 
Kimberly, Ohio, No. 8532, scale included. Portions of two cones are partially 
skeletonized. The sporangiophores and axis remain. The darker sporangial-like areas 
at e, are masses of spores,  and only  fragments of the sporangial  wall  remains. 

5-8.    Mazostachys compacta Abbott,  n.  sp   15 
Kimberly, Ohio, transfer, scale included. Parts of two skeletonized cones show at b, 
the sporangiophore and at c, the bract. 6. Kimberly, Ohio, No. 8539, scale included. 
Five cones are attached at one node and parts of three cones are in close association. 
7. Kimberly, Ohio, transfer, scale included. The transfer shows part of two cones 
in the midst of, but not connected to, leaves of Annularia sp/icnop/iylloides 
Zenker. 8. Kimberly, Ohio, No. 8540, scale included. Several cones are attached 
at each of the successive nodes. 



34 PALAEONTOGRAPHICA A.MI;KK:AI\A   (VI, 38) 

EXPLANATION OF PLATK 7 

1-5.     Calamostachys  germanim   Weiss      J* 
Kimherlv. Ohio, No. 8862, scale included. Overall appearance of cone with most of 
the bracts remaining. 2. Kimherlv, Ohio, No. 8045; X 3. At d, position of the spo- 
rangia! grouping, and c, several hracts around one sporangial grouping. 3. Kimberly, 
Ohio, No. 8861 ; X 3. At b, sporangiophores inserted midway between bract whorls. 
+. Kimberly, Ohio, B5606-26, X 3. Several bracts enclose one sporangial grouping. 
5. Kimberly, Ohio, No. 8045; X 10. Enlargement of a part of figure 2 with details 
of one sporangial group,  especially the  sporangium wall  cells. 

6,7.    Calamostachys interculata Abbott, n. sp  
Kimberly, Ohio, No. 7413, with Sruropliris lirlirophylla. scale included. At d, 
sporangial grouping midway on the internode between two verticils of bracts. 7. 
Kimberly, Ohio, No. 7413, same specimen shown in figure 6, scale included. At b, 
the sporangiophore; c, bract; d, sporangium; and e, oval scar midway between bract 
whorls and indicates insertion area of deciduous sporangiophore. 
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1,2.    Boicmanilcs  magna   (Lesquereux ?   ex   Ahliott)     14 
Kimberly, Ohio, No. 8531, scale included. 2. -V portion of the same specimen as in 
figure 1, X 15. This portion was purposefully partially macerated to show at b, 
the  sporangiophores  situated  externally  to  the  sporangial  grouping. 

Calamostachys  minuta  Abbott,  n.   sp  
Kimberly, Ohio, No. 8325, transfer, X 5. At c, the bract; b, the sporangiophore 
immediately below the bract; and d, the partial remains of a sporangium. The 
larger axis belongs to genus Calamites, but because the nodal details are not 
present, no specific identification can be made. 



36 PAi.AF.oNT<K;K.\i'iiirA AMKRICANA   (VI, 38) 

EXPLANAIION OF PLATK 9 
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1.    Paliiiostiuhyo trahi-culata Ahliott,  n. sp  20 
Kimberly, Ohio, No. 8718. Spores smooth, 27.5-37.5 M in diameter, show wrinkling 
and a triradiate apparatus. 

2,3.    Palavustachya aperia   (I.esquereu.x ex Abbott)      19 
See Plate 3, figure 3; spores smooth and 60-80 n in diameter. 3. Smooth spores 
from the same cone as figure 2. 

4,5.    ('tiliimostachys grrmanica Weiss    16 
Wheatland, Indiana, WI-1, spore tetrads, with spores 47.5 X 60 M in diameter and 
showing a granulose surface. 5. Spores form the some cone as figure 4. 

6.    Calamuslachys tubrrculala   (Sternberg)   Weiss  15 
Kimberly, Ohio, No. 8530. Sporangium wall cells showing inwardly directed buttresses 
or wall thickenings. The same cell type is found in all of the sporangium walls of the 
genera  of  articulated  cones. 

7,8.     Catamostachys   gcrmanua   Weiss       16 
Wheatland, Indiana, WI-1. Spore 50 M in diameter showing typical wrinkling and 
triradiate apparatus. 8. From the same cone as figure 7. 

9-16.    Boivmariilrs magna  (Lesquereux  ? ex Abbott)     14 
Kimberly, Ohio, No. 8532. Spores 42.5-67.5 M in diameter, are wrinkled with a 
triradiate apparatus and appear to have remnants of an outer granulose surface. 10, 
Kimberly, Ohio, from cone No. 8532. II. Kimberly, Ohio, from cone No. 8691. 12. 
Kimberly, Ohio, from cone No. 8504. 13. Kimberly, Ohio, from cone No. 8532. 14. 
Kimberly, Ohio, from cone No. 8532. 15. Kimberly, Ohio, from cone No. 8532. 16. 
Kimberly, Ohio, from cone No. 8504. 
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1. Calamostarhys  intrrculala  Abbott,   n.  sp    18 
Kimberly, Ohio, No. 8531. At d, one of four sporangia in a group; b, the sporangio- 
phore split at its ape.x into four tiny prongs, each of which is attached to a single 
sporangium; c, is the sterile bract whorl; and e, is the oval scar indicating the pre- 
vious attachment of the deciduous sporangiophore. 

2. Calamostachys tuberculata   (Sternberg)   Weiss     15 
Kimberly, Ohio, No. 8530. At d, the sporangial grouping of four, each of which is 
attached apically to the sporangiophore b. The sporangiophore is not enlarged at its 
apex. C, indicates the sterile bract whorl. 

3. Calamosliichys recurvata  Abbott,  n.  sp   17 
Kimberly, Ohio, No. 8327 transfer. At d, the sporangial grouping, four of which are 
attached apically to the sporangiophore; the sporangiophore b, is attached to the 
axis below the midportion of the internode;  and c, the bract whorl. 

4. Calamostachys minuta Abbott, n. sp   17 
Kimberly, Ohio, No, 8325 transfer. ,'\t d, the sporangial grouping, four of which are 
attached  apically  to the  b,  sporangiophore.  The  sporangiophore   is   attached   above 
the midportion of the  internode;   and  c,  the  sterile  bract whorl. 

5. Catamostachy longibracieaia Abbott,  n. sp   17 
Kimberly, Ohio, No. 8526. At d, only two sporangia are in the sporangial grouping 
and are attached laterally to the sporangiophore. The sporangia are vertically ar- 
ranged, that is, one above the other. At b, the sporangiophore is split apically into 
two prongs, each of which is attached to a single sporangium. C, is the sterile bract 
whorl. 

6. Calamostachys bisporangiata -Vbbott, n. sp   16 
Kimberly,  Ohio, No.  8821.  At  d,  two sporangia  are  attached  apically  and  straddle 
the apex of the sporangiophore. At b, the sporangiophore and c, the sterile bract 
whorl. 

7. Calamostachys  gcrmanica   Weiss      16 
Kimberly, Ohio, No. 8045. At d, four sporangia are attached at the slightly en- 
larged apex of the b, sporangiophore. .Xt c, a single bract, although several bracts 
protect one sporangial grouping. 

8. Palarostachya afcrta   (Lesquereux ex .Abbott)      19 
Lacoe No. 950. Only two sporangia are attached to the sporangiophore and the spo- 
rangiophore  b,  is  enlarged  apically  into  an  elongated   bar,  the   ends  of  which   are 
the attachment areas of the sporangia. Basally, the sporangiophores are attached 
to the axis in the axil of the sterile bract whorl. At c, the sterile bract whorl is 
united into a continuous collar; the ribs are vascular bundles which terminate in the 
teeth at the upper margin. 

9. Palacoslachya   elongata   (PresI)    Weiss      18 
Kimberly, Ohio, No. 8690. At d, four sporangia are attached apically to the spo- 
rangiophore; b, the sporangiophore is situated in the angle of the subtending bract 
whorl shown  at c. 

10.    Palarostachya  avails   (Lesquereux  ex   .Abbott)       19 
Lacoe No. 852f. At d, four sporangia are attached apically to the slightly enlarged 
apex of the sporangiophore b; the sporangiophore is situated in the axil of the .sub- 
tending bract whorl  at c. 
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Camera liicida tracings combined with reconstructions. 

Figure ''"<"' 

1. Bowmanitrs magna  (Lesquereux ex Ahhott)      1'' 
No. P 128+, Mazon Creek, Illinois. At d. the sporangia; c, the bracts, and \\ the 
sporangiophorcs. X  is the transverse view of  : at  1, the upper  whorl of sporangia; 
at 2, the lower whorl of sporangia and their relationship to the sporangiophores; 
and at 3, the basal part of the whorl of sporangiophores and their attachment on 
the lower part of the sterile bract  whorl. 

2. Boivrnanilrs iiicurvala Abbott,  n. sp  '* 
Kimberly. Ohio, .\o. 8446. .\t d, four to six sporangia are singly attached along the 
interior face of the sporangiophore from near its base to its apex; b, the inwardly 
curved and elongated sporangiophore, note that the sporangiophore splits off a few 
millimeters from  the  base of the  bract c. 

3. Mazostachys compacta Abbott, n. sp   1' 
Kimberly, Ohio, No. 8539. At d, two sporangia are in the sporangial grouping and 
are in vertical alignment. They also are apically attached to the sporangiophore. At 
b, the sporangiophore is attached immediately below the sterile bract whorl; at c, 
the bract whorl is horizontal for a few millimeters then abruptly bends upward to 
protect the sporangial group. 

4. Palacostachya trahrculata .\bbott, n. sp  20 
Kimberly, Ohio, No. 8718. .\t d, four sporangia are in a group and are apically 
attached to a bar-shaped enlargement of the apex of the b, sporangiophore. The 
sporangiophore is attached in the axil of the bract whorl, c. 

5. Catamites   cisti   Brongniart     21 
Kimberly, Ohio, No. 8075. .\ detailed sketch of the nodal line and angular arrange- 
ment of the rib endings. Note the alternating arrangement of the ribs. The small 
circles near the apex of the lower ribs indicate previous leaf attachment areas, or 
vascular strands. The  ribs  are  1-1.5  mm  wide. 

6. Calamitrs   cistiiformis   Stur    ••  22 
Kimberly, Ohio, No. 8505. A sketch of the nodal line and angular rib endings. Small 
circles indicate previous vascular areas and the larger circles indicate previous at- 
tachments of larger axes;  the  ribs converge at the rim of the larger scars. 

7. Calamitrs schiitzdjormis Kidston and Jongmans •  22 
Kimberly, Ohio, No. 7360.   The zigzag nodal line is formed by the  alternating ribs; 
the ribs are 1-1.5 mm in diatneter. Small vascular scars occur on most of the lower 
ribs  and  occasionally on  the  upper   rib  endings  as  well. 

8. Calamitrs carinatus Sternberg   21 
Kimberly, Ohio, No. 7422. The nodal line is zigzag with some ribs alternating while 
others do not. The prominent larger scars are more or less typical for the species. 
Note the one circular scar on the lower part of the upper two ribs which probably 
represents  a  previous  root  attachment.  The  ribs  are   1-1.5  mm  wide. 

9. Calamitrs unJulatus Sternberg  ■  21 
Kimberly, Ohio, No. 5608-8. The nodal line is zigzag with ribs usually alternating. 
The ribs do not always undulate and may be as straight as those of other species. 
The ribs are up to 2 mm wide. 

10.    Calamitrs   surkoici   Brongniart     22 
Kimberly, Ohio, No. 7451. .\lthough a nodal line is evident not all of the ribs alter- 
nate at the node but pass directly through unaltered. 
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   13 1.    Sigillaria pilrata Abholt, n. sp ■■■• ■■ :;;■• 
Kimberly, Ohio, No. 8791. The leaf cushion is 4 mm wide and as wide as the ribs 
A small patch of wrinkling is immediately above each cushion; vertical striationr 
and wrinkles extend between the cushions which arc  14 mm apart. 

Sigillaria   mamillaris   Brongniart    ;■■ ■■  
U S N M No 16500. In this specimen the leaf cushions are 5-5.5 mm wide and sep- 
arated bv 4 mm of transverse wrinkles. In 2 a with further decortication, the vascu- 
lar area'remains about the same size and has the same position on the "h- 3- Kim- 
berly Ohio, No. 8057. This specimen from Kimberly shows the leaf cushions so 
close'together that the lower one seems to distort the base of the cushion above and 
causes a deeper horizontal wrinkling. The ribs appear to be undulating in order to 
accommodate the closely spaced cushions. The cushions are 5 mm wide. In 3 a, with 
further decortication, the vascular area is in the same position as those on the upper 
surface. 

4. Sigillaria laurnidarta  (Lesquereux ex Abbott)   "-\y, .: V',  
U S N M No 16571 The leaf cushion occupies over one-half the diameter ot the 
rib which is up to 3 cm wide. The cushions are only 10-13 mm apart vertically. 
The area between the leaf is only slightly striated  and wrinkled. 

5. Sigillaria   elcgans   (Sternberg)   Brongniart -   .-- -   H 
Kimberly,  Ohio,  No.  8354.  The  nearly  six-sided,  closely  spaced,  leaf cushions  give 
the ribs a definite undulating appearance. The leaf scar area is above the middle of 
the cushion  and  two  vascular  bundle  scars,  as  well  as  a  parichnos  scar,  are  well 
preserved.  X  5. 

6. Lrpidophloios  larcinus   Sternberg   -    --.-. ■■ -  
Kimberly Ohio, No. 8715. The hexagonal leaf cushions are so closely fitted together 
that there is little or no space separating them. A prominent horizontal wrinkle 
occurs on the lower part of the cushion. The leaf scar area is slightly above the 
middle of the cushion;   X  5. 

7     Lepidodrndron  cf.  jaracze'wskii  Zeiller    • ■•■■■- ■■■■ 
Kimberly Ohio, No. 8320. The leaf cushions are greatly elongated, 26 mm, and 
tapering to a long acute angled base. The leaf scar area is in the widest part and 
near the apex of the cushion. The vascular scars are not clear in the Kimberly speci- 
mens. The drawing is only one half the scale of the other  drawings. 

8. Lepidodendron aculeatum Sternberg  ■.■■■■•.'  
Kimberly Ohio No. 8622. The diamond-shaped leaf cushions are assymetric in out- 
line The'leaf scar area is more or less tri.-ngular but the vascular scar is not clear 
in the Kimberly specimens. A keel line extends from below the vascular area to 
base of the cushion. 

9. Sigillaria orbicularis Lesquereux collection  ■  •■■:•••• ■;■■■  
Lacoe No 616A U.S.N.M., No. 16489. The cushions are wider than high with a 
smooth surface. The vascular and parichnos scars are near the apex of the cushion 
and  are  prominent. The  surface  of  the   rib  between  the  cushions   is  smooth;   X   5. 

10. Siaitlaria rvi/osa Brongniart  ••■■■■ •. • ■ ,  
Kimberlv Ohio, No. 8621. The distinctive feature of this species is the surface mark- 
ings betWeen the leaf cushions. Prominent horizontal wrinkling occurrs immediate y 
below the cushion and above the next cushion in the vertical series, although wrink- 
ling occurs the full distance between the cushions;   X  5. 

11. Lepidodendron  scutatum   Lescpiereux    • ■••■■ ■■ ;•■■■■■• •■■-••.■  
Kimberlv Ohio No. 8589. The leaf cushions are diamond-shaped with four to five 
promineni deep, horizontal wrinkles below the leaf scar. The leaf scar is wider 
than high, above the middle of the cushion, and a ligular (?) scar is near the apex 
of the cushion. The apical  part of the cushion is  raised;   X   5. 

12.   Lepidodendron andrewsi Lesquereux   ■•■ ■ ••; ■;••■■■ ■■ rr'"' 
Kimberly Ohio No. 8588. The leaf cushions arc bluntly diamond-shaped with a 
smooth surface except for the leaf scar area. The leaf scar area is wider than high 
with vascular scars small and circular, and the parichnos scar is larger. A ligular 
scar is about midway between the leaf scar and the apex of cushion;   X   5. 
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Figure Page 

1. Asnlanus  comftolaitiia  Wood        9 
Kimberly, Ohio, No. 6106. Photographed on plate 69, David White's Monograph 37. 
The leaf cushions are equidistant with diagonally placed wrinkles scctningly connect- 
ing all of the cushions. The vascular area is circular with no separation of bundle 
scars nor parichnos scars;   X   5. 

2. .Isolanus monostigma I.esquereux       9 
U.S.N.M., No. 16415. The leaf cushions are closer together horizontajly than in A. 
camptotarnia but further apart vertically. Wrinkles seem to connect groups of four 
scars and are elliptically aligned. The specimen is illustrated in Lesquereux' Coal 
Flora,  plate  73,  figure  3:   X   5.   (See  Synonomy  in  Text.) 

3. Asolanus sigillarioides   (Lesquereux  ex Abbott)      10 
Kimberly, Ohio, No. 8650. The leaf cushions are far apart, and the surface between 
the cushions is smooth. The leaf scars occupy the upper one-half of the cushion. 
The vascular scars and parichnos scar are prominent and the ligular scar is above 
the vascular apparatus;   X   5. 

4. Sigillaria lacoci Lesquereux     11 
U.S.N.M., No. 16811 and Kimberly, Ohio, No. 8649. The leaf cushions are large and 
heart-shaped, with the apex notched. The vascular apparatus scars are slightly 
above the middle of the cushion. On decortication, at 4 a, the two vascular scars are 
vertically ovoid and touching and on further decortication, at 4 b, the vascular area 
is a single one and heart-shaped. 

5. I.cpidophloios  Jilalatus   Lesquereux     
Lacoe No. 748, U.S.N.M., No. 15944. The leaf cushion is narrow vertically but 
elongated horizontally. The leaf scar area occupies the lower one-half of the cush- 
ion  and  extends  across the  full  diameter. The  vascular  scar  area   is  in  its center. 
X  5. 

6. I.rpuiophloids viinintjrni D. White    
Kimberly, Ohio, No, 8826. The species has the largest leaf cushion area of all the 
.\inerican species. The cushion is much wider than high and the leaf scar area is 
in the lower one-fourth of the cushion. The two vascular bundle scars are horizon- 
tally elliptical  and slightly  above the parichnos scar;   X   5. 

7. Lipidophluios  sp  
U.S.N.M., No. 15947. The cushions are only slightly wider than high. The leaf scar 
is in the lower part of the cushion and occupies only about one tenth of the cushion 
area. The  vascular  apparatus  was  not clearly  marked;   X   5. 

8. I.rpidop/iloios sp  
U.S.N.M., No. 6047. The cushions are wider than high and the leaf scar area occu- 
pies the lower one-third of the cushion area. The vascular area is centrally placed 
on the leaf scar, although individual parts of the vascular apparatus are unclear; 
X 5. 
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EXPLANATION OF Pl^Al'K 14 

Figure p„y^ 

1,2.     Calamitcs unjtilatus Sternlierg   21 
Kimberly, Ohio, No. B5606-8. The four nodal lines show the typical rounded leaf 
scars on the upper ends of the more or less undulating ribs. The internodes are 
much shorter than wide. 2. Kimberly, Ohio, No. 8000-2. The specimen is figured less 
than one-half the natural size. The internodes on the upper right side in the figure 
shows the cortical tissue still preserved and horizontally wrinkled. The rib positions 
are not reflected on this surface. 

3. Calamitcs schiilzeiformis Kidston and Jongmans   22 
Kimberly, Ohio, No. 7360. The complete width of the axis is preserved and six inter- 
nodes. The  nodes  are  typically contracted,   and  the   ribs  are  straight. 

4. Calamites sachsi Star   22 
Kimberly, Ohio, No. 8000-3. The outer surface of the axis is smooth with fibrillous, 
longitudinal striations. Fixe branch scars occur above the nodal line as indicated by 
the sunken circular areas. 
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1,2.     Calamitrs  cariiiolus  Stfrnhcrg   21 
Kimberlv, Ohio, No. 7469. The specimen shows a single branch scar at the node. 
The other circular area is a damaged area due to preservation. 2. Kimbcrly, Ohio, 
No. 8075. At the nodal line, the upper part of the ribs show elongate, ovate leaf 
scars over 1 mm long. 

3-5.    Calamiles suiki/wi Brongniart   22 
Kimberly, Ohio, No. 8510. This specimen is complete in its diameter and a large 
branch is attached on the left side. 4. Kimberly, Ohio, No. 8006. The nodal line is 
accentuated by the upper rib endings with their prominent leaf scars. For further 
details sec Plate 11, figure 10. 5. Kimberly, Ohio, No. 8648. .\ transverse section 
through a small limb shows a hollow central area, an encircling rib area also 
partially hollow,  and  an outer cortical  area. 
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Figure Page 

10 1,2.    Sigillaria mamillar'u Brongniar;   
Kimberly, Ohio, No. 8831. The coaly surface shous the leaf cushions separated a 
little further than is seen on Plate 19, figure 2. The decorticated surface shows the 
position of the vascular apparatus areas; X 1- 2. Enlarged from K 8057, shown on 
Plate 19, figure 2. 

3. Sigillaria laurcnciana   (Lesipiereux ex .\bbott)       12 
U.S.N.M., No. 16571. The photograph is courtesy of the  U.S. National  Museum and 
is about one-third natural size. Details of the leaf cushions are on Plate 12, figure 4. 

4. Sigillaria   orbicularis   Lesquereux      13 
Kimberly, Ohio, No. 8000-1. The leaf cushions in the Kimberly specimens are essen- 
tially the same as those specimens from Pennsylvania. However, the cushions on this 
specimen are about as wide as high, while the ones shown on Plate 12, figure 9, 
from Pennsylvania, are wider than high. 
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Figure Page 

1. Sigillaria  orbicularis   Lcsqucreux      13 
Kimberly, Ohio,  No.  8000-1. An enlargement of figure 4,  Plate  16. 

2. Sigillaria piliata Abbott, n. sp  13 
Kimberly, Ohio. No. 8796. The distinguishing feature of this species is the wrinkling 
of the rib surface iinineilialely above the leaf scar. For further detail see Plate 12, 
figure  1. 

3,4.    Sigillaria rugiisa Brongniart   12 
Kimberly, Ohio, No. 8652. The reverse side of this specimen shows the same type of 
surface markings and leaf cushions. The specimen is complete in diameter and rela- 
tively small in comparison with one of the Lesquereux specimens which is 20 cm 
in diameter and incomplete. 4. Enlargement of figure 3 to emphasize the "jet trail" 
type of wrinkling both above and below the leaf cushions. For further detail see 
Plate  12, figure 10. 
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Figure Pagc 

1. Calamites cisliiformis  Stur    22 
Kimberly, Ohio, No. 8505. Parts of four internodes are present. For detail of the 
nodal line see Plate 11, figure 6. 

2. Lepiiiodendron scutatum  Lesquereux       7 
Kimberly, No. 8589. The figure is enlarged to show the typical keel  wrinkling from 
the base of the leaf scar to the base of the leaf cushion. For further detail see Plate 
12, fig. 11. 

3. Lepidodendron andrcussii Lesquereux       6 
Kimberly, Ohio, No. 8587. The specimen shows the leaf scar occupying almost one- 
half of the area of the leaf cushion. There is no special ornamentation on the sur- 
face of the cushion. For detail see Plate 12, figure 12. 

4. Sigillaria  orbicularis   Lesquereux     ]3 
Kimberly, Ohio, No. 8800. This specimen is decorticated and shows the circular 
vascular apparatus. For detail of the leaf cushion see Plate 12, figure 9. Also shown 
on the shale  is Sphenophyllum   oblongifolium. 
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Figure Parte 

X.    Asolanus   camptotaiiiiu   Wood        9 
Kimberly, Ohio, No. 8828. This is a much smaller specimen than 1). While's shown 
on his plate 69, Monograph 37. U.S.N.M., No. 6106. For detail, see Plate 13, 
figure. 1 

2. Sigillaria mamillaris Brongniart   10 
Kimberly, Ohio, No.  8057.  See  Plate  12,  figure  3   for  detail. 

3. Stigmaria ficoides   (Sternberg)   Brongniart    13 
Kimberly, Ohio, No.  7466.  A typical  root  with  its circular   rootlet  scars. 

4. LepiJofi/iloios larciiius Sternberg      9 
Kimberly, Ohio, No. 8715. The coaly outer surface shows vertical rows of leaf 
scars, while the decorticated lower surface shows the hexagonal closely fitted leaf 
cushions. For detail see Plate 12, figure 6. 
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CENOZOIC EVOLUriON OF THK ALTICOS'l A IK VKNERICARDS 
IN GULF AND EAST COASTAL NORTH AMERICA 

WILLIAM GRAHAM HEASLIP 

ABSTRACT 

The alticoslate vcnericards, united by constant characters of 
shape, dentition and ornamentation, belong to four subgenera: Balu- 
clilcardia Rutsch and Schenck, 1944, Roluridicardia, n. subgen., Clai- 
hornicardia Stcnzel and Krause, 1957, and Glypluactis Stewart, 1930. 
These form a dynamic, continuously evolving lineage on the eastern 
and Gulf coasts of North America, undergoing evolutionary bursts 
in the early Paleocene, middle Eocene and early Miocene, becoming 
extinct in this region  at the end of Miocene time. 

From the primitive baluchicards of the Paleocene, the rotundicards 
evolved in the early Paleocene, retaining the ancestral dental pat- 
tern throughout their evolutionary history, but simplifying the primi- 
tive tripartite ribs into simplified noded blades. The last known 
rotundicard is /'. (R.) carsoiicnsis Dall, 1903, of the early Oligocene 
Red Bluff Formation in Mississippi. 

The claibornicards, first appearing in the early Eocene, undergo 
a marked expansion in the middle Eocene, becoming an important ele- 
ment in coastal waters in eastern North .•\merica during that time. 
Their numbers are severely reduced by the time of Jackson deposition, 
and the last known species of this important lineage is V. (C.) Jiasula 
Dall,   1903,  of  the   (?)   middle  Oligocene. 

During the late Oligocene, the first glyptoactid appears in the 
Gulf, giving rise to an entirely new lineage which expands in the 
early Miocene to fill the ecologic roles left vacant by the extinct 
claibornicards. The last known species, /'. (G.) nlga Mansfield, 1939, 
of the late Miocene may have given rise to the glyptoactids living 
in coastal waters off California, Central and northern South America. 

Several important trends are noted in the evolution of the alti- 
costate venericards in eastern and Gulf North America: (1) The de- 
parture from the ancestral, rugged dental pattern by Claihornicardin 
and the later glyptoactids, (2) Increase in inflation of the beaks, 
characteristic of the entire group, probably correlated with increased 
ability to nurture de\'eloping lar\'ae, (3) Increase in size noted in 
Baluchicardia and reduction in size among the rotundicards, (4) 
Relative decrease in length in all but Claihortucardta in which a 
marked increase is noted, (5) -Xn increase in rib number in all 
groups but liutundicardia, (6) The development of sexual dimorphism 
noted in Rolundicardia and Claihornicardia by distinctions in curva- 
ture  pattern  and  ornamentation. 

The study of growth patterns of curvature establishes two dis- 
tinct patterns: A type, comprising four increasingly convex segments 
and B type, consisting of the .1 pattern with an added fifth terminal 
segment of lower convexity. In species characterized by the A pat- 
tern only, protandric hermaphrodism is inferred with the final con- 
vex stage representing the female "marsupial" development- In forms 
exhibiting both patterns, the highly convex A type is associated with 
"femaleness" and the less convex B pattern with "maleness." This 
is documented in /'. (R.) rotunda, Lea, 1833, and /'. (C.) alticostala 
Conrad, 1833, by characteristic ornamental types associated with each 
pattern. 

Thirty-four species are described, 28 by previous authors, and 
six as new, /'. amplirrniala, 1'. linguinndifera, J', trapaquaroides, V. 
impcndeocosta, I', gihhrrumbonata, and 1'. (hclomodonta. Three 
species are each divided into two subspecies which recognize hetero- 
chronous or geographical races. One new subgenus, Rolu/idicardia, is 
segregated. 

INTRODUCTION 

NEED FOR INVESTIGATION 

Lamarck's descriptions (1801) of Paris Basin Eocene 
fossils first indicated the importance of the bivalve genus 
Venericardia in the marine faunas of the early Cenozoic. 
Later investigations of Conrad (1830-) and Lea (1833) in 
the Atlantic and Gulf Coastal Plain sediments aroused in- 
terest in American Tertiary paleontology, and Conrad 
(1855) was so impressed by the abundance of Venericardia 
that he called it the "fingerpost of the Eocene." The value 

of its species as guide fossils in sediments of that age is as 
high as that of any other molluscan genus, and the excellent 
preservation of venericard shells, their widespread occur- 
rence, and distinctive interspecific ornamental variations 
makes even fragmental material diagnostic in stratigraphic 
correlation. 

Despite the large body of knowledge about many 
American species of Venericardia which had accumulated 
by the early 1900's, a lack of interest in the systematics of 
the group is evident in the abundance of distinctive species 
lumped under the two form taxa V. planicosta Lamarck 
and V. alticostata (Conrad) by authors. Even Dall's impor- 
tant contribution (1898-1903) only included many new 
species and failed to present a phylogenetic framework. 

Unfortunately, most of the systematic treatment of 
Venericardia has been concerned primarily with the "plani- 
costate" species. The present investigation treats only the 
American "alticostate" species of the East and Gulf Coasts 
in an attempt to erect a realistic phylogenetic framework 
for this equally conspicuous group within the genus. 

HISTORY  OF CLASSIFICATION 

The first systematic treatment of Venericardia ap- 
peared in Harris' (1919) study of the early and middle 
Eocene sediments of the Gulf Coast. Harris recognized the 
"rotunda-alticostata" stock as an evolutionary group 
separated from that of V. planicosta and included many of 
the species described in the present investigation. Harris 
was much more conservative than the older paleontologists 
and refused to recognize many of the species erected by 
Dall (1903) as well as earlier authors. He called them only 
"varieties" of V. planicosta or V. alticostata. Dall (op. cit.) 
commented on the evolutionary succession in the group of 
V. rotunda but made no attempt to place other alticostate 
species in an hierarchy. 

Stewart (1930) erected two subgenera of Venericardia: 
Venericor, which included all species having flattened ribs 
and a high massive hinge plate, and Glyptoactis, which in- 
cluded those species with sharply defined, noded ribs and 
a low, more delicate hinge plate. In the latter group, he in- 
cluded Dall's Miocene species V. hadra and V. himerta, as 
well as V. alticostata and V. rotunda of the North American 
Eocene, and V. acuticosta Lamarck of the French Eocene. 
Glyptoactis, as originally defined is only descriptive, just as 
the term "alticostate" is descriptive, rather than taxo- 
nomically accurate, for the group includes several distinct 
lineages in North America. 

Gardner and Bowles' (1939) treatment of the "Veneri- 
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cardia planicosta group" represented an important contribu- 
tion to the systematics of the genus, but those authors 
failed to recognize a number of examples of extreme con- 
vergence, and Venericor, as they understood it, is polyphyle- 
tic (Heaslip, 1963). 

Another addition to the understanding of the "plani- 
costate" evolution was made by Verastegui (1953) in his 
monograph of the Pacific Coast venericards. His subgenus 
Pacijicor is an offshoot of the early Venericor group on the 
Gulf Coast which invaded the eastern Pacific waters. 

The first systematic attention directed to the "alti- 
costate" phylogeny was the work of Harris (1919). In 1941, 
Rutsch and Schenck described the ancestral group originat- 
ing in the Late Cretaceous of the Tethyan region which 
they called Baluchicardia, distinguished by its primitive 
ornamentation and shell form. Stenzel and Krause (1957) 
described the subgenus Claibornicardia to include species 
distinguishable by ornamentation and characters of denti- 
tion from the ancestral baluchicards, as well as from the 
more advanced glyptoactids, whose type species of Glypto- 
actis is the Miocene species V. (G.) hadra Dall, 1903. 

In the present investigation, another lineage is recog- 
nized which includes species related to V. rotunda Lea. 
Rotundicardia, n. subgen., contains species characterized by 
a flattened shell with a minimum of posterior truncation, 
which diverged from the baluchicards in the early Paleocene 
and became extinct after the early Oligocene. This group 
evolved mainly toward ornamental simplification, although 
a branch is characterized by accentuated primitive charac- 
ters of ornamentation. 

PURPOSES OF THE INVESTIG.\TION 

The present investigation attempts to examine all alti- 
costate venericards known from the eastern and Gulf 
Coastal Plain sediments in order to determine (a) the 
distribution in time and space of the group, and (b) evolu- 
tionary relationships among species of the group, maintain- 
ing the subgenenc approach of previous authors. 

The attempt is also made to evaluate important 
morphological characters as aids in a realistic appraisal of 
classification and as indicators of important evolutionary 
trends. 

Growth patterns of curvature are examined in the at- 
tempt to relate these to possible ontogenetic stages in the 
life of fossil venericards and as possible indicators of phy- 
logeny. 

RESULTS OF THE INVESTIG.'\TION 

Thirty-four species were found to be valid during the 
present   investigation,   including   28   previously   described 

forms and six new. In addition, six subspecies are indicated 
to include geographical or heterochronous races of three 
species. These were formerly described as species, but a 
lack of morphological distinctiveness makes the subspecific 
rank a more meaningful appraisal of differences which do 
occur. 

A critical examination of the three previously pub- 
lished subgencric categories, Glyptoactis Stewart, Baluchi- 
cardia Rutsch and Schenck, and Claibornicardia Stenzel 
and Krause results in a more complete understanding of 
the scope, time significance, and interrelationships among 
these, as well as the necessity for a new subgenus Rotun- 
dicardia Heaslip. 

The evaluation of morphologic characters results in the 
arrangement of the species on the eastern and Gulf Coasts 
of North America in a phylogeny showing a number of 
striking evolutionary trends in a continuing lineage. A num- 
ber of important offshoots from the main stem indicate a 
constant process of evolutionarj' experimentation, producing 
many radical forms. 

The analysis of the patterns of growth in terms of the 
equiangular (logarithmic) spiral model has correlated dif- 
ferences in curvature growth patterns with certain intra- 
specific morphological variations in V. {Rotundicardia) 
rotunda Lea and other species, and points to sexual dimor- 
phism in these species as a possible explanation. Interpreta- 
tion of patterns of curvature in other species is not so deci- 
sive, but the possible implications of protandric hermaphro- 
dism is suggested for some which show an increasing shell 
convexity as growth progressed. 

CONCLUSIONS 

The alticostate venericards of North America comprise 
a dynamic, widespread, and continuously evolving group 
from their first appearance in sediments of Paleocene age on 
the Gulf Coast to their disappearance in eastern North 
America after the Miocene. Their evolution is characterized 
by several important trends in dentition, shape, and orna- 
mentation, but the basic morphological unity is maintained 
from earliest to latest members. 

This group undergoes three "bursts" of adaptive radia- 
tion during its Tertiary history in eastern North American 
coastal waters (see Text-fig. 1). In each, a new subgeneric 
group emerges (see Text-fig. 3). Following each burst, a 
severe reduction in numbers occurs, and in some cases, only 
inference can be made that a species is present to continue 
a lineage found in earlier and later rocks {e.g. the absence 
of any rotundicard in the late Paleocene record). The most 
impressive burst of speciation  is witnessed  in  the  middle 
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Text-figure 1. Fluctuating abundance through time of aiticostate 
species of I'rnrricarjia on the eastern coast and Gulf coast of North 
America. 

Eocene, during which the claibornicards attained their peak 
of diversity and geographic spread. The Miocene expansion 
is a relatively local phenomenon, occurring only in the 
eastern part of the Gulf (Florida) and the southern part of 
the East Coast (Carolinas), and no record is found in the 
western Gulf. The number of species present in the Miocene 
of the Antilles and the Mediterranean Region also indicates 
a burst of evolutionary activity during this time. 

The declme of importance after the Miocene in marine 
faunas in many parts of the world, as well as North America, 
is a conclusion reached by many authors (e.g. Davies, 1935). 
The reasons for this are not entirely understood, but a com- 
parison to modern representatives of the group living in the 
eastern Pacific from Baja California to northern Peru may 
be justified. V. crassicostata G. B. Sowerby I, 1825, V. 
tricolor (G. B. Sowerby I) 1833, and V. megastropha Gray, 
1825 all live in relatively deep water and e.xtend through the 
tropical and subtropical latitude zones. Although the present 
Gulf Coast is characterized by subtropical climate, the 
waters near the coast are shallow. However, Puri (1953) 
showed that depth of deposition of Miocene sediments in 
which many glyptoactid species evolved [e.g. V. (G.) hadra, 
V. (G.) himerta] was also shallow. This may indicate the 
abandonment of a former shallow habitat by this group and 
the invasion of a deeper one. 

Another possible reason for the post-Miocene decline 

in numbers and distribution of the glyptoactids in North 
America may be the increased competition by another bi- 
valve group. The large venerids [e.g. Mercenaria mercenaria 
(Linn.)] occur in great abundance in Miocene and later 
sediments and perhaps the venericards responded by moving 
to an environment in which the competition was not so in- 
tense. 

A number of examples of convergence between species 
belonging to different aiticostate subgenera seems to indi- 
cate similar roles assumed by these species in the marine en- 
vironment. A notable example is the high degree of simi- 
larity between V. (Baluchicardia) whitei Gardner, 1923, of 
the Kincaid Formation of early Paleocene age in Texas and 
V. (Glyptoactis) hesperide Gardner, 1936, of the Shoal 
River Formation of Miocene age in Florida. Both species 
evolved a high degree of postero-ventral elongation and 
simplified, rounded ribs which meet in restricted inter- 
costals and have only subdued transverse costal nodes. Puri 
(1953) characterized the Shoal River depositional environ- 
ment as near shore, brackish, and shallow, based on environ- 
mental preferences of living relatives of the microfauna of 
that unit. Whether or not this relationship of shell form, 
ornamentation, and habit in the Miocene species can be ex- 
tended back to the Paleocene is not known but this repre- 
sents a possible approach. 
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Text-figure 2. Contrasting morphologj' of alticostate {V. allicos- 
tataj and planicostate (V. hashiplnia) shells. C, costal, CC, costal cord, 
PC, paracostal cord, IC, intercostal. Right valve cut away to expose 
interior and  dentition. 
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THE ALTICOSTATE VENERICARDS 

ORIENT.XTION  WITHIN  VF.NERIC.\ROI.\ 

I he genus Venericardia, as commonly understood, em- 
braces several distinct evolutionary lineages with common 
characters of dentition and shell form, distinguishable main- 
ly on the basis of ornamentation (see Text-fig. 2). The 
"planicostate" lineage, comprising the subgenera Leuroactis 
Stewart, 1930, and Venericor Stewart, 1930 on the East and 
Gulf Coasts of North America are characterized by elevated 
hinge plates with strongly developed, steeply sloping cardinal 
teeth, a subtrigonal shape and smooth flattened costae 
which become obsolete during the growth of certain species. 
This group appears in the early Paleocene and undergoes its 
entire evolutionary history during Paleocene and Eocene 
time, becoming extinct at the end of the Eocene in North 
.America. (See Text-fig. 3.) 

ALTICOSTATE 

CYCLOCARDIA 

NO SPECIES 

PLANICOSTATE 

) 
"TOAC GUTPTOACTIS 

ROTUNDICARDIA 

BALUCHICARDIA 

Text-figure 3. General phylogeny of Venemardia in North Amer- 
ica, eastern coast and Gulf Coast. 
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Text-figure 4. General morphology and orientation of /'. (C.) alticostata. A, left anterior 
view: APAX, antero-poMerior axis, NS, nymph support, N, nymph, LG, ligament, B, beak, LU, 
luDule, LP, lunular protuberance (anterior lateral), 2, 4b, anterior and posterior cardinals, 3a', 
3b', 5b', sockets. B, right interior vie^v: L, length, BL, beak length, AA, anterior adductor scar, 
APR, anterior pedal retractor scar, LS, anterior lateral socket, 3a, 3b, 5b, anterior, medial and 
posterior cardinals, 2', 4h', sockets, PPR, posterior pedal retractor scar, PA, posterior adductor 
scar. C, right anterior view: HR, highest rib (measured for curvature), '2W, semiwidth, H, 
height, BH, beak height. D, right exterior view: PTR, posterior truncation, HR, highest rib, 
IC, intercostal, PC, paracostal cord, CC, costal cord, CN, costal node. 
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The group considered in the present investigation is the 
"alticostate" assemblage, comprising the subgenera Balii- 
chicanlici Rutsch and Schenck, 1944, Rotundicardia Heaslip, 
n. subgen., Claibornicardia Stenzel and Krause, 1957, and 
Glyptoactis Stewart, 1930. These appear in the primitive 
subgenus Baluchicardia on the Gulf Coast of North America 
in the Paleocene from Late Cretaceous ancestors of Balu- 
chistan and northwest India and contmue through evolu- 
tion of the other subgenera in the gij'ptoactids of the mod- 
ern eastern Pacific. The group is characterized by primitive 
tripartite, coarsely noded costae, an elongated, subelliptical 
shell shape, and somewhat lower hinge plate with delicately 
arched and less massively constructed cardmal teeth. 

M()RPF1t)I.CK;V  .\N'D  DEFINI'I'ION  OF TKRMS 

ORNA.\lfNT.^TInN 

The radical ornamentation of the alticostate veneri- 
card is one of the most distinctive among all the bivalves 
and diagnostic of this group. The term "tripartite" best 
describes it, from the term used in French Gothic architec- 
ture in which the groins of adjacent vaults join in a three- 
part column, having a partial cross-section like a subdued 
fleur-de-lis. 

The costal cord (CC, Te.\t-fig. 4) stands like a crest 
above the subjacent paracostal cords (PC, same Text- 
figure), and is ornamented by nodes which are asymmetrical 
and pointed like teeth of a saw in the primitive baluchi- 
cards, becoming lingulate in the early claibornicards, and 
progressively simplified to symmetrical transverse ridge- 
like swellings in the advanced glyptoactids. Harris (1919) 
coined the apt terms "funiculate" to describe the knotted 
cordlike costals in members of V. (R.) rotunda Lea, and 
"funginate" for other members of the same species in which 
the nodes resembled flaring tree fungi on a limb. "Flabellate" 
was used by the same author for the flaring nodes of V. 
(R.) flabellum (Harris). 

Paracostals resemble terraces on either side of the cen- 
tral cord in the primitive baluchicards and claibornicards, 
and are often accentuated by the development of a well-de- 
fined thread on the apical ridge, which is occasionally noded 
in concert with the central cord. The main tendency, in the 
evolution of the alticostate venericards, however, is the sup- 
pression of these paracostals, and they become highly sim- 
plified and rounded ni advanced claibornicards, disappear- 
ing altogether in the later glyptoactids. 

Intercostals (IC, Text-fig. 4) are generally U-shaped 
in cross-section and delicately ornamented by fine concen- 
tric increment lines of growth.  In many species these be- 

come V-shaped, or even restricted  to a  fine slit in forms 
with highly expanded costals. 

The radial ornamental is reflected on the commissural 
margin of the shell by strongly developed crenulations which 
provide an extra-cardinal interlock for the closed valves. 

DENTITION 

The dental pattern in Venericardia is heterodont, com- 
posed of cardinal teeth radiating from a position under the 
beak, and lateral teeth which are poorly developed. It is in- 
termediate between the cyrenoid type with three cardinals 
in each valve and the lucinoid type with only two in each 
valve (see Text-fig. 5). Davies (1935, p. 155) compared the 
venericard pattern to the lucinoid type, but "acquiring a 
cyrenoid aspect through the development of an additional 
tooth." This is the anterior cardinal of the right valve (3a). 

LEFT RIGHT 

CYRENOID 

VENERICARD 

LUCINO 
Text-figure 5. Cardinal elements of three major lielerodont groups, 

noting terminology of the Bernard system. Lateral elements not in- 
cluded. 

The right cardinals are numbered 3a (anterior), 3b 
(medial), and 5b (posterior), using the system devised by 
Bernard (1895) and Munier-Chalmas (1895). This is based 
on the appearance of primitive chevron-shaped lamellae in 
early ontogenetic shell stages in the cardinal region under 
the beak. These become progressively modified during early 
ontogeny until the pattern of cardinals and laterals seen in 
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the adult shell is attained. The lamellae are numbered from 
ventral to dorsal, odd numbers for those on the right, and 
even numbers for those appearing on the left valve. The 
adult teeth are designated "a" or "b", depending on whether 
the tooth was derived from the anterior or posterior limb of 
the chevron. 

The cardinal elements of the left valve are numbered 
2 (anterior), since this was thought by Bernard (1895) to 
represent the complete chevron, and 4b (posterior). 

Among the alticostate venericards, the right anterior 
cardinal (3a) is highly variable in development, and appears 
m the primitive subgenus Baluchicardici, as well as Rotundi- 
cardia, as a semierect ridge bordering the anterior margin of 
the socket (2') for the anterior cardinal (2) of the left 
valve. In Claibornicardia and Glyptoactis this tooth (3a) is 
oriented on the anterior apex of the medial right cardinal 
(3b) and aligned with the point, lying over the socket (2')- 
This reflects an important difference in shape of the left 
anterior cardinal (2) among these subgenera, and this tooth 
IS erect and triangular in the former two and flattened and 
biadelike in the latter two. The earliest known carditid 
genus, Paleocardita Conrad, 1867 first appearing in the 
Triassic, had only two cardinals (2, 4b) in the left valve, 
and only a single element (3b) in the right valve (Dou- 
ville, 1912). Whether or not this form is ancestral to Veneri- 
cardia remains to be established, but the first members ap- 
peared in sediments of Cretaceous age with fully developed 
dentition characteristic of the genus. 

The cardinal teeth are striated by minute grooves and 
ridges parallel to the direction of occlusory motion on sur- 
faces of contact, and these serve as guides in opening and 
closing the valves. 

The development of lateral dentition is not noteworthy 
in Venericardia as in many heterodont groups, including the 
allied genus Cardita. "Alticostate," as well as "planicostate" 
species uniformly exhibit a small protuberance at the inter- 
section of the left lunule and the anterior shell margin (LP, 
Text-fig. 4) which is described as a "slight puckering of the 
shell" by Gardner and Bowles (1939). A corresponding 
indentation (LS, same Text-figure) appears on the right 
valve. 

Posterior laterals are even less conspicuous, and appear 
only as a rounded protuberance just behind, and usually 
aligned with, the right posterior cardinal (4b), with a cor- 
responding depression in the left valve. In no alticostate 
species is the feature well developed, although there is a 
general tendency toward increasing prominence in the evo- 
lution of the alticostate venericards. Whether or not the an- 
terior and posterior features are truly laterals in the sense 
of Bernard and Munier-Chalmas is not known. 

l.RiAMENTAL   KEATURliS 

1 he outer layer of the ligament is set in a deep groove 
between the dorsal shell margin and the nymph support 
(NS, Text-fig. 4), and a portion of this fibrous inner layer 
is often preserved with the shell. Nymph supports are 
lamellar and in the left valve, lie just above the socket (Sb') 
for the posterior cardinal of the right valve, which has its 
nymph support mounted directly on the tooth itself, and 
discernable by a slight groove which distinguishes it from 
the tooth. These features are well, but not massively de- 
veloped, as in planicostate forms, and are delicate structures. 

MUSCULATURE 

The pattern of musculature as seen on the shell interiors 
is standard in Venericardia, consisting of large anterior and 
posterior adductor scars (AA & PA, Text-fig. 4). The degree 
of impression of these features is proportional to the shell 
thickness, and the anterior scar is generally more deeply 
inset than the posterior. 

Two other scars are also visible: the anterior pedal re- 
tractor (APR, Text-fig. 4) is separate from the anterior 
adductor and deeply impressed just behind that muscle on 
the ventral edge of the hinge plate. The posterior pedal re- 
tractor is a triangular projection from the posterior dorsal 
edge of the anterior adductor. In only one species, V. (Clai- 
bornicardia)natcbitoclies Hams, does the pedal retractor 
become separated from its normal position, and lies isolated 
just above its former position (see PI. 25, fig. 7c). 

STANDARD   DIMENSIONS 

A system of measurement was established which is most 
conveniently applied to dimyarian rather than monomyarian 
bivalves. The anterior-posterior axis (APAX) is a line con- 
necting the centers of adductor scars and is assumed to be 
the most reasonable orientation for the fore-and-aft ana- 
tomical direction. Other lines of reference such as hinge 
margin might be employed but vary with shell shape (in- 
flation of umbones, height of dentary plate). Most measure- 
ments were made using this line (APAX) as a datum which 
could only be estimated in cases of locked valves or poorly 
preserved muscle impressions. 

Length (L) is the greatest dimension parallel to the 
line APAX and beak length (BL) the distance of the beak 
from the most posterior point. 

Height (H) is the distance between the ventral margin 
and the umbo, taken at right angles to APAX. Beak height 
(BH) is the distance of the beak from the ventral margin. 

The term "width" is used as the most anatomically suit- 
able for the dimension measured at right angles to the plane 
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of length and height measurements (plane of commissure) 
as suggested by Waterhouse (1960). Because of the rare 
occurrence of interlocked valves or complete specimens in 
collections examined during this investigation, the term 
"semi-width" (1 2\V) is used throughout. Because of the 
interlock of the coarse marginal crenulations, there is a dis- 
crepancy between half the measurement across the pair of 
interlocked valves and the "semi-width", or measurement 
of a single valve. However, this error is probably less than 
that obtained in measuring coarsely noded forms. No con- 
venient adjustment could be found for either of these sources 
of error in the present investigation, but measurements were 
uniformly made. 

Rib number (RN) is a "dimension" recorded for each 
shell, and this was found to be a meaningful element in 
comparisons among different alticostate species. 

STAND.ARD   RATIOS 

The standard measurements themselves may not be 
meaningful, except that they establish impression of size in 
a species. It was found that by relating measurements in 
ratio form, a better basis of comparison among species could 
be made, as well as numerical values summarizing shell 
shape for each species. Any ratio between two measurements 
is only valid for a single growth stage, and ratios, as well 
as linear measurements, are dynamic, changing characters. 
The average ratio, like the average linear dmiension, em- 
braces a range of ontogenetic stages. It is assumed, however, 
that most of the valves measured in this study are mature, 
so that the rate of change in ratio between any two meristic 
characters might be minimal, because juveniles would be ex- 
pected to show the highest degree of allomorphic growth. 

Standard ratios are: 
a) BL/L, the ratio between beak length and total 

length as an estimate of posterior elongation. 
b) BH/H, the ratio between beak height and total 

height as an estimate of umbonal inflation. 
c) H/L, the ratio between height and length as a para- 

meter of total shell shape. 
d) 1/2W/H, the ratio between semi-width and height 

as an estimate of inflation of the valves. 

.\N.\LVSIS  AND  PRESENTATION  OF  l).\TA 

STANDARD   PRESENTATION 

The dimensions and ratios are given in standard tabular 
form for each species holotype, paratype, and lectotype im- 
mediately after the description of these specimens, noting 
L, H, 1/2W, RN, BL L, BH/H, H/L, and 1/2W/H. 

Studied  collections  of more  than  two  individuals  are 

summarized in tabular form under the heading "Dimensional 
analysis" for each species, noting statistics for the same 
dunensions and ratios. Each dimension is summarized by 
values for X (mean), OR (observed range), S (standard 
deviation), V (coefficient of relative variation) and Ox 
(standard error of the mean). For ratios, only values of 
mean and observed range are given. 

For monotypic species, or those in which only the holo- 
type was examined during the investigation, only type 
measurements are included. 

Under the heading "Curvature characteristics," ob- 
served ranges and mean values of angular segments in the 
curvature pattern of each species and shell heights at which 
breaks in curvature occurs are noted (see later section for 
curvature analysis). 

BIVARIATE   ANALYSIS 

In certain cases, a statistical comparison between popu- 
lations was undertaken using the technique of "Reduced 
Major Axes" outlined by Imbrie (1956). This entailed the 
calculation of the slope (a) of the growth line of two varia- 
bles, height and length, the line's position in terms of the 
joint mean of the two characters, and its intersection with 
the ordinate axis. The coefficient r, as a measure of the de- 
gree of dispersion of points (each H vs. L) or cluster 
around the growth line, and the standard error of the slope 
(Oa) were also calculated. 

The correlation coefficient, Z, which involves a com- 
parison between slopes and their standard errors between 
the two species was calculated, giving a numerical value to 
the degree of similarity between the growth lines based on 
a 95 per cent probability that observed differences between 
slopes are due to chance sampling errors, and members of 
the two populations are actually part of the same species. 
Greater values indicate that the two growth slopes are not 
the result of sampling errors, but that the two populations 
belong to different species. 

The use of this technique is predicated on the assump- 
tion that populations having similar genetic constitution 
evidence similar rates of growth, despite minor differences 
among geographically isolated populations. Admittedly, the 
same pattern of growth might characterize distantly related, 
or even unrelated animal populations, but this technique 
was not applied indiscriminately among all species described 
in the present investigation, but employed only where neces- 
sary to document impressions gained from morphological 
comparisons. 

Results of this type of analysis affirmed decisions 
(based on morphological comparisons) to: 

1)  Unite  V.  (C.) alticostata Conrad  and  V.  (C.)  sil- 
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limani Lea as intra-population variants of the same species, 
r. (C) alticostata (See Text-fig. 6). 

2) Unite V. (C.) coloradonis Harris and V. (C.) texa- 
hiiiii Gardner under the same species name, recognizing dif- 
ferences in rib number between heterochronous populations 
by the subspecies V. (C.) coloradonis coloradonis and V. 
(C.) coloradonis texalana Gardner. 

3 ) Unite V. (R.) diversid.entata Meyer and Aldrich and 
r. (R.) vicksburgiana Dall (including V. "scabricostata" 
recorded by Richards (1953) from western peninsular 
Florida), recognizing synchronous allopatnc subspecies V. 
(R.) diversidentata diversidentata and V. (R.) diversiden- 
tata vicksburgiana Dall. 

4) Unite V. (G.) waynensis Mansfield and V. (G.) 
nodifera Kellum, recognizing heterochronous subspecies V. 
(G.) nodifera waynensis Mansfield and V. (G.) nodifera 
nodifera Kellum. 

LIFE HABITS IN lENERICARDIA 

GENERAL -WATOMV l)F  \,  (CYCI.nC-lRDI J)  HOK/ULIS 

Although relationships between the subgenus Cyclo- 
cardia Conrad, 1867 and the alticostate venericards are not 
understood at the present time the general unity of shell 
morphology among all species of Venericardia makes a dis- 
cussion of the "soft" anatomy of the living V. (Cyclocardia) 
borealis Conrad propitious in the present investigation. The 
shell of this species exhibits normal dental pattern and orna- 
mentation resembling that of the "planicostate" forms but 
exhibiting nodes in early ontogeny which progressively dis- 
appear. (See Text-fig. 7). 

During the summer of 1960, the writer obtained a num- 
ber of living specimens of this species from the Marine 
Biological Laboratory at Woods Hole, Massachusetts, and 
a number of dissections provided a rudimentary outline of 
the general anatomy of the soft parts. Unfortunately, there 
is a dearth of information in the literature on gross anatomy 
and only in a few commercially important species of mol- 
lusks is this information available. 

V. (C.) borealis is moderate in size, attaining a length 
of 1'/: inches with high, blunt beaks, and radial ribs charac- 
terized by nodal suppression through ontogeny (see Text- 
fig. 7). A well-developed, nonbyssate foot and isomyarian 
musculature with strongly inserted pedal retractor muscles 
indicate a normal, active habitus. There is no development 
of siphons and mantle edges are open along the ventral 
margin, but a transverse septum (TS, Text-fig. 8), formed 
by fusion of the mantle, separates the incurrent and excur- 
rent areas. The excurrent siphon is a small, circular orifice 
above the septum. 
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Text-figure 6. Comparison of reduced major axes in height vs. 
length between /'. (TJ aU'unstuta and /'. "s'llWmam." Correlation 
coefficient Z = 1.80. 

Text-figure 7. /'. (Cyclocardia) borealis shell showing dental 
pattern, musculature, and ornamentation. Portion of right valve 
mounted on left to show adult ornamentation and shell cross-section. 
Isolated  segment in center shows  juvenile  ornamentation   (X3). 
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The branchial apparatus is the normal eiilamcUibranch 
pattern with the suprabranchial chambers following the 
umbonal ridges of the visceral mass. Part of the anterior 
edge of the inner gill is fused to the anterior visceral ridge 
connecting the umbo to the central part of the anterior 
adductor, and on this same ridge the labial palps are con- 
nected to the anterior edge of the gill by a strand of con- 
nective tissue which may be a vascular tubule (see Text- 
fig. 8). The dorsal margin of the gills join the posterior ad- 
ductor muscle at its antero-dorsal prominence and continue, 
unconnected, to the transverse septum, where the excurrent 
openings of the suprabranchial chambers provide the cur- 
rent for fecal discharge. The free posterior flaps of the gills 
join at the center to isolate the anal atrium from the in- 

current area. 
The mouth (M, Text-fig. 9) is located centrally be- 

tween the transverse ridges of the labial palps between the 
muscular ridges of the yokelike pedal retractors which 
diverge dorsally into either valve from the foot. The 
straight esophagus connects the mouth and the dorsally lo- 
cated stomach (ST) which is a simple sac without diverticu- 
lum or crystalline style. From the floor of the stomach, the 
intestine descends to the floor of the visceral cavity where 
it bends to the anterior, then recurves along the floor to 
the posterior, ascending dorsally, where it is surrounded by 
the ventricle of the heart. From here It bends to the pos- 
terior along the dorsal mid-line, and the rectum follows the 

posterior face of the posterior adductor muscle around the 
ventral surface, where the anus (A) opens to the anterior. 

The digestive gland is a large, brownish organ which 
surrounds the esophagus, stomach and descending ramus of 
the intestine, occupying the anterior and antero-dorsal part 
of the visceral cavity. The nephridia are dark-colored, paired 
organs just dorsal to the upper edges of the posterior adduc- 
tors and surrounding the posterior retractor muscles. These 
open in pores on the ventral border of the gills and visceral 
mass of the foot at the center of the pedal retractor muscle. 

Only females were observed in the investigation, and 
the large ovaries comprise most of the posterior part of the 
visceral mass, but extending anteriorly along the floor of 
the visceral cavity, surrounding the intestinal tract except 
the descending ramus. Ovarian tissue ascends dorsally in 
sheets which cover the dorsal lobes of the digestive gland. 
These sheets have been stripped away in Text-figure 9 to 
show the outlines of the digestive gland. Eggs are arranged 
around stalked ovarian tubules which ramify in these sheets. 
No specialized portions of the gills ("marsupia") were ob- 
served, but the subsequent development of the eggs is sub- 
ject for further study. 

Anterior and posterior aortae run dorsally from the 
ventricle of the heart which is surrounded by the pericardial 
sac just posterior to the apical lobes of the digestive gland, 
branching laterally to the retractor muscles and mantle 
muscles as well as the viscera, where the blood enters large 

'I'ext-fitjurf 8. Cicneral anatomy of /'. IC.) honiilis Conrad. TS. 
transverse septnin of mantle, EO, excurrent opening, I'.V, posterior 
adductor, R, rectum. FM, fused mantle, PPR, posterior pedal retrac- 
tor, SBC, supralirancliial chamher, RKJ, riKlit interior gill, REG, 
right exterior gill, F, foot, .\PR, anterior pedal retractor, LP, laliial 
palps, .\.\, anterior adductor.  X2'/S. 

Text-figure 9. General organ anatomy of /'. (C.) bori-alis Conrad. 
LIG, flap of left interior gill, .\, anus, N, nephridium, H, heart, OV, 
ovary, IN, intestine, 1)G, digestive gland, ST, stomach, M, mouth. 
Female,   X2K>- 
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sinuses and is returned to the suprabranchial veins and 
the auricles via vein tubules which penetrate these organs. 

Cerebro-pleural and posterior pedal ganglia and nerve 
ramifications to the muscles have been observed, but more 
detailed discussion must await further investigation. 

The general morphological similarities of the shell 
among fossil and living forms of the genus Venericardia in- 
dicate the basic unity in the soft anatomy of members of 
the genus. 

PATTERNS   OF   GROWTH 

1) Year classes. — In general, no distinct stages of 
growth such as evident in arthropod molts can be readily 
distinguished in Venericardia, but plotting a frequency-dis- 
tribution histogram of a meristic character which changes in 
proportion to the age of the animal in a large sample, re- 
sults in a multimodal curve. Text-figure 10 shows the re- 
sult of a plot of height in a sample of 165 individuals of V. 
(C.) ahicostata from AMNH collections 1055, 984 and 
9950/1 on 3 millimeter class intervals. Five distinct modal 
classes can be distinguished (A,B,C,D,E.?), although only 
a single individual comprises the largest class (57-60 mm.). 
The modes are spaced at appro.ximately equal intervals, and 
may represent year classes. It is conceivable that a smaller 
class is not represented. A bivalve of similar size range 
[Mercenaria inercenaria (Linn.)] studied by Loosanoff 
(1936) has a first year class average of less than 7 milli- 
meters in length. This is about half modal range of 13 to 15 
millimeters, and in the fossil population, the winnowing ac- 
tion of currents may have carried the young shells away. 

2) Patterns of growth curvature. — Characteristic 
growth among most mollusks as well as certain other animal 
groups is gnomonic, in which geometrically similar, but pro- 
gressively larger increments are added to shell or other 
structure as the animal grows. The most widely known gno- 
monic pattern is the equiangular spiral whose properties are 
summarized by D'Arcy Thompson (1917). From a point of 
origin on the embryonic molluscan shell, calcium carbonate 
is secreted by pallial glands according to a definite spiral 
law subject to genetic, ontogenetic, and seasonal variations 
or pathology, and becomes a permanent record of some of 
the laws governing the life activity of the animal capable of 
fossilization. Patterns of curvature in Venericardia were 
examined during the present investigation in an attempt to: 
a) distinguish stages of growth such as those reported by 
Currie (1942) among juvenile ammonites, b) determine if 
phylogenetic significance can be attached to curvature pat- 
terns and c) determine if biologic significance may be at- 
tached to ontogenetic stages of growth in fossil bivalves by 
a comparison of Recent forms. 

HEIGHT   IN MILLIMETERS 

Text-figure 10. Frequency-distribution histogram of lieiglit in 
sample of 165 individuals of /'. (C.) alticostata from AMNH locali- 
ties 1055, 984 and collection 9950/1 (topotypes). A, B, C, 1) and F. 
are peaks probably representing year classes. Inferred class below ;\ 
not distinguishable. Class interval  3  mm. 

Properties of the equiangular spiral. — The general 
formula for the equiangular spiral is: r = e^cota, in which 
r is the ratio between successive polar radii (Pn + l/Pn) 
measured at equal angular increments (6) about the origin 
of the curve (see Text-fig. 11). The term "e" is the root of 
Napierian (natural) logarithms, having an approximate 
value 2.718, a is the acute spiral angle of the curve formed 
by the intersection of any polar radius and the tangent to 
the curve at the point of intersection. Limiting cases are 
a = 0°, in which the curve would be a straight line, and 
90°, in which the curve would be a circle of no dimension. 
Higher spiral angles result in highly convex curves typical of 
gastropod growth, while low spiral angles characterize most 
pelecypods. Values found in Venericardia were generally 
less than 70°, and mostly 60° or less. 

Text-figure 11. Equiangular (logarithmic) spiral showing im- 
portant relationships. O, origin, p, radius, f>, angular increment be- 
tween successive radii, o, spiral angle. 
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Method of study. — An infinite number of spirals 
radiating from the beaks and differing in spiral angle may 
be drawn for each clam shell. Lison (1949) introduced the 
concept of the "directrix rib" which is unique on each valve 
and lies entirely in one plane ("directrix plane"). All other 
ribs, when viewed normal to this plane, will have the same 
spiral angle as that of the directrix rib. This was not sub- 
stantiated in the present investigation, and, although this 
rib may be readily identifiable on orthogyral forms {e.g. 
many members of Pecten), its identification in strongly pro- 
sogyral forms such as Venericardia proved impossible, and 
all ribs curve in a turbinate (three-dimensional) sense, 
agreeing with Owen's (1953) conclusion. 

In order to standardize curvature analysis for interspeci- 
fic and intraspecific comparisons, the rib which defines the 
greatest width of the shell was chosen to represent the 
curvature of the entire shell, corresponding to Owen's {op. 
cit.) concept of the "normal axis" or line of greatest con- 
vexity. The curvature of this rib is also a good indicator of 
the convexity of the shell. For simplicity, the three-dimen- 
sional aspect of the rib was ignored, and curves treated as 
plane figures in the present investigation. 

The curve of the highest rib was traced, orienting the 
shell with the antero-posterior axis (APAX, Text-fig. 4) co- 
incident with the line of sight of the observer in one of two 
ways: a) sighting through a telescopic device equipped with 
an ocular grid which allowed the curve to be transferred to 
an enlarged grid on tracing paper, or b) by enlarged anterior 
view photographs of the specimens. The results of both 
methods were comparable. 

Radii of each curve were measured at 10° intervals {B) 
and plotted on semilogarithmic graph paper. (See Text-fig. 
13). On a spiral angle protractor (Text-fig. 12), the value 
of the spiral angle for each curve or segment of the curve 
was obtained. The use of this protractor eliminated the need 
for about 25 ratio calculations for the radii of each curve. 

Patterns of curvature in Venericardia. — Instead of the 
anticipated straight line semilogarithmic plot of radii of a 
curve of constant spiral angle (C, Text-fig. 13), curves 
drawn from shells of Venericardia exhibited different seg- 
ments indicating growth in a sequence of stages in two dis- 
tinct patterns (A and B, Text-fig. 13). Pattern A consists 
of four segments increasing in value of spiral angle (a) 
from beak to ventral margin. Pattern B consists of a similar 
sequence of four stages on which is superimposed a fifth 
stage of lower convexity, resulting in a somewhat sigmoidal 
pattern. In the curvature characteristics noted for each 
species in the present investigation, the spiral angle values 
are recorded under SI to S5, and the shell height at the point 
of inilection between segments given as HI to H4, from beak 
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Text-iigure  12.  Semilogarithmic protractor of Log pn  vs.  nW for 

whole degree values of a from 20° to 70°, H =  10°. 

rcxt-figiire 13. Semilogarithmic plots of curvature patterns. .\, four 
segments (SI, S2, S3, S4) of increasing spiral angle. B, four seg- 
ments of increasing spiral angle (SI to S4) and fifth segment (S5) of 
lower spiral angle. HI to H4, heights at points of inflection between 
segments.   C,  single  spiral   angle   (SI). 
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to ventral margin of the shell (see Text-fig. 13). In some 
shells an additional segment of extremely high convexity 
(about 70°) is noted, and this is attributed to gerontism, 
being recorded from only large specimens. In general, one 
or the other of these basic patterns characterizes all mem- 
bers of a species, but in several cases both are found in 
members of a single population sample (see Text-figs. 14, 
16). This has more than one interpretation. In some cases 
[e.g. V. (C.) complexicostata. Text-fig. 14], the A pattern 
is found only among small specimens which have not at- 
tained the mature final segment. This is also noted in V. 
(C.) alticostata, (see Text-fig. 15), as well as the presence of 
a gerontic segment (Text-fig. IS, Nos. 7, 9, 13). In other 
cases both patterns characterize fully mature individuals 
[e.g. V. (R.) rotunda, Text-fig. 16]. The possible implica- 
tions of this are discussed below. 

INTERPRETATION   OF  CURVATURE   PATTERN 

Jackson (1890) noted four post-embryonic stages of 
growth among several groups of pelecypods which he termed 
(1) nepionic, or that of first formation of the true shell 
(dissoconch)  following the embryonic prodissoconch stage; 
(2) nealogic, or "the period succeeding the nepionic and 
preceding that period which may be properly considered as 
the adult," and which may differ markedly from the (3) 
ephebolic, or adult condition which is characterized by the 
adult ornamentation and other features typical of the 
species. Stage (4) is geratologic, or the period of old age. 
These stages are not recognized in Venericardia as distinct 
ornamental changes recognized by Jackson (op. cit.) or 
Nicol (1952) in the genus Echinochama, nor do the inflec- 
tion points in curvature patterns among venericards corre- 
late with the common varix-like interruptions in growth 
seen on shells of that group. 

In fact, the high variation found in shell height at each 
of the characteristic inflections found in most species is not 
in keeping with the regularity of curvature patterns, and 
the meaning of this irregularity is not understood. 

The primitive baluchicards, including V. (B.) beau- 
monti (d'Archiac and Haime) have a curvature pattern of 
the A type, although the most advanced form, V. (B.) 
greggiana Dall of the early Eocene displays only the B pat- 
tern. The claibornicards are characterized by the B pattern, 
although V. (C.) alticostata Conrad of the late Claibornian 
has developed the A pattern in certain members of the 
population, and the monotype of V. (C.) nasuta Dall of the 
(.'') middle Oligocene also exhibits the A pattern. Early 
glyptoactids [e.g. V. (G.) serricosta (Heilprin), V. (G.) 
nndifera  Keilum]   exhibit  both  patterns of curvature,  but 

LOG/^ 

NG 
Text-figure 14. Semilogarithmic plots of curvature in /'. (C.) 

comptcxicosta. Pattern A in immature individuals BEG 20645 
and (holotype) (see page 1C5). Larger individuals (BEG 20644, 1, 3, 4) 
show B pattern with addition of less convex segment. Spiral angles 
indicated at left of cur\'e segments, height in millimeters indicated 
at inflection  points lietvveen segments. 

LOG/^ 

Ne 
Text-figure 15. Seinilogarithmic plots of curvature in five in- 

dividuals of /■. (C.) altuoslata, AMNH 9950/1. Terminal segment 
of immature individual (No. 34) equivalent to medial stage of larger 
forms. Highly convex small terminal segment added to normal pat- 
tern in Nos. 7 and 9 indicates gerontism. Individuals of "sillimani" 
type (not shown) have B pattern similar to figure 14, nos. 20644, 1, 
3, 4. Spiral angles indicated at left of curve segments, height in 
millimeters  indicated   at   inflection  between  segments. 
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only the B type is found in more advanced members. Both 
patterns are found in Rotundicardia, and V. (R.) rotund^ of 
the middle Eocene displays a distribution of about 50 per 
cent for each pattern at the type locality in Monroe CoMnt\', 
Alabama. 

Hermaphrodism, in which (1) a single individual un- 
dergoes several male and female stages, (2) developmental 
se.\ change, in which the same individual matures from one 
sex to the other and (3) true hermaphrodism, in which an 
individual fulfills simultaneously both male and female 
sexual functions are well known among moUusks. Orton 
(1937) documented the alternation of sexuality in members 
of Ostrea edtdis Linn., noting also protandric hermaphro- 
dism in the calyptraeacean gastropod Crepidida jornicata 
( Linn.) in which the young are born males, developing with 
growth into females with the loss of male reproductive or- 
gans. Loosanoff (1936) reported that the gonads of tiny 
(less than 7 mm length) Mercenaria mercenaria (Linn.) are 
male in function, and after discharging mature sperm into 
the water during the first summer of life, about half the 
members of the generation differentiate into true males and 
females. During the following summer, the remainder of 
the generation also differentiate. Among fresh-water unioid 

clams, a distinct sexual dimorphism characterizes most 
species, and females are much more inflated, growing ac- 
cording to much higher spiral angles than the males. This 
is correlated with the "marsupial" habit among these forms, 
and females retain maturing glochidia in the tubules of 
specialized portions of the gills. 

Protandric hermaphrodism is suggested as the inter- 
pretation for the curvature pattern of the A type found in 
Venericardia. The two early stages (S1,S2) may be juvenile 
and sexually immature. The third (S3) may represent the 
male stage, followed by the female highly convex stage 
(S4). A similar pattern of curvature is found in V. (Cyclo- 
cardia) borealis Conrad which lives in coastal waters along 
the North American east coast, in which ". . . the young in 
large numbers are incubated in the ovary or its atrium in 
the umbonal cavities of the valves" (Dall, 1903, p. 1407). 
The terminal stage of high convexity may be correlated with 
the onset of the female "marsupial" function well known 
among carditids. Oddly enough, in a living sample of this 
species from the waters near Woods Hole, Massachusetts, 
not a single male was noted among ten individuals of over 
10 millimeters in length. 

The  interpretation  of  pattern   B  which   appears  uni- 

FUNICULATE FUNGINATE 

A   CURVATURE B   CURVATURE 

ne 
Text-figure   16.  Semilogarithmic  plot  of  curvature   in   type  collection  of  / .   (li.)   roluiiJit 

showing correlation between ornamentation and curvature pattern. 



AMERICAN ALTICOSTATE VENERICARDS:   HEASLIP 69 

formly in most claibornicards is not readily apparent. This 
pattern, formed by the addition of a less convex segment 
to the ancestral baluchicard pattern may indicate the loss 
of the marsupial function, although the A pattern is re- 
developed in V. (C.) alticostata. That it signified the re- 
turn to maleness is highly unlikely, since a larger shell will 
accommodate more larvae than a smaller one. 

The interpretation of the presence of both patterns 
within a species is easily explainable. Text-figure 16 shows 
the semilogarithmic plots of curvature for the type collec- 
tion of V. (R.) rotunda Lea. Twelve individuals show curva- 
ture of the A type, and eight of the B. Two types of orna- 
mentation are represented in the population at the type 
locality: (1) that which Harris (1919) called funiculate, 
or somewhat simply noded, and (2) funginate, or forms 
with flaring nodes (see species discussion). The distribution 
of ornamental type (see Text-fig. 16) corresponds to that of 
curvature pattern, the funiculate specimens having A curva- 
ture, and the more ornate funginate specimens having B 
curvature, with the exception of two small forms which 
have not yet attained the terminal stage of lower convexity. 
This distribution of ornamentation and curvature pattern 
is best explained as sexual dimorphism, in which the plainly 
ornamented, highly convex specimens are female and the 
more ornate, flatter members of the population males. The 
same explanation may be applied to V. (C.) alticostata, in 
which the more primitively ornamented "sillimani" speci- 
mens, appearing in small numbers among the common ^'alti- 
costata" forms, exhibit the B curvature pattern, and are 
male, while the convex "alticostata" specimens with A curva- 
tLire and highly simplified ornamentation are females. It may 
be significant that this development appears simultaneously 
in two distinct evolutionary lineages which may have been 
competing in Gosport seas. 

EVOLUTIONARY' TRENDS 

In the evolution of the alticostate venericards, several 
important evolutionary trends are noted: 

Dental pattern.— (Text-figure 17.) AlthoLigli the ro- 
tundicards maintain the primitive dental pattern of Baltt- 
chicardia, retaining the massive triangular left anterior 
cardinal (2), the claibornicards evolve away from this condi- 
tion to a weakened and flattened 2, and the right anterior 
cardinal becomes correspondingly flattened and occupies 
a position in-line with the medial tooth 3b and lying over 
2 when valves are occluded, rather than on the anterior 
border as in the baluchicards and rotundicards. This clai- 
bornicard pattern is maintained in the evolution of Glyplo- 
actis in the late Oligocene, although a marked reduction in 
.ia takes place in the Miocene evolution of the group. 

Umbonal height i7icrease. — A plot of the average ratio 
of beak height to height (BH/H) vs. time (Text-fig. 18) 
indicates a phyletic trend toward a reduction in the value 
of this ratio, signifying a progressive increase in the height 
of the umbones over the commissural disk of the shell. This 
ma}' be correlated with expansion of the umbones to house 
more efficiently the developing larvae in "marsupial" re- 
production. 

Size increase. — A plot of maximum observed height 
vs. time (Text-fig. 19) shows a marked increase in size in 
Baluchicardia and a decrease in Rotundicardia. No sys- 
tematic trend is observed in Claibornicardia, although the 
Gosport Sand species, V. (C.) alticostata is much larger than 
any ancestral form, attaining heights of over 50 millimeters, 
while other Eocene species cluster around a value of 20 
millimeters. A great range of size in Glyptoactis, likewise 
has no consistent pattern. (These are not shown in Text- 
%.  19.) 

Shape ratio. — A plot of mean values of Height/Length 
ratios vs. time ( I'ext-fig. 20) shows trends toward increase 
in Baluchicardia (B), Rotundicardia  (R)  and  Glyptoactis, 

BALUCHICARDIA 

Text-figure 17. Patleins of dentition in tlu- four subgenera 
Baluchicardia (l\ (B.) bulla), RolumlicarJia (l\ (K.) rolunJa), 
C.laibornuarJia (l\ (C.) linguinodifcra), Glyptoartis (l\ (G.) iin.li- 
fini   iii}Jifirii),   shcu\ing   cli\eigences   from   ancestral   pattern. 
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indicating a reduction in relative elongation in the evolu- 
tionary history of those groups. The meaning of this is not 
clear. Claibornicardia (C), on the other hand, shows a strik- 
ing decrease in this value, indicating a trend toward greater 
relative elongation, reaching the zenith in V. (C.) nasuta 
Dall of the (.?) middle Oligocene. 

Ornamentation. — Two striking trends are evident in 
(a) increase in rib number (Text-fig. 21) noted in Balu- 
chicardJM and Claibornicardia but not Glyptoactis. In the 
latter subgenus, the dominant trend (b) is the simplification 
of ribs by the reduction of primitive paracostal cords, ex- 
pansion of the central cord, and simplification of costal 
nodes. This is seen on the phylogenetic diagram, Text-figure 
28. This tendency is also sporadically found in Baluchicardia 
in V. (B.) francescae Gardner and Bowles and V. (B.) 
whitei Gardner. The latter species is a close approximation 
to V. (Glyptoactis) hesperide Gardner of the Shoal River 
Miocene in shape and ornamentation, and may indicate con- 
vergence into the same ecologic niche. The tendency is also 
somewhat evident in Claibornicardia, in which several spe- 
cies have vestigal paracostals [e.g. V. (C.) alticostata, V. 
(C.) complexicosta Meyer and Aldrich] (see Text-fig. 27), 
and even exhibit flattened costal nodes, most notable on 
the posterior ribs. The reduction of paracostals is charac- 
teristic also of Rotundjcardia, and the ribs in the main 
lineage of this group become high and biadelike, but in the 
other lineage, the paracostals are actually accentuated and 
form flangelike projections over the intercostals (see Text- 

fig. 26). 
The meaning of trends in ornamentation is not known. 

It is probably safe to assume that most of the alticostate 
venericards  were  shallow burrowers,  and  that  the ornate 
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Text-figure 18. Mean BH/H vs. time, showing general shift 
toward lower value in entire alticostate group indicating increase 
in umhonal  inflation. 

ribs were anchoring devices in the sediment. Planicostate 
forms, with generally heavier shells may have lived on the 
sediment surface, and trends toward flattening and simpli- 
fication of the costae may indicate shallower burial or a 
surface habitat. The modern V. (Cyclocardia) borealis Con- 

• • 

•♦♦   ♦♦ 

• ROTUNDICARD 

4 BALUCHICARD 

MAXIMUM HEIGHT IN MILLIMETERS 

Text-figure 19. Maximum height vs. time in Baluchicardia and 
Rolundicardia showing progressive increase in the former suligenus 
and decrease in the latter. 
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■ GLYPTOACTID 
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Text-figure 20. Mean H/L vs. time. Increase in value (decrease 
in relative length) in Baluchicardia (B), Rotundicardia (R), and 
Glyptoactis. Decrease (increase in relative length) in Claihorni- 
aiidia   (C). 

rad lives on the sediment surface and forms an abundant 
food supply for cod and other large fish on the Grand Banks. 
This form has highly simplified costals (see Text-fig. 7) and 
a dense shell much like those of many planicostate veneri- 
cards of the early Tertiary which also may have been epi- 
faunal benthos. 

SEXUAL  DIMORPHISM   IN  TWO  LINEAGES 

In Rotundicardia, V. (R.) rotunda contains individuals 
of two types in the populations of the Gosport Sand bed, as 
discussed above under "curvature patterns." In earlier 
populations of the Wautubbee Marl in eastern Mississippi, 
both curvature patterns are noted, but only the "funiculate" 
type of ornamentation is represented. The less convex and 
ornately sculpted males and the more convex females of the 
Gosport Sand give rise to V. diversidentata Meyer, in which 
sexual dimorphism is also evident in the two forms which 
Dall (1903) referred to V. "jacksonensis" Conrad and V. 
"praecisa" Dall. These occur in the same sample and are 
distinguished by shape and convexity, although both have 
the B pattern of curvature. It is evident that the males are 
the smaller, flatter, and more "precisely" ornamented forms 
(C, Text-fig. 22; PI. 23, figs. 5a,5b,6) and the females more 
convex with inflated beaks for the "marsupial" function in 
reproduction   (B, Text-fig. 22;   PI. 23, figs.  3a-3c,4), The 
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Text-figure 22. Development of sexual dimorphism in Rotundi- 
cardia. A, r. (R.) rotunda of the Gosport Sand showing male orna- 
mentation on anterior and female ornamentation on posterior half of 
cut away right valve. B, V. (R.I diversidentata female with high 
beaks, inflated umbones. C, male ("praecisa" type) of the latter 
species with low umbones. 
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early Oligocene descemlaiu, V. (R.) carsonensis, fails to 
exhibit any obvious character indicating sexual dimorphism. 

In Claibnrnicardia, all species grew according to the B 
pattern of curvature, except V. (C.) alticostata, in which 
most individuals exhibit the A pattern. The rare specimens 
with B curvature are more primitive in characters of orna- 
mentation, having tripartite ribs with well-developed para- 
costals (C, Text-fig. 23; PI. 26, fig. 11), whereas the indi- 
viduals with A pattern of curvature have highly simplified 
central and posterior costals, a thicker shell and somewhat 
heavier cardinal teeth (B, Text-fig. 23; PI. 26, figs. 8-10). 
The primitive individuals have been traditionally assigned 
to V. "sillimani" Lea, while the more convex individuals 
with simplified paracostals have been assigned to V. alti- 
costata Conrad. A sample of this species from Gopher Hill 
in Washington County in western Alabama contains in- 
dividuals showing only the "sillimani" ornamentation (A, 
Text-fig. 23; PI. 26, figs. 6J), but both patterns of curva- 
ture. This seems to be a case of sexual dimorphism similar 
to that in V. (R.) rotunda and its descendant. Of interest is 
the presence at Gopher Hill of V. (R.) rotunda showing only 
the primitive pattern of ornamentation (funiculate) and 
the absence of highly specialized funginate male ornamenta- 
tion found at Claiborne, Alabama. This may indicate a 
slightly earlier age than that of the Claiborne locality, al- 
though the Alabama Geological Survey correlates the sand 
bed in which these species occur with the Gosport Sand at 
Claiborne. 

In Baluchicardia, sexual dimorphism may be repre- 
sented by highly ornate males which Dall called "variety' 
tripla" and female forms with nontripartite costate (e.g. 
the holotype of V. (R.) ivilcoxensis Dall)  ( Heaslip, 1964). 

EVOLUTIONARY HISTORY OF THE 
ALTICOSTATE  VENERICARDS 

GEOGR.M'HIC SCOPE OF INVESTIG.X I'lON 

The present study is limited to the eastern and Gulf 
coastal plains of North America as a natural faunal pro- 
vince, especially during the early Tertiary, when Eocene 
species or closely related forms ranged from Texas to New 
Jersey in coastal waters. Localities for studied material ap- 
pear under each species. References to other distribution 
data are cited under "Geographic distribution" with each 
species. 

STR.\TK;R.\I'IIIC' SCOPE OF INVESTIG.ATION 

The  main  evolutionary  history  of the  venericards  in 
eastern North America occurs in the period of time begin- 
ning with the Paleocene and ending in the late Miocene. The 

Text-figure 23. Evolution of sexual dimorphistn in I'. (C.) alti- 
costata. A, typical morphology in sample from Gosport Sand at 
Gopher Hill. B, highly inflated female with simplified posterior 
ornamentation from Gosport Sand at type locality. C, male C'sUli- 
maiii" type)  from Gosport Sand at type locality. 

stratigraphic units mentioned in the present investigation 
appear in the Chart (Text-fig. 24) compiled from a number 
of sources. 

SOURCES OF M.MERI.M.  STUniEl) 

Collections    examined    during    this    investigation    are 
from several sources, and  these are  noted  m each  species 
description. 

(1) Collections made in the field during summers of 
1955 and 1957 from eastern Mississippi to Virginia which 
have been acquired by the American Museum of Natural 
Historj'. These, as well as existing collections at that institu- 
tion were studied. (Notation AMNH.) 

(2) Type collections of DalTs and Gardner's species, as 
well as those of Kellum and Mansfield, in the U.S. National 
Museum. (Notation USNM.) U.S. Geological Survey col- 
lections were also examined. (Notation USGS.) 

(3) Types and figured specimens of Harris in the Pale- 
ontological Research Institution.  (Notation  PRI.) 

(4) Lea's and Conrad's types and other collections ni 
the Academy of Natural Sciences of Philadelphia. (Notation 
ANSP.) 

(5) Stenzel, Krause, and Twining (1957) figured and 
described specimens in the Texas Bureau of Economic Geol- 
ogy collections.   (Notation  BEG.) 
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(6) Meyer's type of V. (R.) diversidentata in the 
Alabama State Museum collection. (Notation ASM.) 

(7) Meyer and Aldrich type of V. (C.) complexicosta 
formerly in the Johns Hopkins University collections, 
missing United States National Museum. (Notation JHU.) 

(8) Florida Geological Survey collections. (Notation 
FGS.) 

ALTICOSTATE EVOLUTION 

The alticostate forms of the genus Venericardia are a 
prominent element in fossil faunas from Tertiary rocks in 
the eastern and Gulf coastal plains of North America, al- 
though their abundance and distribution decrease markedly 
after the Eocene. (See Text-figs. 1, .3.) They are naturally 
divisible into four closely related, but distinct evolutionary 

Text-figure 25. Evolutionary pattern of Baluchicardia in >hape, ornamentation, and den- 
tition. Right valves cut away to show left dentition. Dentition unknown in / . (B.) moa, I'. (B.) 
amplicrcnata, I'. (B.) hesperia, and /'. (B.) ivlntci, left dentition restored in /'. (B.) jrancescae. 
Double vertical line next to each species indicates stratigraphic range. Branching solid line 
indicates inferred relationships. 
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lineages designated as subgenera, and the evolutionary his- 
tory of the entire group is best described by considering the 
history of each subgenus in a time sequence. 

EVOLUTIONARY HISTORY OF BAI.VCHICARDI.l  IN 
NORTH AMERICA 

Appearing without apparent antecedent in Maestrich- 
tian and Danian beds of the Sind region in northwest India 
and simultaneously in Baluchistan and Iran to the west, as 
well as northern Africa, V. (B.) beaumonti (d'Archiac and 
Haime) and closely related forms spread rapidly to the New 
World (see PI. 20, figs, la,lb). Rutsch (1936) gave an ac- 
count of the distribution and age relations of these ancestors 
of the "alticostate" and, presumably, the "planicostate" 
lines of evolution. 

The presence of members of Baluchicardla is recorded 
first in North America from rocks of early Paleocene age in 
Texas (Kincaid Formation), Mississippi (Clayton Forma- 
tion), and in the Prairie Bluff Beds of Alabama, although 
the Alabama forms are too poorly preserved for description 
here. V. (B.) hesperia Gardner most closely approaches the 
Cretaceous ancestor, F. (B.) beaumonti (d'Archiac and 
Haime) in shape, convexity, and ornamentation, and its 
occurrence late in the early Paleocene (upper Kincaid, 
Tehuacana Member) testifies to a greater stratigraphic 
range than the record indicates. 

From a central evolutionary stock much like that 
species, the less typical baluchicards of the early Paleocene 
must have radiated, producing a number of species modified 
in shape or ornamentation from the ancestral pattern. Both 
V. (B.) whitei Gardner and V. (B.) jrancescae Gardner and 
Bowles evolve simplified ornamentation until only vestiges 
of tripartite costal structure remain in the latter species. 
The total simplification in costae in the former species is 
an almost exact convergence to V. (Glyptoactis) hesperide 
Gardner of the Shoal River Miocene in Florida. 

Two other species of the early Paleocene (Tehuacana 
Member of the Kincaid Formation) in Texas differ from 
the ancestral pattern in the reduction in rib number and 
the amplification of the irregular sawtooth costal nodes of 
the central costal cord. V. (B.) amplicrenata, n. sp., retained 
a quadrate shape similar to that of V. hesperia, but V. (B.) 
moa Gardner evolved a posteroventral elongation similar to 
that found in many of the more advanced claibornicards 
of the middle Eocene. 

Of the early Paleocene species which lived in the waters 
of the Gulf Coast, only the baluchicard lineage of V. (B.) 
hesperia appears to have carried into late Paleocene time, 
and  the  two  species  known  from  the  Wills  Point   Beds 

(Texas) and Naheola Formation (Alabama) retained the 
inflated quadrate form of the Kincaid ancestor. V. (B.) bulla 
Dall and V. (B.) wilcoxensis Dall represent comparable ele- 
ments in the western and eastern margins, respectively, of 
the Mississippi embayment, but indicate a marked reduc- 
tion of the former importance of Venericardia as a faunal 
element. V. (B.) bulla Dall disappeared by the end of Mid- 
way deposition without continuation of its lineage, whereas 
V. (B.) wilcoxensis Dall appears to have continued into Wil- 
cox time in V. (B.) greggiana Dall, a distinctive but geo- 
graphically restricted element in the Tuscahoma fauna of 
Alabama and the last of the baluchicards in North America. 

The ecologic roles vacated by the extinct members of 
Baluchicardia were filled during the middle Eocene by the 
more advanced members of Claibornicardia which under- 
went its own "adaptive radiation" during Claiborne time 
on the Gulf Coast and Atlantic Coast. 

EVOLUTIONARY HISTORY OF R0TUNUIC.ARDI.4 IN 
NORTH AMERICA 

The earliest known form of the subgenus is found in 
the Kincaid Formation of early Paleocene (Midway) age 
in Bastrop County, Texas. V. (R.) eoa Gardner, with its 
tripartite costal structure and primitive, heavy dental pat- 
tern containing a well-developed almost vertical 3a (anter- 
ior cardinal) in the right valve, seems to have radiated from 
the ancestral baluchicards durmg this time. Its "rotund" 
outline, lenticular shell profile and narrow, bladelike costal 
cord began the lineage which later became a widely distri- 
buted element in middle and late Eocene faunas. 

In the primary radiation of the alticostate venericards 
in the early Paleocene, another "rotund" form was produced 
in V. crenaea Gardner (see Text-fig. 26), and its flattened 
profile, rounded outline and low, inconspicuous beaks are 
thought to indicate a side-branch of the main rotundicard 
stock, even though its ornamentation is strongly developed. 
This species may have given rise to the similarly orna- 
mented V. (R.) eutawcolens Harris of the middle Eocene 
Santee Limestone. Unfortunately, dental patterns are un- 
known in both, making association here tentative. 

Curiously, no rotundicard species is known from the 
late Paleocene or early Eocene (Wilcoxian) sediments, but 
neither are the other alticostate species belonging to the 
other subgenera abundantly represented in rocks of this 
age (see Text-fig. 3). 

Appearing only in the middle Eocene (Claibornian), 
V. rotunda Lea exhibits shape and dentition which clearly 
indicates the continuation of the lineage begun by V. eoa 
Gardner, but with highly simplified bladelike paracostals, 
indicating a high degree of evolutionary advance over the 
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Ifxt-fimire 26. E\ iiliilidnary pattern of KnliiriJunrJiii in shape, oinaimntation, and den- 
tition. Right valves cut away to show left dentition. Dentition unknown in /'. (R.) citnaia and 
/'. IR.) lutaii.tolens. Both morphological types shown in /'. (R.I JU'irsiJintala, with male 
("prtii'iisd") on left, female on right. Uoulilc vertical line next to each species indicates strati- 
graphic  range.  Branching  solid   line   indicates   inferred   relationships. 
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Midway species. The earliest reported occurrence of V. 
rotunda Lea is by Foster (1940) from the "lower Claiborne" 
in Clarke County, Mississippi, but the species is most widely 
distributed and abundant toward the latter part of Claiborne 
(middle Eocene) time, when it is recorded from Cook 
Mountain and Gosport Sand sediments from northeast 
Mexico (Laredo Formation) to New Jersey (Shark River 
Marl). The ornate "funginate" nodulation of the ribs which 
characterizes the male members of the species does not ap- 
pear until the Gosport Sand, and pre-Gosport forms have 
fairly uniform development of the simpler "funiculate" 
nodes which characterize the Gosport females of the species. 

A closely related species appears in the Weches Forma- 
tion in Bastrop County, Texas, and although V. jlabellum 
persists into the lower part of the Yegua Formation (Gos- 
port Sand equivalent), its recorded geographic distribution 
is only Bastrop and Brazos Counties where it appears to 
have lived side-by-side with V. rotunda and was only of 
local importance in the middle Eocene faunas of the Gulf 
Coast. 

The direct Jacksonian (late Eocene) descendant of V. 
rotunda is V. diversidentata Meyer which is also widely dis- 
tributed over the North American Gulf Coast during this 
time. This species, however, is not reported from Texas or 
the Carolinas, and its range from Louisiana and Arkansas 
to Georgia and Florida is somewhat more restricted than 
that of its Claiborne ancestor. Gardner (1945) described 
imperfectly preserved forms of Jackson age in northeast 
Mexico with a lower rib count than most topotype speci- 
mens. This may be comparable to the form which Dall 
named V. vicksburgiana Dall of the Ocala Limestone in 
Florida, which is reduced to a subspecies of V. diversiden- 
tata, and differs from the topotype specimens only in a 
lower rib count. Gardner's Mexican specimens have not 
been examined by the writer, and no comment can be made 
on their relationships. 

From the profusion of Claibornian alticostate species 
of Venericardia, V. diversidentata of the Jackson is one of 
the few which survived to continue into the Oligocene as 
V. carsonensis Dall of the Red Bluff Formation. However, 
the restricted geographic range (Wayne County, Missis- 
sippi) testifies to the reduced importance of Venericardia in 
the marine faunas of eastern and Gulf Coastal North 
America. The stringent reduction of the alticostate lines of 
evolution is accompanied by a total extinction of the forms 
which Gardner and Bowles (1939) assigned to the "Plani- 
costa Group" at the end of the Eocene, and seems to herald 
either a (1) climatic or environmental condition unfavor- 
able to the life or preservation of Venericardia, or (2) in- 
creased competition from a similarly adapted bivalve group. 

Gardner (1945) similarly reported poorly preserved 
venericards which she compared to V. carsonensis in the 
lower Oligocene sequences as well as higher in the Oligocene 
section in northwest Mexico. This indicates that this species, 
or closely related forms may have continued in this area 
during middle Oligocene time. In the Chickasawhay Beds 
of Wayne County, Mississippi, and Monroe County, Ala- 
bama, a species V. nodifera zvaynensis Mansfield appeared 
in the late Oligocene. This species is certainly descended 
from the middle Eocene claibornicards, but modified to the 
extent that it must be associated with the subgenus Glypto- 
actis, and indeed is the base for the evolutionary "explosion" 
of Venericardia again in the early Miocene and the rein- 
vasion of the eastern coastal regions as far north as North 
Carolina. 

EVOLUTION.\RV HISTORY OF CLAIBOKNIC.lRDI.]  IN- 
NORTH AMERICA 

The evolution of the claibornicards from the baluchi- 
cards of the Paleocene is apparent in similarities in shape 
and ornamentation, but the distinct dental pattern of the 
descendant group is first recorded in V. linguinodifera, n. 
sp. of the Bashi Member of Wilcox (early Eocene) age. The 
most likely ancestor of this small species is V. (B.) tvilcox- 
ensis Dall of the Matthews Landing Member in Alabama, 
although a severe reduction in size, as well as the radical 
change in dental pattern and curvature, took place in the 
transition. 

From this single species of the Wilcox evolved V. (C.) 
coloradonis texalana Gardner of the lower Weches Forma- 
tion in Texas, with a slight increase in rib number and a 
more well-defined posterior truncation and postero-ventral 
elongation. This subspecies of limited stratigraphic range 
(lower Weches) and distribution (vicinity of the type lo- 
cality in Burleson County, Texas) gave rise to the sub- 
species V. (C.) coloradonis coloradonis Harris, characterized 
by a much higher costal number and a much more exten- 
sive stratigraphic range (Weches Formation to Wautubbee 
Marl), spanning much of the middle Eocene. The ancestral 
lower Weches subspecies also gave rise to V. (C.) natchi- 
toches Harris during Weches deposition. An opposite trend 
toward costal decrease is noted in this species which, unlike 
V. (C.) coloradonis coloradonis, appears to end its history 
in the Weches without issue, although V. (C.) perantiqua 
Conrad of the Shark River Marl of New Jersey is closely 
related and undoubtedly was derived from the same an- 
cestor in the Weches. This species also seems to end in Shark 
River deposition, and no subsequent form recorded is its 
descendant. Both of these species have reduced and irregu- 
larly noded ribs and indicate a trend in this direction. 
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A highly speciahzecl hneage of Claibvndcardia evolved 
from V. (C) coloradonis colorad.onis during Weches deposi- 
tion and began in the monotypic V. (C.) trapaquaroidcs, n. 
sp., whose beadlike costal nodes indicate an ornamental 
simplification which is continued almost unmodified in the 

flattened and elongated V. (C.) trapcujuara Harris of the 
Stone City Beds. This species is highly specialized in its 
low convexity shell and pointed postero-ventral process and 
appears to represent another "dead-end" in evolution as does 
I'.  (C.) complexicosta Meyer and  Aldrich which  retained 

Text-figure 27. K\ ohitioiiary pattern of Cluihoiiiiairjiii in shape, ornamentation, and den- 
tition. Right valves cut away to .show left dentition. Right dentition restored in /'. (C.) iiasula, 
left dentition restored in /'. (C.) Iidfiar/uaioidi-s. Only simplified female shown for /'. (C.j iilli- 
loitata. Double vertical line next to each species indicates stratigraphic range. Branching 
solid line indicates inferred relationships. 
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the normal, highly convex shell of V. (C.) trapaquaroides, 
but underwent a further reduction in costal node develop- 
ment until the central and posterior ribs are almost flat- 
topped. These three species indicate a trend toward increase 
in rib number (about 28-30) over V. (C.) cnloradnnis colora- 
donis (about 26). 

Another lineage apparently derived from V. (C.) colora- 
donis Harris is that which contains the highly specialized 
V. (C.) alticostata (Conrad). V. (C.) blandingi Conrad of 
the lower Santee Limestone of Vance's Ferry in Orangeburg 
County, South Carolina, exhibits all of the primitive attri- 
butes of the claibornicards in ornamentation and dentition 
while lacking a high definition of posterior truncation which 
is common to this group. This observation is based on a 
single specimen with a complete posterior margm and may 
actually represent an extreme condition and not typical of 
the species. Nonetheless, this might be the ancestor of V. 
(C.) alticostata of the Gosport Sand in Alabama and Mc- 
Bean Formation in South Carolina as well as deposits 
(Castle Hayne.') in North Carolina. The Gosport Sand 
species grew to ponderous size when compared to the general 
lineage of Claibornicardia. It is highly specialized in other 
respects, as well, and the two different patterns of spiral 
growth present in the species seem to indicate that males of 
the population ("sillimani" types) retained the ancestral 
patterns of ornamentation and growth, while the much more 
abundant females {'^alticostata" types) became somewhat 
simplified in costal development and highly inflated, perhaps 
in connection with specialized reproductive habits. 

V. (C.) nasuta Dall is the only subsequent species to 
V. (C.) alticostata. which is placed within Claibornicardia, 
but its stratigraphic placement is open to question, being 
known from a single specimen and an unknown locality in 
Conecuh County, Alabama. The interpretation set forth in 
the present investigation is that the species is middle Oligo- 
cene in age, but future work may establish a different view. 
This species shows several advances over the ancestral 
Gosport Sand form. Simplification of the tripartite costal 
structure involves not only posterior ribs, but the first few 
anterior ones, as well. The curvature pattern is that of the 
female V. (C.) alticostata, although future collecting may 
also establish the male pattern. The dental pattern, while 
similar to that of V. (C.) alticostata shows a development 
of the left anterior cardinal (2) which is similar, if not 
stronger than that in the Paleocene subgenus Baluchicardia, 
being erect and triangular in lateral aspect, and even sloping 
downward toward the posterior. Because of this feature of 
dentition and the highly elongated shape, this species may 
be ancestral to the Miocene subgenus Carditamera, repre- 

senting   a   form   intermediate   between    Venericardia   and 
Cardita. 

V. (C.) nasuta is the last recorded member of the vigor- 
ous subgenus Claibornicardia in the American Cenozoic, and 
the ecologic niches left vacant by this group were filled 
again during the resurgence of evolutionary activity in the 
Miocene glyptoactids which evolved  from  Claibornicardia. 

EVOLUTION.'XRV HISTORY OF GLYPTOACTIS IN 
NORTH .XMERIC.'^ 

After the claibornicard burst of evolutionary activity 
in the middle Eocene, the total absence of this important 
bivalve group in sediments of late Eocene age is enigmatic. 
The last known species of Claiborne age in eastern North 
America is V. (Claibornicardia) alticostata, which was 
widespread in the Gosport Sand and its equivalents from 
western Alabama to North Carolina, but failed to leave any 
record in the sediments of Jackson age. The only species of 
later age is V. (C.) nasuta Dall of the (.?) Glendon Lime- 
stone of middle Oligocene age from an unknown locality in 
Conecuh County, Alabama, but this species is much too 
highly specialized in shape, dentition, and ornamentation 
to have given rise to the glyptoactids. 

The first glyptoactid recorded from Gulf Coastal North 
America is V. (G.) nodifera tvaynensis Mansfield of the 
Chickasawhay Marl in Wayne County, Mississippi, and 
Monroe County, Alabama. This highly variable subspecies 
possesses many indications of claibornicard heritage (modi- 
fied tripartite costate, similar dental pattern and shape), 
but also the folded lunule which becomes an extra-cardinal 
"tooth" in the more advanced species of the Miocene (see 
PI. 27, fig. 3c). 

From this subspecies radiated several forms of the 
early and middle Miocene, as well as V. (G.) nodifera nodi- 
fera Kellum of the "Trent" Marl which is different from the 
parent subspecies only in minor characters. These forms 
include V. (G.) impendcocosta of the "Trent," which ex- 
hibits an early trend toward costal simplification and flat- 
tening, V. (G.) gibberumbonata, showing also a costal 
simplification but a degree of dental simplification not 
found in other species, and V. (G.) himerta Dall of the Oak 
Grove. 

V. (G.) hesperide Gardner, exhibits an almost total 
reduction In rib nodes, as well as highly elongated shape, 
and is found in Shoal River sediments. It is unlike any other 
glj'ptoactid of this time, in shape and costal simplification, 
and may have been a form highly specialized for brackish 
water conditions. V. (G.) serricosta (Heilprin) of the Tam- 
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pa Limestone retained the dental pattern of the Oligocene 
subspecies and the ornamentation, but is somewhat more 
elon<rated, and hke V. (G.) gibberumbonata, n. sp., evolved 
the highly inflated and inrolled beaks which characterize 
all of the later glyptoactids. 

From  r. (G.) serricosta  (Heilprin)  of the early  Mio- 

cene evolved V. (G.) hadra Dall of the Chipola Beds of 
middle Miocene age. This illustrates a trend toward umbonal 
inflation and elevation from the somewhat inflated ancestor. 
Extreme costal simplification and loss of the paracostal 
cords characterizes the Oak Grove species, but the Chipola 
form   retained   relatively  strong  and   closely  spaced   costal 

U^LIY 

Text-figure 28. Evolutionary pattern of Glyploudis in sliape, ornanicntatiiin, and den- 
tition. Right valves cut away to show left dentition. Right dentition restored in /'. (G.) iiii- 
firndeorosla, I'. (G.) (hilomudonta, and /'. (G.j yihbirumhanala, left dentition restored in /'. 
(G.j hcsprridf. Ilouhle vertical line next to each species indicates stratigraphic range. Branch- 
ing solid line indicates inferred  relationships. 
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nodes, as well as paracostals on the central and anterior ribs. 
Simdarities in shape, but paracostal reduction and ex- 

pansion of the central cord and transverse nodes, characterize 
the evolution from V. (G.) hadra to V. (G.) chelomodonta, 
n. sp., of the Shoal River and V. (G.) olga Mansfield of late 
Miocene age. The former species evolved an added dental 
element on the dorsal surface of the left posterior cardinal 
(4b), however, and it does not appear to have given rise 
to any subsequent species. V. (G.) olga of late Miocene age 
with its tightly inroUed beaks, high umbones, and develop- 
ment of an umbonal ridge and somewhat vaulted posterior 
slope, appears to be an ideal ancestor for the highly ad- 
vanced glyptoactids of the Pleistocene and Recent faunas 
of the eastern Pacific middle latitudes, but it is the last 
known glyptoactid in the eastern or Gulf Coast of the 
United States. 

Three species of Venericardia living in modern seas off 
the western coasts of South America, Central America, and 
North America from northern Peru to California are evi- 
dently descendants of Glyptoactis. Of the three, V. (G.) 
tricolor (G. B. Sowerby I), 1833, is the most generalized, 
maintaining the broad, noded ribs of the Pliocene ancestors. 
V. (G.) crassicostata G. B. Sowerby I, 1825, has ribs which 
are almost completely flattened and smooth, except for sub- 
dued nodes appearing mainly on the anterior ribs. This 
species grew to extremely large size (length to almost 70 
mm, Olsson, 1961), comparable to that of certain Eocene 
"planicostate" species, and perhaps the combination of 
flattened ribs and large, heavy shell indicates convergence 
in habitat with that group. Photographs of this species are 
included for comparison (see PI. 29, figs. 7-8). The last 
species, Venericardia (Strophocardia) -rnegastropha Gray, 
1825, possesses ribbing so simplified that the fresh shell with 
complete periostracum appears almost smooth. This feature 
and the extremely coiled beaks justified the erection of the 
new subgenus Strophocardia Olsson, 1961. However, its evo- 
lution from glyptoactid ancestry cannot be denied, even 
though it signifies a further simplification of ancestral 
characteristics. 

Both V. (G.) crassicostata and V. (S.) megastropha are 
known from the Pleistocene of Baja California (Durham 
1950), and it is evident that the glyptoactid ancestors in- 
vaded that area before that time. The last known species in 
eastern North America, V. (G.) olga Mansfield of the late 
Miocene may have continued its evolutionary history in a 
migration across the Gulf to the eastern Pacific before the 
elevation of the Panamanian isthmus in the Pleistocene, 
although no record exists to document this. It is also pos- 
sible that Caribbean species migrated via the coastal waters 
of northern South America to Pacific waters to give rise to 

the West Coast forms. A critical study of the late Tertiary 
faunas of these regions is needed before a definite conclusion 
is reached. 

Several evolutionary trends are noted in the history of 
glyptoactids in eastern and Gulf North America. 

Inflation of the umbones is evident in the sequence 
from the small V. (G.) nodifera waynensis Mansfield of the 
Chickasawhay to V. (G.) gibberumbonata, n. sp., V. (G.) 
serricosta (Heilprin), and V. (G.) himerta Dall of the 
early Miocene, and continued in V. (G.) hadra Dall, and V. 
(G.) chelomodonta, n. sp., of the middle Miocene. The con- 
tinuation in V. (G.) olga Mansfield of the late Miocene to 
the Pleistocene and Recent forms of the eastern Pacific is 
accompanied by a strong torsion of the beaks. 

The trend toward simplification of the ancestral tri- 
partite costae is evident in most glyptoactid species, and 
only the lineage including V. (G.) nodifera - V. (G.) ser- 
ricosta -V. (G.) hadra retained simplified paracostals and 
narrow central cords. All other species eliminated the para- 
costals in concert with expansion of the central cord. 

Flattening of costae and elimination of nodes is charac- 
teristic of several lineages, the most noteworthy being those 
which resulted in V. (G.) impendeocosta, n. sp., V. (G.) 
hcspcride Gardner of the Miocene and V. (G.) crassicostata 
G. B. Sowerby I and V. (S.) megastropha Gray of Pleisto- 
cene and Recent ages. 

The evolutionary modification of the dentition is an- 
other important trend in the glyptoactids, and three results 
are noted: 1) a general reduction in size and distinctiveness 
of the right anterior cardinal (3a) which is totally dimin- 
ished in some forms (e.g. V. (G.) hesperide); 2) the com- 
plimentary strengthening of the left anterior cardinal from 
the flat, bladelike condition of V. (G.) nodifera Kellum to 
the prominent erect triangular element in V. (G.) hadra Dall 
and later forms, culminating in the Recent species of the 
eastern Pacific; and 3) the enlargement and strengthening 
of the "tooth" formed by the flexion of the left lunule found 
in incipient state in V. (G.) nodifera but increasing in 
prominence in most later species. 

SYSTEMATICS 

Phylum MOLLUSCA 

Class BIVALVIA 

Order HETERODONTA 

Dominantly active equivalve isomyarian eulamelli- 
branch bivalves having porcellanous shell structure and 
opisthodetic, parivincular, mainly external ligament. Hinge 
armature   comprises   cardinal   teeth   and   opposing   sockets 
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radiating from position under beak, and lateral teeth and 
sockets parallel to hinge line and variously developed. Inter- 
gripalliate or sinuipalliate, posterior mantle edges formed 
or fused into siphonal structures variously developed. Shell 
ornamentation  radial, concentric, cancellate or divaricate. 

Superfamily CARDITACEA Fleming,  1820 

Prosogyral, equivalve, intergripalliate heterodonts with 
ma.ximum of three cardinal teeth in right valve, two in left; 
right anterior cardinal present, vestigial or absent. Lateral 
teeth variously  developed. Ornamentation  basically  radial. 

Family CARDITIDAE Fleming, 1820 

By-ssate or nonbyssate cardltaceans with or without gill 
marsupium; some with shelly marsupium. 

Genus VENERICARDIA Lamarck, 1801 

l.amairk,   |.  B-,  Svsttme  ile>  aniruaux   sans  vertelirt-s  .   .   .  ,   1st  ed., 
p.  123^ Paris,  1801. 

Type Species.—Venericardia imbricata (Gmelin), 1791. 
Subsequent designation by F. C. Schmidt, 1818. 

Type locality.—Grignon, west of Paris, Department de 
Seine et Oise, France. Calcaire Grossier, laitetian, middle 

Eocene age. 
Distribution of genus. — Fossil: Tethyan region of 

Europe and Asia, Caribbean, North America and South 
America, South Pacific. Recent: Indo-Pacific, coasts of 
North America and South America. 

Stratigraphic range.—Late Cretacous (Cenomanian) 
to Recent. 

Generic dejinition.—Shell nonbyssiferous, closed, sub- 
ovate to trigonal in lateral outline, posterior margin general- 
ly truncate. Lunule small, deeply impressed, escutcheon 
lacking or poorly developed. 

Cardinal dentition of three teeth on the right valve, the 
anterior one small and occasionally lacking; two teeth on 
left valve. Lateral teeth small, poorly developed on pos- 
terior; anterior lateral dentition consists of small protuber- 
ance at juncture of left lunule and shell margin, correspond- 
ing indentation on right valve. Nymphs slender and well de- 
veloped. Ligament external, lodged in deep groove between 
nymphs and dorsal shell margin. 

Ornamentation of radial costae primitively tripartite, 
nodiferous, but rounded, flattened or smooth in some. 
Muscle scars and pallial line usually impressed, anterior 
pedal retractor distinct on antero-ventral margin of hinge 
plate; posterior pedal retractor is dorsally directed triangu- 
lar extension of posterior adductor, rarely becoming isolated. 
Commissural margin Interlocking and crenulated in concert 
with costae. 

Discussion and. diagnosis.—The constancy of dental 
characters are sufficient to distinguish species of Veneri- 
cardia from those of other carditid subgenera (e.g. Cardita) 
in which the cardinals are much more highly extended with 
the right anterior cardinal (3a) absent, and a high develop- 
ment of lateral teeth. Various subgenera described under the 
genus maintain a constant dental pattern which differs only 
in the attitude and shape of the dental elements, and some 
{e.g. Glyptoactis) trend toward the loss of the right an- 
terior cardinal (3a) in some of the above advanced Miocene 
species. 

Ornamentation in the group is highly variable, and the 
loss of the ancestral paracostals and expansion of the central 
costal cord of each rib is characteristic of advanced species 
of Baluchicardia. Glyptoactis shows a consistent trend in 
this direction in the Miocene. Other carditid genera are also 
characterized by simplified costals, but their relationships 
to Glyptoactis or other alticostate subgenera are not known. 

Members of Pteromeris Conrad and Pleuromeris Con- 
rad which are also found in North American Tertiary de- 
posits have been traditionally associated with Venericardia 
by authors {e.g. Dall, 1903). Because of the prominent 
lateral teeth and marked reduction of cardinals, as well as 
the absence of nymphs and ligamentary fossette in some 
forms, these groups are probably not to be united with 
Venericardia s.s. but will undoubtedly be raised to generic 
rank with further study. 

Cretaceous species described by Stephenson (1947, 
1952) from the Late Cretaceous of the Gulf Coast have not 
been studied during the present investigation, and their sub- 
generic placement is unknown. One ( V. alveana Stephenson) 
is found in the Woodbine Formation of Cenomanian age 
and pre-dates the baluchicards. 

The relationship of Cyclocardia Conrad, 1867, first ap- 
pearing in the Oligocene, is not understood, but the shell 
form and thickness as well as dental pattern (see Text-fig. 
7) of I'. {C) borealis Conrad indicates a convergence with 
the planicostate subgenera Venericor and Leuroactis of the 
early Tertiary which also have flattened ribs. However, 
juvenile ornamentation which is noded in this species testi- 
fies to evolution from alticostate rather than planicostate 
forms (see Text-figs. 2,7). 

Subgenus BALUCHICARDIA Rutsch and Schenck, 1943 

"!'ciu-ricardia l/ciiumoriti group," Ruisch and Schenck, 1940, (leol. 
Soc.   .\mer..   Bull.,   vol.   51,   p.   1976   (abstract). 

HiilHchiciirJia Rutsch and Schenck in Rutsch, 1944, Eclogac geol. Helv., 
vol. 36, p. 155, (V'okes, 1967); Stcnzel and Krause in Stenzel, 
Krause, and Twining,  1957. Uni\.   Texas, Puli.  5704, pp.  106,  107. 

Type species.—Venericardia (Baluchicardia) beaumonti 
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(d'Archaic and Haime), 1854, Maestrichtian and Danian of 
northwest India and Pakistan. 

Type locality.—-"Calcaire jaune de la chaine d'Hahi," in 
the Sind region of northwest India. 

Distribution. — Northwest India, Pakistan, southern 
Iran, northern Africa, East Indies and West Indies, South 
America and North America. 

Stratigraphic range.—From Maestrichtian to Paieocene 
in most areas; Paieocene and early Kocene in Gulf Coastal 
North America. 

Subgeneric definition. — Venericards have highly in- 
flated, somewhat elongate shells with marked posterior 
truncation, ornamented by tripartite radiating costae com- 
prising noded central cord and variously developed para- 
costals on either side of the central cord. Basic ornamenta- 
tion simplified in some with elimination of paracostals, re- 
duction of nodes and widening of costae to restrict inter- 
costals. Dentition containing well-developed right anterior 
cardinal and strong, erect triangular left anterior cardinal. 
Spiral growth pattern of curvature in four increasingly con- 
vex segments from beak to ventral margin, but addition of 
less convex terminal segment in advanced forms. 

Discussion and diagnosis.—The name Baluchicardia 
remains until this time a nomen nudum-, because it was 
never formally characterized by a diagnosis, and it is prob- 
ably better known in the literature as the "Cardita beaii- 
monti" or "Venericardia beaumonti group" (e.g. Rutsch, 
1936). The latter name is used by Rutsch and Schenck 
(1940), and not until 1944 is the name Baluchicardia intro- 
duced by Rutsch who credited it to Rutsch and Schenck, 
1941 (1940) based on the abstract of the paper presented 
by those authors to the Geological Society of America in 
1940. Whether or not the subgeneric name was given ver- 
bally in the presentation of the paper is not known to the 
present investigator, but in no case does it obtain validity 
on this basis. Stenzel and Krause (1957) noted the sub- 
generic name Baluchicardia as well as the type species but 
give no diagnosis or description. 

The basic morphologic pattern of the late Cretaceous 
baluchicards of strong dental armature, vigorous tripartite 
costae and highly inflated shell is continued into the Ceno- 
zoic of the Gulf Coastal Plain of North America in species 
of the early Paieocene such as V. (B.) hesperia Gardner 
which appears to give rise to the late Paieocene species V. 
(B.) bulla Dall and V. (B.) zvilcoxcnsis Dall. The relation- 
ship of these forms is obvious, but in several species of the 
early Paieocene [e.g. V. (B.) whitei Gardner] the ribs 
became simplified and flattened, much like the planicostate 
forms. Nothing would  be gained  by  the creation  of other 

subgeneric taxa to include such species which seem to be 
"experiments" in the early adaptive radiation of this group, 
and they are united to Baluchicardia in the present investi- 
gation. There is no indication that their evolutionary lineage 
went beyond the early Paieocene. This increases the scope 
of the subgenus beyond that originally intended by the 
authors but seems more a biologic reality than a strict typo- 
logical approach. 

Two evolutionary lineages represent exceptions to the 
above statement of latitude. The subgenus Rotundicardia, 
n. subgen., which represents a continuation of V. (R.) eoa 
Gardner of the early Paieocene, and Claibornicardia Stenzel 
and Krause which first appears in V. (C.) linguinodifera, 
n. sp., of the early Eocene. Both are obviously derived from 
baluchicard ancestry, but the "rotund" lateral outline and 
lack of convexity in the former species documents its rela- 
tion to ['. (R.) rotunda Lea and other species of the Eocene. 
The flattened left anterior cardinal and aligned medial right 
cardinal of the latter species of early Eocene age denote its 
ancestral relation to the claibornicards of the middle Eocene, 
but represents a distinct transition from the rugged denti- 
tion of the baluchicards. 

Etymology.—The subgeneric name Baluchicardia is 
geographic in honor of the type region of V. (B.j beau- 
monti, Baluchistan, in northwest India (modern Pakistan) 
and the Latin cor, heart. 

V. (Baluchicardia) hesperia Gardner, 1923 

Plate 20, figures 2a, 2b 

/". iillicoslii/ri (Conrad) Harris, 1S96, Bull. .\mer. Taleont.. vol. 1, 
No.  4,   [).   57  (fartimj. 

r. ii/li((isliilii licspcria Gardni.r, 1923, U.S. Geol. Sui., I'ruf. Paper 
Ul-D,  p.  112,  pi.  32,  figs.  1,2. 

;V«H  I . ,ilt'uost(it/i   (Conrad),  1833. 

/■. hrsfiria Gardner, Trowbridge, 1932, U.S. Geol. Snr., Bull., No. 
837, pi. 31, fig-. 1,2; Plummcr, 1933, Univ. Texas, Bull. 3232, 
pp. 547, 550; 1935, Gardner, Univ. Texas, Bull. 3301, pp. 157, 
164, 165; Stenzel, ,-t al.. 1957, Univ. Texas, Pub. 5704, p. 107; 
Palmer and Brann, 1965, Bull. Amer. Paleont., vol. 48, No. 218, 
pp.  330,   331. 

Distinguishing characters. — Dentition unknown, but 
probably much like that of V. (B.) bulla Dall. General form 
similar to that species but distinguishable on basis of greater 
elongation with straight ventral margin, greater anterior 
margin projection. Much greater development of terrace- 
like paracostals giving ribs wide base; ribs more bladelike in 
other species. Sawtooth nodes on central costal cord much 
more irregularly placed than in other species. Lower costal 
number (21 ) than in other similar species. 
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Type.—Holotype an interlocked jiair fillid with matrix, 

USNM 352268, dimensions below. 

Sp'n ;..W      RN      BL/L    BH/H     II L    5iVV/H 

Holo.        4+.6        38.5        18.5 21 .72 .95 .86 .+8 

Type /otv//;Vy.—USGS .station 3180, bluff on the Frio 
River, Vi mile below Evans' (Myrick's) apiary, Uvalde 
County, Texas. Tehuacana Member, Kincaid Formation. 

Distribution.—Other localities in Uvalde and Medina 
Counties, Texas, are listed by Gardner (1923) and Gardner 
and Bowles (1939). Only the holotype was examined during 
the present investigation. 

Stratigraphic occurrence.—Tehuacana Member of the 
Kincaid Formation, early Paleocene age. 

Dimensional summary.—See holotype dimensions. 

Curvature  characteristics.— 

Sample: Holoiype, Right valve. N = 1 

SI       HI      S2        H2      S3        H3       S+        H4       S5 

OR 23°       1.8      35°      4.9      50°       18.8      60°       34.4*    £0°* 
* (.JeromiMii,  hislily con\ ex  segment. 

Discussion and diagnosis.—V. (B.) hesperia, with its in- 
flated shell, convex A pattern of curvature, broadly based 
ribs with well-developed paracostals resembles the ancestral 
baluchicard V. (B.) beaumonti, as well as bearing a resem- 
blance to other baluchicards in the North American Paleo- 
cene. This was recognized by Stenzel, Krause and Twining 
(1957), and this species undoubtedly resembles the gen- 
eral ancestor from which the more highly specialized 
baluchicards originated. Gardner and Bowles' (1939) in- 
clusion of this species in a systematic treatment of the 
"Venencardia planicosta group" because it ". . . seems to be 
related to the earlier members ..." is untenable, since fully 
developed planicostate species predate it in the Paleocene. 
There is, however, abundant evidence suggesting that many 
"planicostate" forms have arisen independently during and 
after the Paleocene (Heaslip, 1963). 

The two well-known baluchicard species of the late 
Paleocene, V. (B.) bulla Dall and V. (B.) wilcoxensis Dall 
arc undoubtedly derived from V. (B.) hesperia Gardner (see 
Text-fig. 25). However, in the transition to the late Paleo- 
cene forms, ornamentation underwent a marked simplifica- 
tion with reduction of paracostals. This trend is also char- 
acteristic of other lines of venericard evolution. 

Etymology.—The trivial name hesperia is from the 
Latin hesperius, western, in reference to the location of the 
type locality. 

V. (Baluchicardia) francescae Gardner and Bowles, 1939 

Plate 20, figures 3a-3c 

/■. jraiursttu- Gardner and Bowles, 1939, U.S. Geol. Sur., Prof. Pap. 
I89-F, pp. 183,184, pi. 46, figs. 6,7; Palmer and Brann, 1965, 
Bull.  .\mer.   Paleont.,  vol. 48,  No. 218,  p.  329. 

Distinguishing characters.—Dentition poorly preserved 
in holotype, but general pattern normal to Baluchicardia. 
Convexity somewhat lower but general shape similar to V. 
(B.) hesperia. Distinguishable from this species and other 
baluchicards mainly on possession of ribs becoming highly 
simplified during growth with vestigial tripartite cross-sec- 
tion in mature portion and more pronounced toward the 
umbones. 

Type.—Holotype a right valve, filled with matrix and 
poorly preserved, USNM 372925, dimensions below. 

Sp'n ',:;W      RN      BI./L    BH/H     H/L    J^W/H 

Holo.        28.0        27.8        11.8        22 .69 .91 .99 .42 

Type locality—USGS 6573, 1 mile southeast of New 
Albany on St. Louis-San Francisco Railroad cut. Union 
County, Mississippi. 

Distribution.—Known only from the type locality. 

Stratigraphic occurrence.—Clayton Formation, early 
Paleocene age. 

Dimensional summary.—See t\'pe dimensions. 

Curvature characteristics.— 

Sample: Holotype. N = 1 

SI HI S2 H2 S3 H3 S4 H4       S5 

OR 18°       1.2      24°      2.6      38°        4.1       50°      — — 

Discussion and diagnosis.—The inclusion of V. (B.) 
francescae in a monograph of planicostate venericards by 
Gardner and Bowles (1939) is understandable in the light 
of the simplified costal structure exhibited by this species, 
which represents a divergence from the normal baluchicard 
character, and a radiation toward the planicostate condi- 
tion which is also evidenced by V. (B.) whitei Gardner. 

With the exception of this ornamental simplification 
and the somewhat low convexity (terminal segment, S4 of 
50°), the general shape, well-developed posterior truncation 
and dental pattern are distinctly baluchicard and suggestive 
of these characters in other species. There is no doubt that 
this Clayton species is highly adv.inced but should be united 
to Baluchicardia. 

Etymology.—The trivial name francescae is a personal 
patronj'm in honor of Miss Frances H. Walthall of Dr. Gard- 
ner's acquaintance. 
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V. (Baluchicardia) white! Gardner,  1923 

Plate 20, figures 4a-4c 

/'. iilliioslata  Conrad,  Harris,   1896,  Bull.  Anier.   I'alcont.,   vol.   1,   No. 
4, p.  57,  pi.  5,  fig.  3. 

/'.   (ullK'ostata  subsp?)   iv/iitri  Gardner,   1923,   U.S.   Oeol.   Siir.,   Prof. 
Pap. 131-D, p. 112, pi. 32, fig. 3. 

iXoii r. all'uoslata (Conrad), 1833. 
/■. luhilii Gardner, Tiowliridge,  1932,  U.S. Geol. Siir.,  Bull.,  No.  837, 

pi.   31,   fig.  31;   CJardner,   1935,   Univ.   Texas,   Bull.   3301,   p.   166; 
Palmer  and Brann,  1965,  Bull.  Amer.  Palcont.,  vol. 48,  No.  218, 
p.  346. 

Distinguishing characters.—Dentition unknown. Shell 
somewhat incomplete, but general shape comparable to that 
of V. (B.) niua Gardner and other baluchicards. Curvature 
of A pattern as in other allied species, but distinguished 
from all other baluchicards on basis of highly simplified 
costals with no trace of tripartite structure, coarsely and 
irregularly decorated by subdued transverse nodes and 
separated by relatively narrow U-shaped intercostals. 

Type.—Holotype an incomplete right valve, ulterior 
partly filled with matrix, poorly preserved. USNM 352269, 
dimensions below (estimated). 

Sp'n ■_.W     RN      BI./L    BH/H     II/L    >,VvVH 

Holo. 32.0        30.1 12.0        21 .94 .96 .40 

Type locality.—USGS station 3180, bluff on the Frio 
River, Yi mile below Evans' (Myrick's) apiary, Uvalde 
County, Texas. Tehuacana Member, Kincaid Formation. 

Distribution.—Gardner (1923, 1933) reported the dis- 
tribution of this species in Uvalde and Maverick Counties, 
Texas, in three localities. Only the holotype was examined 
in the present investigation. 

Stratigraphic occurrence.—Tehuacana Member, Km- 
caid Formation, early Paleocene age. 

Dimensional analysis.—See holotype dimensions. 
Curvature characteristics.— 

Sample: Holotype N = 1 

SI HI S2 H2 S3 H3 S4 H4       S5 

OR 19°       3.1      26°       5.0      41°       17.2      50°      — — 

Discussion and diagnosis.—The unfortunate lack of pre- 
servation of critical characters such as dentition m the holo- 
type makes the placement of this species with Baluchicardia 
open to question, especially in the light of the extreme 
simplification of ornamentation which can be compared only 
to that of the Miocene glyptoactid V. (G.) hesperide Gard- 
ner. The shape, as well, is reminiscent of this species, but 
no direct ancestry is inferred. These two forms converge 
closely into the same shell form and ornamentation, strongly 
suggesting exploitation of the same ecological role by both. 

The convex A pattern of curvature and its stratigraphic 

occurrence suggest that V. (B.) whitei is a highly specialized 
offshoot of the more primitive baluchicards, and it is not 
deemed advisable to recognize this distinct form by creating 
a separate subgeneric group. 

Etymology.—The trivial name zvhitei is a personal 
patronym in honor of Dr. Charles A. White, "one of the 
foremost of the earlier paleontologists and one of the first 
to collect from the Texas Tertiary formations." (Gardner, 
1923). 

V. (Baluchicardia) amplicrenata, n. sp. 

Plate 20, figures 6a, 6b 

?/'.   /irsfirriu.   CJardner,   CJardner,   1935,   Univ.    Texas,   Bull.   3301     p 
165, pi.  15, fig. 6. 

Distinguishing characters.—Dentition unknown. Gen- 
eral shell shape (see Text-fig. 25) inferred from early growth 
lines somewhat elongated. Similar in coarsely noded tripar- 
tite costae to V. (B.) moa Gardner, but without the pos- 
tero-ventral extension of that species. Distinguished from 
all baluchicard species by low costal number, extremely thin 
central costal cord swelling at each node and paracostals 
well developed forming terraces on either side of central cord 
and separated by wide intercostals U-shaped in cross-section. 

Type.—Holotype a well-preserved left valve imbedded 
in matrix, USNM 370912 (not 370922, typographical error 
in Gardner, 1935). Estimated dimensions below. 

Sp'n ^.W      RN      BL/L    BH/H     H/L    J^W/H 

Holo. 31.0 27.3 11.5 18 .65 .91 .88 .42 

Type locality.—U.S.G.S. station 2439, 1 mile east of 
Webberville, Travis County, Texas, Tehuacana Member, 
Kincaid Formation, early Paleocene age. 

Distribution.—Known only from type locality. 
Stratigraphic occurrence.—Tehuacana Alemher, Kin- 

caid Formation, early Paleocene age. 
Dimensional summary.—See type dimensions. 
Curvature characteristics.—- 

Sample: Holotype 

SI        HI       S2        H2      S3        H3       S4        H4       S5 

OR 25°      2.4      70°      4.9      44°       10.0      51°      21.2      65° 

Discussion and diagnosis.—The curvature pattern, as 
indicated from values in the table is highly erratic, and this 
represents a simplification of the original data. In the stage 
S2, there are three small stages of S4°-70°-60°. The mean- 
ing of this is not clear and no similar pattern is recorded 
for any other species. 

V. (B.) amplicrenata is probably descended from a 
more generalized baluchicard such as V. (B.) hesperia but 
becomes distinct by reduction of costals and amplification 
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of the sawtooth nodes characteristic of the group. Gardner's 
(1935) questionable incUision of this species in V. (B.) 
hesperia is not reahstic, because that species has a higher 
rib count, much finer, more regularly spaced costal nodes 
and much more highly inflated beaks. 

Because of the similar development of ornamentation 
and similar rib number, V. (G.) moa is probably closely re- 
lated to this species, differing mainly in its great postero- 
ventral extension. 

Etymology.—The trivial ainplicrenata is derived from 
the Latin amplus, large, and cmnittis, notched, in reference 
to the large costal nodes. 

V. (Baluchicardia) moa Gardner, 1935 

Plate 20, figures 5a, 5b 

/■. mod Gardner, 1935,  Univ. Texas, Bull. 3301, pp.  157.  168,  169,  170, 
pi. 10, fig.  I. 

/'.   (Glyptoiiilis?)    mail   Gardner,   (iardner   and   Bowles,    1939,   U.,S. 
Geol.  Sur.,  Prof.  Pap.   189-F,  pp.   195,   196,   pi. 46,  fig.   I;   Palmer 
and Brann,   1965,  Bull.   .\mer.   Paleont.,  vol. 48,   No.  218,   pp.   334, 
335. 

Distinguishing characters.—Ornamentation similar to 
that of V. (B.) amplicrenata, n. sp., in rib number, well- 
developed paracostals and coarsely noded central costal cord 
but distinguishable from that and other baluchicard species 
on the basis of high degree of postero-ventral elongation 
much more pronounced than that of other species. 

Type.-—Holotype a poorly preserved pair of locked 
valves, USNM 370922, dimensions below. 

Sp'n y.W     RN      BL/L    BH/H     H/I,    ■ ,\V/H 
Hold. 33.8 31.4 11.0 18 .80 .80 .93 .35 

Type locality.—USGS station 4398, Bibora Creek, just 
below Bibora tank, about 18 miles south and east of Eagle 
Pass, Maverick County, Texas. Tehuacana Member, Kin- 
caid Formation, early Paleocene age. 

Distribution.-—Gardner (1935) noted five occurrences, 
including the type locality in Maverick County, Texas, and 
recognized a poorly preserved form allied to this species 
from four additional localities in a stratigraphically lower 
position. Only the holotype was examined during the present 
investigation. 

Stratigraphic occurrence.—Tehuacana Member of the 
Kincaid Formation, early Paleocene age. The questionably 
allied forms are found in the Littig Member of the same 
formation. 

Dimensional summary.—See t\pe dimensions. 
Curvature charactcristics.— 

Sample: Holoiypc 

Discussion and diagnosis. — V. (B.) moa and other 
species of the Kincaid, or lowermost unit in the Paleocene 
record of the western Gulf Coastal Plain, are incompletely 
known because of the poor quality of preservation. This is 
especially unfortunate, since the primary radiation of the 
ancestral baluchicards as well as other important Cenozoic 
mollusks occurred during this age. 

Only the poorly preserved holotype was examined in 
the present investigation, but fortunately the costae near 
the anterior ventral margin preserve the original tripartite 
structure and coarselj' noded central cord serve to identify 
this species as a baluchicard, and similar to V. (B.) ampli- 
crenata, n. sp., of the same stratigraphic unit. 

The convex A pattern of curvature is similar to that of 
other baluchicards, but this species has elongated in the 
postero-ventral direction forming a "corner" at the meeting 
of the posterior and ventral margins reminiscent of that 
formed in many claibornicards of the Eocene. 

Etymology.—The derivation of the trivial name moa 
is iincertani. 

V. (Baluchicardia) bulla Dall, 1903 

Plate 20, figures 7, 8; Plate 21, figures la-Id 

/'. Iiiillii  Dall,  1903,  Wagner  Free  Inst.  Sci., Trans.,  vol.  3,   pt.  6,  pp. 
1424, 1425, pi. 56, figs. 13, 14;  Plummer, 1933,  Univ. Texas, Bull. 
3232, pp. 811, 812, pi. 8, figs. 2a,2h;  Gardner,  1935, Univ. Texas, 
Bull.  3301,  pp.  163,  164,  pi.   13, figs.  1-4,  pi.  14,  figs. 4-6. 

/•.  <H,ilu(hi,iirJiiij hullii Dall, Stcnzel, et al., 1957,  Univ. Texas, Puli. 
5704, p.  107;  Palmer and Brann.  1965,  Bull.  .\mcr.  Paleont.,  vol. 
48, No. 218,  p. 325. 

Distinguishing characters.—Similar in size, degree of in- 
flation, dental pattern, and ornamentation V. (B.) wilcox- 
ensis Dall but readily distinguishable from that species on 
basis of inordinate shell thickness in V. (B.) bulla, in which 
ratio of shell thickness to height averages .12. That of the 
other species is only .06. V. (B.) bulla has much more highly 
inflated umbones and more coarsely and irregularly noded 
costal cords than the other species. 

Type.—Lectotype, a left valve, imbedded in matrix, 
poorly preserved, USNM 164556 (fig. 13), dimensions be- 
low. Paralectotype 645691 (fig. 14), interlocked valves, 
same collection number. Hypotypes figured by Gardner 
(1935), complete individual, disarticulated valves, USNM 
370913, dimensions below. 

Sp'n L H '..W      RN      BL/L    BH-'H     H/L    '/jW/U 

I.ect. 23.1 22.4 10.4 28? > ? .97 .45 
Para. 34.0 33.0 17.2 28? ? ? .97 .52 

Sp'n L H f^W RN BL/L BH/H H/L '.:.w/H 

SI HI      S2        H2      S3 H3       S4        H4       S5 

9.3      59°      — 

Hypo.       33.8        33.6        16.2        30 .73 .86 .99 .48 

Type locality.—Exact location  indefinite.  Dall  (1903) 
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described it as "Brown sandstone of the Midway horizon, 
east of the first small creek on the road to Bastrop, Texas, 
from Old Garfield in the Austin Quadrangle . . ." Gardner 
(1935) noted that ". . . several unsuccessful attempts were 
made to find this locality. The closest approach to it is repre- 
sented in a collection made in 1932 by L. W. Stephenson 
and O. E. Cook from 2.5 miles southeast of the Travis- 
Bastrop County Line." The type locality is listed as USGS 
station 3309. Gardner's hypotypes are from USGS station 
5281, on the Colorado River, 5 miles below Webberviiie. 
Wills Point Formation, late Paleocene age. 

Distribution. — Gardner (1935) listed a number of 
localities in Bastrop County. In addition to the type and 
hypotype collections, nine individuals from AMNH collec- 
tion 27677 labelled, "Wills Point formation, Bastrop County, 
Texas," were exammed and measured. 

Stratigraphic occurrence.—Wills Point Formation, late 
Paleocene age. 

Dimensional summary.— 

Sample: AMNH 27677 

N = 9 Dimens iion 
Statistic L H K2W RN 

OR 28.8-31.9 27.8-34.8 13.5-16.4 26-30 
X 31.2 30.1 15.7 27.4 
s 5.9 2.4 1.5 1.5 
V 18.9 7.8 9.4 5.5 
O.K 2.0 .8 .5 .5 

Ratio 
BL/I, BH/H H/I, '..W/H 

OR .68-.77 .83-.87 .94-1.05 .46-.55 
X .73 .85 .98 .51 

Curvature characteristics.- 

Sample: .\MNH 27677, part. N = 4 

SI        HI         S2       H2 S3 H3 S4 H4*        S5* 

OR     30-35° 2.6-3.9 41-46° 4.8-5.6  51-56° 13.0-21.4 59-65° 22.4-26.5 63-70° 
X 33.5°     3.3      43.3°     5.2      53.0°       16.9 62.3°      24.9       67.7° 
*Gerontic segment. 

Discussion and diagnosis.—With the exception of the 
narrow, bladelike development of the central costal cord, 
V. (B.) bulla is similar in shape and degree of inflation to 
other baluchicards of the early Paleocene in Texas, and its 
appearance corresponds to the beginning of Wills Point 
deposition in that area. 

V. (B.) wilcoxensis of the Matthews Landing Member 
of equivalent age in Alabama resembles in many respects 
the Texas species, and the two undoubtedly evolved from 
common ancestry, and most likely from V. (B.) hesperia. 
The two similar species of the late Paleocene, separated by 
600 miles across the Mississippi embayment, undoubtedly 

represent ecologic equivalents and might conceivably be 
grouped in a superspecies in the sense of Mayr, et al. (1953). 

The inordinate shell thickness, reaching 6.3 millimeters 
for mature individuals of 31 millimeters in height has no 
parallel among other species of the present investigation. As 
a result of this abnormal growth, the interior space becomes 
almost parallel-sided, and the volume within the occluded 
valves is severely restricted. There is no evidence to suggest 
that this effect may have been pathologic or caused by 
subpallial parasites restricted to the species, and the charac- 
ter of shell thickness seems to be intrinsic to V. (B.) bulla. 

No species of the Eocene appears to have been descend- 
ed from V. (B.) bulla and the lineage of Baluchicardia. The 
single early Eocene member of this subgenus probably 
descended from V. (B.) wilcoxensis and V. (B.) greggiana 
and restricted to a small area in Alabama, is the last balu- 
chicard in Gulf or east coastal North America. 

Dall's type (USNM 164556) is poorly preserved, re- 
vealing nothing of dentition or interior, and with highly 
eroded ornamentation. Only in the small paralectotype (PI. 
20, fig. 7) is an indication of tripartite costal structure visi- 
ble. These, however, are comparable in general features of 
shape and inflation to the better preserved specimens from 
the Colorado River localities. 

Etymology.—The trivial name bulla is taken directly 
from the Latin bulla, bubble, in recognition of the high de- 
gree of inflation in the species. 

V. (Baluchicardia) wilcoxensis Dall, 1903 

Plate 21, figures 2a-2c, 3a-3c 

/'. altitosliitti Conrad \ar.,  Harris,  1896, Bull. .\mer. Paleont.,  vol.  1, 
No. 4,   p.   171,  pi. 4,  fig.   12. 

Noit I', niticostata   (Conrad),  1833. 
/'. wilcoxensis Dall,  1903, Wagner Free Inst. Sci., Trans., vol. 3,  No. 

6, p. 1426, pi. 54, fig. 12;  Cooke,  1926, Geol. Sur. .'\labama. Spec. 
Rept.  14,  pi. 93, figs. 4a, 4b;  Pliimmer,  1933,  Univ. Texas,  Bull. 
3232, p. 811, pi. 8, figs. 3a, 3b; Gardner,  1935, Univ. Texas, Bull. 
3301,   pp.   163,   164,   pi.   14,   figs.   1-3;   I'almer   and   Brann,   1965, 
Bull.  Amer.   Paleont.,   vol.  48,   No,  218,   p.   346. 

Distinguishing characters.—Similar in size, shape and 
general features of ornamentation and dentition to V. (B.) 
bulla, but distinguishable on the basis of lower inflation 
(average Y^ W/H of .43) than that species (average .51), 
normal shell thickness, and smaller and more regularly 
spaced sawtooth costal nodes. Paracostal development is 
highly variable in V. (C.) wilcoxensis, and both tripartite 
and nontripartite ornamentation is represented in popula- 
tions; tripartite ribbing is more constant in V. (B.) bulla. 
Many specimens of V. (B.) wilcoxensis have a small, pointed 
fold on commissural surface or left lunule just posterior to 
the apex of the anterior cardinal (2) forming a projecting 
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tit which fits into a corresponding socket in the right hiniile. 
This is absent in V. (B.) bulla. 

Type.—Holotype, a left valve, well preserved, USNM 
164542. Lectotype (Palmer and Brann, 1965, p. 346 which 
see) of "var. tripla" Dall which was not figured, a right 
valve with broken posterior, USNM 129897. Dimensions 
below. 

Sp'n y.W     RN     BL/L   BH/H    K/L    ;<W/H 

Holo.        36.7        37.6        15.6        26 .70 .82        1.03 .42 
Para.        30.9*      31.4        12.6        26 .67 .85        1.02 .40 
* Estimated. 

Type locality.—USGS station 3116, Matthew's Landing 
on the Alabama River in the northern part of section 12, 
T 12 N, R 6 E, about 9 miles west of Camden and 21/0 miles 
above Clifton Ferry, Wilcox County, Alabama. Dall's orig- 
inal description was "Upper clayey layers of the Midway 
stage of the Eocene in Wilcox County, Alabama, near Grave- 
yard Hill." The locality of V. variation "tripla" is USGS 
287, Dale's Branch near AUentown, Wilcox County, Ala- 
bama. 

Distribution.—Material from the following localities 
was examined during the present investigation: Type and 
paratype localities, including an AMNH collection from 
locality 987, corresponding to the type locality; USGS 264 
and 284, Prairie Creek, Wilcox County, Alabama, USGS 283, 
Black Creek Branch of Prairie Creek, Wilcox County, Ala- 
bama. 

Stratigraphic occurrence.—Matthews Landing Member, 
Naheola Formation, late Paleocene age. 

Diviensional summary.— 

Sample: USNM  129746 

N = 6 Dimension 
Statistic L H !/.W RN 

OR 23.3-36.6 23.4-34.5 10.1-156 26-29 
X 30.0 29.6 12.8 27.5 
S 5.1 4.6 2.5 1.1 
V 16.9 15.4 19.9 3.8 
6x 2.1 1.9 1.0 

Ratio 

.4 

BL/L BH/H H/L J^W/H 
OR .70-.76 .80-.86 .94-1.01 .39-.46 
X .72 .84 .99 .43 

Curvature characteristics.- 

Sample: USNM 129746 N = 5 

SI        HI         S2 H2         S3 H3          S4 H4*    S5* 

OR          20-39'  1.2-4.2 35-45° 
X              28.4°      2.4       39.0° 

3.4-8.5 45-58° 
5.1        52.0° 

5.3-17.5 56-63° 
10.8        60.3° 

22.4    75° 

*Gerontic Segment. 

Discussion and diagnosis.—The variability of paracostal 

development in this species led Dall (1903) to distinguish 
between the members of V. (B.) wilcoxcnsis with only vesti- 
gial paracostals (e.g. the holotype, PI. 21, figs. 2a-2c) and 
those possessing fully developed tripartite ribs like these 
of V. (B.) bulla. The latter condition he gave the varietal 
name "tripla" without figuring or otherwise designating a 
type specimen. Palmer and Brann, 1965, page 346 desig- 
nated the broken right valve (USNM 129897) in Dall's 
collection as the lectotype for the "variety," and this cours. 
is adopted in the present report (see PI. 21, figs. 3a-3c). 
This variability in ornamentation, however, is a characteris- 
tic of the species, and it is highly likely it represents a paral- 
lel to the sexual dimorphism found in V. (Rotundicardia) 
rotunda and its Jackson descendants, as well as the claibor- 
nicard V. (C.) alticostata. Variety "tripla" is likely the male 
of the species (Heaslip, 1964). 

V. (B.) greggiana Dall of the early Eocene Tuscahoma 
Sand in Monroe County, Alabama, is similar to V. (B.) 
wUcoxensis in shape, dentition, and degree of inflation, and 
is the logical descendant of the Midway species, differing 
mainly in size and ornamentation. 

The relationship of V. (B.) wUcoxensis to any other 
species in the lower Eocene rocks of the Gulf Coast is not 
clear, but it may be assumed that this species gave rise to 
the Eocene claibornicards with certain modifications in the 
dental pattern (reduction and flattening of left anterior 
cardinal (2) and straightening of right anterior cardinal 
(3a) in line with the medial cardinal (3b)). Certain in- 
dividuals in V. (B.) wUcoxensis and V. (B.) greggiana ex- 
hibit a tendency toward partial flattening of tooth 2 and 
reduction of the ridgelike 3a which borders the anterior 
socket on the right valve. 

Etymology.—The trivial name zvUcoxensis is geograph- 
ic in honor of the type region, Wilcox County, Alabama. 
Unfortunately, the term Wilcoxian refers to rocks of the 
lower Eocene stage on the Gulf and eastern coasts of North 
America. V. (B.) wUcoxensis is late Paleocene and not Wil- 
coxian in age. 

V. (Baluchicardia) greggiana Dall, 1903 

Plate 21, figures 4a-4c, 5 

?r. drcusnta Tuomey, 1858, 2d Bien. Rept., Alabama Geol. Sur., p. 271. 
A'oH /'. dicusata Lamarck,  1807- 
I', alticostata Conrad var.,  Harris,  1897, Bull. Amer. Paleont., vol. 2, 

No. 9. p. 55. pi. 11, fig. 1. 
A'on /'. alliioslala  (Conrad), 1833. 
/'. ffreggiana  Dall,  1903, Wagner Free  Inst.  Sci., Trans.,  vol-  3,  No. 

6, p.  1425;  Gardner and Bowles,  1939,   (under  I'rnrrUor?),  U.S. 
Geol.  Sur.,  Prof.  Pap.  189-F,   p.   194,  pi.  46,  fig.  9;   Harris   and 
Palmer,   1946,   Bull.   .\mcr.   Paleont.,   vol.   30,   No.   117,   p.   68; 
Palmer and  Brann,  1965,  Bull.  .\mcr.  Paleont.,  vol. 48,  No.  218, 
pp. 329, 330. 

Distinguishing characters.—Similar to V. (B.) ivilcoxen- 
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j-/.r in dental pattern and general features of shape and con- 
vexity but distinguishable from that species on the basis 
of more numerous ribs with fairly regularly spaced flattened 
subdued sawtooth nodes pointing in beak direction and ex- 
panded. Paracostals developed to the degree that they al- 
most cover the U-shaped intercostals. Posterior truncation 
almost vertical to main axis of shell; in V. (B.) wilcoxensis 
it descends obliquely forward. Beaks much more highly in- 
flated and tightly inrolled, obscuring much of the lunule; 
beaks smaller and lunule open in the other species. 

Type.—Lectotype (Palmer and Brann, 1965, p. 330), 
Harris' figured specimen, PRI 137, a large right valve, per- 
fectly preserved, dimensions below. 

Sp'n R\      BL/L    UH/H     H/L    '/^W/H 

+0 .73 .85 1.07 .42 

Type locality.—Greggs Landing on the west bank of 
the Alabama River, Monroe County, Alabama. Greggs 
Landing Member, Tuscahoma Formation. 

Distribution.—Collections from the following localities 
were exammed in the present investigation: Type locality, 
including collections from USGS station 5604 and AMNH 
locality 1040, USGS 3098, Bells Landing on east bank of 
Alabama River, Monroe County, Alabama. 

Stratigraphic occurrence. — Greggs Landing Member 
and Bells Landmg Member, Tuscahoma Formation, early 
Eocene age. 

Dimensional summary.—Sample includes AMNH 1040 
(1 specimen), USGS 3098 (2 specimens), USGS 5604 (1 
specimen) and holotype, PRI 137. 

Sample: Composite, Greggs Landing, Bells Landing 

N = 5 Dimens ion 
Statistic L PI VzW RN 

OR 48.2-52.3 50.6-56.0 19.3-23.6 34-40 
X 50.9 52.4 21.7 35.8 
s 1.7 2.1 1.6 2.5 
V 3.3 4.1 7.4 7.0 
6x .7 1.0 

Rat 

.7 1.1 

KL/L BH/H H/L ^:w/H 
OR .71-.77 .83-.86 1.00-1.07 .40-.43 
X .73 .84 1.03 .41 

Curvature characteristics*— 

Sample: Composite, Greggs Landing, Bells Landing N = 4 

SI        HI          S2        H2        S3          H3         S4 H4         S5 

OR     25-40" 2.2-3.1 37-55°  5.2-9.8 50-60°   8.5-12.3 60-69° 
X        32.5°     2.5      43.5°      6.8       34.3°      10.7       64.3° 

14.5-22.8 53-56° 
20.4       55.0° 

* Curvature of B type, similar to Claibornicardia- 

Discussion  and diagnosis.—Dall   (1903)   neglected   to 
figure or formally designate a holotype, but he referred to 

Hams' (1897, pi. 11, fig. 1) figured specimen. Palmer and 
Brann (1965, p. 330) designated this specimen as a lecto- 
type thus establishing a definiteness as to the type and 
type locality. The possibility exists that Harris' specimen 
may be the holotype, because it is the only definite specimen 
to which Dall referred. Dall probably included specimens 
from Bells Landing (USGS 3098), as well as those from 
Greggs Landing (USGS 3118), in his original description, 
but the "type" specimen, PRI 137 is from the latter locality, 
and, therefore, this is the type locality. 

The association of this species with the planicostate 
subgenus Venericor by Gardner and Bowles (1939) is un- 
realistic. Neither the dental pattern, the high degree of in- 
flation, nor the distinctly tripartite, coarsely noded orna- 
mentation of this species are characteristic of that sub- 
genus, and only establish its placement in Baluchicardia. 

The descent of this species from V. (B.) wilco.ven.m of 
the Naheola is reasonable not only on the basis of similarity 
in shape and dental pattern but also on the presence in some 
individuals of the small tit developed in the right lunule of 
that species, and these are the only two species exhibiting 
this feature, reminiscent of the flexion in the left lunule seen 
in the later glyptoactids (see Text-fig. 17, PI. 27, fig. 3c). 

The high number of ribs (up to 40) in this species is 
iinl<|ue among all forms studied in the present investigation, 
although the accompanying emphasis of paracostal develop- 
ment is seen in two rotundicards, L. (R.) crenaea Gardner 
and V. (R.) cutawcolens Harris. 

V. (B.) greggiana appears to be the last of the baliichi- 
cards in eastern North America, and whether or not this 
species gave rise to subsequent forms in the Eocene is not 
established. The alticostate lineage is continued in V. (Clai- 
bornicardia) linguinodijera n. sp., of the Bashi Member of 
Wilcoxian age, but this tiny species is distinct from V. (B.) 
greggiana in that it is likely to have arisen independently 
from the Paleocene baluchicards and perhaps from V. (B.) 
wilcoxensis. 

The curvature pattern of the B type seen in V. (B.) 
greggiana is not typical of the baluchicards and represents 
a development similar to that in Claibornicardia. 

Ety7nology.—The trivial name greggiana is geographic 
in honor of the type locality at Greggs Landing. 

Subgenus ROTUNDICARDIA, n. subgen. 

Type species.—V. (Rotundicardia) rotunda Lea, first 
described in 1833 from Claiborne Bluff, Monroe County, 
Alabama. Gosport Sand, late Middle Eocene. 

Type locality.—Claiborne Bluff, near top of east bank 
of Alabama River, south of bridge crossing of U.S. Highway 
84 and east of the town of Claiborne, T 7 N, R 5 E, Mon- 
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roe CcHinty, Alabama. Gospoit Formation, late Middle 
Eocene. 

Distribution.—East coast of North America to New 
Jersey, Gulf Coast of North America to Texas and Mexico. 
Other distribution unknown. 

Stratigraphic rant^c.—From carl\' Palcocene to early 
Oligocene. 

Subgencric definition.—Alticostatc venericards having 
rounded lateral outline with minimum of posterior trunca- 
tion of the shell and shell of low convexity. Dental pattern 
similar to that of Bahichicardia, with prominent, massive 
left anterior cardinal (2) triangular and erect in shape, 
massive and prominent medial right cardinal (3b) and ex- 
tremely well-developed right anterior cardinal (3a) forming 
a straight ridge almost erect and bordering the anterior 
socket in that valve. General tendency toward reduction of 
paracostal cords in main evolutionary lineage with develop- 
ment of bladeiike costals but well-developed paracostals in 
other lineage. 

Discussion and diagnosis.—Both the subgenera Baluchi- 
cardia and the descendant Claibornicardia are characterized 
by a high degree of posterior elongation and a marked 
posterior truncation which may have been associated with a 
burrowing habit and placement of the siphonal areas with 
relation to the substrate surface in these groups. In contrast, 
the shell outline in members of Rotiindicardia is subr(^mded, 
or, as Lea described it, "rotund," with height-length (H/L) 
ratios from .92 to 1.10. The beak tends to be more centrally 
located (BL/L from .61 to .74) and the shell more "equilat- 
eral" in the terminology of previous authors, than in the 
other two subgenera. Much overlap is noted in this charac- 
ter, however. The beaks are small and umbones not promi- 
nent, except in certain members of V. (R.) diversidentata 
Meyer (BH/H from .84 to .95). The rounded outline and 
relative absence of posterior truncation may reflect the ab- 
sence of burrowing in Rotundicardia, although this is not 
thought to be the case because of the high development of 
bladelike ornamentation which may have anchored the ani- 
mals in the substrate. 

The development of sexual dimorphism documented by 
distinct ornamentation and curvature pattern is noted in 
V. (R.) rotunda and in the descendant V. (R.) diversiden- 
tata. 

Harris (1919) fully appreciated the close relationship 
among V. (R.) rotunda, V. (R.) diversidentata and V. 
(R.) carsonensis as a continuous evolutionary sequence, as 
well as the common ancestry of what he termed the "rotun- 
da-alticostata stock" (see ibid., pp. 84, 85). However, not 
realizing the importance of dental pattern as a distinction 

between the two lineages, he inadvertently brought mem- 
bers of Claibornicardia into Rotundicardia under such 
names as "F. rotunda varying toward trapaquara^' and "F. 
(rotunda?) var. coloradonis." Most of these are conspecific 
with V. (C.) coloradonis Harris of the present report. 

Etymology.—Rotundicardia is from the Latin rotundus, 
round, and cur, heart, in reference to the rounded shell out- 
line. 

V. (Rotundicardia) eoa Gardner, 1935 

Plate 22, figures la-lc, 2 

/■. ,«« Cardnci- MS, Plummer,  1933,  Univ.   Pexas,  Bull. 3232,  p.  547. 
A'oH. p. 811, pi. 8, fig. 1. 

r. (Glyptoailis) roii (Gardner,  1935, Univ.   Texas, Bull. 3301, pp.  170, 
171, pi. 15, figs. 3-5;  Palmer and Brann,  1965, Bull. Amer. Pale- 
ont.,  vol. 48, No. 218, p. 329. 

Distinguishing characters.—Similar to F. (R.) rotunda 
Lea in outline, convexity and dentition, but distinguishable 
trom that and other rotundicard species in having higher 
degree of posterior truncation, directed anteriorly downward, 
relatively low rib number (23) and narrow central costal 
cords ornamented by sawtooth nodes pointing toward the 
ventral margin and not much wider than cord. Paracostals 
distinct, forming low, wide terraces on either side of central 
cord; intercostals shallow, broad U-shaped channels. Ribs 
of F. (R.) rotunda high and bladelike, lacking distinct para- 
costals. 

Type.—Holotype, a well-preserved right valve with 
slightly damaged anterior margin, USNM 370918, dimen- 
sions below. Paratype a larger left valve lacking posterior 
and ventral portion of shell, same collection number. 

Sp'n ^^W      RN      BL/1.    BH/H     H/L    'AW/U 

Holo.        22.5 21.0 7.8 23 .61 .91 .93 .37 
Para.*      28.4 26.9 10.6 23 .74 .91 .95 .39 

•Estimated 

Type locality.—\JSGS, station 11914, south bank of 
Colorado River lYz miles below the Travis-Bastrop County 
line, Bastrop County, Texas. 

Distribution.—Two other localities in the vicinity of 
the type locality are listed by Gardner (1935), but material 
from these has not been examined in the present investiga- 
tion. 

Stratigraphic occurrence. — Upper part of the Kincaid 
Formation, early Paleocene age. 

Dimensional summary. — See type dimensions. 
Curvature characteristics: ■— 

Sample: Holotype N = 1 

SI       HI S2 H2 S3 H3 S4 H4         S5 

OR 22°       .7 40°       1.7        43° 2.9 47°       — — 

Discussion and diagnosis. — F. (R.) eoa is the earliest 
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representative of Rotundicardia known from the fossil rec- 
ord, but its evolution from Baluchicardia is evident in primi- 
tive characters such as distinctly tripartite ornamentation 
with sawtooth nodes unlike the ornate ribs of the Eocene 
descendants. The A pattern of curvature and robust dental 
pattern also ally it to this group. 

Its rotund shape with small, low beaks, however, 
uidicates a direct ancestry to rotundicards of the Eocene, 
and the primitive dental pattern is transmitted almost un- 
modified to the more advanced forms. 

It is interesting to note that no rotundicards are known 
from the sediments of late Paleocene or early Eocene age. 
However, the alticostate groups livmg in that time span 
are in general not well represented, and depositional en- 
vironments of known deposits may not have been favorable 
for the life activities of the group. Paradoxically, the early 
Eocene sediments contain the greatest abundance of the 
planicostate species (see Text-fig. 3) in an evolutionary 
burst in that group. 

Gardner (1935) recognized the basic similarity be- 
tween V. (R.) eoa and V. (R.) rotunda, and it appears cer- 
tain that the Paleocene species is the ancestor of the Eocene 
species, even though intermediate forms are unknown. 

Etymology.—The trivial name eoa is from the Latin 
eos, dawn, alluding to the early appearance of this form 
in the early Paleocene. 

V. (Rotundicardia) crenaea Gardner, 1935 

Plate 22, figures 3a, 3b, 4 

/'. (Glyfloactis) acnuia Gardner, 1935, Vn\\. Texas, Bull. 3301, p|'- 
167, 168, pi. 15, figs. 1, 2; Palmer and Brann, 1965, Bull, .\nicr. 
Paleont.,  vol. 48,  No. 218,  p.  327. 

Distinguishing characters. — Dentition unknown. Flat- 
ness and rounded shell outline with relative absence of pos- 
terior truncation, small low beaks probably ally V. (R.) 
crenaea to the rotundicards, but ornamentation is unlike any 
other species in the group, and generally similar only to that 
of V. (R.) eutawcolens Harris. Most conspicuous paracostals 
of any species in the present investigation only slightly lower 
than the costal cord which is ornamented by fairly regularly 
spaced sawtooth nodes somewhat subdued to transverse 
ridges in certain specimens (e.g. the paratype). Paracostals 
noded in concert with central cord and expand over inter- 
costal space until almost in contact. Intercostals constricted 
and slitlike. 

Type. — Lectotype (herein designated), Gardner's 
figured right valve, USNM 370911, imbedded in matrix. 
Paralectotype, figured left "cotype," same collection num- 
ber. Dimensions below. 

Sp'n |/W     RN      BL/I.    BH/H     H/L    '/iW/H 

Lect. 
Para. 

25.3 
28.6 

22.7 
22.0 

Type locality. — USGS station 11770, bed of the Hondo 
River, 1 mile northwest of New Fountain, Medina County, 
Texas. Tehuacana Member of the Kincaid Formation, early 
Paleocene age. 

Distribution. — Gardner (1935) listed several localities 
from Medina, Uvalde, Kaufman and Guadalupe Counties in 
Texas. Only the lectotype and paratype were studied in the 
present investigation. 

Stratigraphic occurrence. — Tehuacana Member of the 
Kincaid Formation, early Paleocene age. Some questionable 
localities for this species listed by Gardner (op. cit.) are in 
the Littig Member of the same formation which is strati- 
graphically lower than the Tehuacana. 

Dimensional summary. — 

Sample: Holotype and Paratype 

N = 2 
Statistic 

Dimension 
H J^W 

OR 25.3-28.6 22.0-22.7 8.0-8.5 27-28 
X 
s 
V 

27.0 
2.3 
8.7 
1.7 

22.+ 
.5 

2.2 
.4 

8.3 
4.3 
44 

.3 

27.5 

2.6 
.5 

OR 
Bl./I. 
.79-.80 

BH/H 
.95-.96 

Rati 
"  H/L 

.77-.90 
!JW/H 

.35-.39 
.X .80 .96 .84 .37 

Cur, :'(il ur (' character ri sties. — 

Sample: Hololy|)e and paratype 

SI HI S2       H2 S3 

OR        20-21°     1.2-1.9    40°    1.8-2.3    46-47°        ? ? —      — 
X 20.5° 1.5       40°       2.1        46.5° 

*Terminal segment missing. 

Discussion and. diagnosis.—Except for Gardner's (1935) 
statement, "Medial right cardinal obliquely deltoid and very 
heavy," the dentition in the species is unknown, but a 
heavily constructed dentition is characteristic of Rotundi- 

cardia. 
The almost unique expansion of the paracostals is found 

in only two other species of the present investigation: V. 
(Baluchicardia) greggiana of the Tuscahoma Formation and 
V. (R.) eutawcolens of the Santee Limestone. The para- 
costals of the former species, however, are expanded from 
the sides of basically bladelike ribs, giving a cross-shape to 
the rib cross-section. Those of the latter species form solid 
terraces, much as in V. (R.) crenaea, and could suggest a 
direct relationship between these species. 
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Another feature atypical of Rotundicardia possessed 
by this species is the convex pattern of curvature (A) which 
lacks the final, most convex stage. The meaning of this is not 
clear, because the specimens examined are assumed to be 
adults. This may represent an instance of paedomorphosis, 
in which sexual maturity is attained at an early ontogenetic 
stage with the corresponding suppression of the normally 
adult character. This is not found in any other species in the 
scope of this report. 

Because of its rounded shell outline and relative lack of 
posterior truncation, as well as small beaks and umbones and 
low convexity, V. (R.) crenaea is questionably placed as an 
offshoot on the phylogeny of Rotundicardia (see Text-fig. 
26), despite its distinct ornamentation and incomplete curv- 
ature pattern. Its descendants, other than possibly V. (R.) 
eutawcolens, are not recognized. 

Etymology. — The trivial name crenaea is derived from 
the Latin crenae, notches or rounded projections, alluding to 
the nodes on the central and paracostal cords. 

V. (Rotundicardia) flabellum Harris. 1919 

Plate 22, figures 6a-6c, 7 

/'. roluiulii var. flahi-llum Harris, 1919, Bull. Amer. Paleont., vol. 6, 
No. 31, p. 80, pi. 29, fig. 8; Renick and Stenzel, 1931, Univ. Texas, 
Bull. 3101, pp. 10+, 108 (species lists); Plummer, 1933, Univ 
Texas, Bull. 3232, p. 646 (species list); Harris and I'almer, 19+6, 
Bull. ,\mer. Paleont., vol. 30, No. 117, p. 71; Palmer and Brann, 
1965, Bull. .\mer. Paleont., vol. +8, No. 218, pp. 3 + 1, 3+2. 

/ . fliihrllum Harris, Plummer, 1933, IhiJ., pp. 811, 812, pi. 8, figs. 5, 8. 
/■. jiahrilum var. ktiigi Plummer, 1933, ih'ui, pp. 811, 812, pi. 8, fig. 9 

(nomrn nudum). 

Distingiiishivg characters. — Similar only to V. (R.) 
rotunda in shape, dentition, and development of a "pseudo- 
lunule" by emphasis of third or second anterior rib, but dis- 
tinguishable on basis of ornamentation which consists of 
widened, flat-topped costae with regularly spaced nodes 
which appear as transverse ridges, easily distinguished from 
more delicate ornamentation of V. (R.) rotunda. 

Type. — Holotype, a well-preserved valve, dimensions 
below,'PRI 651. 

Sp'n :,W      RN      BL/I,    BH/H     H/L    ;/.W/H 

6.9 21 .71 .91 .98 .69 

Type locality. — Smithville, Bastrop County, Texas. 
Weches Formation, middle Eocene age. 

Distribution. — Besides the holotype, the following col- 
lections were examined in the present investigation: USGS 
5285 and 6088, AMNH collection 27674, all from Smithville, 
Texas. AMNH 9954, "International and Great Northern 
Railroad, Texas" (exact locality not listed). Plummer 
(1933) described the Smithville locality as "on the Colo- 
rado River just north of the bridge in Smithville .  .  . ", 

and another "800 to 1000 feet west of highway bridge over 
the Colorado River at Smithville." Plummer (1933) and 
Renick and Stenzel (1931) listed other localities in Bastrop, 
Robertson, and Brazos Counties, Texas. 

Stratigraphic occurrence. — From Weches Formation 
to Yegua Formation, middle Eocene age. 

Dimensional summary. — 

Sample: USGS 6088 

N = 10 Dimen! non 
Statistic L H KW RN 

OR 1+.0-22.+ 1+.3-21.8 +.8-7.9 22-26 
X 18.6 18.3 6.6 23.3 
s 2.6 2.3 1.1 2 + 
V l+.O 12.8 16.9 10.+ 
Ox .82 .7 

R 

.+ 

atio 

.8 

BL/L BH/H H/L </,W/H 
OR .66-.73 .89-.93 .95-1.02 .32-.+ 1 
X .69 .90 .98 36 

Curi'aturc characteristics. ■ 

Sample: USGS 6088 N = 10 

SI HI S2 H2 

OR    19-33° .6-1.0 28-+2° 1.1-2.2 +2-55 
X      23.0° .8        3+.0° 1.6        +9.0° 

1.5-+.2   50-70     2.9-7.5   +5-55° 
3.1        59.0°       5.3 +9.0° 

Discussion and diagnosis.— V. (R.) jlabellum is simi- 
lar to V. (R.) rotunda, and Harris ( 1919) recognized this on 
a varietal level of distinction. Reduced major axis compari- 
son between a topotype sample of V. (R.) flabellum and the 
type collection of V. (R.) rotunda established a correlation 
coefficient (Z) of .80, representing a high degree of similar- 
ity in growth pattern of Height/Length. This might indicate 
a subspecific relationship rather than distinct species. This 
course has not been adopted here for several reasons: (a) 
the ornamentation of V. (R.) jlabellum, is uniformly dis- 
tinguishable from that of the other species, and ornamental 
type is the commonly applied basis for species distinction in 
Venericardia; (b) there exist at least two localities where 
V. (R.) rotunda and V. flabellmn are found in the same 
stratum (Renick and Stenzel, 1931 p. 104), signifying that 
these two lived sympatrically without interbreeding; (c) no 
apparent sexual dimorphism in ornamentation or curvature 
pattern is found in this species such as that which charac- 
terizes populations of V. (R.) rotunda. 

The "variety" V. (R.) flabellum var. kingi Plummer 
from the Crockett Formation is a nomen nudum, because 
no description exists nor distinguishing characters which 
serve to differentiate it from the Weches populations of the 
species. Plummet's (1933, pi. 8, figs. 9a,9b) photographs 
of unidentified specimens show forms indistinguishable from 
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specimens in the earlier Weches Formation in the same 
region of Texas. 

V. (R.) flabellum is undoubtedly derived from the 
same ancestry as V. (R.) rotunda, but the absence of inter- 
mediate forms in the sediments of late Midway or Wilcox 
age poses a significant gap between these two middle Eocene 
species and V. (R.) coa, the logical ancestor for both in the 
early Paleocene. 

Etymology. — The trivial name flabellum, fan (I^atin), 
refers to the transversely expanded costal nodes. 

V. (Rotundicardia) rotunda Lea, 1833 

Plate 22, figures 8, 9a, 9b; 
Plate 23, figures 1, 2a, 2b 

/'. roluiida Lea, 1S33, Contributions to Geologv, p. 70, pi. 2, fig. 48; 
Harris, 1919, Bull. Amer. Paleont., vol. 6, No. 31, pp. 78-80, pi. 28, 
figs. 4-7 (vars. jungina, funiculus) (non var. fluhfllum, p. 80, 
pi. 29, fig. 8, non var. coloradonis, p. 81, pi. 29, fig. 9, non "vary- 
ing toward trapaguara," pp. 80,81, pi. 29, figs. 6,7) ; Renick and 
Stenzel, 1931, Univ. Texas, Bull. 3101, p- 104 (list); Plummer, 
1933, Univ. Texas, Bull. 3232, pp. 646, 811 (non pi. 8, figs. 7a, 
7b), Gardner, 1945, Geol. Soc. America, Mem. 11, p. 93, 
?pl. 7, ?figs. 7a, 7b; Harris and Palmer, 1946, Bull. Amer. 
Paleont., vol. 30, No. 117, pi. 17, figs. 4, 5a, 6a; Palmer and Brann, 
1965, Bull. Amer. Paleont., vol. 48, No. 218, p. 341. 

?CnrJita suhrolunJa Conrad, 1848, Acad. Nat. Sci. Philadelphia, 
Proc. 1847, vol. 3, p. 298; Conrad, 1848, .^cad. Nat. Sci. Phila- 
delphia, Jour., vol. 1, 2d ser., p. 129, pi. 14, fig. II. 

/'. transversa var. lolunda deGregorio, 1890, Mon. Fauna I'Eoc. 
Alabama,  p. 212,  pi.  13,  figs.  6-13. 

Distinguishing characters.— V. (R.) rutunda is similar 
in general form and dentition to V. (R.) divcrsidentata 
Meyer and V. (R.) flabellum Harris but distinguished from 
those species and other rotundicards mamly on ornamenta- 
tion. Costal nodes on the high, bladelike ribs are of two 
t3pes: (a) subdued, irregularly spaced expansions of the 
central cord (funiculate) and (b) closely and regularly 
spaced flaring scales (funginate). Nodes of V. (R.) diversi- 
dentata are uniformly spaced, flattened transverse ridges on 
similar ribs; those of V. (R.) flabellum much coarser trans- 
verse ridges on wider ribs. Lower average rib number in V. 
(R.) flabellum (about 23) and much higher in V. (R.) di- 
versidentata (about 30); V. (R.) rotunda average about 26. 
Smaller, less inflated umbones in V. (R.) rotunda than in 
V. (R.) diversidentata, but certain individuals (V. "praeci- 
sa") comparable in this respect. Development of pre-um- 
bonal ridge formed by second or third anterior costa and 
reflection of the shell in a "pseudo-lunule" found only in 
V. (R.) rotunda and V. (R.) flabellum, not in V. (R.) 
diversidentata. 

Type. — Lectotype (herein designated), Lea's illus- 
trated right valve ANSP 5267, dimensions below. Para- 
lectotype, figured left valve ANSP 5268, dimensions below. 

Sp'n :;W     RN      BL/L    BH/H     H/L    J^W/H 

Lect. 24.5 22.9 8.5 26 
Para. 25.0 23.5 7.5 27 

.71 .90 
.91 

.37 

.32 

Type locality. — Upper part of Claiborne Bluff, on east 
bank of Alabama River, south of the bridge crossing of U. S. 
Highway 84 and just west of the town of Claiborne, T 7 N, 
R 5 L, Monroe County, Alabama. Gosport Sand, late mid- 
dle Eocene age. 

Distribution. — Besides the type collection (ANSP 
5267-5284), the following collections were examined in the 
present investigation: 

1. AMNH 1038, 0.8 mile north of intersection between 
U. S. Highway 80 and State Highway IS, on highway 15 
just south of bridge over Potterochitto Creek. Archusa Marl 
Member, "VVautubbee Formation" (Lisbon Fm.), middle 
Eocene. 

2. AMNH 1044, cut along Gulf Mobile and Ohio Rail- 
road, across from L. B. Jones' fire tower, Newton, Newton 
County, Mississippi. Potterochitto Member, "Wautubbee 
Formation," middle Eocene. 

3. AMNH 9723/2, Farmingdale, Monmouth County, 
New Jersey. Shark River Marl, middle Eocene. 

4. USGS 4272, Saline Bayou, St. Maurice, Winn Parish, 
Louisiana. Cook Mountain Formation, middle Eocene. 

5. USGS 6087, Gopher Hill, bluff on the Tombigbee 
River about 1/2 mile above St. Stephens Bluff, Washington 
County, Alabama. Gosport Sand, middle Eocene. 

6. USGS 2009, 2 miles west of the Orangeburg Court- 
house, Orangeburg County, South Carolina. McBean Forma- 
tion, middle Eocene. 

Plummer (1933) reported this species from the Weches 
Formation (middle Eocene) at Smithville, Renick and 
Stenzel (1931) from the Crockett Member of the Yegua in 
Texas, and Gardner (1945) reported poorly preserved simi- 
lar, if not conspecific, specimens from the Laredo Forma- 
tion of Cook Mountain age in northeast Mexico. Foster 
(1940) reported the presence of this species in "lower Clai- 
borne" beds in Clarke County, Mississippi. 

Stratigraphic occurrence. — Lower Lisbon to Gosport 
Formations, middle Eocene age. 

Dimensional summary. — 

Sample: Type collection, .ANSP 5267-5284* 

N = 20 Dimen; «ion 
Statistic I. H K'W RN 

OR 5.0-25.0 4.9-23.5 1.7-8.5 23-30 
X 14.5 13.6 4.8 26.3 
s 6.3 5.9 2.1 1.6 
V 43.6 43.4 43.3 5.9 
6x 1.4 1-3 .5 .4 
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Sample:  Type collection, ANSP 5267-5284»  (continued)  

N = 20 Ratio 
Statistic BL/L BH/H H/L K-W/H 

OR .59-.80 .87-.95 .90-.99 .31-.38 
X .69 .91 .94 .35 

•Not including 5279  (not this species). 

Curvature characteristics. - 

Sample: Type collection, ANSP  5267-5284* N = = 20 

SI       HI         S2 H2        S3           H3 S4 H4»» S5*» 

OR   20-33°   .3-1.2   22-48° .7-2.1   40-52°  1.4-8.3   52-55°   3.8-12.0 43-53 
X      24.3°       .6        37.4°       1.2      44.6°       3.5       48.0°        5.5       45.4° 
•Not including 5279  (not this species). 
•* Only seen in funginate individuals. 

Discussion and diagnosis.—Harns (1919) named two 
"varieties" of V. (R.) rotunda from topotype specimens to 
recognize two distinct types of ornamentation: V. rotunda 
var. fungina (see PI. 22, figs. 9a, 9b), which has costal nodes 
"reminding one of a series of minute, inverted funnels, or 
perhaps a dead branch bedecked with a series of saucer- 
shaped fungi, hence ... the varietal name fungina. The 
second, slightly more abundant and growing at times a little 
larger than the first, is . . . ornamented by simple nodules, 
giving a cordlike aspect, hence the varietal name juni- 
culus . . ." (see Pi. 22, fig. 8). The distribution of these orna- 
mental types corresponds exactly to the distribution of 
curvature pattern (see Text-figs. 16, 22) in the type collec- 
tion of 20 individuals. The most reasonable explanation for 
this is sexual dimorphism. Highly ornate males with fungi- 
nate ornamentation become less convex upon reaching ma- 
turity and the simpler, funiculate females become more 
convex on reaching maturity in connection with the 
"marsupial" habit in reproduction in which the larvae are 
nurtured within the umbonal region of the mantle cavity 
of the female. The ornate funginate ornamentation is not 
found in collections of pre-Gosport age, although both the 
male B and female A patterns are seen. 

The widespread occurrence of V. (R.) rotunda on the 
east and Gulf coastal plains makes it a valuable index fos- 
sil for sediments of middle Eocene age and testifies to the 
evolutionary success of the species. Wilcoxian and late Mid- 
wayan ancestors are unknown, but its descendant in the late 
Eocene is V. (R.) diversidentata. 

Etymology.—The trivial name rotunda is derived from 
the Latin rotundus, circular or round, in reference to the 
subcircuiar lateral outline of the shell. 

V. (Rotundicardia) eutawcolens Harris,  1919 

Plate 22, figures 5a, 5b 

rctcricarjia  i-utriiviolrns   Harris,  in  Van  Winkle   and   Harris,   1919. 

Bull. Amer. Paleont., vol. 8, No. 33, pp. 13, 14, pi. 2, figs. 1, 2; 
Palmer and Brann, 1965, Bull. Amer. Paleont., vol. 48, No. 218, 
p.  329. 

Distinguishing characters.—Neither total shell shape, 
musculature, nor dentition known, but can be distinguished 
from other rotundicard species by ornamentation. Costal 
cord narrow and rounded, ornamented by subdued asym- 
metrical nodes pointing toward the ventral margin. Para- 
costals irregularly noded, strongly developed and projecting 
over intercostal space. Intercostals broadly U-shaped with 
moderate constriction due to overhanging paracostals. Ribs 
comparable to those of V. (R.) crenaca Gardner, but less 
strongly developed. 

Type.—Lectotype (herein designated), a natural mold 
of nearly complete left exterior, PRI 1401. Paralectotype, a 
natural external mold of left fragment, PRI 1402. Lectotype 
dimensions below (estimated). 

Sp'n ,W      RN      BL/L    BH/H     H/L    iIW/H 

Lecto.       26.8        26.8 9.0        25 .75 .90        1.00 .34 

Type locality.—"Eutaw Springs and Centre Hill, South 
Carolina" (Harris, 1919). Eutaw Springs, about 3 miles east 
of Eutawville, Orangeburg County, South Carolina. 

Distribution.—Known only from type locality. 
Stratigraphic occurrence.—Santee Lmiestone, middle 

Eocene age. 
Dimensional summary.—See type dmicnsions. 
Curvature characteristics.— 

Sample: Holotype N = 1 

SI        HI       S2        H2      S3 H3       S4        H4       S5 

(_)R 20°        .7      32°       1.6      21°        2.7      52°        7-2      47° 

Discussion and diagnosis.—The ornamentation of V. 
(R.) eutawcolens can be compared only to that of V. (R.) 
crenaea of the Kincaid Formation and V. (B.) greggiana 
Dall of the Tuscahoma Formation. Neither of the latter 
species are close to the Santee species in stratigraphic place- 
ment. It is excluded from a relationship with V. (B.) greg- 
giana because of the high convexity, well-defined posterior 
truncation and narrowly based ribs, despite the great ex- 
pansion of paracostals in that species. It is similar in con- 
vexity and lack of posterior truncation as well as broadly 
based ribs with noded paracostals to V. (R.) crenaea, and a 
descendant relationship to that species is proposed, despite 
the wide stratigraphic gap which separates the two. 

The curvature pattern of V. (R.) eutawcolens is some- 
what atypical and of the B type, but showing a stage of 
low convexity in the third (S3) growth stage. However, the 
beak is not preserved in the holotype, and its estimated 
position may have involved error in drawing the curve. 
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Etymology.—Trivial name eutawcolens is geographic 
in honor of Eutawville, near the type locality. 

V. (Rotundicardia) diversidentata Meyer, 1885 

Plate 23, figures 3a-3c, 4, 5a, 5b, 6, 7a-7c, 8 

f. dh'crsiJcnta Mever, 1885, Amer. Jour. Sci-, 3d ser., vol. 29, pp. 460, 
467;   Casey,   1903,   Acad.   Nat.   Sci.,   Philadelphia,   Proc,   vol.   55, 
p.  264;   Harris  and  Palmer,   1946,  Bull.  Amer.  Paleont.,  vol.  30, 
No.   117,   pp.   69-71,   72,   73,   pi.   17,   figs.   1-3,   5,   6,   7-10;   "var. 
garlandica";   Harris,   ibid.,   p.   73,   pi.   17,   figs.   15,   16a,   17a; 
Palmer and Brann,  1965, Bull.  .\mer.  Paleont.,  vol. 48,  No.  218, 
p. 328. 

Cardita  letrica  Conrad,   1854,   in  Wailes,  Kept.   Agric.   and   Geol.  of 
Mississippi,  p. 289   [nomcn nudum);   .Mdrich,   1885,  .\mer.  Jour. 
Sci., 3d ser.,  vol. 30,  p. 307;  Dall,  1903,  Wagner  Free  Inst.  Sci., 
Trans., vol. 3, No. 6, p. 1424;  Harris, 1919, Bull. Amer. Paleont., 
vol. 6, No. 31, p. 85. 

Irncricardia lilriai  Conrad,  Dall,  1903,  ibid.,  pp.   1427,  1428,   1429; 
Harris, 1919, Bull. .Amer. Paleont., vol. 6, No. 31, p. 85. 

/■. jacksoncnsis Conrad, 1866, Smithsonian Misc. Coll., vol. 7, No. 200, 
p. 23  (nomcn nudum); Vaughan, 1896, U.S. Geol. Sur., Bull., No. 
142, p. 51; Dall, 1903, ibid., loc. cil. 

I', rotunda Lea  vai.,   Harris,   1894,   -Ann,  Repl.  Geol.   Sur.  .\rkansas 
for 1892, vol. 2, p. 149. 

/•. prtu-cisa Dall,  1903,  ibid., pp.  1424,  1427,  1429,  pi.  56,  figs.  7,  8; 
Harris,   1919,  op.  fit., loc  cil.:   Harris,   1946,   and   Palmer,   ibid., 
pp. 71, 72, pi. 17, figs. 12-14. 

r.   scabricoslata   Guppv,   Richards   /;;   Richards   and   Palmer,   1953, 
Florida Geol. Sur. Bull., vol. 35, pp. 47, 48, pi.  10,  figs.  1, 2. 

Distinguishing characters.—General shape and denti- 
tion similar to V. (R.) rotunda but distinguishable from 
that species by more numerous ribs which contain closely 
spaced flattened transverse nodes and not flaring as those 
of that species. Beaks somewhat higher and more inflated 
in some, but low, noninflated beaks comparable in other 
specimens. Anterior left cardinal more inclined on posterior 
face than steeper feature in V. (R.) rotunda, with conse- 
quent wider angle between right anterior and medial car- 
dinal. Absence of "pseudolunule" and ridge formed by first 
two anterior ribs found in V. (R.) rotunda. 

Discussion.—Because of the distinction between the 
populations of the Mississippi region and those farther east 
in Florida, two subspecies are erected. 

V. (Rotundicardia) diversidentata diversidentata   Meyer, 1885 

Plate 23, figures 3a-3c, 4, 5a, 5b, 6 

Synonymy includes all references except those under 
V. vicksburgiana and V. scabricostata 

Distinguishing characters. — Distinguished from the 
subspecies V. (R.) diversidentata vicksburgiana (Dall) by 
the somewhat more accentuated nodes which are more 
numerous and closely spaced, and higher rib number. Sexual 
dimorphism also pronounced in this subspecies, with flat- 
tened, low beaked forms ("praecisa") which were probably 
males of the population. This was not noted in V. (R.) 
diversidentata vicksburgiana. 

Type.—Holotype   a   right  valve,  ASM   type   No.   74, 
dimensions below. 

Sp"n ..\V      KN      BL/L    BH/H     H/L    ;..W/H 

31 .66 .87 .03 .38 

Type locality.—"Jackson, Mississippi." 
Distribution.—Besides the rather poorly preserved holo- 

type, material from the following localities was examined in 
the present investigation: 

1. All Harris' figured specimens in the Paleontoiogical 
Research Institution collections from Moody's Branch and 
Town Creek, Jackson, Hinds County, Mississippi; Garland 
Creek, north of Shubuta, Clarke County, Mississippi, and 
Hiwannee, Wayne County, Mississippi; Montgomerj', Grant 
Parish, Louisiana, and Bunker Hill on the Ouachita River, 
Caldwell Parish, Louisiana; Vince Bluff on the Saline River, 
Cleveland County, Arkansas. 

2. USGS collections from Jackson, Hinds County, Mis- 
sissippi numbers ''Jackson 60," 4270, .3746, 6467, .373.S, 6466 
and 10377 (Moody's Branch). 

3. USGS 2232, Sec. 32, T 10 S, R 11 W, near crossroads 
church, Cleveland County, Arkansas. 

4. AMNH 1045, Montgomery, Louisiana. 
Stratigraphic occurrence.—Moodys Branch Marl of the 

Jackson Group, late Eocene age. 
Dimensional sum^nary.— 

Sample: USNM 136672, Jackson 60, Jackson, Miss. 

N = 7 Dimension 
Statistic L H /2W RN 

OR 16.4-20.6 17.1-21.8 6.1-9.8 27-34 
X 194 19.8 7.8 29.7 
s 1.5 1.7 1.1 2.4 
V 7.7 8.7 14.5 8.2 

6x .6 .7 .4 
Ratio 

.9 

BL/L BH/H H/L ^^W/K 
OR .64-.74 .83-.90 .94-1.06 .36-.50 
X .69 .86 1.02 .40 

Curvature characteristics.— 

Sample:  PRI  4275,  4276,  4278,  4274,   Jackson,   Mi 

Sl       HI S2       H2 S3 H3 

OR      22-30°   .5-.8   33-46°   .9-1.8 46-52°   1.9-3.9   55-63°  5.0-9.1   49-52" 
X 25.3°       .7      41.0°     1.4        48.8°        2.8       57.5° 6.6      50.0" 

Discussion and diagnosis.—The presence of smaller in- 
dividuals which are flattened and more finely ornamented, 
such as those which Dall (1903) named V. praecisa, in 
most collections examined seems to indicate that sexual 
dimorphism characterizes this subspecies, just as the an- 
cestral V. (R.) rotunda contained two distinct ornamental 
types. The difference here is more subtle, however, and both 
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forms are characterized by ribs with closely spaced trans- 
verse nodes, giving a "T-rail" cross-section described by 
Dall (1903). However, the higher, more inflated beaks and 
umbones in most individuals seem to indicate females and 
the more "rotund," low beaked individuals, males. No dis- 
tinction can be made on the basis of curvature and both are 
characterized by the B pattern. Reduced major axis com- 
parison between Dall's types of V. praecisa and a topotype 
collection from Jackson, Mississippi, of this subspecies failed 
to indicate any significant difference. 

Many of the varietal names by Harris were only varia- 
tions. His (1946) "variety" "garlaiidica" of this subspecies 
is a worn small individual with a broken anterior, giving a 
spurious height to the shell. 

Gardner (1945) recorded specimens from beds ol Jack- 
son age in northeast Mexico which are similar to V. (R.) 
diversidentata but have a lower rib number than the topo- 
types. These have not been examined in the present in- 
vestigation, and no comment can be made on their affinities. 
They may represent a subspecies restricted to that area, 
just as V. (R.) diversidentata vicksburgiana lived in the 
eastern part of the Gulf. Curiously, no Texas occurrences of 
this species are reported, unless Plummer's (1933) reference 
to a poorly preserved "Venericardia sp." in the Whitsett 
Member of the Fayette Formation of Jackson age is con- 

specific. 
V. (R.) diversidentata s. I., is the last widely occurring 

rotundicard in North America, and its descendant in the 
early Oligocene, V. (R.) carsonensis Dall is restricted to a 
small area in eastern Mississippi and represents the last 
known species belonging to this subgenus. 

Etymology.—The trivial name diversidentata is de- 
rived from the Latin diversus, different, and devtatus, 

toothed. The reference is not clear. 

V. (Rotundicardia) diversidentata vicksburgiana Dall. 1993 

Plate 23. figures 7a-7c, 8 

/'. I'uksburgiana  Dall,  1903,  Wagner  Free  Inst.  Sci.,  Trans.,   M)I.  3. 
No. 6, p. 1428, pi. 56, fig. 6; Palmer and Brann, 1965, Bull, .\iner. 
Paleont., vol. 48, No. 218, p. 345. 

/■.   siiihricoslala   Guppv,   Richards   in   Richards   and   Palmer,    1953, 
Florida Geol. Sur. Bull., vol. 3 5, pp. 47, 48, pi. 10, figs. 1, 2. 

Distinguishing characters.—Distinguished from V. (R.) 
diversidentata diversidentata mainly by less numerous ribs 
(18-23) than that species (24-34) and less expanded costal 
nodes. Specimens with flattened shell and circular outline 
characteristic of that subspecies, not evident in populations 
of V. (R.) diversidentata vicksburgiana. 

Type.—Holotype, silicified pair of valves from same in- 
dividual, posterior margin broken, USNM 164548, dimen- 
sions below. 

Sp'n RN      BL/L   BH/H     H/L    >AW/H 

23 .77 .94 .39 

Type locality.—USGS sta., Martin Station, near Ocala, 
Marion County, Florida. Ocala Limestone, late Eocene age. 

Distribution.—Beside the type collection, material was 
examined from FGS localities L-93 and L-139, Levy County, 
Inglis Formation, Ocala Group, and Syracuse University 
Collection 9619, Camp Wheeler, Bibb County, Georgia, 
Barnwell Formation, late Eocene age. 

Stratigraphic occurrence.—"Ocala Limestone", Inglis 
Formation, Ocala Group; Barnwell Formation, Georgia. All 
late Eocene age. 

Dimensional summary.— 

Sample: USNM   164548, Type Collection 

N = 3 Dimen; (ion 
Statistic L H JiW RN 

OR 8.1-15.8 8.1-14.8 3.1-5.7 21-23 
X 11.0 II.O 4.1 22.0 
s 4.2 3.4 1.4 10 
V 37.9 31.3 34.2 4.6 
6.V 2.4 2.0 

R ati( 

.8 .6 

BL/L BH/H H/L ■:.vv/H 
OR .69-.77 .85-.91 .94-1.10 .35-.39 
X .72 .87 1.01 .37 

Curvature characteristics.- 

Sample:  USNM   164548, Type collection N = 3 

SI       HI         S2 H2 S3           H3 S4 H4 S5 

OR   24-44°   .4-.7   32-40° 1.0-1. 
.X        30.7°       .6      35.0°      1.3 

46-54°   2.5-4.0   57-61° 4.0-8.56    52-53 
49.0° 3.4        59.0° 6.3        52.3° 

Discussion and diagnosis.—Specimens from the type 
locality at Martin Station are comparable to many in col- 
lections from Jackson, Mississippi, and the apparent geo- 
graphic isolation of the two populations resulted in the de- 
velopment of two subspecies in the eastern and central 
parts of the Gulf Coastal waters during late Eocene time. 
No "praecisa"-\\]iie individuals are found in Florida collec- 
tions, and this, as well as the lower rib number, is a basis for 
distinction. 

Dall's ( 1903) comment that, "As the last of its race it 
is small and degenerate with the feebleness of sculpture as 
an indication of senility," may be erroneous in two respects. 
V. (R.) diversidentata vicksburgiana is the logical ancestor 
for V. (R.) carsonensis of the early Oligocene which has an 
even lower rib count range (18-22). The "feebleness of 
sculpture" may be a result of preservation as siliceous pseu- 
(lomorphs. 
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A comparison of Richards' (1953) specimens of "V. 
scabncostata" (see PI. 23, figs. 7a-7c) indicates they are 
members of this subspecies, with a similar rib number but 
a shghtly greater shell thickness and somewhat heavier 
dentition. These are found in the Inglis Formation, Ocala 
Group in western Peninsular Florida, and may bear an 
ecophenotypic relation to the thinner topotype specimens 
found in the "Ocala Limestone." 

Etymology.—The trivial name vicksbitrgiana was given 
by Dall under the misconception that the limestone around 
Ocala, Florida, was equivalent to the limestones of the 
Vicksburg Group of middle Oligocene age because of litho- 
logic similarities and extensive silicification of fossils in the 
Glendon Formation of that group. A specimen in Dall's type 
collection is imbedded in limestone matrix containing the 
Jackson orbitoid, Lepidocyclina  mortoni Cushman. 

V. (Rotundicardia) carsonensis Dall, 1903 

Plate 23, figures 9a, 9b, lOa-lOe 

/'. vtcksburgensis Casey, 1903, Acad. Nat. Sci. Philadelphia, Pioc, 
p. 264 (nomcn dubiumj. 

r. carsonensis Dall, 1903, Wagner Free Inst. Sci., Trans., vol. 3, 
No. 6, p. 1427, pi. 56, fig. 9; Harris, 1919, Bull. .Xmer. Paleonl., 
vol. 6, No. 31, pp. 81, 84, 85; Gardner, 1945, Geol. Soc. .America, 
Mem., vol. 11, p. 94; Harris and Palmer, 1946, Bull. .\mer. 
Paleont., vol. 30, No. 117, pp. 70-73, pi. 17, fig. 9a. 

Distinguishing characters.—Most similar to V. (R.) 
diversidentata and V. (R.) rotunda in general shape and 
convexity but distinguishable from those species by orna- 
mentation which consists of a thin, elevated cord with ob- 
scure traces of paracostal threads. Nodes are closely spaced, 
somewhat elevated rounded transverse ridges becoming 
somewhat spinose on the anterior ribs. Nodes not flattened 
as in V. (R.) diversidentata but not nearly so pronounced as 
in V. (R.) rotunda. Costals slope into broadly U-shaped, 
comparatively wide intercostals. Low rib number (18-22) 
similar to that of V. (R.) diversidentata. Dental pattern 
similar to those species but differs in triangular projection 
on commissural face of lunule formed by the prominent an- 
terior cardinal (3a) of the right valve and the lunule face, 
below which lunule is excavated to the ventral margin of 
hinge plate. Face of lunule on left valve correspondingly 
indented and ridge joins anteroventral corner of the an- 
terior cardinal (2) to the anterior lateral tooth. 

Type.—Uo\otype, a right valve, USNM 140693, dimen- 
sions below. 

Sp'n '/jW BL/L    BH/H     H/L    ^W/H 

.64 .91 .97 .37 

Distribution.—Beside the type collection, collections 
from AMNH 1050, below bend in Chickasawhay River, SE 
1/4, sec. 29, T 10 N, R 7 W, about 1 mile south of Hiwan- 
nee station, and PR! shell (4277) from Red Bluff Station 
were examined in the investigation. All localities in Wayne 
County, Mississippi. 

Stratigraphic occurrence.—Red Bluff Formation, early 
Oligocene age. 

Dimensional summary.— 

Sample: AMNH  1050 

N = 6 
Statistic L 

Dimension 
H                y,w RN 

OR 8.6-7.7 7.9-17.7 2.6-8.5 18-21 
X 
s 
V 
Ox 

12.8 
3.3 

25.7 
1.3 

12.7 
3.6 

28.5 
1.5 

4.7 
1.3 

28.6 
.6 

20.0 
1.3 
6.3 

.5 

OR 
BL/L 
.6I-.73 

BH/H 
.84-.94 

Ratio 
H/L 

.92-1.03 
HW/H 
.35-.39 

X .67 .89 .98 .37 

Curvature characteristics.*— 

Sample: AMNH 1050 N = 5 

SI       HI         S2 H2 S3 H3 S4 H4 S5 

Type locality.—USGS 2633, Carson's Creek, five to six 
miles southeast of Shubuta, Wayne County, Mississippi. 

OR    19-30°   .5-.8   39-43°   .9-1.6 45-54°   1.5-3.4  49-59° 4.6-9.0     44-53° 
X       23.4°       .6      42.0°       1.1       50.0°        2.5        54.0° 6.5        48.0° 

*B pattern only, similar to /'.  (R.) dh'frsldentala. 

Discussion and diagnosis. — Casey's name V. vicks- 
burgensis, is rejected as nomen dubium because of inadequate 
description and lack of identifiable specimen which might 
be a holotype, even though his publication (February, 1903) 
pre-dates Dall's (October, 1903). A left valve in the Casey 
collection at the U. S. National Museum may be the speci- 
men that the author planned to use as the type. 

The high degree of similarity in shape to the Eocene 
rotundicards, as well as dentition and ornamentation, makes 
it apparent that V. (R.) carsonensis is the Oligocene descen- 
dant of V. (R.) diversidentata, which was recognized by 
Harris (in Harris and Palmer, 1946). The similarity in rib 
number to the subspecies, V. (R.) diversidentata vicks- 
burgiana seems to indicate descent from that form, rather 
than the Mississippi populations, although geographic occur- 
rence might imply the opposite interpretation. 

V. (R.) carsonensis is the last rotundicaid species re- 
corded in coastal plain sediments, and its lineage seems to 
have come to an end in the early Oligocene. The only species 
of Venericardia known from sediments of middle Oligocene 
(.'') age is V. (Claibornicardia) nasuta Dall, possibly from 
the Glendon Limestone in Alabama, indicating at least that 



98 P\i AFON roc:R.\PHiCA AMKRICANA ( \'I. 39) 

the claihornicards were still extant at that time, and most 
likely gave rise to the late Oligocene glyptoactids. 

Etymology. — The trivial name carsonensis is geo- 
graphic in honor of the rvpe locality at Carson's Creek. 

Subgenus CLAIBORNICARDIA Stenzel and Krause, 1957 

ClaibornianJia.   n.   siibgen.,   Strn/ol   and   Krausr    1957.   in ^x^tyzA 
Krause.   and   Tuining,   I'niv.    1 rxas.   l'"-,   '04,   p,v   106,   10- 
Hcaslip.  1960.  Geol.  Soc.   .Xnit-r.  Bull.,   NOI.   ,1.   No.   12.   pp.   18S5. 
1886  abstract. 

Type Species. — Veneriairdia (Claibornicarciia) ahi- 

costata (Conrad). 1833. from the Gosport Sand at Clai- 
horne. Alabama. Late middle Eocene age. 

Type /_o(V//i/y.—Claiborne bluff, on the east hank of 
the Alabama River near the town of Claiborne. T 7 N. 

R 5 K. Monroe County, Alabama. 
Distribution.—Ihe subgenus Claibornicardia is known 

from sediments of the Gulf Coastal Plain as far west as Cen- 
tral Texas, and from the Atlantic Coastal Plain as far north 
as New Jersey. Whether the subgenus extends into Mexico 
or Central America and South America, or the west coast of 
North America remains to be established. 

Stratigraphic occurrence. — Recorded occurrences of 
members of Claibornicardia from the Bashi Member of 
early Eocene (Wilcoxian) age to the Glendon Limestone 
(?) of middle Oligocene (Vicksburgian) age. 

Subgeneric (/f/iHiM(-«.—Venericards with highly inflated 
shell, high degree of posterior and postero-ventral elonga- 
tion and generally inflated beaks. Ornamentation consists 
of radiating costae having central costal cord with enlarged 
or suppressed nodes, and a paracostal cord on either side of 
the central cord as sharp or rounded terraces resulting m 
tripartite cross-section. Costal nodes and paracostals sup- 
pressed in advanced members of the subgenus. 

Singular dental pattern with right anterior cardinal 
(3a) a horizontal blade as a continuation of the dorso-an- 
terior point of the medial cardinal (3b). and lying dorsal 
to the anterior socket for the anterior cardinal (2) of the 
left valve which is a horizontal blade or very broadly tri- 

angular in lateral aspect. 
Growth pattern of curvature of the "B" type with in- 

creasingly convex spiral segments and a tcrninial mature 

segment of low convexity. 
Similar in convexity, shell shape, and ornamentation to 

members of the ancestral subgenus Baluchicardia, but that 
group is characterized by an erect triangular left anterior 
cardinal (2) and a right anterior cardinal tooth (3a) which 
borders anterior margin of socket for left anterior cardinal 
(2), as well as a convex pattern of curvature of the ".\" 

type. 

Discussion and diagnosis. — The subgenus Claiborni- 
cardia, as originally proposed, included eight species of which 
two are still undescribed (Stenzel, et al., \9^7, p. 106, Nos. 
5. 6), and one (ibid.. No. 1) is from a region so far removed 
from the area of claibornicard development that the inclu- 
sion of V. acuticosta Lamarck from the Calcaire Grossicr 
(Lutetian, middle Eocene) may be unwise before a thorough 
study of total European relationships is undertaken. So 
many instances of evolutionary mimicry or convergence are 
noted among the American venericards. that the resem- 
blance between the Paris Basin species and V. (C.) aliicos- 
tata may be fortuitous and not due to direct phylogenetic 
relationship. V. (R.) rotunda Lea of the Atlantic Coastal 
Plain and V. (?) imbricata (Gmelin) of the Calcaire Gros- 
sier are undoubtedly ecologic analogues, but their placement 
in the same taxon because of "rotund" shell outline is open 
to question. Dall (1903. p. 1419) noted a series of "parallel 
forms" between the Eocene of America and France. V. 
(Glyptoactis) hesperide Gardner of the Shoal River Miocene 
in Florida assumes the same shell form and ornamentation of 
the unrelated V. (Baluchicardia) zvhitei Gardner of thi 
early Midway of Texas, and closely converging with these 
two species are members of the subgenus Megacardita Sac- 
co. 1899. of the .'Mpine Miocene. That these forms arose in- 
dependently is a firm conclusion and testifies against the 
hasty formation of taxonomic judgments. 

The statement by Stenzel and Krause (1957, p. 107) 
that one lineage of Claibornicardia is characterized b\ 
". . . the complete loss of the right anterior cardinal hinge 
tooth" (3a) is erroneous, and they have mistaken the 
aligned position of this tooth with the anterior point of 
the medial right cardinal (3b). In only one species is the 
relation indistinct, but the highly eroded condition of all 
known specimens of V. (C.) trapaquara Harris explains this. 
Plastolene impressions of the corresponding socket in the 
left valve make this clear. This distinctive pattern of aligned 
3a and 3b is one of the hallmarks of Claibornicardia. In fact, 
the "primitive" lineage containing V. iC.) alticostata as 
described by Stenzel and Krause {op. cit., p. 107) is actually 
highly advanced in the high degree of variability in develop- 
ment of 3a as well as ornamental simplification and curva- 
ture pattern. 

The original scope of Claibornicardia is highl\ modified 
in the present investigation, and the range extended down- 
ward into the early Eocene and upward (tentatively) into 
the middle Oligocene. pending certain dating of T'. (C.) 
nasuta Dall. recognized by Stenzel and Krause (1957) as 
belonging to this group. 

The main basis for distinction between the subgenera 
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Baluchicardia and Claibornicardia is the dental pattern. The 
ancestral former group is characterized by an erect left an- 
terior cardinal (2) which is strongly suppressed in the lat- 
ter to a lower triangular horizontal blade. Members of 
Baluchicardia also possess a fairly well-developed right an- 
terior cardinal (3a) which borders the anterior margin of 
the socket (2') in this valve, whereas this tooth is parallel 
to the anterior point of the medial cardinal (3b) and lies 
above the socket in Claibornicardia. General shape and 
ornamentation are continued from one lineage to the other, 
but patterns of curvature differ: Baluchicardia is charac- 
terized by the convex "A" pattern, and Claiborjxicardia (ex- 
cept the advanced species) by the "B" pattern. 

The type species for the subgenus, V. (C.) alticostata 
(Conrad) is probably the worst choice which the authors 
could have made because it exhibits a high degree of mor- 
phological variabilit}- in shape, ornamentation, dentition 
and curvature pattern, and represents a species in a stage 
of evolutionary advancement over its consistent ancestors. 

Etymology.—The name Claibornicardia is geographic 
in honor of the type locality of the type species, Claiborne 
Bluff, Alabama, and the Latin cor, heart. 

V. (Claibornicardia) linguinodifera, n. sp. 

Plate 24, figures la-lc, 2 

r. alticostata  var.  Harris,   1919,  Bull.  .\mer.   Paleont.,   \()1.   6,  No.   31, 
p.  84,  pi. 31,  figs.   1-4. 

\'on I', allicnstata   (Conrad),  1833. 
?r. cf. /'. rotunda Lea, Lo«e,  1933,  Mississippi Gcol.  Siir., Bull., vol. 

25, p. 103. 
A'o«  I . roluuJa Lea,  1833. 

Distinguishing characters.—Similar in ornamentation 
and dental pattern to V. (C.) coloradonis Harris but dis- 
tinguishable on the basis of its distinctive ovate shell margin 
and strongly inrolled beaks, relative lack of posterior trunca- 
tion and minimum of postero-ventral elongation. Tongue- 
like costal nodes of this species are more closely arranged 
than those of V. (C.) coloradonis, and the more pronounced 
paracostals are defined by terrace-like cords which are 
noded in concert with the central costal cords. 

T'y/)^.—Holotype, a right valve, USNM 644318, No. 1 
of collection USNM 154544. Paratype USNM 644319, a 
left valve. No.  7 of collection, dimensions  below. 

Sp'n _;W      RN      BL/L    BH/H     H/L    y.W/H 

Holo. 13.6 13.4 5.3 18 .78 
Para. 10.5 10.8 4.4 20 .72 

.82 .99 .46 

Type Incality.—VSGS 3099, Woods Bluff on the east 
bank of the Tombigbee River, Clarke County, Alabama. 
Bashi Formation, early Eocene age. 

Distribution.—Besides the type collection of 22 individ- 
uals, collections from USGS localities 20850, abandoned 
road east of U. S. Highway 241, Mill Creek, southwest 
corner sec. 29, T 6 N, R 28 E, Henry County, Alabama, and 
Harris' PRI figured specimens (also from Woods Bluff) 
were examined in the present investigation. 

Straligraphic occurrence.—Bashi Formation, early Eo- 
cene age. 

Dimensional summary.— 

Sample: USNM  154544, Type Collection 

N = 22 
Statistic L 

Dimens 
H 

ion 
RN 

OR 3.2-13.6 3.1-13.4 L5-5.3 17-21 
X 
s 
\' 
Ox 

9.5 
2.5 

26.2 
.5 

9.5 
2.5 

26.1 
.5 

3.8 
.9 

23.0 
.2 

19.2 
1.1 
5.9 

.2 

OR 
BL/L 
.65-.83 

BH/H 
.76-.88 

Ratio 
H/L 

.96-1.03 
!:;w/H 
.37-.48 

X .71 .84 1.00 41 

Curvature characteristics.— 

Sample: USNM 154544, Type collection 

Sl HI S2       H2 S3 

OR    21-42°   .3-.9   22-48°   .9-1.9 50-61°   1.9-3.7   57-71°  3.8-6.1     47-54° 
X       29.3°       .5      40.8°     1.3        54.4°        2.5       63.8° 49       51.0° 

*Alternate individuals of entire sample, except 3 smallest in series. 

Discussion and diagnosis.—V. (C.) linguinodifera of the 
Bashi Marl is the first recorded claibornicard, and the only 
one known from sediments of Wilcoxian age. In certain 
respects, it is similar to the last known baluchicard, V. (B.) 
greggiana Dall of the underlying Tuscahoma. Both have 
high, tightly rolled umbones, little posterior elongation and 
high convexity, as well as tripartite ornamentation. The 
similarity ends there, however, and the comparatively tiny 
Bashi species has the characteristic in-line 3a and flattened 
2 anterior cardinal teeth which mark it as a member of the 
more advanced Claibornicardia, while the dental pattern of 
Baluchicardia is distinguishable in the Tuscahoma species. 

However, the ancestry of V. (C.) linguinodifera is most 
certainly among the baluchicards, and perhaps even J\ (B.) 
■cvilcoxensis Dall, because this is the onlj' recorded species 
of this group in late Paleocene time in the eastern part of 
the Gulf. V. (B.) bulla Dall, of corresponding age in Texas 
is discounted as an ancestor of later forms because of the 
peculiar shell thickening. 

From V. (C.) linguinodifera evolved the similar V. (C.) 
coloradonis Harris of Claibornian age. The subspecies V. 
(C.) coloradonis texalana Gardner from the lower Weches 
Formation in Texas in most similar to the Bashi species in 
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shape, ornamentation, and rib number. This subspecies is 
probably the form from which the later Weches to Wautub- 
bee V. (C.) coloradonis coloradonis evolved. 

Specimens questionably identified as V. rotunda by 
Lowe (1933) from south of Meridian, Mississippi, in the 
Bashi Marl have not been examined in the present investiga- 
tion, but these are probably of this species. 

Etymology.—The trivial name linguinodifera is derived 
from three Latin roots: lingua-, tongue, nodus, knot or 
swelling and feron, to bear, in reference to the tongue-like 

costal nodes. 

V. (Claibornicardia) coloradonis Harris, 1919 

Plate 24, figures 3a-3c, 4, 5a-5c, 6 

/'. (rolunJii?) var. (oloraJotiis Harris, 1919, Bull. Amer. Paleont., 
vol 6, No. 31, p. 81, |il. 29, fig. 9; Harris, 1946, Bull. .Vnier. 
Paleont., vol. 30, No. 117, p. 68; Palmer and Brann, 1965, Bull. 
Amer.  Paleont.,  vol. 48,  No.  218,  p.  341. 

/'. (rotunda) varving toward Iniparjuiirti Harris, 1919, (/'/,/., p|i 
80, 81, pi. 29, figs. 6, 7  (fig. 7, No. 650 PRl). 

/■. rotunda Lea, Plummer, 1933, Univ. Texas, Bull. 3232, pp. 646, 811, 
812, pi. 8, figs. 7a, 7b. (Nun J', trxalana Gardner, pp. 811, 812, 
pi.  8,  figs.   5a,   5b). 

Non /'. rotunda Lea, 1833. 
V. trapaquara Harris (partim), Harris, 1919, ibid., pp. 81, 82, pi. 30, 

figs. 6, 7, 9. 
r. trapaquara subsp. tcxalana Gardner, 1927, Jour. Washington Acad. 

Sci., vol. 17, pp. 370, 371, figs. 24-27; Renick and Stenzel, 1931, 
Univ. Texas, Bull. 3101, p. 108 (faunal list); Stenzel, Krause, 
and Twining, 1957, Univ. Texas, Pub. 5704, p. 106; Harris, 
1946, ibid., vol. 30, No.  117, p. 68   ("variety  Irxalaiia  Gardner"). 

Non I', trapaquara Harris,  1895. 

Distinguishing characters.—Similar in general charac- 
teristics of shape and dentition to V. (C.) linguinodifera, but 
differs in higher degree of postero-ventral elongation and 
more highly developed posterior truncation, smaller, lower 
umbones and less closely or regularly arranged tongue-like 
costal nodes. 

Discussion.—Distmguishable mamly on the basis of rib 
number, two subspecies are recognizable: V. (C.) colora- 
donis texalana Gardner and V. (C.) coloradonis coloradonis 
Harris. 

V. (C.) coloradonis coloradonis Harris. 1919 

Plate 24, figures 5a-5c, 6 

Synonymy includes all references in species synonymy 
except those cited for V. (C.) coloradonis texalana. 

Distinguishing characters.—Similar to V. (C.) color- 
adonis texalana but differs by having higher rib number 
than that found in that subspecies, as well as stratigraphic 
separation. 

Type.—Holotype, a left valve with part of hinge plate 
missing, PRI 652, dimensions below. Paratype (herein se- 
lected) right valve, PRI 650, "V. rotund^, near trapaquara 
Harris", dimensions below. 

'AW      RN      BL/L    BH/H     H/L    /SW/H 

Holo.        21.0 
I'ara. 12.5 

8.1 
4.7 

1.00 
.94 

Type locality.—Holotype locality "Smithville, Texas." 
Probably corresponds to Plummet's (1933, p. 640) locality 
"8(X) to lOCX) feet west of highway bridge at Smithville, 
Bastrop County, one of the most famous and most fre- 
quently visited fossil localities in Texas." Paralectotype 
locality "Wautubbee and Johnson's place, Mississippi." 

Distribution.—Besides the type, collections from the 
following localities were examined: USGS 5285, type lo- 
cality; USGS 13303, west bank Attayae Bayou, Nacog- 
doches County, Texas; USGS 2623, 9i/o miles south of 
Hickory, and northwest of Enterprise, Clarke Countj% 
Mississippi; USGS 3569, Saline Bayou, Winn Parish, Louisi- 
ana; AMNH 1038 and 1044, Newton, Newton County, 
Mississippi (see exact locality description of Newton locali- 
ties under V. (R.) rotunda distribution). 

Stratigraphic occurrence.—Middle Weches Formation 
in Texas to Wautubbee Formation in Louisiana and Missis- 
sippi, middle Eocene age. 

Dimensional summary.— 

Sample: AMNH  1038,  Newton, Mississippi 

N = 24 Dimen; iion 
Statistic L H J-IW RN 

OR 6.9-13.4 6.7-12.6 2.4-4.4 23-28 
X 10.2 9.9 3.6 25.6 
s 1.3 1.2 .4 1.2 
V 13.1 12.6 11.6 4.7 
6^ .3 .3 

R 

.1 

alio 

.3 

BL/L BH/H H/L K.W/H 
OR .63-.82 .S7-.9I .91-1.06 .34-.40 
X .70 .89 .97 .36 

Curvature characteristics.- 

Sample: AMNH 1038 

SI       HI 

OR   19-30° 
X       23.0° 

30-44     1.0-1.4   44-49"" 
35.3°     1.2        45.7° 

1.6-2.3   57-66°   2.1-3.6      51 
2.0       63.0° 3.0      51.0° 

Discussion and diagnosis.—Harris (1919) named the 
"variety" "coloradonis" under the impression that this form 
was related to V. (R.) rotunda Lea, but examination of the 
dental pattern clearly establishes that this form is not char- 
acterized by the strong dentition of that species, or indeed, 
of Rotundicardia, but represents that of Claibornicardia. 

The species V. (C.) coloradonis coloradonis is found 
in the middle and upper Weches Formation at Smithville 
and other localities in Texas, and extends its range into the 
stratigraphically higher Wautubbee Marl of Cook Mountain 
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age in eastern Mississippi. It evolved from the subspecies 
r. (C.) coloradonis texalana Gardner which occurs in the 
lower Weches. The main evolutionary modification In the 
descendant subspecies is the addition of several ribs to the 
ancestral number and slight refinement in the regularity of 
costal nodulation. A somewhat greater degree of postero- 
ventral elongation also characterizes the descendant popula- 
tions. 

The range of V. (C.) coloradonis coloradonis is fairly 
extensive, and the species retains its identity into Wautub- 
bee time, apparently spreading from Texas across the Mis- 
sissippi embayment during middle Lisbon time. 

Despite the apparent continuity during much of the 
middle Eocene, populations remammg in Texas accentuated 
postero-ventral elongation, and simplified ornamentation to 
produce V. (C.) trapaqiuiroides, n. sp., which in turn evolved 
into the small, highly flattened V. (C.) trapaquara Harris, 
as well as V. (C.) complexicosta Meyer and Aldrich (see 
Text-fig. 27). 

Etymology.—Trivial and subspecific name coloradonis 
geographic in honor of the type locality on the Colorado 
River at Smithville, Texas. 

V. (C.) coloradonis texalana Gardner, 1927 

Plate 24, figures 3a-3c, 4 

Synonymy includes references under V. trapaquara 
subsp. texalana Gardner and V. rotunda Lea, Plummer. Non 
V. texalana Gardner, Plummer, 1933, Univ. Texas, Bull. 
3232, pi. 8, figs. 5a,5b. 

Distinguishing characters. — Distmguished from the 
V. (C.) coloradonis coloradonis s.s. mainly on basis of 
lower costal number (about 20) as opposed to about 25 in 
that subspecies. Distinguishable from most other claiborni- 
cards by spinose linguate costal nodes found only m the two 
subspecies of V. (C.) coloradonis and in V. (C.) linguinodi- 
fera. 

Type.—Holotype, right valve from unmatching pair 
figured by Gardner (1927), ANSP 9860. Paralectotype 
(herein designated), left valve, same collection number. 
Dimensions  below. 

Sp'n RN      BL/L    BH/H     H/L jVV/H 

Holo. 
Para. 

17.3 
17.1 

17.0 
16.8 

6.9 
6.8 

21 .83 

Type locality. — Black Shoals, Brazos River, Texas. 
Equivalent to Burleson Bluff and Colliers Ferry in the older 
literature, on east bank of Brazos River on northeast corner 
of Andrew Sadberry 41.33 acre tract, Robertson Survey, 
Burleson County, Texas. Lower Weches Formation, middle 
Eocene age. 

Distribution.—The type collection and topotype collec- 
tions USGS 9862 and 5288 were examined in the present 
mvestigation. 

Stratigraphic occurrence.—Lower Weches Formation, 
middle Eocene age. 

Dimensional summary.— 

Sample: USGS  5288, Burleson Bluff 

N = 6 
Statistic L 

Dimen; 
H 

sion 
RN 

OR 8.9-18.7 8.8-18,7 3.4-6.8 19-22 
X 
s 
\' 
Ox 

13.8 
4.6 

33.2 
1.9 

13.5 
4.6 

33.7 
1.9 

R 

5.1 
1.6 

30.4 
.6 

atio 

20.3 
1.0 
5.1 

.4 

OR 
BL L 
.65-.78 

BH/H 
.85-.89 

H/L 
.95-1.00 

'.W/U 
.36-.40 

X .71 .87 .98 .38 

Cvrvaturc characteristics.— 

Sample: USGS 5288 N = 6 

SI       HI          S2 H2 S3 H3 S4 H4 S5 

OR   25-35° 
X        27.2° 

.7-1.3 34-47° 1.2-2.2 46-57°   1.8-3.S 
1.1      40.5°      1.8        51.7°        3.2 

58-65°   2.1-7.3   51-57° 
63.0°        5.1       53.2° 

Discussion and. diagnosis.—Similarities in rib number, 
type of ornamentation, dental pattern, and general shape 
make it fairly certain that V. (C.) coloradonis texalana is 
a direct descendant of V. (C.) lingtiinodifera of the early 
Eocene. Litermediate forms are unknown, and there exists 
a gap of some dimension between the deposition of the Bashi 
and the Weches Formations. 

This subspecies is only of local significance in Texas, 
and Renick and Stenzel (1931, p. 105) noted the Weches 
bed at Burleson Bluff as 0 to 20 feet above the base. Two 
forms appear in the middle Weches: V. (C.) coloradonis 
coloradonis, a descendant subspecies which is statistically 
comparable to the lower Weches form except in number of 
ribs, and V. (C.) natchitoches which has fewer ribs and 
modifications in shape, but could only have been derived 
from r. (C.) coloradonis texalana. 

The relationship by Gardner (1927) of this form to V. 
(C.) trapaquara of the stratigraphically higher Stone City 
Beds in Texas is much more realistic than the association by 
Harris" (1919) of the descendant subspecies to V. (R.) 
rotunda, because dental pattern and shell form are some- 
what similar among claibornicards but distinct from these 
features in Rotundicardia. 

Comparison between slope of reduced major axes of the 
V.  (C.)  coloradonis texalana sample from  Burleson  Bluff 
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(USGS 5288) and the sample of V. (C.) coloradonis color- 
adonis from Saline Bayou, Louisiana (USGS 3569), pro- 
duced a correlation coefficient (Z) of .383, indicating high 

degree of similarity. 
Etymology.—Subspecific name texalana geographic m 

honor of Texas, the state in which this form is found. 

V. (Claibornlcardia) natchitoches Harris, 1919 

Plate 25, figures 4a-4c, 5a, 5b, 6, 7a-7c 

/■. ,,„t,hil„ch,s Harris, 1919, Bull. .\mer. Paleont., vol. 6, No. 31, p. 
82, pi 30, fii^s. 10, 13-16; Plummer, 1933, Univ. Texas, Bull- 
3232, pp. 811, 812, pi. 8, figs. 6a, 6b; Palmer and Brann, 1965, 
Bull.' .Vmer.  Paleont., vol. 48,  No. 218,  p. 336. 

Distinguishing characters.—Similar in shape and general 
dental pattern to other claibornicards but distinguishable 
from any other species on following bases: extremely low 
rib count (OR 14-17), ribs somewhat low and thin, central 
cord highly irregular in arrangement of widely spaced, sub- 
dued nodes. Paracostals low, rounded and vestigial in some. 
Ribs broadly spaced and equally wide intercostals broadly 
U-shaped. Posterior pedal retractor scar removed from its 
normal position as triangular projection from posterior dor- 
sal corner of posterior adductor scar, occupying an isolated 
position just dorsal to that corner. 

Type.—Lectotype (herein designated), a left valve 
with incomplete anterior-ventral margin, PRI 666. Para- 
lectotype, a hinge fragment of right valve with well-pre- 
served dentition, PRI 664. Dimensions below. 

Sample: USGS  13274,  San  Augustine, Tex. 

Sp'n 1. H iW     RN      BL/L    BH/H     H/L    /jW/H 

.42 Lect. 19.0*      184 7.7        17 * .89 
Para.** 

•Length   restored,   ratios  based  on  this  meaningless,  since  length 
estimated on basis of ratio data from other samples. 

**Paralectot.vpe  fragment  14.2  mm.  in  length,  original   length  of 
individual on order of 21 mm. 

Type locality.—"Natchitoches, Louisiana. Lower Clai- 
borne." Probably in Weches equivalent. 

Distribution. — Harris' collection of syntypes was 
examined, as well as collections from USGS 13274, 1/2 mile 
north of San Augustine P.O., San Augustine County, Texas; 
USGS 2914 (USNM collection 147496), Provencal, Natchi- 
toches Parish, Louisiana; ANSP 9915, San Augustine, Texas. 
Plummer (1933) listed the San Augustine localities as 

Weches. 

Stratigraphic occurrence. — Weches Formation m Texas 
and equivalents in Louisiana, middle P.ocene age. 

Dimensional sutnmary.— 

N = 7 
Statistic L 

Dimen! 
H 

iion 
RN 

OR 14.8-21.2 lS.0-20.3 6.2-8.5 14-17 
X 
s 
6x 

17.3 
2.4 

13.8 
.9 

17.2 
2.6 

15.1 
1.0 

R 

7.2 
1.0 

12.5 
.3 

atio 

15.8 
1.0 
6.3 

.4 

OR 
BI./I, 
.67-.82 

BH/H 
.83-.89 

H/L 
.91-1.07 

■/.W/H 
.39-.46 

X .74 .85 1.00 .42 

CurvaIure characteristics*— 

Sample: USGS 13274 N = 7 

SI      HI          S2 H2 S3 H3 S4 H4         85 

OR 18-28° .7-18 32-43° 1.7-4.3 45-63 
X 22.4° 1.4      38.0° 2.9        53.4" 

3.0-12.5 56-68° 5.8-11.5 54-61° 
6.4        63.3°       7.7        57.2° 

♦Curvature of two types, A and B, S5 only in B types. Specimen 
nos. 2 and 5 with .\ pattern are highly inflated, probably females. 
Others with B pattern probably males. 

Discussion and diagnosis.—V. (C.) natchitoches illu- 
strates a reversal in the trend toward higher costal number 
common in the early members of Claibornicardia, and the in- 
ference is descent from V. (C.) coloradonis texalana of the 
lower Weches. This subspecies has a somewhat low costal 
number (19-22) but lower than that of V. (C.) coloradonis 
coloradonis which appears in the middle Weches simultane- 
ously with V. (C.) natchitoches. 

Besides the distinct ornamentation, this species exhibits 
a character which is not typical of Venericardia, or viewed 
in any other species of the present investigation: the re- 
moval of the posterior pedal retractor scar from its normal 
union with the posterior adductor. This radical departure 
might lead some taxonomists to create a new subgeneric 
category, but there is no evidence that the species gave rise 
to any later forms, despite Harris' (1919) statement that 
"It would seem quite probable that this is the form from 
which alticostata was derived . . .," and it is treated here 
as a variant within Claibornicardia. 

It is possible that the expanded individuals in the 
measured samples having convex A type curvature are fe- 
males (PI. 25, figs. 6,7a,7b), and the flattened forms with 
B curvature are males (same PI., figs. 5a,5b), as is the case 
in V. (C.) alticostata and some rotundicards. Ornamental 
distinctiveness is not seen in V. (C.) natchitoches as it is 
in those forms, however. 

Etymology.—The trivial name natchitoches is geo- 
graphic referring to the type locality in Natchitoches, 

Louisiana. 
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V. (Claibornicardia) perantiqua Conrad, 1865 
Plate 25, figures 8-11 

CiirJitu suhtiuiulnilii Galib, 1860, Acad. Nat. Sci., Philadelphia, 
Jour., 2d ser., vol. 4, p. 303, pi. 48, figs. 22a, 22b (by error on 
pi. 21); Gabb, 1861, Anier. I'hilos. Soc, Proc, vol. 8, p. 105; 
Lea, 1., 1861, Acad. Nat. Sci., Philadelphia, Proc, p. 150; 
Meek, 1864, Smithsonian Misc. Coll., 8,  No.  177,  p.  11. 

\'on  C. suh<iiuiJriitit  Conrad,   1847. 
I'cncruarJiit pcranttqua Conrad, 1865, Amer. Jour. Conch., vol. 1, 

p. 8; Oall, 1903, Wagner Free Inst. Sci., Trans., vol. 3, No. 6, 
pp. 1423, 1429; Harris, 1919, Bull. Amer. Paleont., vol. 6, No. 31, 
pp. 84, 85. 

Cardita perantiqua (Conrad), Whitfield, 1885, U.S. Geol. Sur., Men., 
vol. 9, pp. 232-234, pi. 30, figs. 8-10, (reprinted, 1886, in New 
Jersey Geol. Sur., Paleontology of the Cretaceous and Tertiary, 
same  page,   plate  references). 

Cardila hrittoui (.>) Whitfield, 1885, op. cit, pp. 233, 234, pi. 30, 
figs. 11, 12   (see also op. a/- 1886). 

renericardia (.') perantiqua Conrad, Palmer and Brann, 1965, 
Bull. Amer. Paleont., vol. 48, No. 218, p. 337. 

Distinguishing characters. — General shape similar to 
that of V. (C.) coloradonis and other claibornicards, but 
beaks extremely small and umbones low much as those in 
V. (C.) trapaquara Harris. Similar only to V. (C.) natchi- 
tochcs in ornamentation, in which thin central costal cords 
are irregularly noded, with nodes somewhat subdued, point- 
ing toward ventral margin. Ribs broadly based and subdued, 
paracostals threadlike forming margins for broadly U-shaped 
intercostals. Paracostal development somewhat stronger than 
that of V. (C.) natchitoches, and costal number averages 
much higher than in that species. 

Type. — Conrad (1865) did not name or figure a type 
specimen, and Gabb's type of "Cardita subquadrata" from 
ANSP collection 19373, external mold of large right valve, 
dimensions below, is lectotype (herein designated). Dimen- 
sions approximate. 

Sp'n L H 'iW      RN      BL/L    BH/H     H/L    'jW/H 

5.0        20 .58 .90 .22 

Type locality. — Burlington County, New Jersey. 
Distribution. — Besides Gabb's ANSP collection 19373, 

the AMNH collections 9273/2 and 467 from Farmingdale, 
Monmouth County, New Jersey, were examined. 

Stratigraphic occurrence. — Shark River Formation, 
middle Eocene age. 

Dimensional summary.— 

Sample: Composite, ANSP 19373, AMNH 9723/2, 467 

N = 12 Di imension* 
Statistic L H !/,W»» RN 

OR 21-27 19-26 4-7 16-22 
X 24.0 21.6 5.5 19.3 
s 1.9 2.0 .8 1.9 
V 7-8 9.1 16.0 9.7 
Cx .5 .6 .2 .5 

Sample: Composite, ANSP 19373, AMNH 9723/2, 467  (continued) 

N=12 
Statistic 

BL/L 
OR .63-.77 
X .71 

Ratio 
BH/H H/L ^W/H" 
.90-.95 .84-1.00 .18-.30 

.91 .90 .25 

**Semi-\vidth values highly inaccurate, much too low. 

Curvature characteristics*. — 

Sample: ANSP  19373 

81 HI 

*Measurements to nearest millimeter because of poor preservation, 
distortion. 

OR —       — 26°      —       47° — 60° — 40° 

♦Distortion of specimens made them unfit for curvature analysis. 
Single specimen measured for qualitative values. 

Discus.non and diagnosis.—Unfortunately, V. (C.) 
perantiqua is known only from natural molds and casts in 
the glauconitic Shark River Marl and specimens are found 
in great profusion almost to the exclusion of other mojlus- 
can species. The external ornamentation and shell interiors 
and dentition can be restored only by plastic or latex casts, 
and the fine details of dentition and musculature cannot be 
extracted. 

The name used by Gabb was preoccupied by Conrad 
(1847) for a species in the McBean Formation in the 
Orangeburg District in South Carolina. Conrad also de- 
scribed it as ''Cardita." On this basis, Gabb's form, known to 
belong to Venericardia, might legally retain the trivial name 
"subquadrata." Conrad's type specimen for the Orangeburg 
form is unlocated and his poor description and illustration 
do not resolve the generic placement, but it is highly prob- 
able that it will ultimately be placed in Venericardia, and 
his name V. perantiqua is taken as the valid one for the 
Shark River species. Because Conrad did not designate or 
figure a type specimen, Gabb's figured specimen is chosen 
as the lectotype. 

V. (C.) perantiqua is not related to V. (R.) rotunda 
Lea as Whitfield (1885) believed. Both ornamentation and 
dentition tie this species to Claibornicardia and because of 
similarities in ornamentation, it is most closely related to 
V. (C.) natchitoches of the Texas Weches, and undoubtedly 
also evolved from V. (C.) coloradonis. The posterior ad- 
ductor scar is faintly preserved on molds of V. (C.) per- 
antiqua, and it is not known if the posterior pedal retractor 
became independent of the posterior adductor, as in V. (C.) 
natchitoches. 

V. "brittoni" (Whitfield) is known only from highly 
distorted molds, and undoubtedly represents only crushed 
specimens of V. (C.) perantiqua, and the "finer" quality of 
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ribbing in former species is the result of dorso-ventral com- 
pression. 

The occurrence of V. (C.) perantiqua in Monmouth 
County, New Jersey, represents the northernmost record 
of an alticostate venericard on the east coast of North 
America during the Eocene expansion of this group, and is 
the last known species of Claihornicardia on that coast. A 
mold V. (R.) rotunda is present in the AMNH collection 
9723/2 and apparently lived sympatrically with this species. 

Etymology. — Trivial name perantiqua from the Latin 
per, very, and antiqua, ancient, in possible reference to its 
original Cretaceous stratigraphic placement by Gabb (1860). 

V. (Claibornicardia) trapaquaroides< n. sp. 

Plate 24, figures 7a-7c 

Distinguishing characters. — Similar in general shape, 
ornamentation and dental pattern to V. (C.) trapaquara but 
distinguishable from that species on much greater degree of 
inflation; V. (C.) trapaquara is highly compressed, atypical 
of Claibornicardia. Higher, more inflated beaks than that 
species which has low, tiny beaks and umbones. Postero- 
ventral elongation much less in this species and hinge line 
relatively shorter than that of V. (C.) trapaquara. Regularly 
spaced transverse ridgelike nodes well developed only on an- 
terior of shell; vestigial on posterior. Intercostals V-shaped, 
paracostals reduced, rounded. 

Jy^^. — Holotype, a right valve, USNM 644320, di- 
mensions below. Monotypic. 

Sp'n .:W      RN      BL/L    BH/H     H/L :.w/H 

Holo.        24.8 9.2 30 .74 1.02 

Type locality. — USGS 9255, Percilla, Houston County, 
Texas. Weches Formation, middle Eocene age. 

Distribution. — Known only from type locality. 
Stratigraphic occurrence.—Weches Formation, middle 

?^ocene age. Stenzel, Krause, and Twining (1957, p. 147) 
noted the Tyus Member of Weches at a locality .67 mile 
west of Percilla post office. 

Ditnensinnal suTnmary. — See type dimensions. 
Curvature characteristics. — 

Sample: Holotype N = l 

SI       HI      82        H2      S3        H3       S4        H4       85 

OR 25°      1.6      37°       3.4      51°        5.1        61°       10.2     53° 

Discussion and diagnosis. — Despite the somewhat in- 
exact stratigraphic placement of V. (C.) trapaquaroides, its 
Weches occurrence is certain, even though the exact level 
in that formation is not known. If this species is found in 
the Tyus (lower) Member, the subdued costal nodes and 
rounded paracostals indicate great advance over the more 

primitive features of its nearest relative and probable an- 
cestor in the Weches, V. (C.) coloradonis coloradonis. The 
increase in costal number over that subspecies indicates 
an evolutionary trend from the primitive subspecies in the 
lower Weches, V. (C.) coloradonis texalana, and a similar 
number is found in descendants of V. (C.) trapaquaroides. 

The high degree of postero-ventral elongation directed 
mainly toward the ventral, as well as similarities in orna- 
mentation, indicate this species as the ancestor of V. (C.) 
trapaquara of the stratigraphicallj' higher Stone City Beds 
in Texas, and V. (C.) complexicosta of the "Wautubbee 
Marl" which is similar in shape but indicates an even greater 
degree of costal node simplification. 

Etymology. — The trivial name trapaquaroides means 
"trapaquara-like" in reference to its resemblance to that 
species. 

V. (Claibornicardia) trapaquara Harris, 1895 

Plate 24, figure 8; Plate 25, figures la, lb, 2, 3a, 3b 
/'. trapaquara Harris, 1895, Acad. Nat. Sci. Philadelphia, Proc. 1895, 

p. 48, pi. 1, fig. 7; Harris, 1919, Bull. Amer. Paleont., vol. 6, 
.\o. 31, pp. 81, 82, pi. 30, fig. 8 (non figs. 6, 7, 9) ; Harris and 
Palmer,   1946,  Bull.  .-Vmer.  Paleont.,  vol.  30,  No.   117,  pp.  68.  71. 

/'. (Clatharntcardia) trapaquara Harris, Stenzel, Krause, and Twin- 
ing, 1957, Univ. Texas, Pub. 5704. pp. 106, 113-115, pi. 14, figs. 
6-11; Palmer and Brann, 1965, Bull. .^mer. Paleont., vol. 48, No. 
218,  p. 345. 

/■. n. sp., Renick and Stenzel, 1931, Univ. Texas, Bull. 3101, p.  104. 

Distinguishing characters. — Similar to V. (C.) trapa- 
quaroides of the Weches in ornamentation, having tripartite 
costae with central cord regularly beaded with smooth, 
rounded nodes only slightly lingulate on anterior ribs. Para- 
costals rounded in cross-section, restricting intercostals 
which become wider and U-shaped only toward posterior. 
Convexity much lower, beaks and umbones much less in- 
flated than in that species, and hinge margin straighter and 
longer than in that species. 

Type. — Holotype, a right valve, BEG 20502. highly 
eroded. Dimensions below. 

Sp'n H .W     RN      BL/L    BH/H     H/L    ;4W/H 

Holo.        11.8        11.4 3.8        28 .71 .95 .97 .33 

Type locality. — BEG 197-T-3, Cedar Creek, southeast 
corner of Wheelock League, 2(X) yards north of the Brazos 
County Line, Robertson County, Texas. 

Distribution. — Besides the holotype, a collection of 
three valves and a fragment from BEG 26-T-l, Stone City 
Bluff on the Brazos River, Burleson County, Texas, were 
examined. Stenzel, Krause, and Twining (1957) also re- 
ported this species from BEG 113-T-36, on the Trinity 
River, .85 mile above Alabama Ferry, Houston County, 
Texas. 

Stratigraphic occurrence. — Stone City Beds, middle 
Eocene age. 
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Dimensional summary. — 
Sample: BEG 20502 (Holo.), 20803, 20499  (26-T-l) 

N = 3 Dimen> iion 
Statistic L H ;iw RN 

OR 11.8-18.0 11.4-17.2 3.8-5.7 27-29 
X 15.6 14.9 5.0 28.0 
s 3.3 3.1 1.0 1.0 
V 21.4 20.8 20.5 3.6 
Ox 1.9 1.8 

Ri 

.6 

alio 

.6 

BL/L BH/H H/L HW/H 
OR .71-.77 .94-.97 .90-1.01 .33 

X .73 .95 .96 .33 

Curvature characteristics. 

Sample: 20502, 20803, 20499 N = 3 

SI       HI         S2       H2 S3 H3 S4 H4         S5 

OR 22-30° .8-1.2 40-45° 1.3-2.0 45-51 
X 26.7° 1.0       43.0° 1.6          47.7° 

4.3-5.4  45-49°   7.6-8.7 43-47° 
5.0       47.7°        8.1        44.3° 

Discussion and diagnosis. — Because of the high degree 
of similarity between V. (C.) trapaquaroidcs and V. (C.) 
trapaquara, especially in characters of ornamentation, the 
former species is the most likely ancestor of the latter, but a 
high degree of specialization is indicated in the Stone City 
form in its flattened shell and sharp, trapezoidal outline. 

The relationship of this species to the "alticostata 
group" recognized by Harris (1919) and its association with 
Claibornicardia by Stenzel and Krause (1957) indicate the 
morphological unity among all species of the subgenus. How- 
ever, the highly specialized form of V. (C.) trapaquara 
seems to preclude it as a direct ancestor of V. (C.) com- 
plexicosta of the Wautubbee, despite Stenzel and Krause's 
(1957) conclusion to that effect. A much more logical an- 
cestor is V. (C.) trapaquaroidcs of the Weches with shell 
form and inflation similar to that of the Wautubbee species. 
V. (C.) trapaquara was probably derived from that species, 
as well. 

Etymology. — The trivial name trapaquara is derived 
from the Latin calcitrapa or trapa, a four-pointed weapon 
placed on the ground to impede cavalry, and quattuor, four, 
in reference to its four-pointed or trapezoidal shape. 

V. (Claibornicardia) complexicosta Meyer and Aldrich, 1886 

Plate 26, figures 3a-3c, 4a-4c, 5 

r. complexicosta Meyer and Aldrich, 1886, Cincinnati Nat. Hist., 
Jour., vol. 9, No. 2, p. 45, pi. 2, figs. 21, 21a; Dall, 1903, Wagner 
Free Inst. Sci., Trans., vol. 3, No. 6, pp. 1424, 1429; Harris, 1919, 
Bull. Amer. Paleont., vol. 6, No. 31, pp. 84, 85, pi. 31, fig. 5. 

/'. (Claihornicarjiaj complexicosta Meyer and .Aldrich, Stenzel, 
Krause, and Twining, 1957, Univ. Texas, Pub. 5704, pp. 111-114, 
pi. 15, figs. 1-4; Palmer and Brann, 1965, Bull. Amer. Paleont., 
vol. 48, No. 218, p. 326. 

Distinguishing characters. — General shape, outline, 
and convexity similar to that of V. (C.) trapaquaroidcs, with 

delicate, elongate hinge much like V. (C.) trapaquara but 
distinguishable from all other species by extreme develop- 
ment of ventrally pointing postero-ventral process of shell. 
Extreme simplification of ornamentation, in which posterior 
and central ribs have lost almost all vestiges of costal nodes 
and appear smooth. Nodes on anterior ribs relatively widely 
spaced and somewhat irregular, being much less conspicuous 
than same features on other species. Paracosta! cords incon- 
spicuous on posterior ribs. 

Type. — Holotype, a left valve formerly JHU 1362, di- 
mensions below, now USNM 645940. 

Spn L H i/W     RN      BL/L    BH/H     H/L    'AW/H 

Holo. 4.3 31 .82 1.02 .47 

Type locality. — "Wautubbee" (Meyer and Aldrich, 
1886). Stenzel, Krause, and Twining (1957) gave more exact 
location: "Railroad cut about 1 mile north of the depot at 
Wautubbee, or about .4 mile north of the overpass of U. S. 
Highway 11 (Laurel-Meridian road) over the Southern Rail- 
road, northwestern Clarke County, Mississippi." Wautubbee 
Formation, middle Eocene. 

Distribution.—Besides the type, collections from the 
following were examined: BEG Miss-51, shoulder and ditch 
on the north side of the public gravel road connecting Deca- 
tur with Conehatta, 7.8 miles west of the intersection with 
State Highway IS at Decatur, and 0.4 mile west of a cross- 
roads, southeast corner of SW y^ of NE y^ of section 3, 
T 7 N, R 10 E, Newton County, Mississippi, Archusa Mem- 
ber, "Wautubbee Marl" middle Eocene. Stenzel, Krause, 
and Twining (1957) noted the occurrence of this species 
from Mt. Lebanon, Bienville Parish, Louisiana (ANSP 
9467), and BEG ll-T-70 in Bastrop County, Texas. 

Stratigraphic occurrence.—Archusa Marl Member of 
"Wautubbee Marl," late middle Eocene age. Stenzel, Krause, 
and Twining (1957) did not explicitly date the exposures 
at BEG ll-T-70 to Bastrop County, Texas, except as "Cook 
Mountain," which is equivalent to the Wautubbee in Mis- 
sissippi. The ANSP Mt. Lebanon locality in Louisiana is 
also Cook Mountain in age. 

Dimensional su^nmary.— 

Sample: BEG Miss-51, 20644, 20645, Holotype JHU 1362 

N = 6 Dimeni iion 
Statistic L H /.W RN 

OR 8.9-20.5 9.1-20.2 4.3-8.0 29-31 
X 15.5 14.7 6.2 30.3 
s 4.6 4.1 1.5 .8 
V 29.5 27.9 24.9 2.7 
6x 1.9 1.7 

R 

.6 
atio 

.3 

BL/L BH/H H/L ;4W/H 
OR .62-.72 .82-.88 .98-1.05 .38-.47 
X .67 .85 1.01 .40 



106 PALAEONTOGRAPHICA AMERICANA (VI, 39) 

Curvature characteristics.- 

Sample: BEG Miss-51, 20644, 20645, Holotype JHU 1362 

SI HI S2 H2 S3 H3 S4 

^R   21-34°   .8-1.9   35-50° 1.7-2.9 43-56° 2.7-5 2   57-62°   6.1-11.8  50-56° 
X 27.0°      1.4      40.8°       2.3 50.0°        3.6        59.8° 8.8 53.3° 

Discussion- and diagnosis. — Until the publication of 
Stenzel, Krause, and Twining (1957) who discussed con- 
specific forms from the vicinity of the type locality, V. (C.) 
complexicosta was known only from the holotype which, as 
those authors suggested, is an immature specimen. This is 
substantiated by the absence of the terminal, less convex 
spiral segment of the B pattern typical of Claibornicardia 
(see Text-fig. 14). Another specimen of size comparable to 
the holotype (BEG 20645), 11.9 millimeters in height, also 
lacks this terminal segment, but the larger specimens all 
contain it in their curvature patterns. 

The most logical ancestral species is V. (C.) trapa- 
quaruides of the Weches, and not, as suggested by Stenzel, 
Krause, and Twining (1957), V. (C.) trapaquara of the 
Stone City Beds. This latter species, while exhibiting some- 
what simplified ornamentation, is much too specialized in 
its trapezoidal outline and low convexity. V. (C.) trapa- 
quaroides is decidedly similar in outline and convexity to 
V. (C.) comple.xicosta besides having simplified ornamenta- 
tion which is further simplified in that species. Despite the 
absence of stratigraphically intermediate forms, this rela- 
tionship seems more reasonable than that jiroposed by those 
authors. 

V. (C.) complexicosta probably did not give rise to V. 
(C.) alticostata of the overlying Gosport Sand because of 
the high development of costal nodes in certain members of 
this species, and a much more generalized ancestor such as 
V. (C.) coloradonis coloradonis, also living in the "Wautub- 
bee Marl" is much more likely. The highly simplified ribs 
of V. (C.) comple.xicosta seem to indicate that this species 
is an evolutionary end product without descendants. 

Etymology.—The trivial name complexicosta is derived 
from the Latin complcxus, embrace or entwine, and costa, 
rib in allusion to the tripartite costals on the anterior of the 
shell in this species. 

V. (Claibornicardia)  blandingi  Conrad,  1830 

Plate 26, figures la-lc, 2 

/'.   hiaiidingi  Conrad,   1830,  Jour.   Acad.  Nat.   Sci.,   Philadelphia,   1st 
ser., vol.  6, p. 229, pi. 9, fig. 20;   Dall,  1903, Wagner Free  Inst. 
Sci.,  Trans.,   vol.   3,   No.   6,   p.   1424;   Harris,   1919,   Bull.   Amer. 
Paleont., vol. 6, No. 31, pp. 86, 87,  pi.  31, figs.  11,  11a. 

/'.  (cf. Cl(tihorn'uiirilia)  hliiiulinoi Conrad,  Palmer and  Brann,   1965, 
Bull. Amer. Paleont.. vol. 48, No. 218, p. 324. 

Distinguishing characters.—Somewhat similar to V. 
(C.) alticostata in general shape and inflation, and strongly 
resembles the "sillimani" variants of that species in costal 
ornamentation, in which terrace-like paracostals defined by 
sharp threads and developed over most of the shell, vestigial 
on the posterior-most ribs. Costal cord on bladelike ridge, 
ornamented by transversely expanded nodes which are regu- 
larly and closely spaced on the anterior ribs, but become 
less regular and more sawtooth-shaped on central and 
posterior ribs. Distinguished from V. (C.) alticostata on 
basis of extremely small size but known to be adult on 
basis of mature curvature pattern of the B type. Relative 
roundness of posterior margin and lack of well-defined 
truncation also distinguish it and rib count (23-25) much 
lower than that species (25-31). 

Type.—Lectotype (herein designated), a right valve, 
paralectotype a left valve, both silicified, both ANSP No. 
30500. 

Sp'n I. H '.W      RN      BL/L    BH/H     H/L    '/,W/H 

Lect.          15.3 14.9 5.7 23 
Para.      *14.8 13.3 5.1 25 
• Restored. 

.69 .97 
.90 

Type locality.—Vance's Ferry, Orangeburg County, 
South Carolina. Present town of Vance is about 4iA miles 
northwest of Eutawville, along the south shore of Lake 
Marion (Santee Reservoir). Vance's Ferry was a landing on 
the Santee River in Conrad's day. The site was inundated 
when the present lake was formed during construction of 
the Santee-Cooper dam. 

Distribution.—Known only from type locality. 
Stratigraphic occurrence. — Lower Santee Limestone, 

middle Eocene age. 
Dimensional summary.—See type dimensions. 
Curvature characteristics.— 

Sample: Lectotype and paralectotype N = 2 

SI*    HI S2 H2 S3 H3 S+ H4 85 

OR       ?          ?       38-40°   I.2-I.5   45-46°   3.1-3.2   60-61° 5.3-5.6   53-56° 
X          ?          ?        39.0°        1.3       45.5°        3.1       60.5° 5.5       54.5° 

*Smallest stage not apparent in either valve. May be attributable 
to poor preservation of umbonal ornamentation. 

Discussion and diagnosis.—Harris (1919) listed V. (C.) 
blandingi under "ill-defined and unrecognizable species of 
Venericardia described by Conrad," and associated it with 
the "St. Maurice" (lower Claiborne) horizon. He recognized 
its similarities to V. (C.) alticostata, whereas Dall (1903) 
erroneously associated it with V. (R.) rotunda. The poorly 
preserved dental pattern and the clearly tripartite orna- 
mentation reinforce Harris' conclusion, although the relative 
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rounding of the posterior margin is not characteristic of 
CIciibornicardia. The broken posterior on the paralectotype 
produces a spurious straight margin, but the complete lecto- 
t\'pe shows little truncation. Both specimens were poorly 
figured by Conrad (1830). 

H. S. Johnson, Jr., State Geologist of South Carolina 
(personal communication, 1962) indicated that recent in- 
vestigation has established that the Vance's Ferry locality 
is in the lower Santee Limestone and "probably middle mid- 
dle or lower middle Claiborne in age." 

It is likely that this species, as well as V. (C.) alti- 
costata, was derived from V. (C.) coloradonis coloradonis, 
although a direct relationship between V. (C.) blandingi 
and V. (C.) alticostata is also possible. If this latter were 
the case, it would imply the origin of V. (C.) alticostata on 
the East Coast, rather than the vicinity of the type locality 
in Alabama. 

Etymology.—The trivial name blandingi is patronymic 
in honor of Dr. Blanding of Camden, South Carolina, who 
collected  Conrad's specimens. 

V. (Claibornicardia) alticostata  (Conrad),  1833 

Plate 26, figures 8a-8c, 9, 10a, 10b, 11 

CarJild alliiostatn Conrad, 1833, Amcr. Jour. Sci., ser. 1, \ol. 23, p. 
342  (Jan.). 

I'encniardia Iransvrrsn Lea, 1833, Contiihutions to (Jeology; Ter- 
tiary formation of Alabama,  pp.  68,  69,  pi,  2,  fig.  46   (Dec). 

/'. siltimaiii Lea, 1833, ihid., pp. 69, 70, pi. 2, fig. 47. 
/'. (Claihiiriiuiiriila) alticostata (Conrad), Sten/el, Kraiis ■, and Twin- 

ing, 1957, IFniv. Texas, Pub. 5704, pp. in4, 106, 107-1(19, pi. 13, 
figs. 1-9; pi. 14, fig. 5, text figure 17; Palmer and Brann, Bull. 
Amer. Paleont., vol. 48, No. 218, p. 321. 

/'. (Claibornicardia) sillimani Lea, Stenzel, Krause, and Twining, 
1957, ihid., pp. 106, 107, 109, 110, 111, pi. 14, figs.  1-4. 

Complete synonvmv of this species in Stenzel, Krause, and Twining, 
1957, op. cit., loc. cit. 

Distinguishing characters.—Certain individuals resem- 
ble V. (C.) blandingi, in general form and ornamentation 
but distinguished from that and all other claibornicard 
species by size which is much larger than any other described 
form. Some individuals measure over SO millimeters in 
length. High degree of variation in lateral outline from 
prominent postero-ventral elongation to direct posterior 
elongation. Well-developed posterior truncation throughout, 
lacking in V. (C.) blandingi. High degree of variability in 
ornamentation from bladelike central costal cords with well- 
developed paracostals on central and posterior of shell to 
simplified, inverted V-shaped almost anodulous ribs. An- 
terior costals similar in both extremes, being broadly based 
with wide, rounded paracostals and closely and regularly 
spaced costal nodes, although intercostals more restricted 
in those forms with simplified central and posterior costae. 

Dental plate gently arched and much more elongated than 
in V. (C.) blandingi. Variable development of left anterior 
cardinal (2) and variable development of right anterior 
cardinal (3a) which often hooks around point of anterior 
socket, continuing as callus deposit bordering anterior mar- 
gin of socket, resembling this feature in Baluchicardia. 

Type. — Conrad's syntype collection, ANSP 30562, 
recently reported by Moore (1962) cannot be located at 
the present time, and it would be desirable to choose a 
lectotype from the collection, rather than a neotype. The 
following data for Lea's figured types of V. transversa and 
V. sillimani are presented, but not with neotype designation. 

Sp'n ^WRN   BL/LBH/H H/L i^W/H 

ANSP 5253     47.7   39.1   17.7   29 
ANSP 5258/  36.5   31.2   13.8   28 

5259 

.87 .82        .45    transversa. 
.85        .44    sillimani. 

Type locality.—Claiborne Bluff, on the east bank of 
the Alabama River near the town of Claiborne, T 7 N, 
R 5 E, Monroe County, Alabama. Gosport Sand, upper 
middle Eocene age. 

Distribution.—Lea's collections of V. transversa, ANSP 
5253-5257 and V. sillimani, ANSP 5258-5266 were examined, 
as well as collections in AMNH collections (9950/1, 1055, 
984, topotypes). USGS 6087, Gopher Hill on Tombigbee 
River, about i/i; ni''*^ above St. Stephens Bluff, Washington 
County, Alabama; USGS 2(X)9, 2 miles west of Orangeburg 
courthouse, Orangeburg County, South Carolina (McBean 
Fm.); and "F^ocene of New Bern, North Carolina" (precise 
information withheld at request of the U.S. Geological 
Survey). 

Stratigraphic occurrence.—Gosport Sand in Alabama 
and McBean Formation equivalents in South Carolina; 
Eocene at New Bern, North Carolina. Late middle Eocene 
age. 

Dimensional summary.— 

Sample:  AMNH   9950/1,   topotype,   V.   (C.)   alticostata 

N = 34 Dimen; lion 
Statistic L H V^W RN 

OR 9.9-65.7 8.6-51.7 3.1-23.3 25-30 

X 40.9 35.3 15.6 27.9 

s 13.2 11.0 5.4 1.0 
V 32-3 31.1 5.9 3.7 

6x 2.3 1.9 .9 .2 

Ratio 
BL/L BH/H H/L J'^W/H 

OR .64-.97 .80-.95 .78-.94 .31-.44 

X .74 .86 .87 .38 
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Sample: AMNH 9950/1 Topotype,  /'. sillimani 

N=8 Dimension 

Statistic L H K.w RN 

OR 15.7-53.2 14.1-46.7 5.2-18.4 29-31 

X 31.6 28.1 10.9 29.9 

S 14.3 12.6 5.1 .8 
V 45.3 44.8 46.5 2.8 
ox 5.1 4.5 

Rati 

1.8 

0 

.3 

BL/L BH/H H/I. ,W/H 
OR .65-.74 .83-.90 .88-.93 .34-.41 

X .69 .87 .89 .39 

Curvature characteristics.— 

Sample: AMNH 9950/1, V. alticostala N=34 

SI      HI           82        H2        S3 H3 S4 H4* S5» 

OR   10-39° .7-4.7 22-51° 2.8-9.4 45-55° 8.6-21.2 52-64° 23.4-44.6 63-81 
X 25.9°    2.1      39.0°      6.3        49.7°    13.7       59.4°       35.5        70.4° 

•Gerontism. 

Sample: AMNH 9950/1 /■ sillimau > = 8 

SI       HI          S2 H2 S3 H3 S4 H4 S5 

OR   25-42° 1.1-2.5 41-60°  1.9-8.6 45-59°   2.6-14.6 54-64°   4.2-19.3 48-53° 
X        34.5°     1.9      47.4°      3.9 52.3° 6.4       60.1°       12.4       50.4° 

Discussion and diagnosis.—Two similar species of the 
Gosport Sand have been recognized: V. (C.) sillimani Lea, 
characterized by bladelike tripartite costals much like those 
of V. (C.) blandingi, a relatively thin shell, well-developed 
right anterior cardinal (3a) in line with the point of the 
delicately arched right medial cardinal 3b. V. (C.) alticos- 
tata, conversely, has been characterized by central and 
posterior costae with an inverted V cross-section, absence 
of paracostals on these ribs, and a rounded, irregularly 
noded central cord as well as a relatively thick shell with in- 
flated umbones. A somewhat heavier medial right cardinal 
and highly variable development of the right anterior car- 
dinal (3a) also characterize this form. The former charac- 
ters are primitive, and are seen in many ancestral claiborni- 
cards (e.g. V. (C.) coloradonis colorad.onis); the latter, 
especially the ornamentation, are advanced characters. 
Stenzel, Krause, and Twining (1957) recognized distinct 
species, but commented (p. Ill) "if they are in precisely 
the same stratigraphic level, it would not be surprising for 
these two forms to be variants of one natural species," but 
that ". . . no true intergrades have been seen by us." Inter- 
grades have been observed in many characters and ratios 
in the present investigation, as well as "mixtures" of charac- 
ters in the two forms. Among Lea's type collection of nine 
specimens of V. (C.) sillimani, only one, ANSP 5260 (simi- 

lar to PI. 26, fig. 11), could be taken for that species on the 
basis of the above criteria. All others (including the figured 
holotype, figs. 10a, 10b, same Plate) could objectively be 
called V. (C.) alticostata. The same assortment is found 
among specimens of V. tran.<versa. and some resemble the 
"sillimani" form. 

Another distinction, not considered by previous authors, 
is in pattern of curvature. Only eight individuals could be 
selected from hundreds of topotype valves in the AMNH 
collections which possessed all the primitive attributes of 
V. sillimani. These eight all had curvature of the B type, 
while a sample of 34 individuals with the advanced charac- 
teristics of V. (C.) alticostata showed curvature of the A 
pattern, which is noted only in the baluchicards and some 
rotundicards, and in the claibornicard V. (C.) natchitoches 
Harris which is highly specialized in other characters as 
well. The A pattern is also found in V. (C.) nasuta Dall, a 
descendant of V. (C.) alticostata. 

Possible reproductive implications of the two patterns 
of curvature are discussed in a previous section, and only 
three species other than this, in the present investigation, 
were found to consist of mature individuals exhibiting both 
patterns in the same population. The conclusion of sexual 

dimorphism in the case of V. (R.) rotunda might also apply 
to V. (C.) alticostata, in which the more primitively ribbed, 
less convex specimens having B type curvature are male, 
and the highly convex, but more simply ornamented forms 
with A curvature are females, highly specialized for the 
"marsupial" function in reproduction. The great disparity in 
nimibers between the two forms might not support this con- 
clusion, and the ancestral B pattern of curvature may simply 
be linked to the genetic combination of other prmnitive char- 
acters. 

Other evidence of two sorts may reinforce the decision 
to imite V. (C.) sillimani and V. (C.) alticostata. (1) Com- 
parison of reduced major axis slopes between the two sam- 
ples mentioned above, and between Lea's type collections 
of V. transversa and V. sillimani result in a high degree of 
correlation between the two forms. (Z = .482 in the latter 
case, 1.8(X) in the former — see fig. 6). (2) The second line 
of evidence also supports the hypothetical sexual dimorph- 
ism in the species. A sample from Gopher Hill, Washington 
County, Alabama (USGS 6087), west of Claiborne, was 
found to contain both patterns of curvature, but only orna- 
mentation and dentition of the "sillimarn' type, and lacking 
the simplified ornamentation of the "alticostata" type 
found at the type locality No statistically significant dif- 
ference was found between these and the topotype samples. 
Although the Gopher Hill locality is listed as "Gosport" by 
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the Alabama Geological Survey, it may represent a slightly 
lower stratigraphic layer of a transgressive deposit in which 
a primitive population of V. (C.) alticostata had only begun 
to specialize toward female distinctiveness found fully de- 
veloped at the type locality and other deposits of similar 
age. Specimens from Orangeburg, South Carolina, and New 
Bern, North Carolina, are indistinguishable from topotype 
specimens. Similarly, V. (R.) rotunda found at the Gopher 
Hill locality with both curvature patterns represented ex- 
hibits only the simpler, primitive ornamentation (funicu- 
late) of stratigraphically lower samples found in the Wau- 
tubbee in Mississippi. 

The only known descendant of V. (C.) alticostata is 
V. (C.) nasuta Dall of probable middle Oligocene age. It is 
enigmatic, however, that no representative of this robust 
lineage is reported from rocks of Jacksonian (upper Eocene) 
or early Oligocene age, but the general transition from the 
sandy, glauconitic marl to dominantly limestone facies in 
the Jackson rocks of the Atlantic and Gulf Coasts may 
have influenced post-Gosport distribution of the immediate 
descendants of V. (C.) alticostata. A possible exception may 
be poorly preserved Castle Hayne forms reported by Kellum 
(1926)." 

Etymology.—The trivial name alticostata is from the 
Latin altus, high, and costa, rib, in reference to the elevated 
costae of this species. 

V. (Claibornicardia) nasuta Dall, 1903 

Plate 27, figures la-Id 

r.  luisulii  Dall,   1903,  Wagner   Free   Inst.   Sci.,   Trans.,   vol.   3,   No.   5, 
p.  1425,  pi.  53,  fig. 9;  Kellum,  1926,  U.S. Geo!. Sur., Prof. Pap. 
243,   p.  23   {nont   pi.  3,  fig.   3);   Stenzel,  Krause,   and  Twining, 
1957,  Univ. Texas, Pub.  5704,  p.  106. 

/'.  ('cf.  Claibornicardia)  nasuta Dall,  Palmer  and Brann,   1965,  Bull. 
Amer. Paleont., vol. 48, No. 218, p. 336. 

Distinguishing characters.—General features smiilar to 
V. (C.) alticostata but distinguishable from that and all 
other claibornicard species by extreme length and extended 
posterior, resembling in shape Carditamera. Distinct pattern 
of prominent anterior left cardinal (2) which appears trian- 
gular in shape and directed ventrally forward, with its dor- 
sal surface projecting into a deep socket in the opposite 
valve but excavated to the level of the hinge plate on the 
ventral surface. All ribs except the posterior five and the 
first two anterior have basic tripartite structure with swol- 
len transverse nodes on central cord; paracostals equal in 
width to costal cord, forming prominent rounded terraces 
noded in concert with costal cord, and almost meeting in 
broadly V-shaped intercostal channels. Posterior ribs simpli- 

fied like those of V. (C.) alticostata, with broadly U-shaped 
intercostals. 

Type.—Holotype, a left valve preserved by silicification, 
USNM 164626, dimensions below. 

Spn L H '/jW     RN      iJL/L    BH/H     H/L    !,jW/H 

14.2 25 .77 .82 .76 

Type locality.—USGS 393, "Eocene of Conecuh Coun- 
ty, Alabama." 

Distribution.—Type locality only. 
Stratigraphic occurrence.—Glendon Limestone?, middle 

Oligocene? age. 
Dimensional summary.—See type dimensions. 
Curvature characteristics.— 

Sample: Holotype,  USNM  164626. N = 1 

SI       HI S2       H2 

OR        28 1.9 44        7.1       57° 12.5       62° — — 

Discussion and diagnosis.—The type locality in Cone- 
cuh County, Alabama, is unknown, and hence the strati- 
graphic placement of this species is open to question. Dall 
(1903) reported that the donor of the shell, L C. Johnson, 
assigned the species to the Midway, but disagreed and 
placed it in the "Eocene." Murder Creek and its tributaries 
in the central part of Conecuh County, cut through a com- 
plete Eocene section as well as rocks of Oligocene age m 
the southern part of the county. The Sepulga River, form- 
ing the eastern county border, also exposes a similar sec- 
tion. Of all the lithologies mapped in this county (Cooke iti 
Adams, et al., 1926) and the only one likely to yield silicified 
fossils is the Glendon Limestone of middle Oligocene (Vicks- 
burgian) age (Cooke in Adams, 1926, et al., op. cit., pp. 
286, 287). Neither the "Ocala Limestone" of Jacksonian 
age nor the Marianna Limestone underlying the Glendon in 
the Vicksburg Group are characterized by high percentages 
of silica, while much chert and fossil silification are known 

in the Glendon. 
V. (C.) nasuta "looks" Eocene, and resembles V. (C.) 

alticostata in ornamentation, but its extreme elongation and 
strengthened dental pattern indicate an evolutionary ad- 
vance over the Gosport species, as well as the simplification 
of the first two anterior ribs. Cooke (op. cit., p. 292) re- 
ported an unidentified Venericardia "sp." in the Byram 
Marl which overlies the Glendon at Weavers Chute in 
Escambia County, Alabama. Species lists in the same report 
include "F. serricosta Heilprin" from the Byram Marl from 
southern Clarke County in that state. The identification of 
these  Byram  forms  may  be  questionable,  but  that  early 
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MiocciK' species Is somewhat elong;it(.(l like T. (('.) imsiila 
and may lie a closely related form in the upper part of the 
Vicksburg Group. Kellum's (1926, pi. 3, fig. 3) report of 
V. (C.) nasiita in beds of Jackson age in Wilmington, North 
Carolina, from an internal mold is probably not correct, 
because comparison of his specimen with an internal mold 
of the holotype indicates a species of similar elongation, 
but beak inflation and prosogyration are much different. 
However, Kellum's specimen is undoubtedly a Venericardia 
and may be ancestral to this species, if not conspecific, and 
indicates the survival of Claibornicardia past the end of 
the  middle  Eocene,  no  matter what  the  age  of   V.  (C.) 
Illl.Ulttl. 

Several growth stages are evident on the holotype of 
this species, and the early ones are not characterized by the 
high degree of elongation which is seen in the adult speci- 
men (sec PI. 27, fig. lb). Two small stages have H/L ratios 
of .8.S and .84, comparable to most claibornicards. Later 
stages and the terminal stage are characterized by growth 
ratios of .74, indicating an allometric increase in length over 
height. This is not typical of other members of the subgenus 
Claiboryiicardia, and the extreme length, as well as the 
strengthening of the dentition with the forward slope of the 
anterior cardinal (2), may indicate this species to be in the 
line of evolution leading to Carditamera, first appearing in 
the Miocene. The statement by Stenzel, Krause, and Twin- 
ing (1957, p. 106) that V. nasuta Dall ". . . might better 
have remained undescribed and unnamed" is totally inap- 
propriate in this light. 

Etymology.—The trivial name nasuta from the Latin 
nosutus, large nosed, in reference to the elongated posterior 
portion of the shell. 

Subgenus GLYPTOACTIS Stewart, 1930 

(:tyl>li„i,li, Steuart, l<)30, .\cad. Nat. Sci. Philadelphia, .Sine. I'lih. 
3, pp. 151, 152; Vcra^tegui, 1953, Paleontographica .\tiicricana, 
vol. 3, No. 25, pp. 40, 41; Stenzel, Krause, and Twining, 1957, 
Univ. Texas, I'lih. 5704, p. 106; Heaslip, 1960, CJcol. Soc. Amei-, 
Bull.,   vol.  71,   No.   12,  pt.  2,   pp.   1885,   1886   ahstract. 

Type species, (original designation). — Venericardia 
(Glyptoactis) hadra Dall, 1903, of the Chipola Marl, middle 
Miocene age of Florida. 

Type locality.—United States Geological Survey lo- 
cality 2213, 1 mile below Bailey's Ferry, banks of the 
Chipola  River, Calhoun  County,  Florida. 

Distribution.—Southeastern and Gulf Coastal areas of 
North America, Caribbean Islands (.'), west coast of Cali- 
fornia, Central America, and South America to northern 
Peru. 

Stratigraphic occurrence.—Late Oligocene and Miocene, 
in  southeastern  United   States  and  Caribl)e;in,   Pleistocene 

and Recent on west coast of California, Central America, 
;ind South America. 

Subgeneric definition.—Vcnericards having highly in- 
flated, somewhat elongate shells with variously developed 
posterior truncation, ornamented by radiating costac which 
are tripartite in primitive forms with rounded, poorly de- 
veloped paracostals, and fairly wide costal cord ornamented 
by symmetrical, nonspinose nodes. Costal cord becomes wide 
and overhanging in advanced forms in which paracostals 
are lost, and anodulous and smooth in highly advanced 
species. Umbones generally high and inflated, although low 
in primitive forms. 

Dentition strongly developed, but right anterior cardi- 
nal variously developed, and weaker than same feature in 
Claibornicardia, although basically aligned with right medial 
cardinal as in the former subgenus, and vestigial in highly 
advanced forms. 

Extra element added to dentition not appearing in other 
subgenera in "tooth" developed above intersection of lunula 
and anterior point of left posterior cardinal tooth (4b) 
formed by flexion of the lunule. Corresponding socket form- 
ed by flexion and indentation of right lunule above anterior 
point of right medial cardinal tooth (3b). 

Adult curvature pattern consists of five segments in 
most species, four of which increase in convexity from beak 
to ventral margin and the fifth or terminal segment of lower 
convexity than the previous one. I'.arly species also contain 
adults having a four segment pattern, minus the terminal 
fifth segment. 

Discussion and diagnosis.— The subgenus Glyptoactis 
was originally proposed by Stewart (1930) to include per- 
haps all of the "alticostate" forms of Venericardia, because 
he recognized V. (Claiboryiicardia) alticostata (Conrad) of 
the Gosport Sand and V. acuticosta Lamarck from the 
Paris Basin Eocene as well as the Miocene and Recent 
species. Stenzel, Krause, and Twining (1957), in a more 
realistic examination of the alticostate venericards, erected 
the subgenus Claibornicardia to include the Eocene forms, 
although not fully recognizing the characteristic dental pat- 
tern which unites the entire group and at the same time 
distinguishes its members from those of the ancestral sub- 
genus Baluchicardia Rutsch and Schcnck. 

The early species of Glyptoactis in the late Oligocene 
and early Miocene forms of that subgenus resemble Clai- 
bornicardia in many respects, having similar, although modi- 
fied ornamentation, dental pattern, and shell shape. The 
flexion of the lunule, however, forms the new hinge clement 
seen in primitive development in the earlj' forms (see PI. 27, 
fig. 3c) but strongly developed in the more advanced Mio- 
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cene forms. This seems sufficient, in concert with ornamental 
simphfication, to distinguish between the glyptoacticls and 
the ciaibornicards from which they were obviously derived. 

The inclusion of species from the French Eocene by 
Stewart is unrealistic, and much detailed study is necessary 
before forms so widely separated geographically could be 
included in the same evolutionary lineage. The same may be 
true of the California Eocene "Cardita" sandiegoensis M. A. 
Hanna, 1927, and this species is more likely a member of 
CJaibornicardia, although the West Coast Tertiary species 
have not been studied in the present investigation. 

The relationship between Glyptoactis and the European 
Glans Megerle, 1811 is not established at this time, but it is 
highly probable that these two groups represent independent 
lines of evolution, despite certain similarities in dental pat- 
tern suggested by Stewart (1930). 

Etymology.—The subgeneric name Glyptoactis Stewart 
is derived from the Greek, glyptos, carved, and actinis, ray, 
in allusion to the sculptured nature of the costae. 

V. (Glyptoactis)  nodifera Kelhim,  1926 

Plate 27, figures 2a-2c, 3a-3c, 4, 5a-5c, 6 

/'. iioJijcra Kellum, 1926, U.S. Geol. Sur., Prof. Pap. 143, pp. 36, 37, 
pi. 9, figs. 1-3; Mansfield, 1937, Florida Geol. Sin., Bull. 15, 
p. 236; Harris, 1951, Bull. Amer. Palcont., vol. 33, No. 138, pp. 
16, 17  (non I', cf. iioJifrn,, pi. 7, figs. 9-11). 

r. luaynensis Mansfield, 1940, lour. Paleoni,, vol. 14, No. 3, pp. 189, 
190, pi. 25, figs. 9,  10,  18. " 

Distinguishing characters.—Similar in ornamentation to 
V. (G.) serricosta (Heilprin), but distinguishable from that 
species by lower degree of postero-ventral elongation and 
much less inflated umbones. Somewhat similar in shape and 
dentition to V. (G.) hadra Dall and V. (G.) himerta Dall 
but distinguishable from these on basis of narrower ribs 
with smaller and more closely spaced nodes on costal cord 
and higher development of paracostals as well as less in- 
flated umbones. Lunidar "tooth" not so strongly developed 
as in other species. 

Discussion.—All morphological comparisons failed to 
yield consistent or significant differences, and a comparison 
between reduced major a.\is slopes 3'ielded the low correla- 
tion coefficient (Z) of .230 in samples of V. (G.) waynensis 
Mansfield of the Chickasawhay (upper) Oligocene and V. 
(G.) nodifera Kellum of the "Trent" (Silverdale fauna) beds 
of early Miocene age. These are united under Kellum's 
name, but certain minor differences and the stratigraphic 
placement of these forms are given subspecific recognition 

Etymology.—Trivial name nodifera from the Latin 
nodus, knot, swelling and jero, carry or bear, in reference to 
the costal nodes. 

V. (G.) nodifera nodifera Kellum, 1926 

Plate 27, figures 5a-5c, 6 

/'. iiiiilifrra Kellum, 1926, U.S. Geol. Sur., Prof. Pap. 143, pp. 36, 37, pi. 
9, figs. 1-3; Mansfield, 1937, Florida Geol. Sur., Bull., vol. 15. 
p. 236 (lliis species?); Harris, 1951, Bull. .\mer. Palecinl.. vol. 
33, No.  138, pp.  16,   17  (lion  pi. 7,  figs. 9-11). 

Distinguishing characters.—Distinguishable from the 
ancestral subspecies, V. (G.) nodifera waynensis by larger 
size, higher average rib number, somewhat wider, evenly 
and closely noded central costal cord which becomes dis- 
proportionately wider toward the ventral margin on the 
more anterior portion of the shell. Nodes are transverse 
ridges, relatively flat-topped. 

Type.—Holotype, a wcll-preser\ed right valve, USNM 
353227, dimensions below. 

Sp'n I. H '..W      RN      BI,/I,    BH/H     HI.    "sW/l! 

Holo. 31.2        30.8        12.3        24 .67 .86 .99 .40 

Type locality.—USGS, 10655, i/o mile south of Silver- 
dale, on left side of Webb's Creek, in drainage pits and soil 
banks, Onslow County, North Carolina. "Trent" (Silver- 
dale) Formation, early Miocene age. 

Distribution.—Beside the holotype, a large collection 
from AMNH 1059, about '4 mile from the type locality in 
Gillette's new (1957) marl pits was examined in the investi- 
gation. 

Stratigraphic occurrence.—"Trent" ( SiKcrdale) Forma- 
tion, early Miocene age. 

Dimensional summary.— 

Sample: AMNH 1059, Holotype USNM 353227 

N =   16 Dimension 
Statistic L H K'W RN 

OR 13.6-42.0 12.2-37.9 4.9-16.2 20-25 
X 26.8 25.3 10.6 22.3 
s 6.3 6.1 2.5 1.4 
V 23.4 24.2 23.8 6.2 
Ox 1.6 1.5 

Rati. 

.6 .4 

BI./L BH/H H/I. 'jW/H 
OR .64-.70 .83-.89 .88-.99 .40-45 

X .67 .86 .94 .42 

Curvature characteristics.— 

Sample: AMNH  1059,  holotype  USNM  353227 N = 16 

SI       HI          S2        H2        S3        H3 S4 H4* S5» 

OR   20-44°   .7-2.2 35-50° 2.4-8.1   50-59° 5.6-15.0  56-63°   10.0-16.9  57-65° 
X        30.7°      1.4      42.4°      4.6 54.4°      8.1 58.5° 13.9 60.3° 

*GeneraI pattern A. 2 individuals liave more coiuex sefjmiiit 
(S5), 2 have lower \ alue than previous segment. 

Discussion and diagnosis.—Recent investigation by the 
U. S. Geological Survey has established that the marl bed 
at   Silverdale,   North   Carolina,   which   contains   abundant 
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members of this subspecies, is not the true Trent Formation 
which is a highly compacted limestone containing only molds 
and casts of mollusk shells. No account of the relationship 
between the two units has yet been published, and the bed 
at Silverdale is referred to as "Trent" (Silvcrdaic) in the 
present report. 

The Tampa Limestone occurrences of this subspecies 
questionably reported by Mansfield (1937) are probably 
V. (G.) serricosta which is well known from that formation. 
A sample of four small (maximum length 19.6 mm) in- 
dividuals from Ballast Point on Tampa Bay, Florida (USGS 
16609), identified as "V. nodifera" in U. S. Geological Sur- 
vey collections agreed only with samples of V. (G.) serri- 
costa in growth analyses (reduced major axis) but distin- 
guished from the sample of V. (G.) nodifera nodifera from 
the vicinity of its type locality, and Mansfield's identifica- 
tions were probably based on immature forms of the Tampa 
species. 

Because of its generalized shape, but beginnings of 
ornamental specialization (costal widening, transverse, flat- 
tened nodes), this subspecies is the likely ancestor of the 
highly specialized Oak Grove form V. (G.) himerta Dall, 
and perhaps V. (G.) hesperide Gardner (see Text-fig. 28). 
Forms appearing at the same time such as V. (G.) impen- 
deocosta, n. sp., V. (G.) gibberumbonata, n. sp., and V. (G.) 
serricosta (Heilprin) were probably derived from the late 
Oligocene subspecies (see Text-fig. 28). 

V. (G.) nodifera waynensis Mansfield. 1940 

Plate 27, figures 2a-2c, 3a-3c, 4 

Sp'n /,W     RN'     BL/L   BH/H     H/L    !^W/H 

/'.   waynensis   Mansfield,   1940,    jour.   Paleont., 
189, 190, pi. 25, figs. 9, 10, 18. 

111.   14,   No.   3,   pp. 

Distinguishing characters. — Distinguishable from V. 
(G.) nodifera nodifera mainly on basis of lower rib number 
(observed range 15-20) and somewhat thinner costal cords 
ornamented by transverse nodes which are somewhat less 
regularly and closely spaced than in that subspecies. Rela- 
tively constant width maintained in more anterior ribs 
toward ventral margin; these become disproportionately 
wider in that subspecies. Adult size smaller (largest ob- 
served value 24.9) than that of Miocene subspecies (largest 
value 42.0), although somewhat larger, but broken and un- 
measurable individuals of V. (G.) nodifera waynensis pres- 
ent at USGS locality 14779. Shape more variable in this 

subspecies. 

Type. — Holotype, a well-preserved left valve, USNM 
498538. Paratype dorsal portion of incomplete left valve, 
498539, dimensions below. 

Holo.        22.3 22.2 8.5 18 
Para.*       19.8 18.8 7.2 19 
'Estimated 

.76 1.00 .38 

Type locality.—USGS 14204, lower bed just east of 
bridge over Taylor Mill Creek on Highway 45, IV2 miles 
north of Waynesboro, Wayne County, Mississippi. Paratype 
locality, USGS 14205, soft marl bed underlying ledge in gully 
about 100 yards east of dirt road into woods about I/2 '"''^ 
north of Perdue Hill, Monroe County, Alabama. Chicka- 
sawhay Formation, late Oligocene age. 

Distribution.—Beside the type and paratype, a large 
collection of this subspecies from USGS 14779 in the vicinity 
of the holotype locality was examined in the present investi- 
gation. Mansfield (1940) noted other localities in Missis- 
sippi for the distribution of this form. 

Stratigraphic occurrence. — Chickasawhay Formation, 

late Oligocene age. 
Dimensional summary.— 

Sample: USGS 14779 

N = 54 Dimen; >ion 
Statistic L H K-W RN 

OR 2.4-24.9 2.4-23.0 .8-9.5 15-20 
X 11.9 11.4 4.7 18.1 
s 6.7 6.4 2.8 1.1 
V 56.1 56.5 59.5 6.2 
Ox .9 .9 

R alio 

.4 .2 

BL/L BH/H H/L K>W/H 
OR .56-.81 .80-.96 .88-1.05 .33-.51 
X .68 .88 .96 .41 

Curvature characteristics.- 

Sample: USGS 14779 N = 22* 

SI       HI          S2 H2 S3 H3 S4 H4        S5 

OR   19-36°   .3-2.2 35-50°  1.0-5.1 46-60°   4.2-8.3   54-62°       7.4        57° 
X        23.5°       .8      41.3°      2.6        51.6°        5.6       58.8°       7.4        57° 

•Kvery third individual of total sample. 

Discussion and diagnosis. ■— The subspecies V. (G.) 
nodifera zvaynensis differs only in minor characters from 
V. (G.) nodifera nodifera which is so abundant in the 
"Trent" locality on Gillette's property near Silverdale, North 
Carolina. All values obtained in the large sample above 
(USGS 14779) from about five miles south of the type 
locality (USGS 14204) compared favorably to those of the 
large sample of the Miocene subspecies from Silverdale in all 
characters except size and ornamental details, and these dif- 
ferences are best expressed by placing the two forms in a 
time-stratigraphic subspecific relationship. 

Shape   and   degree   of   postero-ventral   elongation   are 
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highly variable in the ancestral subspecies. Only the holo- 
type and one elongate individual in the measured sample 
exhibited the B pattern of curvature, and if a comparison 
can be made to V. (Claibnrnicardia) alticostata (Conrad), 
this may signify maleness, while the highly abundant forms 
with A curvature may be females of the population. 

The earlier Oligocene ancestors of V. (G.) nodifera 
zvaynensis are unknown, and an hiatus exists from the time 
of Gosport Sand (late middle Eocene) deposition to the late 
Oligocene. Although V. (C.) nasuta Dall is probably of mid- 
dle Oligocene age, it is much too highly specialized in shape, 
dentition, and ornamentation to have given rise to the 
glyptoactids, and a search of the Caribbean or Central 
American Oligocene faunas may fill the gap. 

Mansfield (1940) noted the close relationship of this 
subspecies V. (G.) serricosta (Heilprin) of the early Mio- 
cene, and It is clear that this species, as well as V. (G.) 
nodijera nodifera is descended from it. 

Etymology.—The subspecific name ivaynensis is geo- 
graphic in honor of the type locality in Wayne County, 
Mississippi. 

V. (GlyptoacMs) serricosta (Heilprin), 1887 

Plate 27, figures 7a, 7b, 8; Plate 28, figure 1 

Cardiia   (Carditamrra)  serricosta  Heilprin,  1887,  Wagner  Free  Inst. 
Sci., Trans., vol. 1, p. 117, pi. 16. fig. 64,  reprint Pal. Amer., vol. 
+,   No.   33,   1964.   Dall,   1900,   Wagner   Free   Inst.   Sci.,   Trans., 
vol. 3, No, 5, pi. 38, fig. 9. 

r.  serricosta   (Heilprin),   Dall,   1903,   ibiJ.,   vol.   3,   No.   6,   pp.   1428, 
1429;   Dall,  1915,  U.  S.  Nat.  Mus.,  Bull.,  vol.  90,  p.  132,  pi. 26, 
fig. 6; Mansfield, 1937, Florida Geol. Sur., Bull., vol. 15, pp. 234, 
235. 

Non   I',  serricosta   hrooksvillensis   Mansfield,   1937,   idem.,   p.   235,   pi. 
17,  figs.  1,  9. 

/•. himerta Dall, Dall, 1915, U. S. Nat. Mus., Bull., vol. 90, p.  132. 
Non r. himerta Dall, 1903. 

Distinguishing characters. — Similar in ornamentation 
and dental pattern to V. (G.)nodifera waynensis Mansfield 
but distinguishable from that subspecies by greater posterior 
elongation and much higher, more inflated umbones. Widely 
spaced costal nodes on central shell distinctively subdued 
sawtooth in shape, pointing toward ventral margin. These 
become regularly and closely spaced transverse ridges on 
anterior ribs, much like those of V. (G.) nodifera nodifera, 
but not so distinctive as those of V. (G.) hadra. Develop- 
ment of paracostals similar, rib number slightly higher than 
in V. (G.) nodifera waynensis, and lacks strongly arched 
ventral margin of right hinge plate found in that form. 

Type. — Heilprin's figured holotype is not present in 
ANSP collection 10640, a second specimen is the large left 
valve  in   that  collection,  dimensions  below. 

Sp'n y.W     RN      BL/L   BH/H     H/L    J^W/H 

ANSP 
10640 

12.4 20 .79 .81 .89 .43 

Type locality. — "Silex" beds at Ballast Point, Tampa 
Bay, Hillsborough County, Florida. Tampa Limestone, 
early Miocene age. 

Distribution.—Besides the type collection, ANSP 10640, 
topotype collections from USGS 16609, USNM 165192, 
were examined. Mansfield (1937) listed other localities for 
the occurrence of this species. 

Stratigraphic occurrence. —■ Tampa Limestone, early 
Miocene age. 

Dimensiotial sum mary.— 

Sample: ANSP 10640   (2 spec.)   USGS  165192   (8 spec.) 

N = 10 
Statistic L 

Dimension 
H                      '^W RN 

OR 21.5-32.7 19.4-29.2 8.4-12.4 18-20 
X 
s 
V 
6v 

26.8 
4.2 

15.6 
1.3 

23.6 
3.7 

15.6 
1.2 

10.3 
1.5 

14.1 
.5 

19.2 
.8 

4.1 
.3 

OR 
BL/L 
.73-.83 

BH/H 
.75-.85 

Rati io 
H/L 

.84-.95 
':.w/H 
.41-.48 

X .76 .82 .89 .+4 

Curvature characteristics.- 

Sample: USNM 165192 

SI       HI 82       H2 S3 

OR   31-41° 1.6-3.8 40-53° 3.8-7.2 52-60°   4.9-11.3 59-66°   7.6-15.3  55-61° 
X 36.8°      2.6      46.7°     4.9 55.0° 7.8        62.0°      12.5 58.8° 

Discussion and diagnosis.—The high degree of postero- 
ventral elongation of V. (G.) serricosta led Heilprin to 
describe it as a species of Carditamera, but the typical den- 
tal pattern of Venericardia was recognized by Dall (1903). 
Heilprin's figure does not compare to any specimen in the 
ANSP type collection {not in Wagner Free Institute collec- 
tions). The second specimen in that collection (10640 
ANSP) would be the proper shell for a neotype. 

This early Miocene species is highly variable in lateral 
outline, much as its ancestor V. (G.) nodifera waynensis, 
and because of the low rib count and ornamental similarity 
to this form this relationship is most reasonable, rather than 
descent from any early Miocene form. Although much less 
variable than this Tampa species in rib number, V. (G.) 
hadra- Dall, with an observed range of 19-22, is similar to 
V. (G.) serricosta in this respect, and although less elongat- 
ed, also has high and inflated umbones. It is highly probable 
that V. (G.) hadra is descended from V. (G.) serricosta. 
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Etymology.—Trivial name serricosta from the Latin, 
serra, saw, and casta, rib, in recognition of the suppressed 
sawtooth nodes on the central ribs. 

V. (Glyptoactis) impendeocosta, n. sp. 

Plate 28, figures 3a-3c 

Distinguishing characters. — Somewhat like V. (G.) 
noclifera nodijera in general outlines and dentition but dis- 
tinguishable on the basis of unique pattern of left anterior 
cardinal (2) which is pointedly triangular and obliquely 
sloping to the rear, with excavation on anterior face for 
highly sloping anterior cardinal (3a) of right valve. Highly 
simplified and flat-topped ribs which project over intercostal 
space. Paracostals completely lost and intercostals form 
broad "V" with slitlike line at center. Costal nodes only 
slightly developed on juvenile part of shell and on anterior 
ribs of mature shell. 

ry^c—Holotype, a left valve, USNM 644321, dimen- 
sions below; paratype, USNM 644322. 

Sp'n L H '_.W     RN      BL/L    BH/H     H/1.    '..W/H 

Holo.        25.2        25.0 9.4        21 .69 .88 .99 .38 

Type /ocfl/zfy.—USGS 22287, Haywood Landing on the 
White Oak River, Jones County, North Carolina. "Trent" 
(Silverdale) Formation, early Miocene age. 

Distribution.—Known only from the type locality. 
Stratigraphic occurrence.—^"Trent" (Silverdale) Forma- 

tion, early Miocene age. 
Dimensional summary.—See type dimensions. 
Curvature characteristics.— 

Sample: Holotype N = 1 

SI HI S2 H2 S3 H3 S+ H4       S5 

OR 21°       1.4      36"      2.2      46"'        4.3       55°      — — 

Discussion and diagnosis. — V. (G.) impendeocosta, 
n. sp., known only from four specimens, the holotype and 
three small, broken valves, is undoubtedly a departure from 
V. (G.) nodifera s. I. It appears simultaneously with V. (G.) 
nodifcra nodifera in the "Trent" (Silverdale) Marl but is 
known only from the type locality at Haywood Landing.* 
It is more similar in general form to this subspecies than 
to the late Oligocene subspecies V. (G.) nodifera tvaynensis. 

The most distinctive character is the flattened, over- 
hanging costae which bear no resemblance to those of V. 
(G.) nodifera except in the spacing of the suppressed an- 
terior nodes. The ribs of that species are broadly based, 
showing  some   development   of   paracostals   and   U-shaped 

n 

•Collections mrule by the writer in 1967 from a new ijiiarry near 
Silverdale contained >everal individuals of this species. Data not in- 
cluded here. 

intercostal channels. This costal flattening is part of a gen- 
eral trend among the glyptoactids  (see Text-fig. 28). 

The pattern of left anterior cardinal (2) is also distinc- 
tive of this species, and is seen as well in the small frag- 
mental specimens, all of which are left valves. These are 
immature valves, and exhibit a greater costal node develop- 
ment on all ribs. However, this is also characteristic of the 
immature portion of the holotype, and signifies the transi- 
tional nature of this species between the strongly noded an- 
cestral forms and the advanced stage of costal flattening as 
that seen in the modern V. (G.) crassicostata G. B. Sower- 
by I, 1825, which lives off the modern coast of Central 
America. However, no relationship is implied, and V. (G.) 
impendeocosta probably did not give rise to any subsequent 
forms. 

Etymology.—The trivial name impend.eocosta is de- 
rived from the Latin, impendeo, overhang, and casta, rib, 
in reference to its wide, flattened costae. 

V. (Glyptoactis) gibberutnbonata, n. sp. 

Plate 28, figures 2a-2c 

Distinguishing characters.—Somewhat similar in orna- 
mentation to the sympatric V. (G.) nodifera nodifera but 
readily distinguished from that form by flattened, somewhat 
overhanging central costal cords on which regularly spaced, 
symmetrical nodes become irregular and poorly developed 
toward ventral margin. Rib number within the range of that 
subspecies, but paracostal cords entirely absent, differing 
from that subspecies, which has poorly developed ones. High 
inflated umbones and high degree of postero-ventral elonga- 
tion both far beyond the observed range for these charac- 
ters in V. (G.) nodifera nodifera. Dentition more delicate 
than in that subspecies, with highly reduced, horizontal left 
anterior cardinal (2) surmounted by a saddle-shaped process 
reflecting the convex ventral articulating surface of the right 
anterior cardinal (3a). Somewhat similar to V. (G.) badra 
Dall in general shape but distinguished by its much more 
delicate dentition and simplification of costals. 

Type.—Holotype, a well-preserved mature left valve, 
USNM 644323, dimensions below. Monotypic. 

Sp'n L H ■:■«'      RN       BI./L    BH/H      H/L    '/jW/H 

Holo. 33.2        34.0        15.2        21 .76 .78        1.02 .45 

Type locality. — USGS 21278, Gillette's new (1957) 
marl pit on Gillette's farm, about i/^ mile south of Silverdale, 
Onslow County, North Carolina. "Trent" (Silverdale) 
Formation, early Miocene age. 

Distribution.—Known only from type locality. 
Stratigraphic occurrence.—"Irent" (Silverdale) For- 

mation, early Miocene age. 
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Dimensional analysis.—See type dimensions. 
Curvature  characteristics.— 

Sample: Holotype. N = 1 

SI HI S2 H2 S3 H3 S4 H+       S5 

Discussion and diagnosis.—Although similar in develop- 
ment of costal nodes on mature (but not terminal) portion 
of shell to V. (G.) nodifera nodijera, V. (G.) gibberum- 
bonata, n. sp., is separated from that synchronous and sym- 
patric form by such a wide gap in other morphological char- 
acters that it must be given specific rank. Differences of 
this order certainly appear in other species [e.g. V. (Clai- 
bornicardia) alticostata}, but their intraspecific nature is 
discernable as gradation among extreme individuals in sam- 
ples of any size. Among the large topotype collections of 
V. (G.) nodifera nodifera examined in the present investi- 
gation, no individuals comparable to this unique specimen 
were seen. 

Because of ornamental similarities, V. (G.) gibberum- 
bonata is undoubtedly derived from V. (G.) nodifera, but 
its umbonal height and inflation anticipates V. (G.) hadra of 
the middle Miocene Chipola Beds. Because of its reduced 
dentition and complete loss of paracostals, it is probably not 
the ancestor for the Chipola form and appears to have be- 
come extinct after the time of "Trent" (Silverdale) deposi- 
tion. 

Etymology.—The trivial name gibberumbonata is de- 
rived from the Latin, gibber, inflated, and umbo, boss or 
knob, in reference to the highly inflated umbones. 

V. (Glyptoactis) himerta Dall, 1903 

Plate 28, figures 4a-4d 

Cardita sp. Dall, 1900, Wagner Free Inst. Sci., Trans., vol. 3, No. 5, 
pi. 40, fig. 16. 

I'liur'uardia liimrrta Dall, 1903, idi-m., vol. 3, No. 6, p. 1430, pi. 53, 
fig. 12; Dall, 1915, U. S. Nat. Miis., Bull., vol. 90, p. 132 
(partim); Gardner, 1926, U.S. Geo). Sur., Prof. Pap. 142-B, pp. 
90, 91, pi. 17, fig. 13; Stewart, 1930, Acad. Nat. Sci., Philadelphia, 
Spec. Pub. 3, p. 152 (not by name): Mansfield, 1937, Florida 
Geo!. Sur., Bull. 15, p. 234. 

Distinguishing characters. — Generally similar to V. 
(G.) hadra Dall of the Chipola but distinguishable from that 
species on the basis of central costal cords which are rounded 
in cross-section but widened somewhat over intercostal 
space. Intercostals U-shaped with suture-like line at center 
much like the Chipola species, but paracostals absent or 
only poorly visible thread on anterior ribs. Costal nodes 
subdued and widely, but regularly spaced transverse ridges. 
V. (G.) hadra has narrower central cord and fairly promi- 
nent paracostals. Umbones lower than that species, less in- 
flated, and posterior margin longer and flaring. Ventral pro- 

jection of shell margin less. Dental pattern similar to that 
species, but hinge plate relatively lower and less strongly 
arched. Anterior left cardinal (2) flatter, less strongly de- 
veloped. Anterior adductor scar much more elongated and 
relatively greater in area than same feature in other species. 

Type. — Holotype, complete individual (right valve 
figured by Dall, 1903), from collection USNM 164555, di- 
mensions below. 

Sp'n jW      RN      BL/L    BH/H     H/L    'AW/U 

Holo. 52.0        53.0        22.8        21 .71 .83 1.02 .43 

Type locality. — USGS 2646, Oak Grove on the Yellow 
River, Okaloosa County, Florida. Puri (1953, p. 58) de- 
scribed the locality as "At old sawmill near Oak Grove on 
right bank of Yellow River, 300 feet south of northwest 
corner of NE %, NE %, Sec. 20, T 5 N, R 23 W, about 
100 yards below bridge on Laurel Hill-Oak Grove Road, 
Okaloosa County,  Florida." 

Distribution. — Only the type collection was examined 
in the present investigation. Gardner (1926) noted other 
occurrences of this species. 

Stratigraphic occurrence. — Oak Grove Sand, late early 
Miocene age. 

Dimensional summary. — 

Sample: USNM  164555, type collection 

N = 15 Dimension 
Statistic L H 5/2W RN 

OR 15.7-52.0 15.2-53.0 6.3-22.8 18-21 
X 27.6 27.0 116 19.3 
s 10.4 10.6 4.7 .7 
V 37.8 39.4 40.5 3.8 
6x 2.7 2.8 1.2 

Ratio 

.2 

BL/L BH/H H/L '..W/H 
OR .64-.73 .79-.92 .90-1.04 .41-.45 
X .68 .85 .98 .43 

Curi'ature characteristics. — 

Sample: USNM 164555, type collection 

Sl HI S2 H2 S3 

OK    21-34° 1.1-1.9 32-54°  1.9-5.8 50-69° 4.0-10.6 51-65° 7.2-20.9 52-58° 
X 29.8°      1.5      45.6°      3.6        56.4°       7.3        59.2°    12.6        56.5° 

Discussion and diagnosis. — The original middle Mio- 
cene age for this species is revised to late early Miocene 
with the work of Puri (1953) which established the facies 
relationship within the Alum Bluff Group in western Florida. 
The Oak Grove is associated by that author with the early 
rather than middle Miocene. 

The trend toward costal broadening and paracostal 
simplification evident in several glyptoactids of the Miocene 
also  produced   V.   (G.)   himerta.  Similarities  in  shape  and 
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dentition indicate a close relationship between this species 
and V. (G.) nodifera nodijera of the "Trent" (Silverdale) 
which shows beginnings of costal broadening but still has 
poorly developed  paracostals. 

This Oak Grove species and V. (G.) hadra of the 
Chipola are the last abundant glyptoactids in the Miocene, 
although V. (G.) olga of the late Miocene is also locally 
abundant. After the Miocene, the glyptoactids seem to 
have vacated their habitats in east and Gulf coastal waters. 

If V. (G.) himerta gave rise to any subsequent forms 
they are unknown in the east and Gulf regions. V. (G.) 
olga Mansfield of late Miocene age represents an even more 
highly advanced stage of ornamental simplification, but its 
shape and dentition are more like those of V. (G.) hadra 
than to V. himerta. 

Etymology. — The trivial name himerta is from the 
Greek, himertos, lovely, in probable reference to the finely 
sculptured concentric increment lines and the beautiful state 
of preservation of shells in Dall's type collection. 

V. (Glyptoactis) hadra Dall, 1903 

Plate 29, figures 2a, 2b, 3, 4 

rtnericarttiii hadra Dall, 1903, Wagner Free Inst. Soi., Trans., vol. 
3, No. 6, p. 1429, pi. 53, figs. 11, 13; Gardner, 1926, U.S. Geol. 
Sur., Prof. Pap. 142-B, p. 90, pi. 17, figs. 11, 12; Mansfield, 
1937, Florida Geol. Sur., Bull., vol. 15, p. 234. 

/'. (Glyptoactis) hadra Dall, Stewart, 1930, .'Xcad. Nat. Sci. Phila- 
delphia,  Spec.  Pub.   3,  p.   152. 

/'. <hipol/uui Maury, 1910, Bull. .'\mer. Paleom., vol. 4, No. 21, p. 
34, pi. 4,  fig. 9. 

Distinguishing characters. — Somewhat similar in shape 
and dental pattern to V. (C.) chelomodonta, n. sp., and V. 
(G.) olga Mansfield but distinguished from those species 
on basis of basically tripartite costae, with rounded para- 
costals well developed on anterior ribs and relatively narrow 
central costal cord ornamented by closely spaced transverse 
ridges. Ribs in those species broadened with expanded cen- 
tral costal cord, less closely spaced transverse nodes and 
absent paracostals. Beaks smaller, umbones lower than in 
those species. Dentition similar to that of V. (G.) olga but 
distinguishable from V. (G.) chelomodonta by absence of 
neomorphic "tooth" in left valve of that species. 

Type. — Holotype, a complete individual, interior filled 
with matrix (figured by Dall, 1903), USNM 114730, di- 
mensions below. 

Sp'n y^W     RN      BL/L    BH/H     H/L    y,W/n 

15.8 21 .87 .83 .92 .41 

Type locality.—USGS 2213, 1 mile below Bailey's 
Ferry, banks of Chipola River, Calhoun County, Florida. 
Chipola Formation, middle Miocene age. 

Distribution. — Only Dall's type collection of 19 indi- 
viduals was examined in the present investigation. Gardner 
(1926) listed numerous USGS localities in western Florida 
at which this species occurs. 

Stratigraphic occurrence. — Chipola Formation, middle 
Miocene age. 

Dimensional summary. — 

Sample:  USNM 114730, type collection 

N = 19 
Statistic L 

Dimension 
H                      "^W RN 

OR 7.3-48.7 7.4-47.2 2.7-19.8 19-22 
X 
S 
V 
Ox 

33.6 
14.2 
42.2 

3.3 

31.5 
13.2 
41.9 

3.0 

14.0 
6.0 

42.8 
1.4 

Ratio 

20.6 
.8 

3.8 
.2 

OR 
BL/L 
.62-.87 

BH/H 
.74-.91 

H/L 
.73-1.04 

■^W/H 
.37-.57 

X .74 .81 .95 .44 

Curvature characteristics. 

Satnple: USNM  114730,  type  collection 

SI HI S2 H2 S3 

OR    18-35°   .9-2.6 35-38° 2.5-8.3 45-60°   5.9-15.6 61-68° 12.5-25.9 53-63 
X 23.3°     1.6      46.0°      4.8      54.0°       10.3       65.1°     18.0       59.1° 

Discussion and diagnosis. — The work of Puri (1953) 
established the facies relationships among the middle Mio- 
cene beds of Panhandle Florida, as well as the late early 
Miocene age of the lower parts of those units. The Shoal 
River, Chipola, and Hawthorne Formations are time-equiva- 
lents, and the Oak Grove Sand a near shore facies of only 
late early Miocene age (see Text-fig. 24). It is possible that 
a close age relationship exists among V. (G.) hadra, V. 
(G.) hesperide, and V. (G.) chelomodonta. The Chipola, 
according to Puri, is characterized by an open water neritic 
microfauna, while that of the Oak Grove and Shoal River 
facies indicate more brackish conditions of deposition, in- 
dicating perhaps different ecological tolerances for these 
species. 

Because of its more inflated beaks than other early 
Miocene species, V. (G.) serricosta is presumed to be the 
ancestor of V. (G.) hadra, and despite its shape similarities, 
V. (G.) gibberumbonata of that age is too highly specialized 
in dentition and ornamentation to have given rise to the 
middle Miocene species. Similarly, the inflated beaks, high 
umbones, and high dental plate of V. (G.) chelomodonta of 
the Shoal River and V. (G.) olga of the late Miocene indi- 
cate descent from V. (G.) hadra in a trend toward simplified 
ornamentation and the high specialization of dentition in 
the former species. 
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Etyinology. — The trivial name hadra is from the 
Greek, hadros, bulky or stout, in reference to the high con- 
vexity of this species. 

V. (Glyptoactis) hesperide Gardner, 1936 

Plate 29, figures la-lc 

r. (Mrgacardita) hesperide Gardner,  1936,  Florida Geol. Siir., Bull., 
vol. 14, pp. 23, 24, pi. 5, figs. 16, 17. 

Distinguishing characters. — Distinguishable from all 
other glyptoactid species by extreme degree of postero- 
ventral elongation, posterior and ventral margins drawn into 
projection reminiscent of certain claibornicards of the middle 
Eocene. 

Right dentition much like that of other glyptoactids, 
but anterior cardinal (3a) not visible. Left dentition un- 
known. Highest degree of costal simplification of any species 
in present investigation, costae rounded in cross-section, 
expanded to constrict intercostals to slits. Nodes irregular 
and vestigial, only rounded, slightly elevated ridges on more 
anterior ribs, posterior ribs almost smooth. 

Type. — Holotype, a right valve with part of posterior 
margin missing, USNM 372890, dimensions below. Mono- 
typic. 

Sp'n '/<W      RN      BL/L    BH/H     H/L .W/H 

17.0 21 .71 1.07 

Type locality —VSGS 10603, Gully on east side of 
White's Creek, 200 feet south of the bridge on the road to 
Knox Hill, 6.7 miles by road south of Argyle and about 1.7 
miles southeast of Eucheanna, Walton County, Florida. 
Shoal River Formation, middle Miocene. 

Distribution.—-Type locality only. 
Stratigraphic occurrence. — Shoal River Formation, 

middle Miocene age. 
Dimensional summary. — See type dimensions. 
Curvature characteristics. — 

Sample: Holotype. N = 1 
SI        HI       S2        H2      S3 H3       S4        H4       S5 

2.9      48°      4.0      53° 8.6      64°       15.7      51 

Discussion and diagnosis.— V. (G.) hesperide exhibits 
the highest degree of costal simplification of any glyptoactid 
on the east or Gulf Coastal regions of North America. The 
expanded and almost anodulous ribs are reminiscent of the 
similar development in members of Alegacardita Sacco, 1899, 
of the Mediterranean Miocene and seems a result of close 
convergence rather than the relationship which Gardner 
(1936) suggested. A similar trend in ornamental simplifica- 
tion culminates in V. (Baluchicardia) whitei Gardner of 
the early Midway in Texas. 

Occurring in the Shoal River facies of the Alum Bluff 
stage in Panhandle Florida, this highly specialized form 
apparently lived in a rather brackish environment, as inter- 
preted by Puri (1953). If this has any bearing on the de- 
velopment of shape and ornamental simplification in this 
species, then perhaps it can also be inferred of other veneri- 
cards which exhibit similar characters [e.g. V. (B.) whitei']. 

The ancestor of V. (G.) hesperide is probably not to be 
found among the other forms of the Alum Bluff, and the low 
slightly inflated umbones of this species may indicate a 
direct descent from V. (G.) nodijera waynensis of the Chick- 
asawhaj', in which somewhat elongated forms also occur. No 
subsequent species is known which might be descended from 
V. (G.) hesperide, and it appears as an evolutionary experi- 
ment in the Miocene radiation of the glyptoactids. 

Etymology. — The trivial name hesperide is from the 
Latin, hesperius, western, and the suffix -ide, like, or re- 
sembling. Whether or not Gardner meant to compare this 
species to V. (Baluchicardia) hesperia Gardner is not known, 
but there is no resemblance between the two species. More 
likely it refers to the far western position of Walton County, 
the type locality, in Panhandle Florida. 

V. (Glyptoactis) chelomodonta, n. sp. 

Plate 28, figures 5a-5d 

Distinguishing characters. — Shape similar to that of 
V. (G.) hadra, V. (G.) olga, and V. (G.) gibberumbonata. 
Distinguishable from the former species by total absence of 
paracostals and widened, rounded costals, and from the latter 
by much higher hinge plate and robust dentition. Ornamen- 
tation and pattern of dentition similar to V. (G.) olga but 
distinguished from that and all other glyptoactids by neo- 
morphic projection from the dorsal surface of the posterior 
left cardinal (4b) just behind the "tooth" formed by the 
lunular flexion, with a gap or notch between the two. Shell 
smaller, relatively thicker, and more compact than that in 
other species. 

Type. — Holotype, a small, but mature left valve, 
USNM 644324, dimensions below.  Monotypic. 

Sp'n i_.W      RN      BL/L    BH/H     H/L    ;/,W/H 

21.1        22.9        11.0 21 .76 .76        1.09 .48 

Type locality.—VSGS, 18362 (Fla. G.S. W-2S), 150 
yards below Bell's old mill site, Walton County, Florida. 
Shoal River Formation. Vernon (1942) described W-25 as 
"a ravine in the SW %,NW %, Sec. 15, T 2 N, R 15 W . . . 
three foot exposure of blue-green slightly silty clay, which 
weathers to light gray and yellow" and placed by the author 
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in the Choctawhatchee (late) Miocene. The collection in 
which the type is placed is associated with Shoal River 
collections at the U. S. National Museum. (U.S. Geological 
Survey). 

Distribution. — Known only from the type locality. 
Stratigraphic occurrence. — Shoal River Formation, 

middle Miocene age. 
Dimensional summary. — See type dimensions. 
Curvature characterisitcs. — 

Sample; Holotype. N =: 1 

SI        HI       S2 H3       S4        H4       S5 

OR 22°        .7      30°       1.5      43°        4.7      63°      — — 

Discussion and diagnosis. — Unfortunately known from 
only a single small left valve, this highly distinctive Shoal 
River species is unique in the development of a projecting 
"tooth" and notch on the dorsal surface of 4b (see PI. 28, 
fig. 5d), and although the right dentition is unknown, it 
probably contained a similar structure fitting into the notch 
formed by this tooth and the end of the lunule. This de- 
velopment is neomorphic and not seen in any other species in 
the present investigation. 

The high umbones and similar shape, as well as the 
strong development of the left anterior cardinal (2), point 
toward V. (G.) hadra of the Chipola as the ancestor of V. 
(G.) chelomodonta, but the exact stratigraphic relationship 
between these two is not known, since the two "formations" 
are time-equivalent facies. 

The A pattern of curvature is not typical of most glyp- 
toactids, and the possibility exists that the holotype is im- 
mature. Ths is probably not the case, however, and the high 
convexity (Yi W/H = .48) may indicate the holotype to be 
a female. 

Because of the development of the neomorphic "tooth" 
structure, this species did not give rise to V. (G.) olga of 
the late Miocene, which exhibits no trace of this feature. 

Etymology. — The trivial name chelomodonta is de- 
rived from the Greek, cheloma, notch, and odous, tooth, in 
reference to the notch formed by the neomorphic "tooth" in 
the left hinge. 

V. (Glyptoactis) olga Mansfield, 1939 

Plate 29, figures 5a-5c, 6 

I'enericardia olga Mansfield,  1939, Florida  Ceol.  Sur.,  Bull.,  vol.  18, 
p. 56, pi. 2, fig. 5; pi. 3, figs. 2, 7. 

Distinguishing characters. — Similar in shape and 
dental pattern to V. (G.) hadra and V. (G.) chelomodonta. 

Distinguished from the latter species mainly on the absence 
of the neomorphic "tooth" developed in that form. Dis- 
tinguished from the former by ornamentation consisting of 
broadly expanded and somewhat overhanging rounded 
costae lacking any trace of paracostals, and ornamented 
with somewhat flattened, but prominent, closely spaced 
transverse nodes similar only to those of V. (G.) chelomo- 
donta. Ribs of V. (G.) hadra narrower, distinctly tripartite. 
Vaulted posterior slope also characteristic only of V. (G.) 
olga. 

Type. — Lectotype (herein designated from syntypes 
of Mansfield), a large right valve, USNM 497976. Paralecto- 
type, a smaller left valve with broken posterior, USNM 
645690,  dimensions  below. 

Sp'n liW     RN      BL/L    BH/H     H/L    'AW/U 

Lect.         43.3 41.4 19.6 17 .75 .75 .96 .47 
Para.        30.5* 29.5 13.0 19 .72* .79 .97 .44 
*Estimated 

Type locality.—VSGS, 14075, dredged from the 
Caloosahatchee River, one mile below Olga, Lee County, 
Florida. Late Miocene. 

Distribution. — Only type collection was examined in 
this investigation, but it is present in other collections from 
that region in the U. S. Geological Survey. (Wilson, personal 
communication, 1963.) 

Stratigraphic occurrence. — Mansfield (1939) indicated 
a probable Pliocene age for this species based on the presence 
of Chione cancellata (Linnaeus) on a chunk of limestone 
from which one specimen was obtained. However, Druid Wil- 
son (op. cit.) indicated a late Miocene age for this form 
based on collections of known late Miocene age in the U.S. 
Geological Survey not examined in the present investiga- 
tion. 

Dimensional summary. — See type dimensions. 
Cunuiturc characteristics. —• 

Sample:   USNM 497976, lectotype; paralectotype, USNM  645690   N = I 

SI         HI           S2        H2 S3        H3 S4          H4           S5 

OR    22-24°   1.5-1.8   45-50°    5.1-6.3    61°    6.3-10.1   68-70°  10.3-14.9  59-62 
X 23.0°        1.6       47.5°       5.7      61.0°        8.2 69.0°      12.6 60.5° 

Discussion and diagnosis. — It is apparent that V. (G.) 
olga, because of similar shape and dental pattern, with 
about the same development of right and left anterior 
cardinals (3a, 2) as found in V. (G.) hadra of the Chipola 
Miocene, is descended from that species. Certain similarities 
are also apparent to modern venericards living off the west 
coast of California, Mexico, Central America, and South 
America. The record of glyptoactid evolution on the eastern 
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and Gulf Coasts of North America ends with this species, 
and it is highly likely that the descendants of V. (G.) olga 
migrated to the eastern Pacific, perhaps giving rise to such 
species as V. (G.) crassicostata G. B. Sowerby I (see Text- 
fig. 28, Plate 29, figs. 7a, 7b, 8-c), known from the Pleisto- 
cene and Recent seas in that region. 

Etymology. — The trivial name olga is geographic in 
honor of the type locality, near Olga, Lee County, Florida. 
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EXPLANATION  OF PLATE 20 

BaluchicarJia 

Figures ^"<"' 

1. /'.  {B.)  beaumonti   (d'Archaic and   Haiinc)          83 
AMNH complete individual, length 26.5 mm, Suiley, near Kulla, Punjab region of 
India. Late Cretaceou^. la. Left exterior, lb. Anterior. 

2. /'.  {B.) hespcria Gardner      83 
Holotype, complete individual, I'SNM 352268, length 44.6 mm. USGS sta. 3180, 
Tehuacana Member, Kincaid Formation, early Paleocene. 2a. Anterior. 2b. Right 
exterior. 

3. /'.  (B.) francescae Gardner      84 
Holotype right valve, USNM 372925, length 28.0 mm. USGS sta. 6573. Clayton Forma- 
tion, early Paleocene. 3a. Exterior. 3b. Interior. 3c. Anterior. 

4. /'. (B.) v:liitn Gardner      84 
Holotype, right valve, I'SNM 352269, length 32.0 mm. USGS sta. 3180, Tehuacana 
Member, Kincaid  Formation, early Paleocene. 4a.  Exterior. 4b.  Anterior. 4c.  Interior. 

5. /'.   (B.j   moa  Gardner       86 
Holotype. complete individual, USXM 370922, length 33.8 mm. USGS sta. 4398. 
Tehuacana Member. Kincaid Formation, early Paleocene. 3a. Left exterior. Sb. Anterior. 

6. /". (B.) amplicri-nala, n. sp     85 
Holotype, left valve imbedded in matrix. USNM 370912, length (est.) 31.0 mm. USGS 
sta.   2439,   Tehuacana   .Member.   Kincaid   Formation,   early   Paleocene.   6a.   .Anterior. 
6b. Exterior. 

7.8. r.   (B.)   bulla   Dall     86 
7. Exterior view of lectotype. left valve imbedded in matrix, USNM 164556, length 23.1 
mm. 8. Left exterior view of paralectotype. complete individual, length 34.0 mm. I'SNM 
645691, USGS sta. 3309. Wills Point Formation. late Paleocene. 
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AMKRICAN   AI.'IICOSTATK   VKNIiKICARUS:    IIKA.SI.II' 123 

EXPLANAIION OF I'LATK 21 

Baluchicardia 

Figures Page 

1.  r.   (B.)   bulla   Dall        86 
Hypotypc, complete individual, USNM 370913, length 33.8 mm. USGS sta. 5281, 
Wills Point Formation, late Paleocene. la. Left exterior, lb. Anterior. Ic. Left 
interior. Id. Right interior. 

2,3. /■.   (B.)   ivileoxeiisij   Dall        87 
2. Holotype, left valve, USNM 164542, length 36.7 mm. USGS sta. 3116. 2a. E.x- 
terior. 2b. Interior. 2c. Anterior views. 3. F'aratype (lectotype, "var. triplet"), right 
valve, USNM 129897, length (est.) 30.9 mm. ' US(;S sta. 287. 3a. Interior. 3b. 
E.xterior. 3c. .Anterior. Matthews Landing Member, .Naheola Formation, late Paleocene. 

4,5. y.  (B.)  grcggiana  Dall       88 
4. Lectotype, right valve, PRI 137, length 52.3 mm, Greggs Landing, Monroe County, 
Alabama. Greggs Landing Member, Tiiscahoma Formation, early Eocene. 4a. 
Anterior. 4b. Exterior. 4c. Interior. 5. Uncatalogucd specimen, .ANSP, left valve, 
length (est.) 31.0 mm. Bells Landing, .Monroe County, .Mabama, Bells Landing Member, 
Tuscahoma Formation, earlv Eocene. 
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LXriANAllON DF I'l-ATE 22 

Ku/unilicarilia 

figures ''"<"■ 

1,2.  r.  fAIJ   loii  Gardner   ;     9" 
1. Holotypc, right valve, length 22.5 mm. la. Exterior.  Ih. Interior. Ic. Anterior. 
2. Paratype. left valve, interior length (est.) 28.4 mm. Both USNM 370918, USGS 
>ta. 11914, Kincaid Formation, early Paleoccne. 

3,4. /'.   (R.)  crenaea  Gardner       " 
3. Lectotype. Right valve imbedded in matrix, length 25.3 mm. 3a. Exterior. 3b. 
Anterior. 4. Paratype, left valve, exterior view, length 28.6 mm. Both USNM 
370911. USGS sta. 117701, Tehuacana Member, Kincaid Formation, early Paleocene. 

5.  /'.   (R.)   rutawcolcns   Harris        9+ 
Latex cast of lectotype, external mold of left valve, PRI 1401, length 26.8 mm. 
5a. Exterior. 5h. Anterior. Eutaw Springs, South Carolina, Santee Formation, middle 
Eocene. 

6,7. r.   (R.)  flabrllum   Harris       92 
6. Holotype, right valve, PRI 651, length 22.0 mm. 6a. Exterior. 6b. Interior. 6c. 
Anterior. 7. Hypotype, right valve, interior view, USGS 6058 No. 2, length 21.5 mm. 
Smithville, Texas, Weches Formation, middle Eocene. 

8,9. /'.   (R.)   ro/iirulti   I.ea        93 
8. Paralectotype, left valve, exterior view (funiculate ornamentation), ANSP 5268, 
length 25.0 mm. 9. Lectotype, right valve (funginate ornamentation), ANSP 5267, 
length 24.5 mm. Claiborne  Bluff,  .\labama,  Gosport  Formation,  middle  Eocene. 
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AMHRICAN   ALTlCOSTATIi   VliNURlCARUS:    llliASLlP 125 

EXI'LANATION  OF PLATE 23 

liotundicardia 

Figures Page 

1,2. l'.(R-j   rotunda   Lea        93 
I. Lectotype, right \ alve, interior view, ANSP 5267, length 24.5 mm. 2. Paralectotype, 
right valve, .\NSP 5268, length 25.0 mm. 2a. Interior. 2h. Anterior. Claihorne Bluff, 
.Mahama,  Gosport  Sand,  middle  Eocene. 

3-6.  r.   (II.)   diversidcntala  diversidcntata   Meyer        95 
3. Holotype, right valve, ASM 74, length 17.5 mm. Jackson, Mississippi. 3a. Ex- 
terior. 3b. Interior. 3c. Anterior. 4. Hypotype, left valve, exterior view, USNM 
136672, No. 5, length 20.6 mm. Jackson, Mississippi. 5. Hypotype, (holotype, I', 
"praccisa"), right valve, length 13.0 mm. 5a. Exterior. 5b. Interior. 6. Hypotype (I', 
"praccisa"), left valve, interior view, length 8.2 mm. Both 5 and 6 USNM 138638. 
USGS sta. 2232, Cleveland County, Arkansas. All from Moody's Branch Formation, 
late Eocene. 

7,8.  /'.  (R.j di-vnsidcnliitu vickshurt/Kuui  Hall       96 
7. Hypotype, left \alve figured by Richards and Palmer (1953), FGS 1-7533. length 
12.5 mm. 7a. Exterioi. 7b. Interior. 7c. Anterior. FGS loc. L-93, Levy County, Florida, 
Inglis Member, Moody's Branch Formation. 8. Holotype, complete individual, left 
exterior view, USNM 164548, length 15.8 mm. USGS sta., Martin Station, Florida, 
Ocala Formation. Both late Eocene. 

9,10.  V.  (R.)  carsonens'u  Dall       97 
9. Holotype, right valve, length 13.2 mm. 9a. Exterior. 9b. Interior. 10. Paratype, 
left valve, length 16.9 mm. 10a. Interior. 10b. .Xnterior. 10c. Exterior. Both USNM 
140693. USGS 2633, Carson's Creek, Mississippi, Red Bluff Formation, early Oligocene. 
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EXI'LANATIUN OF I'LATIi 24 

Claibornicardia 

Figures Page 

1,2. /'.   {C.)   imgu'inoiiijcra, n.  >p     99 
1. Holotvpc, right valve, USN'M 6+4318, length 13.6 mm. la. Exterior, lb. Interior. Ic. 
Anterior. 2. Paratype, left valve, I'SNM 644319, interior view, length, 10.5 mm. 
USGS 3099, Ba.shi Formation, early Eocene. 

3,4. /'.  (C.)  coloradonis texalana Gardner     101 
3. Lectotype,   right   valve,   length   17.3   mm.   3a.   Exterior.   3b.   Interior.   3c.   Anterior. 
4. Paratype, left valve, interior view, length 17.1 mm. Both ANSP 9860. Black shoals 
(Burleson Bluff), Burleson County, Texas, lower Weches Formation, middle Eocene. 

5,6. V. (C.) coloraiionis cotorajonis Harris    100 
5. Holotype, left valve, PRI 652, length 21.0 mm. 5a. Exterior. 5b. Interior. 5c. Anterior. 
Smithville, Texas, middle Weches Formation, middle Eocene. 6. Paratype, right 
valve, PRI 650, length 13.7 mm., interior view. Wautubbee, Mississippi, Wautubbee 
Formation, middle Eocene. 

7. y.  (C.)  trapaquarolJes, n. sp   104 
Holotype, right valve, USNM 644320, length 24.8 mm. 7a. Exterior. 7b. Interior. 7c. 
Anterior. USGS 9255, Weches Formation, middle Eocene. 

8. V. (C.) trapaquara Harris    104 
Hypotype, anterior fragment of left valve, showing ornamentation, BEG 20804, 
original length about 14.0 mm. BEG 26-T-l, Stone City beds, middle Eocene. 
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AMERICAN ALTICOSTATE VENERICARDS:  HEASLIP 127 

EXPLANATION OF PLATE 25 

Claibornicardia 

Figures Page 

1-3. /'.  (C.j trapaquara Harris   104 
1. Holotype, right valve, BEG 20502, length 11.8 mm. KEG loo. 197-1-5. la. Exterior, 
lb.   Interior.  2.   Hypotype,   left   vahe,   interior   view,   BEG   20499,   length   17.0   mm. 
3. Hypotype, right valve, BEG 20803, length 18.0 mm. 3a. Exterior. 3b. Anterior. 
Hypotypes from BEG loc. 26-T-l, all specimens from Stone City Beds, middle Eocene. 

4-7. V.   (C.)   natchitoches   Harris      102 
4. Holotype, left valve, PRI 666, length (est.) 19.0. 4a. Exterior. 4b. Interior. 4c. An- 
terior. 5. Hypotype, left valve, USGS 13274, No. 3, length 17.8 mm. 5a. Anterior. 5b. 
Exterior. 6. Hypotype, right valve, interior view, USGS 13274, No. 1, length 21.2 mm. 7. 
Hypotype, left valve, USGS 13274, No. 5, length 14.8 mm. 7a. Exterior. 7b. .■\nterior. 
7c. Enlargement of posterior hinge plate and adductor, showing isolated position of 
posterior pedal retractor just above adductor. Figs. 4 and 5 probably males, 6 and 
7 probably females with heavier, more inflated shell. Holotype from Natchitoches, La.; 
hypotypes from USGS sta. 13274, San Augustine, Texas, Weches Formation, middle 
Eocene. 

8-11. V. (C.) perantiqua Conrad    103 
8. Latex cast of fragment of left valve showing ornamentation, ."MVINH 9723/2, 
No. 4, length of fragment, 20 mm. 9. Latex cast of lectotype, right valve, exterior 
view, ANSP 19393, No. 2, length 25.0 mm. 10. Latex cast of right interior, AMISIH 
9723/2, No. 2, length 26.0 mm. II. Latex cast of left interior. .\MNH 9723/2. No. 3, 
length 25.0 mm. Lectotype from Burlington County, hypotypes from Monmouth 
County, New Jersey,  Shark River Formation, middle  Eocene. 
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EXPLANATION OF PLATK 26 

Claibornicardia 

Figures ^"«"" 

1,2.  /'.  (C.)  hliiiidingi Conrad   '06 
I. Lectotype, a right valve, A.NbP 3u500, length 15.i mm. la. I'.xiciior. Ui. Interior. Ic. 
Anterior. 2. Para lectotype, left valve, interior view, same catalogue number, length 
(est.)   14.8 inm.  Vance's  Ferry,  South  Carolina,  Santee  Formation,  middle  Eocene. 

3-5. /'.  (C.)  complrx'uosta Mever  and  Aldrich   105 
3. Holotype, immature left'valve, formerly JMU 1362, now USNM 645940, length 8.9 
mm. 3a. E.xterior. 3b. Interior. 3c. Anterior. Wautubbee, Mississippi, "Wautubbee 
Marl," middle Eocene. 4. Hvpotype, right valve, BEC; 20604, length 20.5 mm. 4a. 
Exterior. 4b. Anterior. 4c. Interior. 5. Hypotype, left valve, interior view, BEG 
Miss-51, No. 3, length 15.7 mm. Both hypotypes from BEG Miss-51. Wautubbee, 
Mississippi,  Archusa  Member,  "Wautubbee  Marl,"  middle  Eocene. 

6-11. v.   (C.)   alticostatu   (Conrad)      107 
6. Hypotype, left valve, exterior view, UtGs 6087, No. 4, length 22.2 mm. 7. hypo- 
type, right valve, interior view, USGS 6087, No. 6, length 19.8 mm. Both from USGS 
6087, Gopher Hill, .-\labama, (rosport Sand, middle Eocene. 8. Hypotype, left valve, 
(figured holotype of /'. "Iruiuvcna"j, ANSP 5253, length 47.7 mm. 8a. Exterior. 8b. 
Anterior. 8c. Interior. 9. Hypotype, right valve (!'. "transversa" figured paratype), 
interior view, ANSP 5254, length (est.) 45.7 mm. 10. Hypotype, left valve (figured 
holotype of /'. "sillimani"), ANSP 5258, length  36.5  mm.  10a.  Exterior.  10b.  Interior. 
II. Hypotype, right valve, AMNH 9950 1, No. 2. Length 49.8 mm. 8-11 from Claiborne 
Landing,  Alabama,  Gosport  Sand,  middle  Eocene. 
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AMERICAN ALTICOSTATE VENERICARDS:  HEASLIP 129 

EXPLANATION OF PLATE 27 

ClaibornicarJia 

Figures Page 

1.  r.   (C.)   nasuta  Dall   ,   109 
Holotype, left valve, USNM 164626, length 39.6. la. Exterior, lb. Exterior of smallest 
recognizable growth stage. Ic. Interior. Id. Anterior. USGS 393, Conecuh County, 
Alabama,   ?Glendon  formation,   ?middle  Uligocene. 

Glyptoactis 

2-4. /'.  (G.)  notifrra ivaynrtisis  Mansfield     112 
2. Holotype, left valve, USNM 498538, Icnsth 22.3 mm. 2a. Exterior. 2b. Inierior. 
2c. .Anterior. USGS 14204. 3. Hypotype, left valve, USGS 14779, No. 5, length 24.5 
mm. 3a. Exterior. 3b. Interior. 3c. Enlargement of dentition showing flexion in lunule 
over anterior cardinal. 4. Hypotype, light valve, interior view. No. 2, length 15.6 mm. 
Hypotypes from USGS 14779. All from vicinity of Waynesboro, Mississippi, Chick- 
asawhay  Formation, late  Oligocene. 

5,6.  /'.  (G.)  nodifrra nodifera Kellum     112 
5. Holotype, right valve, USNM 353227, lengih 31.2 mm. 5a. Exterior. 5b. Interior. 
5c. .Anterior. USGS 10655. 6. Hypotype, left valve, AMNH 1059, No. 9a, length 25.4 
mm., interior view. Both from Silverdale, North Carolina, "Trent" (Silverdale) 
Formation,  early  Miocene. 

7,8. /'.   (G.)   serricosta  Heilprin    113 
7. Hvpotvpe, left valve, ANSP 10640, length 32.7 mm. 7a. Exterior. 7b. .Anteiior. 8. Left 
vahe, interior view, .\NSP 10640, length 25.7. Ballast Point, Florida, Tampa Forma- 
tion, early  Miocene. 
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EXPLANATION OF PLATE 28 

Glyptoactts 

Fiijuns Page 

1. /'.  (G.) serricusta Heilprin    113 
Hypotype, right valve, interior view, USNM 165192, No. +, length 22.8 mm. Ballast 
Point, Florida, Tampa  Formation, early Miocene. 

2. /'.  (G.j gibbrrumbonala, n. sp   11-t 
Holotype, left valve, USNM 644323, length 33.2 mm. 2a. Exterior. 2t). Interior. 2c. 
Anterior. USGS 21278, Silverdale, North Carolina, "Trent" (Silvcrdale) Formation, 
early Miocene. 

3. /'.   (G.)  impendtotosta, n.  sp   114 
Holotype, left valve, USNM 644321, length 25.2 mm. 3a. E.\terior. 3b. Interior. 3c. 
Anterior. USGS 22287, Haywood Landing, North Carolina, "Trent" (Silverdale) 
Formation, early Miocene. 

4./'.   (G.)   himcrta   Dall   115 
Holotype, complete individual, USNM 164555, length 52.0 mm. 4a. Anterior. 4b. Left 
exterior. 4c. Right interior. 4d. Left interior. USCiS 2646, Oak Grove, Florida, Oak 
Grove  Formation,  early  Miocene. 

5.  r.  (G.)  chelomodonta, n.  sp -   117 
Holotype, left valve, USNM 644324, length 21.1 mm. 5a. Exterior, 5b. Anterior. 5c. 
Interior. 5d. Enlargement of dentition showing lunule flexion over point of anterior 
cardinal and extra dental element on the posterior cardinal. USGS 18362, Walton 
County,   Florida,   Shoal   Ri\er   Formation,   middle   Eocene. 
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AMERICAN ALTICOSTATE VENERICARDS:   HEASLIP 131 

EXPLANATION OF FIGURE 29 

Glyptoaclis 

Figurrs Pagr 

1.  /".  (G.) hespniJi' Gardner    117 
Holotype, right valve, USNM 372890, length 49.2. la. Interior, lb. Anterior. Ic. Ex- 
terior. USGS 10603, Walton County, Florida, Shoal River Formation, middle Miocene. 

2-4.  /■.   (G.)   hadra  Dall     116 
2. Holotype, complete individual, interlocked valves, USNM 114730, length 41.2 mm. 
2a. Left exterior. 3h. .interior. 3. Hypotype, right valve, interior view, USNM 114730, 
No. 2, length 40.4 mm. 4. Hypotype, left valve, interior view, USNM 114730, No. 13, 
length 43.7 mm. .Ml from USGS 2213, Calhoun Counn, Florida, Chipola Formation, 
middle Miocene. 

5,6. V.  (G.)  olga Mansfield   118 
5. Lectotype, right valve, USNM 497976, length 43.3 mm. 5a. Exterior. 5h. Interior. 
5c. Anterior view. 6. Paratype, left valve, interior view, same catalogue number, 
length   (est.)   30.5  mm.  Both  from   USGS   14075,  Olga,   Florida,   late   Miocene. 

7,8. V. (G.j  crassiiostata G. B.  Sowerby  I     119 
7. Hypotype, right valve, USNM 517572, No. 1. length 47.3 mm. 7a. Exterior view 
of uncoated shell showing color pattern of dark red, tan, and white. 7b. Interior view, 
coated to resemble fossil material. 8. Hypotype, left valve, coated to resemble fossil 
material, USNM 517572, No. 2, length 34.9 mm. 8a. Exterior. 8b. \nterior. 8c. Interior. 
Collected  between  Manglar  Alto  and  Mania,  Ecuador.  Recent. 
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CARBONIFEROUS CRINOIDS OF TEXAS WITH STRATIGRAPHIC IMPLICATIONS 

HARRELL L. STRIMPLE^ AND WILLIAM T. WATKINS- 

ABSTRACT 
Crinoids used in this study were collected in Texas and range 

from Upper Mississippian into the Missourian Stage of the Pennsyl- 
vanian. Most are from the Atokan and Desmoinesian Stages. Six new 
families, one new subfamily, 12 new genera, +1 new species, and 1 
new subspecies are proposed. Some forms previously only known 
from Europe and Asia are reported from the United States, e.g. 
Hydiocrhius Trautschold (Russia), Stomiocrinus Wanner (Indonesia) 
and Sinocrnius Tien (China). The first calyx of Platycriniles of 
Pennsylvanian age is reported. The range of Dichocrinus is extended 
Into the Pennsylvanian. 

A compilation of stratigraphic data is attempted with emphasis 
on the Atoka Formation and the Atokan Stage. 

INTRODUCTION 

The nucleii.s of the present study consists of three col- 
lections made by one of us, Watkins, in Texas from the 
Kickapoo Falls Limestone Member and Brannon Bridge 
Limestone Member, Millsap Lake Formation, Desmoinesian 
Stage and from the Lemons Bluff Member, Marble Falls 
Formation, Atokan Stage. A small collection of crinoids was 
also procured from what may be the Marble Falls Forma- 
tion on Espey Creek in Lampasas County, Texas. Various 
specimens were added to the study and some were acquired 
from other collectors which has been acknowledged in a 
special section entitled "Contributors." At a late date in the 
study, the junior author became aware of two additional 
crinoidal exposures in the Llano Uplift of northcentral 
Texas, one in the Marble Falls Formation on the Lambert 
Ranch near San Saba and the other on the Kurt Zesch 
Ranch near Mason. Much effort was expended in making 
contacts, in field work, in making exchanges, and in the 
preparation of materials. In the course of events there were 
also some Mississippian crinoids found associated with large 
axes of Archimedes and a radial plate of Pentremites. 

When we attempted to correlate various formations it 
soon became apparent that some serious compilations of 
stratigraphic data were in order. In particular a weakness 
was apparent in the time-rock gap between the Morrowan 
Stage below and the Desmoinesian Stage above. The terms 
Derryan and Lampasan have been used in a more or less 
correlative sense but currently the term Atokan Stage is 
generally in favor. We have made an effort to clearly de- 
fine the Atokan Formation and thereby establish a firm 
basis for the Atokan Stage. 

Much information has now become available concern- 
ing crinoids of the Atokan Stage and a more comprehensive 
understanding attained of crinoids of the Desmoinesian 
Stage. A few specimens from Upper Mississippian strata are 
included as well as some from the Middle Pennsylvanian 

' University of Iowa, Iowa City. 
"San Antonio, Texas. 

(Missourian). The range of Dichocrinus, a typically Mis- 
sissippian crinoid genus, is extended up into the Pennsyl- 
vanian (Atokan). Platycrinites has been known to be pres- 
ent in the Pennsylvanian strata from columnals, and many 
species are known from Mississippian and Permian rocks, 
but the first calyx of Pennsylvanian age is described herein 
from North America. The genus Hydriocrinus has hitherto 
been restricted to the Moscovian of Russia but is now 
known from the Desmoinesian of Texas. The genus Stomio- 
crinus is well represented in the Permian of the Island of 
Timor but is reported for the first time from the Pennsyl- 
vanian of North America as S. conlini, n. sp. The genus 
Sinocrinus was originally described from North China and 
is now reported from the Big Saline Formation (Atokan) 
of Texas. Many other important studies are included. New 
taxon consist of six new families, one new subfamily, 12 
new genera, 41 new species and one new subspecies. 
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holotype of Sinocrinus sheareri, n. sp. which was collected by 
the late Mr. Shearer some 30 years ago. Their son, Mr. 
Wilburn Shearer, also of Mason, Texas, assisted consider- 
ably in field work near Mason as well as contributing many 
fine specimens. One of the species involved is named 
Mooreocrinus wilburni, n. sp. 
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tributed, by donation and exchange, specimens collected 
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near Brock, Texas, in the Millsap Lake Formation. A species 
has been named Anchicnnus tod.di, n. sp. 

A fine crown of Hydriocrinus, a genus hitherto only 
reported from Russia, has been contributed by Mrs. Lor- 
raine Marrs of Waco, Texas. It was collected near Brock, 
Texas, from the Millsap Lake Formation. The species has 
been named lorraineae. Mrs. Marrs also found many of the 
splendid crowns used in the study of Texas crinoids by 
Moore and Plummer (1940), which specimens are now 
housed in the U.S. National Museum. 

Mrs. Paul C. Frost, Cedar Hill, Texas, collected and 
contributed the excellent crown of Oklahomacrinus jrostae, 
n. sp. from Brock, Texas. 

Mr. J. F. Conlin of Fort Worth, Texas, a well-known 
collector of many years standing, donated cups of the only 
species of Stomiocrinus ever to be reported from North 
America. The genus is not uncommon in the Permian of the, 
Island of Timor, Indonesia. Mr. Conlin collected the speci- 
mens from near Lake Bridgeport, Texas, in the Graford 
Formation. The species has been named conlini. 

Mr. C. B. Lambert, Lambert Ranch, San Saba, Texas, 
extended hospitality and assistance to one of us, Watkins, 
as well as contributing the excellent crown of Aexitropho- 
crinns lamberti, n. sp. to the study- A small quarry in crin- 
oidal rocks of the Marble Falls Formation has been opened 
on the Lambert Ranch, but crinoid crowns appear to be 
rare. 

Mr. Kurt Zesch, owner of the Zesch Ranch near Mason, 
Texas, was most cooperative and helpful. The crinoid speci- 
mens from the Soldiers Hole Member, Big Saline Forma- 
tion (Atokan) were all obtained on the Zesch Ranch. A 
species has been named Ulocrinus zeschi, n. sp. 

The late Mrs. J. H. Renfroe of Fort Worth, Texas, 
collected a few of the crowns from near Brock, Texas, in the 
Millsap Lake Formation. They were obtained through ex- 
change many years ago. Mrs. Renfroe was a well-known 
collector of many years standing. The specimens are now 
housed in the U.S. National Museum. 

A major contribution of effort made to the study was 
by Mrs. Florence Pierce, former Secretary, Department of 
Geology, University of Iowa, who typed much of the manu- 

script. 
A financial contribution was made by the U.S. National 

Museum, Washington, D.C. to defray the costs of the illus- 
trations. 

CRINOID LOCALITIES 

I.   Kothman Ranch 
The crinoid exposure was discovered by Mr. Wilburn 

Shearer of Mason, Texas, while deer hunting with bow and 

arrow. It is about IVi miles southwest of Mason, Mason 
County, Texas, on the Kothman Ranch. Coordinates are 
30" 43.5' N. Lat., 99° 16.0' W. Long. This is about S/Sths 
of a mile west of the northeast end of the Pennsylvanian 
exposure, 400 yards upslope northwest of the Barnett Shale 
which is exposed in the creek, and SO yards south of an 
east-west fence line. 

Plummet's (1950) "Geological Map of the Carbonifer- 
ous Formations in the Llano Region, Texas" indicates that 
the Barnett Shale or Formation and the Chappel Lime- 
stone are thin ribbons bordering the northeast side of the 
more extensive Pennsylvanian exposure for its full six mile 
length. A limestone, oolitic in places, was recognized in the 
Barnett Formation by Plummer (1950, p. 34), quote, 
"— in Mason County west of Mason, crystalline, crinoidal, 
and in some places oolitic limestone layers came into the 
section to replace part of the shale —." 

The crinoids appear to be Chesterian in age, and for 
this reason the rocks are thought to be from the Barnett 
Formation. Two large axes of Archimedes and the radial 
plate of a Pentremites were recovered together with about 
15 crowns of crinoids in poor to indifferent preservation. 
II. Espey Creek 

1 he exposure is in the creek bed three miles southwest 
of Lampasas, Lampasas County, Texas, about 300 yards 
downstream, i.e. south and east, from the first road crossing 
Espey Creek. A black crystalline crinoidal limestone is ex- 
posed but the bed containing the crinoid crowns has been 
washed out for several years. One of us, Watkins, is of 
the opinion that the horizon is Chappel Limestone, which 
is of Osagian age, but the crinoids appear to be no older 
than late Chesterian and more likely of Morrowan age. 
Plummer (1950, p. 53) reported that the Sloan Member. 
Marble Falls Formation, had not been identified in Lam- 
pasas County. If this means there is no Morrowan rock 
present then the possibility that the fauna is uppermost 
Chesterian (post-Pitkin of Oklahoma-Arkansas usage) is 
entertained. The senior author is aware of a few crinoid 
species from an undescribed fauna in the Imo Formation 
of Arkansas (thought to be about equivalent to the Kinkaid 
Formation of Illinois) among which there is one species 
that is close to Cynvbiocrinus contentus, n. sp. from Espey 

Creek. 
III. Lambert Ranch 

The locality is 2.4 miles west of the San Saba Court 
House, San Saba, Texas, on State Highway 190, left on 
Farm Road 1030 (Wallace Creek Road) 6.7 miles past a 
big red barn and ranch house of Pool Stock Farm, left 1.8 
miles on private road to the C. B. Lambert Ranch house. 
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Quarry is 250 yards east of the house. The rock in which 
the crinoid crowns were found appears to be the Lemons 
Bluff Member, Marble Falls Formation, Atokan, Pennsyl- 
vanian. 
IV. Kurt Zesch Ranch 

The crinoidal exposure of this horizon is located 4.2 
miles southwest of the Mason County Court House in 
Mason, Texas, on Ranch Road 1871 and 200 yards north 
of road along southeast slope of low hill on the Kurt Zesch 
Ranch. The crinoidal zone is a rust-colored siliceous lime- 
stone in the upper part of the Soldiers Hole Member of 
the Big Saline Formation. The basal layers of the member 
contain chert, and being resistant form a low but notice- 
able escarpment along the northwestern side of the exposure 
at this point. The whole exposure extends for over six miles 
along the northwest side of a large fault, extending in a 
northeast-southwest direction. The high, or southeast side 
of the fault is Upper Cambrian. The downthrow of north- 
west side is Ordovician, except for the area next to the fault 
occupied by the Pennsylvanian and underlying thin-bedded 
Mississippian strata which rest on the Ordovician. These 
rocks all dip southeast to the fault. 

At Honey Creek, about 3 Yz miles on to the southwest 
of the above discussed locality. Plummet (1950) listed the 
Big Saline Formation as being 199 feet thick, of which the 
upper 82 feet was mostly black shales which were identified 
questionably as the Smithwick Shale. Of the remaining 117 
feet, the lower 22 feet appear to be the Brook Ranch Mem- 
ber and the balance of 95 feet of limestone the Soldiers 
Hole Member, Big Saline Formation. 

The exposure on the Kurt Zesch Ranch is thought by 
us to be the upper part of the Soldiers Hole Member, Big 
Saline  Formation, Atokan,  Pennsylvanian. 

V. Rough Creek 
Limestone escarpment on north side of Rough Creek, 

about five miles northwest of Bend and near the road cross- 
ing on Rough Creek, approximately 11 miles southeast of 
San Saba, San Saba County, Texas. The exposure is near 
locality number 205-T-17 of Moore and Plummer (1940, p. 
401). The horizon is the Lemons Bluff Member, Marble 
Falls Formation, Atokan, Pennsylvanian. 
VL   Kickapoo Falls 

Shale exposure on north side of a creek one-quarter 
mile east of Kickapoo Falls, 8.5 miles by road southwest 
of the bridge at Dennis, Hood County, Texas. The exposure 
is locality number llO-T-4 of Moore and Plummer (1940, 
p. 395). The horizon is shale below the Kickapoo Falls 
Limestone Member, Millsap Lake Formation, Desmoinesian, 
Pennsylvanian. 

Vn.   Brock 
Shale exposure at road corner close to the site of old 

Consolation School (no longer standing), three miles in 
direct line southwest of Brock, Parker County, Texas. This 
is locality number 183-T-14 of Moore and Plummer (1940, 
p. 400). It is just below the Brannon Bridge Limestone 
Member, Millsap Lake Formation, Desmoinesian, Pennsyl- 
vania. 
VIII. Rochelle 

The exposure is I'/i miles east and 2'/2 miles north of 
Rochelle, McCulloch County, Texas, and is numbered 153- 
T-23 in Moore and Plummer (1940, p. 396). It is a shale 
in the Mineral Wells Formation, Missourian, Pennsylvanian. 
IX. Lake Bridgeport 

The outcrop is a road cut four miles west of the rail- 
road station at Bridgeport, Wise County, Texas, and 0.01 
mile north on the paved road off the Lake Bridgeport Road. 
It is a variegated shale, formerly termed the Lake Bridge- 
port Shale Member, currently called the Wolf Mountain 
Shale Member, Graford Formation, Missourian, Pennsyl- 
vanian. The most common fossils are sponges. 
X. Southwest of Lake Bridgeport Dam 

The outcrop is about three-fourths of a mile southwest 
of Lake Bridgeport dam. Wise County, Texas, in a shale 
below the Rockhill Limestone Member, Graford Formation, 
Missourian, Pennsylvanian. 

MORPHOLOGICAL NOTES 

I.   Basal concavity in the dorsal cup 
A better philosophical understanding of ontogenetic 

changes is possible by carefully considering the process of 
growth. Normally stereom (essentially calcium carbonate) 
is added more or less evenly around the perimeter of a 
plate. Of course we are aware of differential growth in some 
segments (e.g. first primibrachs often attain their length 
at an early stage and thereafter increase substantially in 
width). We wish to call attention here to a condition of the 
base of the cup where a concavity is involved. 

In a young specimen there may be mildly downflared 
infrabasals with the basals flexed slightly into the con- 
cavity and recurved into the lateral sides of the cup. The 
basal concavity may be shallow but under normal condi- 
tions the increased material on the distal tips of the infra- 
basals and on the proximal tips of the basals will result 
in a deeper, more pronounced basal concavity with matur- 
ity. It is conceded that differential or unusual surficial 
growth may upset the plan just outlined. 

The above described development apparently only 
takes place when a pronounced basal concavity is found in 
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maturity. We have noted in a form like Erisocrinus, where 
there is never a decided basal concavity, that young speci- 
mens often have the appearance of a pronounced basal con- 
cavity due to the confined nature of the depression at a 
young stage, but it becomes broad and only shallowly de- 
pressed at maturity. 
II. Common modes of arm division 

We have used five descriptive terms to cover the modes 
of arm branching. This does not concern whether the bi- 
furcation takes place with the first or tenth brachial but 
only the method of division. If more than ten arms are 
formed there will be more than two divisions. If all divisions 
are even the branching is termed "isotomous." If the first 
two divisions are even but subsequent branching is restrict- 
ed to the inner half-arms it is termed "bi-endotomous." 
When the inner half-arm is appreciably reduced in size at 
the second branching and subsequent branching is restricted 
to the inner half-arms, it is termed "endotomous." When the 
upper branching is on the outer half-arms it is termed 
"exotomous." The term "heterotomous" is used in the broad 
sense where the branching is irregular. 

III. Structure of brachials 
The most primitive brachial structure in this study 

consists of long, uniform segments which make up a uni- 
serial arm. Each brachial carries a single pinnule and the 
pinnular side alternates with adjacent brachials. If some 
impetus toward a more effective food gathering system 
arises, causing evolutionary modifications, several changes 
are possible. 

A. Each brachial may develop a pinnule on both sides, 
as reported by Strimple (1962c) for Zeacrinites. This is con- 
sidered by us to be a specialized development among crin- 
oids. 

B. A brachial may develop more than one pinnule on 
a side (hyperpinnulation) as found in Neozeacrinus peram- 
plus Wanner and various species of Exocrinus Strimple. This 
is considered by us to be a specialized condition and not 
common among known crinoids. 

C. Each brachial becomes low and yet has a single 
pinnule. This condition is usually accompanied by elongated 
arms, as found in Ulrichicrinus Springer. 

D. Each brachial has one pinnule and becomes cunei- 
form. This is apparently a step toward development of bi- 
serial arms in some lineages. 

E. Each brachial has one pinnule and is wedge-shaped. 
The arms remain long and have well-rounded  exteriors. 

F. Same as E above but with sharply angled wedges 
and flattened exteriors, as found in Erisocrinus Meek and 
Worthen. 

We believe the normal evolution to be from A to D 
to E to F, i.e. from true uniserial arms to cuneiform 
brachials to wedge-shaped brachials. Even casual observa- 
tion discloses the highly efficient pinnular food gathering 
system afforded by F as compared to A. Some forms having 
biserial arms (e.g. Bronaughocrinus Strimple or Delocrinus 
(Miller and Gurley) are able to subsist with relatively short 
arms. 

A brachial structure known as syzygy is a specialized 
condition among Paleozoic crinoids but is common in the 
Recent Articulata. Brachials are paired and joined by close 
suture. 
IV. Differential  growth   in   axillary   first   primibrachials 

Young  stages  of Stellarocrinus  texanus   (Moore   and 
Plummer) studied by us have biserial arms and somewhat 
elongated first primibrachs. With growth, the length of the 
primibrach does not increase appreciably, but the width 
increases considerably. 
V. Interfingered pinnules 

A specialized development is found among some speci- 
mens of Stellarocrinus studied by us, wherein the pinnules 
are found to be at right angles to the arms and interlocking 
with pinnules of the adjacent arms. This is thought by us 
to be a protective device, to close the gaps left beween 
the arms which do not abut at any time. 

A somewhat comparable development of interfingered 
pinnules between adjacent arms is illustrated by Yakovlev 
and Ivanov (1956, pi. 7, fig. 1) for Pachylocrinus pachy- 
pinnularis Yakovlev and Ivanov, 1956. 
VI. Hypertrophied arms 

Some crinoids commonly have a few hypertrophied 
arms (e.g. Isoallagecrinus Strimple, 1966, Anartiocrinus 
Kirk, 1940). In the case of Isoallagecrinus it appears that 
the two robust arms served as support for the multiple, 
threadlike arms. This condition does not hold true for 
Anartiocrinus, and we suggest that locomotion might be 
involved. For example, among the modern comasterids there 
are forms which have arms of unequal length (e.g. Comatula 
purpurea), that are regularly used in reaching out, grasping 
an object, and pulling the animal along (see Hyman, 1955, 
p. 102, fig. 19 A). The fossil species Lecobasicrinus kickapoo- 
ensis, n. sp. has several hypertrophied arms. We believe that 
most late Paleozoic crinoids were eleutherozoic, at least 
in the sense that firm root systems were not developed in 
a manner that would make the animals permanently station- 
ary. It is visualized that the stem trailed along at times 
and could loop around an object. In some instances termin- 
ating cirri suggest the animal might have sat on the bottom 
with the crown well above the muck. In many forms the 
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stem was almost certainly deciduous (e.g. Stomiocrinus 
conlini). Following this line of reasoning, it is not surpris- 
ing to find unusually stout arms which might be used in 
some special locomotive problems. 
VII. Habitat of eieutherozoic crinoids 

Once a crinoid loses its stem it is obvious that it would 
sit on the bottom. The nature of the base of the cup could 
then indicate the composition of the bottom, i.e. whether 
a hard surface or a soft surface. Such genera as Agassizo- 
crinus or Paragassizocrinus usually have a more or less 
pointed base which indicates a soft bottom was present. 
Some species develop a wide base (infrabasal disk) but 
this is thought to also involve stabilization, together with 
a pronounced thickening of the infrabasal elements. We are 
reminded of a toy, popular many years ago, called a "rolly- 
polly" doll. The base was rounded and weighted with lead 
so that no matter which position the doll was pushed or 
placed It would always swing upright when the pressure 
was released. The shape of the doll was much like that of 
Stomiocrinus conlini, n. sp. or Globacrocrinus pirum Moore 
and Plummer. 
VIII. Evidence of regression 

A generally accepted concept of progressive evolution 
in the arms of Paleozoic crinoids is for the point of bifurca- 
tion to migrate downward toward the cup. In the genus 
Ulrichicrinus the arms branch once with the primibrach in 
all arms and again with the first secundibrach in most subse- 
quent arms. The species Ulrichicrinus ramosus, n. sp. is the 
youngest representative of the genus. It has an axillary 
first primibrach, but there are two secundibrachs with the 
second axillary. The addition of a secundibrach is consid- 
ered by us to be regressive since it reflects a condition which 
was probably normal in the much older progenitor of 
Ulrichicrinus. 

TERMINOLOGY 

The terminology used herein is mainly that developed 
by Moore and Plummer (1940) in their study of crinoids 
from Upper Carboniferous and Permian strata in Texas. 
Symbols for crinoid parts are those proposed by Moore and 
Laudon (1941). Terminology relative to modifications of 
anal plates within the posterior interradius of the dorsal 
cup is  that  proposed  by Strimple  (1960b). 

ASSOCIATED PARASITIC LIFE 

There is a surprising lack of direct evidence of para- 
sitic life considering the large amount of material at hand. 
One interesting example is a row of shallow pits along 
the right (outer) lateral side of an arm of Stellarocrinus sp. 

cf. S. angulatus (Miller and Gurley) from the Wolf Moun- 
tain Shale, Graford Formation, Missourian. If the parasite 
had taken up residence, as when Myzostoma burrows in, 
there would be some swelling. We postulate that some organ- 
ism capable of rapid cutting or rasping, as found among 
some gastropods, created the depressions which did not re- 
quire any appreciable effort to repair on the part of the 
crinoid. The regrowth of the skinlike covering over the small 
damaged areas would have been sufficient. 

STRATIGRAPHIC IMPLICATIONS 

A.   INTRODUCTION 

The crinoid faunas under study range from Chestcrian 
(Mississippian) to Missourian (Pennsylvanian) in age. A 
small fauna in poor preservation found in Mason County, 
Texas, appears to be from a limestone in the Barnett Forma- 
tion. 

Morrowan crinoids are reported from the Sloan Mem 
ber, Marble Falls Formation. A small fauna from Espey 
Creek near Lampasas, Texas, is comparable in several re 
spects to forms from the Brentwood Limestone Member 
Bloyd Formation (Morrowan) of Oklahoma and Arkansas 
A discussion relative to a possible difference in age is given 
under the section "Crinoid Localities." One species, Dicro- 
myocrinus texasensis (Moore and Plummer), was previously 
known in Texas from location 205-T-43, which is about 11.5 
miles by road southwest of San Saba, Texas (horizon about 
ten feet above the base of the Marble Falls Formation, 
which is of Morrowan age) and about 0.1 mile northeast 
of the road fork near bench-mark 1317, on the Cherokee- 
Chappel road (horizon from four to six feet above the base 
of the Marble Falls), San Saba County, Texas. 

Atokan crinoids are reported from the Lemons Bluft 
Member, Marble Falls Formation, on Rough Creek south- 
east of San Saba, Texas, from the Lambert Ranch south- 
west of San Saba and from the Soldiers Hole Member, Big 
Saline Formation, on the Kurt Zesch Ranch southwest of 
Mason, Texas. The Lemons Bluff fauna on the whole is not 
closely comparable to any other known crinoid fauna. Some 
elements of the Soldiers Hole fauna are close to forms from 
the Burgner Formation of Missouri and the Bostwick For- 
mation of southern Oklahoma. 

Desmoinesian crinoids are reported from the Kickapoo 
Falls Limestone Member and the Brannon Bridge Lime- 
stone Member, Millsap Lake Formation, near Kickapoo 
Falls and near Brock, Texas, respectively. These faunas are 
partially known from the study made by Moore and Plum- 
mer (1940). 



146 PALAEONTOGRAPHICA AMERICANA (VI, 40) 

A few Missourian crinoids are included for various rea- 
sons. One new species is from the Mineral Wells Formation 
near Rochelle, Texas. Two important crowns are reported 
from the Wolf Mountain Shale, Graford Formation, near 
Bridgeport, Texas. A rare genus Stomiocrinus is reported 
from the Graford Formation. The Wolf Mountain Shale is 
close in faunal content to the Stanton Formation of Kansas 
and to some facies of the Wann Formation of northeastern 
Oklahoma. 

B.   MISSISSIPPIAN PERIOD 

The onl}^ other reported occurrence of crinoids of Mis- 
sissippian age from Texas known to us is the small species 
Synbalhocrinus texasensis Moore and Ewers (1942) from 
shale pockets in the Chappel Limestone (Osagian), near 
Marble Falls, Burnet County, Texas. Our specimens were 
obtained from rock just below a brown shale of the Barnett 
Formation in Mason County, near Mason, Texas. The crin- 
oids appear to be Chesterian in age. Several specimens of 
a species named Phanocrinus trulleum, n. sp. were found 
together with a robust Scytalocrinus sp., Culmicrinus bar- 
nettensis, n. sp., a radial plate of Pentremites sp., and two 
large axes of Archimedes. 

A species is described as Chlidonocrinns trinodi, n. sp. 
from the Fayetteville Formation, Chesterian, of northeast- 
ern Oklahoma to provide a progenitor of Chlidonocmius 
echinatus, n. sp. from the Lemons Bluff Member, Marble- 
Falls Formation (Atokan). 

C.   MORROWAN  STAGE 

The following crinoid species have been described from 
Morrowan rocks of Texas: Dicromyocrinus texasensis 
(Moore and Plummer), Dicromyocrinus optimus Strimple-' 
(first Texas listing), Diphuicrinus croneisi Moore and Plum- 
mer (reported by Plummer, 1950, p. 53), Oxynocrinus spic- 
ata, n. sp.'^ (first recording), Cymbiocrinus contentus, n. sp.'' 
(first recording) Graffhamicrinus antiquus n. sp.^ (first re- 
cording), and Cibolocrinus punctatus Moore and Plummer. 

Scytalocrinus sansabensts Moore and Plummer and 
Lasanocrinus cornutus Moore and Plummer were originally 
reported to be of Morrowan age but are now known to be 
of Atokan age. 

The fusulmid Millcrella marblensis Thompson is com- 
mon in some exposures of the Sloan Member. 

Correlation with the Morrowan of northeastern Okla- 

"One of us, Watkins, is of the opinion these specitnens are from the 
Chapel Limestone  (Osagian). 

* Rocks exposed at the type locality of the Otterville Formation, near 
the abandoned village of Otterville, have been found to be Des- 
moinesian. Most other exposures referred to the Otterville are Mor- 
rowan. 

homa and northwestern Arkansas is reasonably well estab- 
lished. No special problems relative to the Morrowan are 
incurred other than the age of the "Winslow" of Arkansas 
which has been called Morrowan by some authors but is 
considered by us to belong in the Atokan Stage. The Wap- 
anucka Limestone, Gene Autry Shale and Otterville'' For- 
mation of southern Oklahoma are correlatives of the Bloyd 
Formation of Oklahoma and Arkansas. 

Furnish and Knapp (1966) found the Morrowan am- 
monoid, Diaboloceras neumeiri Quinn and Carr, in the 
Kcndrick Shale of eastern Kentucky along with Dimorpho- 
ceraloides campbellae Furnish and Knapp. Strimple and 
Knapp (1966) identified Paragassizocrinus ketidrickensis 
Strimple and Knapp, Paragassizocrinus cf. P. turris 
Strimple, Paragassizocrinus cf. P. disculus Strimple, and a 
crinoid arm as Metacromyocrinus oklahomaensis (Moore 
and Plummer) from the Kendrick beds and Diphuicrinus 
patina Strimple and Knapp from Magoffin beds, Breathitt 
Formation of eastern Kentucky. These forms all indicated 
a late Morrowan or early Atokan age. 

An ammonoid similar to Diaboloceras neumeieri is re- 
ported by Furnish and Knapp (1966, p. 303) from the Penn- 
sylvanian sequence near Port Birmingham in Jefferson 
County, Alabama. The horizon appears to be Metzger's 
Stratigraphic Interval D (1965, p. 74) to the west of his 
Stratigraphic Section 34. Gastrioceras occidentale (Miller 
and Faber) was found associated, as well as fragments of 
crinoids close to Slenopecrinus rugosus Strimple, all of which 
indicated a Morrowan age. 

Lane (1964) described Polusocrinus pachyplax Lane 
and P. calyculoides Lane from the lower part of the Call- 
ville Formation at Sloan and Frenchman Mountains, Clark 
County, Nevada, respectively and judged them to be of 
Morrowan age. We have specimens from the Lemons Bluff 
Limestone Member, Marble Falls Formation (Atokan), 
thought to be conspecific of P. calyculoides. 

In the study by Miklukho-Maclay (1960, p. 412, text- 
fig. 2), Stage Cob (Bashkiriaii) was divided in Central Asia 
into a lower Zone a, with Pseudostafella and Eostafella 
present, and an upper Zone b, Yangak horizon, with 
Pseudostafella and first Profiisulinella. The same division 
was shown for the Ural Mountains, except the horizon name 
was deleted. A disconformity was shown in the Moscow 
Basin. If the Russian Projusulinella are congeneric with 
the American, as seems to be the case, it appears that the 
upper part of the Bashkirian is of Atokan age. In text-fig. 
1 of Miklukho-Maclay, the Bashkirian was represented by 
the goniatite genera Gastrioceras and Branneroceras. How- 
ever, Librovitch  (1960, p. 383)  stated that Branneroceras 
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flourished in the beginning of the Bashkirian and later 
becomes rarer. Aisenverg, et al. (1960, p. 4) listed Brannero- 
ceras branneri, together with several Gastrioceras from Zone 
C'lia of the Donetz Basin and the fusulinids Eostafella 
varvariensis, Pseudostajjella antiqua, and P. praegorskii. In 
North America, Branneroceras branneri is an index fossil 
of the Bloyd Formation, and more specifically of the Brent- 
wood Limestone Member. Aisenverg, et al. (1960, p. 4) 
listed Profusulinella primitiva in Zones C'-d and OoC with 
Pseudostafella still present. McCaleb (1964) correlated the 
Bloyd Formation with Zones C'^.a and C''i;b (Limestones Gi 
and Hj) of the Donetz Basin which is close to the correlation 
we have proposed. 

McCaleb (1964, p. 11) considered the Wangchiapa 
Limestone of South China correlative in part with the 
Bloyd Formation (Morrowan) of Oklahoma and Arkansas. 

D.   ATOKAN STAGE 

I.   TYPE   LOCALITY 

The validity of the Atoka Formation, and therein the 
Atokan Stage, has been questioned because of a supposed 
lack of a type location, i. e. for the Atoka Formation. The 
name Atoka Formation was proposed by Taff and Adams 
(1900, p. 273) and applied to an interval of sandstones and 
shales between the Hartshone Sandstone Formation and the 
Wapanucka Limestone below, which they thought to have 
a thickness of 7,000 feet. Taff (1901) changed the thickness 
of the formation to 3,100 feet which is more realistic. It is 
accepted in the U.S.G.S. Lexicon (1966, pp. 165, 166) and 
elsewhere as being named for the town of Atoka, Atoka 
County, Oklahoma, which is located on an outcrop of the 
formation. A rock-stratigraphic name was thus established 
upon a general geographic location. The Atoka Formation 
extends in an unbroken belt to the north and west and 
covers a considerable area in the vicinity of Barnett Hill 
north of the town of Clarita in Coal County, Oklahoma. 
Ammonoid, fusulinid, and crinoid faunas found in the lower 
Atoka Formation of Oklahoma in Coal County establish a 
sound basis for stratigraphic correlations with other areas. 
The easily identified Wapanucka Limestone is in juxta 
position throughout the area. 

Morgan (1924) considered the Atoka Formation of the 
Stonewall Quadrangle of Oklahoma to be about 800 feet 
thick and the Hartshorne Sandstone to be about 100 feet. 
This outcrop is in a narrow band extending from sec. 8, T. 
1 N., R. 7E., Pontotoc County to sees. 18 and 19, T. 1 N., 
R. 8 E., Coal County. The Atoka spreads out and thickens 
to the south and east in Coal and Atoka Counties where 

Taff (1901) noted a thickness of as much as 3,100 feet, as 
stated above. 

Harlton (1934) proposed that the Atoka Formation be 
divided and the lower portion (which he considered to be 
of Morrowan age) called the "Barnett Hill Formation." His 
primary type section was at Barnett Hill north of Clarita, 
Coal County, Oklahoma; although he gave a second type 
section on Goose Creek in sees. 19 and 20, T. 1 N., R. 8 E., 
Coal County. Harlton further considered the remaining 
portion of the Atoka Formation to be Desmoinesian. The 
name "Barnett Hill Formation" has not received general 
acceptance in Oklahoma, but if the status were reduced to 
Barnett Hill Member, Atoka Formation, it would be useful 
and significant. Such a usage is proposed herein and will 
be referred to in such a manner in the balance of this 
study. 

The Barnett Hill Member has a thickness of about 450 
feet in the vicinity of Barnett Hill which is taken as the 
type locality. Harlton reported 250 feet of dark gray shale, 
fossiliferous in part at the base, a fusulinid zone at about 
350 feet, and a prolific cephalopod bearing sandstone at the 
top. As noted elsewhere, Fusulinella prolijica has been re- 
ported from a horizon about 250 feet above the base, 
a short distance west of Barnett Hill by Rowett (1963). 
The species has also been reported about 200 feet above the 
base of the formation on the north flank of Barnett Hill 
by Thompson (1935). This species is considered to be of 
Atokan age as discussed elsewhere. 

The Goose Creek exposures of Harlton (1934 and 1938) 
are to the northwest of Barnett Hill in Coal County. Harl- 
ton has shown the Barnett Hill Member to have a thick- 
ness of about 650 feet at this locality, and the cephalopod 
sandstone horizon to be replaced by shale and limestone. 
He noted a fusulinid horizon about 530 feet above the base 
which he correlated with the horizon at 350 feet on Barnett 
Hill. Thin-bedded and arenaceous limestones are reported 
in the upper 150 feet of the Barnett Hill Member on Goose 
Creek. It is possible that the crinoid bearing calcareous 
shale and sandstone found in sec. 28 about two miles south- 
east of the Goose Creek exposures represents an eastward 
extension of one of the arenaceous limestones. Projusulinella 
fittsi is found in association with the crinoids in sec. 28 as 
discussed elsewhere. 

Branson (1962, p. 439) in discussion of the Atokan 
Series stated, "The name (Atokan) is derived from the 
Atoka Formation, and in the type area, the series and 
formation boundaries are identical." We have followed this 
interpretation. 

The name Atoka as a time-rock term has been used for 
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several years in an informal manner but the type area of 
the Atokan Series or Stage was not formally established 
until proposed by Spivey and Roberts (1946, pp. 185, 
186). Their statement was, "—the writers propose that 
the Atoka formation be elevated to Atoka series and defined 
to include all beds from the top of the Wapanucka lime- 
stone, Morrow series, to the base of the Hartshorne sand- 
stone, Des Moines series." They further stated, "The Atoka 
series seems to be a better name and type locality for these 
beds than the term 'Derry,' because the Derry at its type 
locality is only about 130 feet thick, whereas the Atoka beds 
reach 7000 feet in thickness." As noted elsewhere the Atoka 
beds in the type area probably only reach a thickness of 
3100 feet, which does not alter the significance in any event. 
Spivey and Roberts (1946, p. 186) also summarized their 
reasons for rejecting the terms "Bend" and "Lampasas" in 
favor of the Atokan Stage. 

There has been no clear definition in the past because 
there was no universal agreement on the base or the top of 
the Atokan, i.e. the type section of the Desmoinesian is not 
adequately understood on the one side, and some question 
remained as to whether the "Winslow" of Arkansas was 
Morrowan or Atokan on the other side. An attempt is made 
to at least partially resolve some of these matters. 

II.  OTHER  OKLAHOMA   EXPOSURES 

In northeastern Oklahoma the Atoka Formation is 
divided by Wilson and Newell (1937) into six prominent 
sandstone members, from bottom to top ( 1) Coody Sand- 
stone Member, (2) Pope Chapel Sandstone Member, (3) 
Georges Fork Sandstone Member, (4) Dirty Creek Sand- 
stone Member, (5) Webber Falls Sandstone Member, and 
(6) Blackjack School Sandstone Member. The ammonoids 
of the Coody Sandstone Member are comparable to those 
of the "Winslow" of Arkansas. Huffman (1958, p. 168) 
included eight feet of shale and sandy shale below the Coody 
Sandstone in the Bloyd Formation (Morrowan), as exposed 
on Braggs Mountain along State Highway 10 in Oklahoma. 

In the Ardmore Basin the name Bostwick Formation is 
applied to rocks above the Otterville (Morrowan) Forma- 
tion and below the Lester Limestone Member, Lake Murray 
Formation. The Lester Limestone has been called Desmoi- 
nesian by Cronoble and Waddell (1966) and Waddell 
(1966) because the "Desmoinesian fusulinids Fusidina in- 
solita and F. mutabilis" are present These species are primi- 
tive representatives of Fusidina, and there is some question 
in our minds that they can be called or used to designate 
Desmoinesian age. F. insolita was originally found in rocks 
considered to be of Atokan age. In any event the Bost- 
wick is Atokan. 

Some ammonoids collected in the Lester Limestone 
by Allen Graffham and H. L. Strimple in 1964 from the 
NE/4 NE'/4 sec. 9, T. 6 S., R. 2 E., Love County, Okla- 
homa, have been identified as Pseudoparalegoceras cf. P. 
brazoense. They represent a stage of development somewhat 
more primitive than reflected by Boggy forms but more ad- 
vanced than forms from the Barnett Hill Member, Atoka 
Formation. Some disarticulated crinoid spines are close to 
specimens from the Bostwick Formation. 

In order to understand some of the comparative fea- 
tures it is necessary to be acquainted with the Krebs and 
Cabaniss Groups. The names were proposed by Oakes 
(1953) with the Krebs bounded below by the Atoka For- 
mation and above by the Thurman Sandstone. The Cabaniss 
is bounded below by the Boggy Formation of the Krebs 
and above by the Fort Scott Limestone (Marmaton). It 
was noted by Oakes, the group occupied the same strati- 
graphic horizon as the Cherokee rocks of southeastern Kan- 
sas, except that he considered the Hartshorne Sandstone 
and possibly some lower McAlester rocks were older than 
any Cherokee rocks of Kansas, and the lower part of the 
Senora Formation was probably not represented in the 
Cherokee of Kansas because of the progressive northward 
overlap in the post-Boggy rocks. The conclusion that older 
rocks of the Cherokee are absent in Kansas is not under- 
stood by us because the Little Cabin Sandstone (^War- 
ner Sandstone of Oklahoma) is reported in Kansas (see 
Moore, et al., 1951, pp. 98-99) with about 60 feet of rock 
beneath it. The Little Cabin Sandstone of Oklahoma has 
been correlated with the Warner Sandstone (lower McAles- 
ter Formation) by Newell (1937, p. 40) and Branson (1955, 
p. 66), and the term Little Cabin :s no longer recognized 
in Oklahoma. 

Hartshorne Formation is used in the following discus- 
sion in the context proposed by Branson (1955, p. 64), i.e. 
to cover rocks from the top of the Atoka to the top of the 
Upper Hartshorne Coal. A composite section given by 
Branson from SWi^ sec. 3, T. 27 N., R. 22 E. and east of C 
sec. 10, T. 28 N., R. 22 E., along with observations in ad- 
jacent Craig County, shows about 25 feet composed of con- 
glomerate at the base, clay, coal, shale, siltstone, capped by 
less than a foot of Riverton Coal, which is all ascribed to the 
Hartshorne Formation. This agrees closely with a section 
given by Moore, et al. (1951, fig. 38) for a 35 foot interval, 
more or less, below the Little Cabin Sandstone in Kansas. 

The contact between Atokan and Desmoinesian will 
probably be found somewhere below the Little Cabin Sand- 
stone of Kansas and below the Warner Sandstone in Mis- 
souri.   Howe   (1961 )   included   the   Riverton   Formation   of 
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Missouri in the Atokan which he correlated with the Harts- 
horne? or the Warner Sandstone in the Forest City Basin. 
Moore, et al. (1944, Chart No. 6) showed the Hartshorne 
and McAIester to be upper Lampasan {^= .Mower Desmoi- 
nesion). If the Missouri formations are correlatives of those 
of Oklahoma, i.e. Hartshorne, Warner, then the Riverton 
Formation should be referred to the Desmoinesian. 

III.   F.\UN.\ OF THE   ATOK.\   FORMATION   IN   OKLAHOMA 

The most significant fauna of the Atoka Formation is 
found in the northwestern extension of the formation in 
the general vicinity northwest of Clarita, Coal County, 
Oklahoma. It is of the utmost importance because the for- 
mation extends in an unbroken belt from its nonfossiliferous 
type locality in the vicinity of Atoka, Atoka County, Okla- 
homa, into the area around Clarita. The formation is bound- 
ed below by the Wapanucka Limestone (Morrowan) and 
above by the Hartshorne Sandstone (Desmoinesian). A 
prolific cephalopod fauna is found at Barnett Hill located 
just north of Clarita (SW'/4 sec. 2, T. 1 S., R. 8 E.). 
The fossils occur in sandstone exposed well below the crest 
of the hill on the south side and dipping to the north, so 
that the fossiliferous zone is low on the hill on its north side. 
It is on the north flank of Barnett Hill that a collection was 
made in April, 1965, by a field party from the University of 
Iowa, made up by H. L. Strimple, W. W. Nassichuk, and 
Claude Spinosa. The following species were identified: 
Pseudoparalegoceras kesslerense (Mather), Paralegoceras 
texanum (Shumard), Stenopronorites arkansiensis (Smith) 
and Eoasianites sp. In addition. Miller and Furnish (1940, 
1958) listed and described Paralegoceras iowense (Meek 
and Worthen) from Barnett Hill, albeit from on the south 
side of the hill near the old Barnett homesite. The house 
no longer exists, but the barn is still standing. 

W. M. Furnish called attention to a personal communi- 
cation from H. L. Griley, dated May 9, 1959, wherein it is 
stated that the specimen figured by Miller and Furnish 
(1958, text-fig. 2 E) as Paralegoceras texanum (Shumard) 
from the lower Atoka Formation near Clarita, Oklahoma 
(S.U.I. No. 13996), was collected by John Britts Owen, 
John Fitts, and H. L. Griley in open woods just north 
of Goose Creek and just east of the Jesse-Clarite road, three 
miles southeast of Jesse (NW!4 sec. 19, T. 1 N., R. 8 E.) in 
Coal County, Oklahoma. This is the area selected by Harl- 
ton as his supporting type section for the "Barnett Hill 
Formation," now called Barnett Hill Member, Atoka For- 
mation, and was visited by the previously mentioned field 
party from the University of Iowa in April, 1965. 

McCaleb (1963, pp. 868-870) listed the previous species 

from Barnett Hill and in addition the following species: 
Boesites girtyi (Plummet and Scott), Bisatoceras sp.. Gas- 
trioceras formosum McCaleb, and Eoasianites smithwick- 
ensis (Plummet and Scott). 

Unklesbay (1962) listed the following species from the 
"Atoka Group" of Oklahoma and those marked with an 
asterisk (*) were shown as occurring at Barnett Hill: 
Pseudoparalegoceras compressum, *P. williamsi, *P. kessler- 
ense, *Gastrioceras adaense, *Eoasianites globtdosus, Dia- 
boloceras varicostatum, * Paralegoceras iowense, *P. texan- 
um, *Boesites girtyi and *Pronorites arkansasensis. 

The general area near Clarita, Oklahoma, has yielded 
42 identified fossil forms listed by Mather (1917, pp. 133- 
139). A listing is given by Blythe (1959, p. 38) showing 
modern classifications where needed. An additional 14 
species were identified and listed by Blythe (1959, p. 39) 
from a collection made by A. R. Denison at Barnett Hill 
and  reposited  at the University of Oklahoma. 

The center of the section line between sees. 2 and 3, 
T. 1 S., R. 8 E., and about one-fourth mile northwest of 
the cephalopod exposure, is one of the type localities for 
Fusulinclla prolifica Thompson (1935), the other type lo- 
cality being on the north flank of Barnett Hill in the center 
of sec. 2, T. 1 S., R. 8 E. Both of these exposures are lower 
than the cephalopod horizon and are reported by Thompson 
to be about 200 feet above the base of the formation. 

Fusidinella oliviformis Thompson (1935) is also from 
approximately 200 feet above the base of the Atoka For- 
mation in the center of the line between sees. 2 and 3, T. 
1 S., R. 8 E., Coal County, Oklahoma (northwest flank of 
Barnett Hill) and from the north flank of Barnett Hill 
(center sec. 2, T. 1 S., R. 8 E.). It is of considerable im- 
portance in that Thompson considered it (F. oliviformis) to 
be closely related to F. magna (Lee and Chen, 1930) from 
the basal portion of the Huanglung Limestone of Chuan- 
shan, China. Thompson (1935, p. 294) listed fusulinid 
species of the lower Atoka Formation which are com- 
parable to those of the lower faunule of the Huanglung 
Limestone as Staffella atokensis Thompson, Projusulinella 
fittsi (Thompson), and Fusulinella prolifica Thompson, in 
addition to the above mentioned species. 

Profusulinella fittsi was originally reported from the 
south branch of Goose Creek, but the description was 
NWK4 sec. 10, T. 1 N., R. 8 E. This apparently should 
read sec. 10, T. 1 S. where there is Atoka exposed because 
the Boggy Formation is exposed in sec. 10, T. 1 N. The 
species was also reported in the north center of sec. 19, T. 
1 N., R. 8 E. The horizon is reported to be about 100 feet 
above the base of the Atoka Formation. 
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1 he fusulinids discussed above which were described 
b\' Thompson (1935) were collected by R. V. Hollingsworth 
(personal communication from M. L. Thompson). 

Rowett (1963, p. 34) noted the occurrence of Fusulm- 
ella prolijica 250 feet above the Wapanucka Limestone in 
SEi/4 SW14 sec. 3, T. 1 S., R. 8 E., Coal County, which is a 
short distance southwest of Barnett Hill. 

A crinoidal horizon found several years ago by M. K. 
Elias, while making a study of the Atoka Formation in 
Coal County (near center WA sec. 28, T. 1 N., R. 8 E.). 
was shown to Allen Graffham. This outcrop consists of a 
low ridge formed by a calcareous lentil in soft clay-shales, 
and the natural ravines expose a shell-layer which is often 
associated with a thin sandstone about two inches thick in 
places. The clay-shales above the sandstone contain many 
dissociated crinoid ossicles. A small colony of crinoids was 
discovered by Allen Graffham and one of us, Strimple, in 
the fall of 1960. Mr. Graffham acquired a good collection 
which has been purchased by the University of Oklahoma 
and is currently under study by the senior author. The 
previously mentioned field party from the University of 
Iowa collected at the locality in April 1965. Some crinoids 
were recovered and shale samples taken. Fusulinids were 
recovered from washed residues and sent to M. L. Thomp- 
son and Garner L. Wilde, with the following reports ob- 
tained: 

Thompson (personal communication August 16, 1965) 
wrote, "The collection from near the center of the NI/2 sec. 
28, T. 1 N., R. 8 E., Coal County, Oklahoma, contains what 
appears to be Profusulinella that resembles closely P. jittsi. 
No large specimens of fusulinids were found in this collec- 
tion." He considered the material to be from near the hori- 
zon from which P. jittsi was originally described. 

Wilde (personal communication July 1, 1965) wrote, 
"The material you sent from the 'Griley limestone' (sec. 28, 
T. 1 N., R. 8 E. Coal County) is an advanced species 
of PrufusnUnella and Eoshubertella sp. This would be early 
Atokan in age." 

On the basis of fusulinids it thus appears that the 
crinoid zone in sec. 28 is below the Fusulinella prolijica hori- 
zon which is in itself below the prolific cephalopod horizon. 

A preliminary examination of the crinoids collected by 
Allen Graffham, M. K. Elias, W. W. Nassichuk, Claude 
Spinosa, and the senior author in sec. 28 discloses the exis- 
tence of the following genera: Oklahomacrinns, Alcimo- 
crinus, Stellarocrinus, Pirasocrinus^, Paradelocrinus, Aesio- 
crinus, Synerocrinus, Isoallagecrinus, Decadocrinus?, Par- 
ethelocrinus, Metacromyocrinus, new genus (aesiocrinid), 
and new genus (affinities undetermined). All of the genera 

are known to us from younger strata with the exception of 
Alcimocrinus which has not previously been reported from 
above the Morrowan. The individual species are, in general, 
more comparable to early Desminesian forms than to Mor- 
rowan species. 

Strimple (1966a, pp. 8-12) described Synarmocrinus 
jundunclus Strimple from the Barnett Hill Member, Atoka 
Formation, near Clarita, Coal County (near C NW 14 sec. 
10, T. 1 S., R. 8 E. and C N Vz sec. 28, T. 1 N., R. 8 E.). 

The Coody Sandstone Member, Atoka Formation, near 
the top of Braggs Mountain southeast of Muskogee, Musko- 
gee County, Oklahoma, is cephalopod bearing. Miller and 
Furnish (1940, 1958) reported Diaboloceras varicostatum 
from the location as well as from the Smithwick Shale of 
Culberson County, West Texas. A specimen identified as 
Diaboloceras neumeri Quinn and Carr was recovered from 
an exposure on Oklahoma Highway 10 at the top of Braggs 
Mountain by a field party from the University of Iowa in 
the spring of 1966. The cephalopods of the Coody Sand- 
stone are comparable to those of the lower "Winslow" of 
Arkansas but D. neumeri indicates a slightly older age. The 
two horizons are about 50 miles apart and appear to belong 
to the same general structure. We consider the "Winslow" 
to be a member of the Atoka Formation, but the Coody 
Sandstone may be slightly older. 

A prolific microfauna has been studied and reported 
on by Galloway and Rynicker (1930) from upper black 
shales in the Atoka Formation (500 feet below the top of 
the formation)  near the middle of the north  line of sec. 
11, T. 5 N., R. 21 E., southeast of Red Oak in Latimer 
County, Oklahoma. Thirty-three species of Foraminifera 
are described by Galloway and Rynicker including three 
species of fusulinids, which are Stajjella molleri Ozawa, 
Schuhertella transitonia Staff and Wedekind, and Fusulin- 
ella euthusepta Henbest. 

Huffman (1958, table 16) listed one species of coral, 
13 species of brachiopods, three species of pelecypods, and 
one species of gastropod from the Atoka Formation of north- 
eastern Oklahoma. 

A list of 77 fossil species collected from the Webber 
Falls Sandstone Member, Atoka Formation (NE'/4 NE'X 
sec. 27, T. 17 N., R. 19 E.), in Cherokee County, Oklahoma, 
in the road-cut at the eastern end of Oklahoma Highway 
51 bridge over Ft. Gibson Lake, is given by Blythe (1959, 
p. 41, 42). One ammonoid, Pseudoparalegoceras sp., is listed. 
Unklesbay (1962, p. 96) reported Pseudoparalegoceras wil- 
liatnsi from the Atoka Formation exposed at the east end 
of the Highway 51 bridge over Ft. Gibson Lake, probably 
based on Blythe's specimen. Two species of fusulinids are 
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listed by Blythe, Ozawainella ciscoensis} (Harlton) and 
Ozaivainella sp. Paragassizocrinus atoka Strimple and Blythe 
{1960) is from the same locality although erroneously re- 
ported to be from section 10, and as about IS feet above 
the base of the Atoka Formation. The locality should read 
NE14 NE14 sec. 27, T. 17 N., R. 19 E., and the horizon is 
about 15 feet above the base of the Webber Falls Member, 
Atoka Formation. Extensive exposures of Morrowan rock 
are found just to the northwest (SE'X sec. 22, T. 17 N., R. 
19 E.) along the shore of Ft. Gibson Lake, especially in 
what was once the face of a quarry. 

Strimple (1961b) described two species of Paragassizo- 
crinus from the Bostwick Formation of the Ardmore Basin 
as P. bulbosiis Strimple and P. elevatus Strimple. The oc- 
currence of a distinctive primibrach, ascribed to the crinoid 
genus Plaxocrinus, at three exposures of the Bostwick was 
also noted by Strimple (1961b, p. 294). 

Laudon (1937) described a species as Synerocriniis 
farishi Laudon from the Bostwick conglomerate, .300 feet 
above the Otterville Limestone (Morrowan), (SEi4 SW/4 
SE'/4 sec. 9, T. 6 S., R. 2 E.), in the Ardmore Basin, south 
of Ardmore, Oklahoma. The species is also present in the 
lower Atoka exposure previously discussed (sec. 28, T. 1 N., 
R. 8 E.), in Coal County. 

IV.  FAUNA OF THE ATOKA FORMATION IN  ARKANSAS 

Croneis (1930, p. 135) presented three lists of fossils 
collected by Collier from the upper part of the Atoka For- 
mation near Van Buren, Arkansas. He preferred the older 
name of Atoka Formation to the term "Winslow Formation" 
u.sed by Adams and Taff (1900). A paper by Quinn (1959) 
outlined structures in the area, where Atokan rocks are ex- 
posed, and furnished data on source direction for the "Wins- 
low" of northwestern Arkansas. In a study of the goniatite 
fauna of the lower Atokan of Arkansas, McCaleb (1963, p. 
868) concluded the term "Winslow" should be reinstated, 
quote "— as it can no longer be considered synonymous 
with Atoka, on the basis of fauna, lithology and source of 
sediments." He further concluded that the "Winslow" was 
Morrowan rather than Atokan in age. We do not believe 
the fauna is sufficiently distinct to warrant removal from 
the Atokan. The goniatite considered by McCaleb to be 
typical of and restricted to the "Winslow" is Winslowoceras 
henbesti. The form has not been identified in the Atokan 
of Oklahoma, but this is negative evidence. 

Gordon (1965, p. 273) accepted the identification of 
Elias (1956, p. 100) of W. henbesti from the Gene Autry 
Shale (Morrowan) in the southern part of the Arbuckle 
Mountains near Ardmore, Oklahoma. McCaleb and Furnish 

(1964) assigned specimens from Elias' primary type locality 
of the Gene Autry Shale to Axinolobus quinni McCaleb and 
Furnish. The species is also found in the lower middle 
Bloyd Formation (Morrowan) of northern Arkansas. 
Strimple and Nassichuk (1965) reported Axinolobus quinni 
from two localities in the upper Wapanucka Limestone 
(Morrowan). 

Eowelleriies has been limited by Ruzhencev (1965) to 
the Moscovian, and the genus has been reported from the 
Atoka Formation of Arkansas by Gordon (1965) as E. 
discoidalis Gordon and E. cf. E. moorei (Plummer and 
Scott). E. moorei was previously known from the Smith- 
wick Shale (Atokan) of Texas. 

McCaleb (1963) used the supposed presence of Eowel- 
leriies in the Atoka of Oklahoma and its presumed absence 
in the "Winslow" of Arkansas as paleontologic evidence sup- 
porting apparent faunal differences. But as noted above, 
Gordon (1965) considered Eowellerites to be of Atokan age, 
as did Ruzhencev (1965). The report of Eowelleriies from 
the Atoka of Oklahoma was made as a footnote in Miller 
and Furnish (1958, p. 26) based on communicated advice 
as follows, "Also Mackenzie Gordon, Jr. has advised us that 
he has encountered the genus, as well as a related form, in 
the Atoka Formation of Oklahoma; this occurrence is to 
be described by him in a manuscript now nearing com- 
pletion." In the comprehensive cephalopod study by Gordon 
( 1965) there is no reference to any occurrence of Eoweller- 
iies in Oklahoma. It was probably a misunderstanding, and 
Gordon meant the occurrence was in Arkansas rather than 
in Oklahoma. 

McCaleb ( 1963 ) noted the occurrence of the following 
species in the "Winslow" of Arkansas, those marked with 
an asterisk (*) are also found in the Atoka Formation in 
Oklahoma: *Eoasianites smilhwickensis (Plummer and 
Scott), Wiedeyoceras williamsi McCaleb, *Pseudoparalego- 
ceras kesslerense (Mather), *Pseudoparalegoceras compres- 
sum (Hyatt), Gaslrioceras formosum, McCaleb, *Steno- 
pronorites arkansasensis (Smith). *Paralegoceras texanum 
(Shumard) and Winslowoceras henbesti Miller and Downs. 

Gordon (1965, p. 48) in his study of Arkansas cephalo- 
pods defined the Atoka Formation as follows: "The lower 
part of the Atoka Formation, a thick sequence of slabby to 
massive medium-to coarse-grained sandstone and dark-gray 
silty to sandy shale with local calcareous, ferruginous, and 
conglomeratic beds, is the highest stratigraphic unit ex- 
posed in the Boston Mountain part of the Ozark region. The 
Atoka formation was named by Taff and Adams (1900, p. 
273) for the town of Atoka in Atoka County, Okla., which 
is in the belt of outcrop for the formation. The later name 
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Winslow formation of Adams  (1904, p. 29)   used  for the 
same formation in Arkansas, has been abandoned." 

The name Greenland Sandstone Member has been 
given to the basal bench forming sandstone member of the 
Atoka Formation of Washington County, Arkansas, by 
Henbest (1953, pp. 1946, 1947). Gordon (1965) reported 
Paralegoceras (Diaboloceras) varicostatum (Miller and Fur- 
nish) and Pseutloparcilegoceras kesslerense (Mather) from 
the Greenland Sandstone Member. 

At the north portal of the railroad tunnel at Winslow, 
Arkansas, about 121/0 feet above the base of the Atoka, as 
exposed, there has been collected Pseudoparalegoceras kes- 
slerense, Paralegoceras (Diaboloceras) varicostatum, and 
Stenopronorites arkansiensis according to Gordon (1965, p. 
49). About 29 feet higher in the section a fauna was de- 
scribed by Miller and Downs (1948) as Knightoceras oxylo- 
hatu-m Miller and Downs, Pseudoparalegoceras williamsi 
(=:/'. kesslerense), and Winslowoceras henbesti. To this list 
Gordon (1965, p. 49) added Paralegoceras (Diaboloceras) 
varicostatutn which must have been a rare find because 
none other has been found among several thousand speci- 
mens of ammonoids collected by personnel from the Uni- 
versity of Arkansas from the locality. 

According to Henbest (1948, p. 673), bed 7 (Miller and 
Downs' cephalopod horizon) lies 125 to 150 feet above the 
base of the "Winslow formation." Four other collections are 
reported by Gordon (1965, pp. 49, 50) from the lower Atoka 
Formation in Madison, Crawford, and Conway Counties, 
which add the species Stearoceras sniithi Gordon to those 
species previously listed from the lower Atoka. Two occur- 
rences are given by Gordon (1965, p. 50), estimated to be 
approximately 1,000 feet above the base of the Atoka For- 
mation. These exposures are USGS locations 16350, 17690, 
and 16248, about one mile northeast of Hobbs and three 
miles west of there on West Cedar Creek in the southwest 
corner of the Ozark National Forest. The ammonoid species 
listed were Pseudoparalegoceras kesslerense, Paralegoceras 
texanum, Stenopronorites arkansiensis and Eowellerites cf. 
E. moorei. A collection made by Louis Graff at Van Buren 
in Crawford County, Arkansas, is thought to be from the 
upper part of the Atoka and is identified by Gordon (1965, 
pp. 50, 51) as Pseudoparalegoceras kesslerense and Eotveller- 
ites discoidalis. 

Furnish and Knapp (1966, p. 306) provisionally as- 
signed a specimen to Dimorphoceras campbellae Furnish and 
Knapp which was reported to be from the "Winslow Sand- 
stone" near Spirit Creek, in northern Franklin County, 
Arkansas. The locality is not geographically near typical 
"Winslow" rocks which occur in Washington County, Ar- 

kansas, and we have no verification as to the Atokan (or 
"Winslow") age. We suspect the horizon is pre-Winslow 
which would agree with the age for a typical representative 
of D. campbellae, i.e. Kendrick beds, upper Morrowan Stage. 

V.   FAUNA  OF THE   ATOKAN  STAGE  IN   MISSOURI 

Howe ( 1961) showed the Seville Formation of Missouri 
above the Bluejacket Formation and at the top of the Krebs 
(Desmoinesian). It is not the same horizon as the Seville 
Limestone of Illinois which is in the zone of Fusulinella and 
the Bluejacket Sandstone is well within the zone of Fusu- 
litia. 

The Riverton Formation of Missouri, together with the 
Burgner Formation, comprise the exposed Atokan of Mis- 
souri according to Howe (1961). The McLouth Formation, 
which is also Atokan, is subsurface. The Riverton Forma- 
tion is discussed under the Oklahoma section herein and is 
thought to probably be of Desmoinesian age. 

The name Burgner Formation was applied to relatively 
early Pennsylvanian rocks (Atokan) in the general vicinity 
of Webb City, Jasper County, Missouri, by Searight and 
Palmer (1957). Thompson (1953) previously reported on 
two species of fusulinids from the limestone which partly 
filled a depression or sink in the Mississippian limestone 
near Carterville {SE% NE'/4 sec. 20, T. 28 N., R. 32 W.), 
Jasper County, Missouri. These were described as Fusulin- 
ella clarki Thompson and F. searighti Thompson and con- 
sidered to be of Atokan age. F. searighti was abundant 14 
feet below the top of the limestone and F. clarki was abun- 
dant in the upper one foot of the limestone cores obtained 
from the sink. Thompson (1953, pp. 325-327) compared F. 
clarki with F. bockii Moller from Russia and considered it 
to be closely similar to F. primaeva from the Big Saline 
Formation of the Llano Uplift in northcentral Texas and 
with F. fugax from the basal part of the Fra Cristobal For- 
mation of the "Derryan" (Atokan) of New Mexico. He 
also noted that a large number of small specimens referred 
to F. clarki might be conspecific with Projusulinella fittsi. 
The later species is typically found 100 feet above the Wap- 
anucka Limestone (Morrowan) in the Atoka Formation 
(Atokan) of Oklahoma. Fusulinella searighti is reported by 
Thompson to be like F. dakotensis Thompson from the Min- 
nelusa Formation, South Dakota. 

Unklesbay and Palmer (1958) reported one ammonoid 
from the Burgner Formation which was Pseudoparalego- 
ceras williamsi = P. kesslerense. 

A collection of crinoids made by E. J. Palmer from the 
Burgner Formation was studied by W. D. Knapp while a 
graduate  student   at   the  University  of  Iowa   but   is   still 
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in manuscript. Detailed comparisons with other known Ato- 
kan crinoids will be made at a later date, but it may be 
stated that some Burgner species show a close affinity 
with Atokan crinoids from the Bostwick Formation of the 
Ardmore Basin. 

It was stated by Hoare (1960, p. 223) that Mesolobus 
striatus Hoare does not occur above the Krebs-Cabaniss 
boundary in Missouri, and is Desmoinesian in age. The 
species was reported to be abundant in the Seville (of Mis- 
souri) and Burgner Formations. The Inola Limestone of 
Oklahoma is a correlative of the Seville Limestone of Mis- 
souri and Fusuliva leei is found about IS feet below the 
Inola, in the Bluejacket Sandstone. As previously noted 
Fusulinella clarki and F. searighti are found in the Burgner 
and are considered to be Atokan. The Seville Limestone of 
Illinois is a different horizon in that Fusulinella iozvensis is 
present and Fusulina s.s. is absent. Weller and McGehee 
(1933, p. 109) gave the range of Mesolobus straitus up into 
the Vanport Limestone of Ohio where the highly advanced 
Fusulinella carmani Thompson was also found. 

VI. FAUNA OF THE ATOKAN STAGE IN THE LI.ANO UPLIFT, TEXAS 

Several fusulinid studies have included forms from the 
Llano Uplift, with that by Thompson (1947) being the 
most comprehensive. The lower member of the Marble Falls 
Formation, Sloan Limestone Member, is considered to be 
Morrowan. Staffella expansa Thompson, Pseudostajjella aff. 
P. needhami Thompson, Eoschubertella texana Thompson, 
and Projusidinella marblensis Thompson are reported from 
the upper Marble Falls Formation, the Lemons Bluff Mem- 
ber. Of much interest here are Thompson's (1947, p. 163) 
remarks concerning P. marblensis which he considered 
closely similar to P. fittsi from the lower part of the Atoka 
Formation of Oklahoma. It is also close to Projusulinella 
copiosa Thompson (1948) from the Arrey Formation of the 
lower "Derryan" (Atokan) in New Mexico and extreme 
western Texas. It is also noted that Fusulinella llanoensis 
(Thomas) is from the upper part of the Big Saline Forma- 
tion (Atokan) on the west side of the Llano Uplift. Fusulin- 
ella primaeva (Skinner) from the Big Saline Formation is 
considered by Thompson (1947) to be younger than Pro- 
jusulinella fittsi and about equal to Fusulinella prolifica 
in development. 

Moore and Plummer (1940) reported several crinoids 
from the Marble Falls Formation as Morrowan in age. Of 
these Scytalocrinus sansabensis Moore and Plummer (1940) 
and Lasanocrinus cornutiis Moore and Plummer (1940) are 
from the Lemons Bluff Member, Marble Falls Formation, 
Atokan. A large fauna is described  herein  from  near the 

same locality. The species are, Chlidonocrinus echinatus, 
n. sp., Paragassizocrinus altus, n. sp., Araeocrinus bassus, 
n. sp., Lsoallagecrinus erectus, n. sp., Globacrocrinus multi- 
plicatus, n. sp., Dichocrinus dilatus, n. sp., Lecobasicrinus 
subidus, n. sp., and Polusocrinus calycidoides Lane. 

Another crinoid fauna is presented herein from the 
Soldiers Hole Member, Big Saline Formation, upper Atokan 
from near Mason, on the west side of the Llano Uplift. The 
species are, Schistocrinus acclivis, n. sp., Sciadiocrinus 
llanoensis, n. sp., Goleocrinus masonensis, n. sp., G. confos- 
sus, n. sp., Synartnocrinus adornatus, n. sp., Aglaocrinus 
magnus (Strimple) Mooreocrinus wilburni, n. sp., Sinocrinus 
shearcri, n. sp., Erisocrinus georgeae, n. sp., Grajjhamicrinus 
antiquus, n. sp., and Ulocrinus zeschi, n. sp. The presence of 
Sinocrinus Tien suggests affinity with the Houkou Lime- 
stone of northern China. 

Plummer (1950, p. 68) listed the following ammonoids 
from the Lemons Bluff Member: Phaneroceras compressum 
(Hyatt) (^=Pseudoparalegoceras cornpressum), Paralego- 
ceras texanum (Shumard), and Branneroceras branneri 
(Smith). Upon request for loan. Dr. Peter U. Rodda, Uni- 
versity of Texas, advised that he was unable to locate 
any specimens from the Marble Falls Formation labeled 
Branneroceras branneri in the collections studied by Plum- 
mer. The species is typically Morrowan and would not be 
expected in the Atokan. 

Plummer (1950, p. 71) listed Pronorites llanoensis 
Plummer and Scott from the Soldiers Hole Member, Big 
Saline Formation and (p. 82) listed Pronoiites sp., Pro- 
norites arkansasensis Smith, Daralites scotti Miller and Fur- 
nish, Nuculoceras swithwickense Plummer and Scott, 
Phaneroceras compressum (Hyatt) (=Pseudoparalegoceras 
compressum), Paralegoceras sp., P. shumardi ( Plummer and 
Scott), Glaphurites hyattianus (Girty), G. angulatus 
(Girty), G. raymondi Plummer and Scott and Gonialobo- 
ceras sp. from the Smithwick Shale  (Atokan). 

VII.  FAUNA OF THE  ATOKAN  STAGE  IN  IOWA 

A well-known primitive Fusulinella is F. iowensis 
Thompson (1934), the type locality of which is in a small 
creek about 200 yards south of the bridge over Cedar 
Creek (NW 1/4 sec. 33, T. 71 N., R. 9 W.) Jefferson County, 
Iowa, the horizon being about 20 feet above the Mississip- 
pian limestone and about 90 feet below the White Breast 
Coal, in the lower part of the Cherokee of Iowa. The Chero- 
kee Shale (named for prominent exposures in Cherokee 
County, Kansas) is by definition Desmoinesian in age, but 
in Iowa what has been called lowermost Cherokee is Atokan 
in age. The ammonoid Paralegoceras iowenese  (Meek and 
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Worthen) is from Iowa and is found in Atokan rocks else- 
where. 

Moore, et al. (1944, p. 691 and Chart 6) noted that the 
basal part of the Iowa Pennsyivanian belonged in the zone 
of Fusulinella. It was stated, "Rocks called lower Cherokee 
on the chart are here assigned to the Lampasan series, al- 
though they have not been differentiated previously from 
the Desmoinesian." The correlation was based on Fusulin- 
ella iowensis which also occurs in the Seville Limestone of 
western Illinois. F. iowensis is closely comparable to F. pro- 
lifica from the lower Atokan of Oklahoma. 

VIII.  FAUNA OF THE  ATOKAN STAGE  IN OHIO 

Moore, et al. (1944, Chart 6) correlated the upper and 
lower Mercer Limestones with rocks which are currently 
considered to be of Desmoinesian age, i.e., Little Cabin (or 
Warner) Sandstone, Hartshorne Sandstone, and Pumpkin 
Creek Limestone. The presence of Fusulinella iozvensis in the 
upper and lower Mercer Limestones indicates a somewhat 
older age. We suggest correlation with the Barnett Hill 
Member, Atoka Formation of Oklahoma, Seville Limestone 
of Illinois, Burgner Formation of Missouri, upper Marble 
Falls and Big Saline Formations of northcentral Texas, 
lower Hartville Formation of Wyoming, lower Minnelusa 
Formation of S. Dakota, and Apodaca Formation of New 
Mexico. 

IX. FAUNA OF THE ATOKAN STAGE OF NEW ME.XICO AND EXTREME 

WEST TEXAS 

As previously discussed under the section on the Llano 
Uplift, Profusulinella copiosa from the Arrey Formation of 
Atokan age, near Derry, and in the Mud Springs Mountains 
of New Mexico, is apparently closely related to Profusu- 
linella jittsi, from the lower part of the Atoka Formation of 
Oklahoma. Profusulinella apodacensis Thompson (1948) 
from near the top of the Apodaca Formation east of Derry, 
New Mexico, and in Bed 5, Section 11, is according to 
Thompson "— closely similar to, and presumably is closely 
related in age to Fusulinella'^ prijnaeva from the base of the 
Big Saline Limestone of central Texas." Thompson then 
noted that Profusulinella apodacensis is not so advanced 
(is older?) as Fusulinella^.  primaeva. 

X. FAUNA OF THE ATOKAN STAGE OF WYOMING AND SOUTH DAKOTA 

Fusulinids of Atokan age have been reported from the 
Black Hills by Thompson (1936). In the lowermost por- 
tion of the Hartville Formation of Wyoming is found Fusu- 
linella velmae Thompson and F. protensa Thompson which 
are  both  considered  to  be  closely similar to F.  priynaeva 

from the Llano Uplift of Texas. About 130 feet above the 
base of the Minnelusa Formation at Loring Siding, South 
Dakota, is found Fusulinella furnishi Thompson and F. 
acuminata Thompson. In horizons 60 feet above the base 
of the Minnelusa and 90 to 100 feet above the base is found 
F. dakotensis Thompson. 

X. FAUNA OF THE ATOKAN STAGE OF EASTERN  KENTUCKY 

The Magoffin and Kendrick beds of the Kentucky 
River Valley were shown as uppermost Atokan (Lampasan) 
by Moore, et al. (1944, Chart 6), albeit as correlatives of 
the McAlester Sandstone and Pumpkin Creek Limestone of 
Oklahoma which are now known to be Desmoinesian. In- 
vestigations by Furnish and Knapp (1966) of ammonoids 
and by Strimple and Knapp (1966) of crinoids from east- 
ern Kentucky indicated a Morrowan age for the two beds. 
This has been discussed under the Morrowan section here- 
in. 

XII.    FAUNA OF THE   ATOKAN   STAGE   IN   NEVADA 

Lane (1964), described Synarmocrinus brachiatus Lane 
from the Bird Spring Formation at Indian Springs, Nevada, 
as being of Atokan Age. The form described by Lane as 
Parulocrinus vetulus Lane was from the upper part of the 
Rhipidomella nevadensis (Meek) Zone at the base of the 
Bird Spring Formation at Arrow Canyon, Nevada. P. vetu- 
lus is, therefore, older than Synarmocrinus brachiatus which 
is of Atokan age, but we do not believe it is as old as Mor- 
rowan. 

As noted in the section covering the Morrowan Stage, 
Lane (1964b) reported Polusocrinus calyculoides from the 
lower part of the Callville Formation at Frenchman Moun- 
tain, Clark County, Nevada, which species we have found 
in the Lemons Bluff Member, Marble Falls Formation, Ato- 
kan, northcentral Fexas. 

Cassity and Langenheim (1966, p. 937) gave the base 
of the Atokan in the Arrow Canyon Section (Bird Spring 
Formation) as bed 101 which was marked by the lowermost 
occurrence of Profusulinella. They mcluded beds 101 through 
bed 112 for a total of 140 feet as the Zone of Profusulinella. 
This is roughly equivalent to our zone of Profusulinella 
fittsi in Coal County, Oklahoma. They show beds 113 
through 151 for about 270 feet of rock as the zone of Fusu- 
linella, based to a large extent on the presence of Fusulinella 
devexa Thompson. 

XIII. FAUNA OF THE   ATOKAN  STAGE OF WESTERN   ILLINOIS 

Thompson, Shaver, and Riggs (1959) attempted to 
place Fusulinella iozvensis in the zone of Fusulin<2, i.e. as 



TEXAN CARBONIFEROUS CRINOIDS: STRIMPLE AND WATKINS 155 

being of Desmoinesian age. Those authors (ibid., p. 779) 
stated under discussion of the species Fusulinella iowensis, 
"In many regions it occurs above advanced forms of Fusu- 
linella and immediately below primitive Fusidina and primi- 
tive Wedekindellina." Some species of Fusulinella enter into 
the zone of Fusulina but this has apparently not been true 
of Fusulinella iowensis, therefore, we are unable to see the 
justification for considering it to be a Desmoinesian fossil, 
in fact we consider it to be upper Atokan in age. 

Thompson, Shaver, and Riggs (1959) called attention 
to some described and undescribed transitional species of 
Fusulina, e.g. F. ? insolita Thompson (1948) which had 
been observed to occur with advanced species of Fusulinella. 
Those authors proposed that the species be included in the 
zone of Fusulina, i.e. assigned to the Desmoinesian rather 
than the Atokan Stage. We do not agree with the proposi- 
tion. 

Fusulinella iowensis is common in the Seville Limestone 
of Illinois (not a correlative of the Seville of Missouri) and 
Fusidina s.s. was not found in association. This condition, 
that is the absence of Fusulina s.s., was also true in Iowa 
in the lower Cherokee (Atokan) and in Ohio in the Upper 
and Lower Mercer Limetones. 

Another matter is the zone of Profusidinella, long con- 
sidered to be lower Atokan in age. In Thompson, Shaver, 
and Riggs (1959) Projusultnella kentuckyensis Thompson 
and Riggs, 1959, was described as an advanced form of the 
genus because it had a highly elongate shape of the shell. 
Profusulinella burrensis Thompson and Shaver, 1964, was 
reportedly shorter and with a more inflated shell (more 
primitive.?) but is from a stratigraphically higher horizon 
according to Thompson and Shaver. It appears that a divi- 
sion was proposed by Thompson and Shaver, which is com- 
parable to lowermost Pennsylvanian (Morrowan), in the 
middle of the Brazil Formation between the upper Block 
and Minshall Members. The lower zone was termed zone of 
Amphissites rothi and Profitsulinella kentuckyensis appeared 
near the top of the zone. If P. kentuckyensis is more ad- 
vanced than P. fittsi (the latter occurs about 100 feet above 
the base of the Barnett Hill Member of the Atoka Forma- 
tion in Oklahoma) and less or less advanced than Fusulin- 
ella prolifica (which occurs about 250 feet above the base 
of the Barnett Hill Member, Atoka Formation), then it 
appears that at least some of the zone of Amphissites rothi 
must certainly be of Atokan age. Profusulinella was found 
in the lower part of the Brazil Formation and Fusulinella 
iozvensis, together with F. stouti, was found in the upper 
part of the Brazil Formation and equivalent horizons of 
the Illinois Basin according to those authors. On the basis 

of such evidence we strongly suggest an Atokan age assign- 
ment to the Brazil Formation. 

XIV.   F.AUNA OF THE   ATOK-^N   STAGE   IN   MICHIGAN 

According to Shiedler and Wanless (1965), the Middle 
Pennsylvanian of Michigan includes the Verne Limestone 
Member which contains Fusulinella iowensis and is Atokan 
or early Desmoinesian in age. This is the same horizon 
called "Cyclical formation F" by Kelly (1933) from which 
a fauna is obtained that is similar to the fauna of the Web- 
ber Falls Member, Atoka Formation of Oklahoma. 

XV. FAUNA OF THE ATOKAN STAGE OF THE CANADIAN   ARCTIC 

An ammonoid fauna was reported by Nassichuk and 
Furnish (1965, p. 724) as being remarkably similar to index 
species from the "upper Morrowan Winslow Formation" in 
Arkansas (of McCaleb, 1963), "or are in a comparable 
stage of evolution." Those authors noted that some authors 
regard the "Winslow" as synonymous with the Atoka For- 
mation of Oklahoma, which would make the Arctic fauna 
basal Middle Pennsylvanian by definition. The Arctic ma- 
terial is from a locality on the north shore of Hare Fiord 
(lat. 8P07.5' N.; long. 84°17'W.) and represents part of 
an unnamed formation. By present definition the Arctic ma- 
terial is of early Atokan age. 

XVI. FAUNA OF THE  ATOKAN   STAGE OF MEXICO 

Murray, Furnish, and Carrillo (1960, p. 736) noted that 
some Atokan specimens from Oklahoma and Arkansas, 
which had been identified as Pseudoparalogoceras williamsi 
(.-= P. kesslerense), were not significantly different from P. 
amotapense (Thomas) from Caballeros Canyon, a few kilo- 
meters northwest of Ciudad Victoria, capital of the State 
of Tamaulipas, Mexico. Associated with the ammonoids 
were specimens of fusulinids closely similar to Fusulinella 
acwminata Thompson, which species is also reported from 
the lower part of the Minnelusa Formation of South Dakota 
and the Fra Cristobal Formation, Mud Springs Mountains, 
New Mexico. 

XVII. FAUNA OF THE   ATOKAN   STAGE  OF SPAIN 

Van Ginkel (1965) showed a zone of Profusulinella in 
the Spanish Carboniferous extending from low in the Bash- 
kirian well into the Kashiran of Russian usage. This would 
cover both of Van Ginkel's Zones A and B, which we con- 
sider to be Atokan in age. He then had a zone of Fusuli?iella 
starting in the Kashiran, where it was Subzone A, of Van 
Ginkel,   (Atokan),  and  extended  through   Podolskian   and 
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Myachkovian as Subzone B, of Van Ginkel, in association 
with Fusulina (? Desmoincsian). 

Sieverts-Doreck (1951) described Iberocrinus tnulti- 
brachiatus from limestone of the lower Upper Carboniferous 
(Westphalian B) east of Herruela, province of Palencia, as 
the monotype of Iberocrinus. The genus is close to the 
American genus Megaliocrinus Moore and Laudon (1942) 
of Morrowan age. The Westphalian B is considered a cor- 
relative of the upper Bashkirian by some authors, which we 
consider to be lower Atokan. Breimer (1962) apparently 
considered the age to be Moscovian probably because of 
the presence of Cromyocrinus sp. cf. C. simplex Traut- 
schold and Paradelocrinus sp. The horizon of C. simplex 
in Russia is Myachkovian and apparently correlative of the 
Desmoinesian. In our opinion the specimen figured by Brei- 
mer is Atokan in age, which is born out by the age given 

by Sieverts-Doreck, and the presence of another form identi- 
fied as Pimlicocrinus sp. by Breimer from Asturias but 
also the Cotarrazzo Limestone. Pimlicocrinus is typically a 
Tournaisian genus. 

.will.  FAUN,^ OF THE  ATOKAN  STAGE IN  RUSSIA 

The Atokan Stage as presently defined is apparently 
represented in the upper Bashkirian, lower Moscovian, and 
the lower portion of the upper Moscovian of Russia. 

Ammonoids of the Bashkirian appear to be diagnostic. 
Aisenverg, et al. (1960) reported Branneroceras branneri 
from C'L.a, lower Bashkirian of the Donetz Basin. As pre- 
viously noted, this is characteristic of the Morrowan and 
more specifically of the Bloyd Formation in the midcon- 
tinental area of North America. The fusulinids Eostajfella 
varvariensis  and  Pseudostajjella  antiqua  were  also  listed. 
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Gastrioceras listeri with Profusulinella primitiva is listed in 
C'':.b which we beheve to be Atokan. Profusulinella rhombi- 
fortnis and Gastrioceras cf. reticidatuvi are listed from C^^^e, 
uppermost Bashkirian. 

Librovitch and Malivkin (1950), in reporting on the 
Carboniferous deposits of the Urals, showed among the 
characteristic forms Branneroceras cancellatum and Pseudo- 
stajella antiqua from the lower Bashkirian. From the upper 
Bashkirian they showed Pseudostaffella antiqua together 
with Profusulinella ex gr. parva, which we take to be Atokan 
in age. They divided the Moscovian into lower and upper 
zones with Profusulinella marking the lower (Atokan) and 
Fusulina with Wedekindellina marking the upper (Des- 
moinesian). 

Miklukho-Maclay ( 1960), in reporting on the Carboni- 
ferous of Central Asia, showed Profusulinella in the Yangak 
horizon = upper Bashkirian, and Karatange horizon^Vere- 
yan and Kashiran. Fusulinella was shown as characteristic 
of lowermost C:;mo=:Upper Moscovian and specifically the 
Podolskian, with a different horizon marked by Fusulina in 
the upper Podoloskian. Such findings coincide with other 
data indicating the Atokan Stage continues into the Po- 
dolskian. 

Librovitch and Stepanov (in Gorsky, Stepanov, et al., 
1960, text-fig. 1) indicated the Vereyan and Kashirian hori- 
zons were correlative with the Atokan of North America, 
but it appears to us that the Atokan starts in the Bash- 
kirian and extends into the Upper Moscovian (lower Po- 
kolskian horizon). 

.\IX.   SUMMARY 

The Atokan Stage is represented in the Llano Uplift of 
northcentral Texas by the Marble Falls Formation (ex- 
cluding the Sloan Member), the equivalent Big Saline For- 
mation and the Smithwick Shale. Essentially the same cor- 
relation was given by Plummer (1950, p. 47); however, his 
attempt to establish a Marble Falls Group and his use of 
the name Bcndian or Bend Series has not been generally 
accepted. The name Atokan Stage or Series is now in gen- 
eral usage. 

The type area of the Atokan Stage lies in Atoka Coun- 
ty, Oklahoma, where it is represented by the Atoka Forma- 
tion, which formation is a rock unit resting between the 
Wapanucka Limestone (Morrowan) below and the Harts- 
horne Sandstone (Desmoinesian) above. In adjacent Coal 
County, north of Clarita, Oklahoma, there is a zone of 
Profusidinella fittsi (see Text-fig. 1) which is more or less 
correlative of the Marble Falls Formation (excluding the 
Sloan Member), the Big Saline Formation and the Smith- 

wick Shale of the Llano Uplift, and the Arrey Formation 
of New Mexico. 

Based on fusulinids, ammonoids, and crinoids, the Burg- 
ner Formation of Missouri, is above the zone of Fusulinella 
prolifica (see Text-fig. 1) and is about equivalent to part 
of the Bostwick Formation of the Ardmore Basin, southern 
Oklahoma. The zone is more or less correlative of the upper 
part of the Big Saline Formation of northcentral Texas, the 
lower part of the Cherokee Formation of Iowa (not of Kan- 
sas), the lower part of the Hartville Formation of Wyoming, 
the Minnelusa Formation of South Dakota, the basal part 
of the Fra Cristobal Formation of New Mexico, an un- 
named formation at Hare Fiord, Canadian Arctic, an un- 
named formation in Caballeros Canyon near Ciudad Vic- 
toria,  State  of Tamaulipas,  Mexico,  Seville  Limestone  of 
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western Illinois, upper and lower Mercer Limestones of 
Ohio, upper part of the Brazil Formation and equivalent 
horizons of the Illinois Basin, the Bostwick Conglomerate 
and Lester Limestone of the Ardmore Basin in southern 
Oklahoma, part of the Barnett Hill Member, Atoka Forma- 
tion of Coal County, Oklahoma, and the Atoka Formation 
near Red Oak, Latimer County, Oklahoma. 

The prolific cephaiopod zone at the top of the Barnett 
Hill Member in southeastern Oklahoma (see Text-fig. 1) is 
roughly a correlative of the Webber Falls Sandstone Mem- 
ber in northeastern Oklahoma. There is an ammonoid bear- 
ing sandstone in northeastern Oklahoma near the base of 
the Atokan Stage, the Coody Sandstone Member, Atoka 
Formation. The fauna is closely comparable to that of the 
"Winslow" of Arkansas and therefore also to the Arctic 
ammonoid fauna from Hare Fiord (Nassichuk and Furni.sh, 
1965). 

It is probable that crinoids reported by Tien from the 
Houkou Limestone of northern China are of Atokan age. 
The lower part of the Huanglung Limestone of Chuanshan, 
China, appears to be a correlative of part of the lower 
Atokan of Oklahoma-Arkansas. The zone of Projusulinella 
and subzone A of the zone of Fusulinella of Van Ginkel from 
the Cantabrian Mountains of Spain appear to be Atokan 
in age. In Russia and Central Asia, it appears that the 
upper part of the Bashkirian Stage is of Atokan age as well 
as all the Vereyan and Kashirian Horizons and the lower 
part of the Podolskian Horizon of the Moscovian Stage. 

E.   DESMOINESIAN STAGE 

Our observations on the Desmoinesian faunas are 
highly selective and based primarily on the materials at 
hand. Projection of some data attained in conjunction with 
the more comprehensive coverage of the Atokan Stage is 
attempted. 

In Iowa where the type locality of the Desmoinesian 
is located on the Des Moines River, the Cherokee Shale 
is considered to be the base of the stage or series. As pre- 
viously discussed under the Atokan Stage, it is generally 
recognized that the lowermost part of the Cherokee Shale of 
Iowa is of Atokan age. It is our hope that use of the fusu- 
linid Fusulinella iowensis as a marker of the upper Atokan 
will be generally accepted, because it would clarify and 
simplify the situation in Iowa and elsewhere. It is our be- 
lief that F. iowensis is, indeed, of Atokan age as has been 
demonstrated in the Atokan section of the present study. 
Another complication of the situation in Iowa is the diffi- 
culty in identifying the White Breast Coal in many areas, 
although the  coal  is  used  as  a  stratigraphic  point.   It  is 

sufficient to know that F. iozvensis is from about 20 feet 
above the Mississippian (and reportedly 90 feet below 
the White Breast Coal) and that Fitsulina leei Thomp- 
son, a good Desmoinesian index, is from about 35 feet below 
the White Breast Coal. The type horizon of Fusulina leei 
is immediately above the Bluejacket Sandstone of Okla- 
homa. 

Highlj- developed Fusulinella are found in Ohio, F. sero- 
tina in the Putnam Hill Formation of the lower Allegheny 
Series, and F. carmani in the Vanport Limestone of the 
middle  Allegheny   Series. 

In a study of rocks exposed in Arrow Canyon (Bird 
Spring Formation) of Clark County, Nevada, Cassity and 
Langheim (1966, p. 937) used the presence of Wedekindel- 
liim sp. in bed 152 to mark the base of the zone of Fusulina, 
which they consider synonymous to the Desmoinesian Stage. 
It is not clear where Fusulina first appears, but F. prima 
Thompson is reported in bed 182 and F. leei Skinner from 
beds 182 and 187. As previously noted F. leei in Oklahoma 
is from immediately above the Bluejacket Sandstone Mem- 
ber of the Boggj- Formation, near the top of the Krebs 
Group (Desmoinesian). 

Ammonoids of Moscovian age in Russia are rare. A 
specimen of Pseudoparalegoceras was first found near Mos- 
cow from the Podolsk Horizon (lower upper Moscovian 
Stage) in 1876, according to Ruzhencev (1951) and was 
described as Gastrioceras russiense Tzwetaev (1888). Shvet- 
zov and Yablokov, et al. (1937, p. 512) noted that the 
cephaiopod fauna described by Tzwetaev probably originat- 
ed in a dense limestone (bed 9) in the upper part of the 
Podolskian in a quarry on the left bank of the Pakhra River 
near the town of Podolsk. The species (Pseudoparalegoceras 
russiense) appears to be in a stage of development some- 
what comparable to forms found in the Boggy Formation, 
Krebs Group, of Oklahoma (personal communication from 
W. M. Furnish). P. tzwetaevae Ruzhencev (1951) was 
found in the southern Urals in the Aktyubinskoi District 
in a block of limestone thought to be of Middle Carboni- 
ferous age (Moscovian) although the formation of the area 
is in the Gielian Stage of the Upper Carboniferous. The 
specimens were similar to P. russiense according to Ruz- 
hencev. Anthracoceras Freeh reputedly has a range from 
early Namurian to late Westphalian (late Mississippian to 
late Desmoinesian of Pennsylvanian) in both Europe and 
Asia, but the genus has been restricted to uppermost Mis- 
sissippian and lower Morrowan (Lower Pennsylvanian) in 
North America, with the genus Gordonites Miller and Fur- 
nish following in higher strata. 

Shvetzov, Yablokov, et al.  (1937, p. 53)  listed Fusu- 
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linella cylindrica and /'. bockii from bed 23 of the Podolsk 
Quarry which was a horizon in C'"2 (Myachkovian) about 
14 feet above its base, and about 36 feet above the zone 
which contained Pseudoparalegoceras russiense in the Po- 
dolskian. 

Miklukho-Maclay (1960, text-fig. 2) showed a division 
in the lower part of Stage Csmo (Upper Moscovian) in 
Central Asia as between "with Fusulinella" below and "with 
Fusulina" above and correlated the combined zones with 
the Podolsk Horizon of the Moscow Basin. In the correla- 
tion chart of Librovitch and Stepanov (in Gorsky, Step- 
anov, et al., 1960, text-fig. 1) the combined horizons of 
Podolskian and Myachkovian were shown to be Desmoi- 
nesian, whereas the data furnished by Miklukho-Maclay in- 
dicated that at least part of the Podolskian is Atokan. 

Subzone B of zone of Fusulinella of Van Ginkel (1965) 
in the Cantabrian Mountains of Spain is marked by the 
presence of Fusulina and is probably Desmoinesian in age. 

The well-known crinoid fauna from the "Kalkbriiche 
von Mjatschkowa" near Moscow, described by Trautschold 
(1879), is currently ascribed to the horizon Cam = Mosc- 
ovian (see Yakovlev and Ivanov, 1956). The cromyocrinids 
described by Trautschold in 1879 as Cromyocrinus simplex, 
Cromyocrinus geminatus = Mooreocrinus geminatus and 
Cromyocrinus ornatus = Dicromyocrinus ornatus, are all 
haracterized by having uniserial arms and three anal plates 

within the posterior interradius of the dorsal cup. In this 
stage of development they could be late Atokan or early 
Desmoinesian in age. 

Two well-known crinoid horizons in the Desmoinesian 
of Texas are the shale below the Kickapoo Falls Limestone 
Member, Millsap Lake Formation and the Brannon Bridge 
Limestone Member, Millsap Lake Formation. Our collec- 
tions from the Kickapoo Falls Limestone were obtained be- 
low Kickapoo Falls in northern Hood County and from 
the Brannon Bridge Limestone from about three miles 
southwest of Brock, Parker County, Texas. The following 
species were reported by Moore and Plummet (1940) from 
the Hood County locality: Malaiocrinus parviusculus Moore 
and Plummer = Glaukosocrinus parviusculus, Paradelo- 
crinus brachiatus Moore and Plummer, Paradelocrinus sub- 
planus Moore and Plummer = Cricocrinus subplanus, 
Pirasocrinus scotti Moore and Plummer, Plaxocrinus obesus 
Moore and Plummer, Plaxocrinus perundatvs Moore and 
Plummer, and Sciadiocrinus harrisae Moore and Plummer. 

The following species are now added to those above: 
Stellarocrinus bulbus, n. sp., Lecobasicrinus kickapooensis, 
n. sp., Eiromocrinus grossus, n. sp., Stenopecrinus longus, 
n. sp. and Platycrinites remotus, n. sp. 

The following species were reported by Moore and 
Plummer (1940) from the Parker County locality: Synero- 
crinus formosus Moore and Plummer, Apnllocrinus florealis 
Moore and Fhimmer = Stellarocrinus florealis, Brychio- 
crinus texanus Moore and Plummer = Stellarocrinus tex- 
anus, Endelocrinus rectus Moore and Plummer, Ethelocrinus 
millsapensis Moore and Plummer ^ Parethelocrinus millsap- 
ensis, Haeretocrinus magniis Moore and Plummer, Neozea- 
crinus praecursor Moore and V\umme.r ^ Anobasicrinus 
praecursor, Schistocrinus parvus Moore and Plummer = 
Sciadiocrinus parvus, Schistocrinus planulatus Moore and 
Plummer =; Sciadiocrinus planulatus, Sellardsicrinus marrs- 
ae Moore and Plummer, Texacrinus gracilis Moore and 
Plummer. 

The followuig species have been added to those above 
in the present study from Parker County: Sellardsicrinus 
fortunatus, n. sp., Aesiocrinus annulatus, n. sp., Ramido- 
crinus consectatus, n. sp., Microcaricrinus delicatus, n. sp., 
Anchicrinus toddi, n. sp., Polygonocrinus libratus, n. sp., 
Oklahomacrinus frostae, n. sp. and Ulrichicrinus ramosus, 
n. sp. 

Plummer and Scott (1937, p. 15) proposed a Pseudo- 
paralegoceras brazoense Zone below the Kickapoo Falls 
Limestone Member, Millsap Lake Formation, not far above 
the lowest preserved rock of the Millsap Lake Group as ex- 
posed in the Brazos River Valley. One of our crinoid faunas 
was obtained from the same horizon and probably from near 
the same exposure on Kickapoo Creek. 

The Gastrioceras venatum assemblage or zone of Plum- 
mer and Scott (1937, p. 385) is apparently from higher in 
the Millsap Lake Group and, according to Beghtel (1962, 
pp. 17, 18), is probably slightly older than the fauna of the 
Wewoka Formation of Oklahoma. This, then indicates that 
the crinoid fauna from the Brannon Bridge Limestone Mem- 
ber, and more particularly the crinoid fauna from below the 
lower Kickapoo Falls Limestone Member, is older than the 
Wewoka Formation. 

F. MISSOURIAN STAGE 

A fauna composed primarily of numerous small sponges 
and crinoids is found in a shale of the Captain Creek Lime- 
stone Member, Stanton Limestone Formation of southeast- 
ern Kansas, at many localities. The zone is apparently a cor- 
relative of the horizon previously known as the "Lake 
Bridgeport Shale Member," Graford Formation of Wise 
County, Texas. The shale is currently referred to the Wolf 
Mountain Shale Member. Components of the crinoid fauna 
are found in the Wann Formation of northeastern Okla- 
homa, but the sponges are relatively rare. The exact corre- 
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lative of the Captain Creek Limestone has not been satis- 
factorily established in Oklahoma. The predominantly cal- 
careous formations of Kansas are to a large degree replaced 
by shale in Oklahoma so that detailed comparisons are diffi- 
cult. Some unusual crowns from near Lake Bridgeport, 
Wise County, Texas, are figured herein. 

One crinoid is figured from a shale exposure IVz miles 
east and IVl miles north of Rochelle, McCulloch County, 
Texas, as Parethelocrinus plattsburgensis (Strimple). The 
exposure is numbered 1S3-T-23 in Moore and Plummer 
(1940, p. 396), Mineral Wells Formation, from which the 
species Athlocrinus nitidus Moore and Plummer, Plaxocrinus 
omphaloides Moore and Plummer, P. lobatus Moore and 
Plummer and Delocnnus benthobatus Moore and Plummer 
were previously obtained and reported. 

Plummet and Scott (1937, p. 17) proposed a "Para- 
schistoceras reticulatum Zone," in a shale member of the 
Graford Formation, low in the Mineral Wells Group, Mis- 
sourian. The species Glaphrites anguhumbilicatus Plummer 
and Scott, 1937, was listed from the same zone and was 
from the abandoned brick pit in Bridgeport, Wise County, 
Texas. Specimens oi Paragassizocrinus tarri (Strimple) have 
been collected by the senior author from the Bridgeport 
locality. It is of interest, although not considered by us 
as conclusive correlative data, that specimens thought to be 
conspecific with Glaphyrites anguloumbilicatus have been 
found in association with Paragassizocrinus tarri in a hori- 
zon which appears to be a shale of the Captain Creek Lime- 
stone Member, Stanton Limestone Formation, three miles 
east of Wayside, Montgomery County, Kansas. The horizon 
is a few feet above a crinoid-sponge horizon and was col- 
lected by W. M. Furnish and H. L. Strimple in February, 
1966 and is reposited in the Department of Geology, Uni- 

versity of Iowa. 
The following crinoids were reported by Strimple 

(19Sla) from the sponge bearing horizon of the Graford 
Formation near Lake Bridgeport, Texas: Laudpnocrinus 
subsinuatus (Miller and Gurley), Delocnnus pictus Moore 
and Plummer, Delocrinus subhemisphericus Moore and 
Plummer, Endelocrinus tumidus Strimple, Endelocrinus gra- 
jordensis Moore and Plummer, Erisocrinus sp., Athlocrinus 
sp., Lecythiocrinus sp. (radial plate only), Ulocrinus sp. 
(IBB and portion of BB circlet), Apographiocrinus typicalis 
Moore and Plummer, Apographiocrinus cf. arctiatus Strim- 
ple, Sttllarocrimis sp., Elibatocrinus sp. (IBB circlets), Atfi- 
phicnnus sp., Delocrinus sp., Utharocrinus cf. granulosus 
Strimple, Graphiocrinus bridgeportensis Strimple, Piraso- 
crinus invaginatus Strimple, Stellarocrinus texani Strimple, 
Cibolocrinus erectus Strimple, Allagecrinus bassleri nodosus 

Strimple ^ Isoallagecrinus bassleri (Strimple), Allagecrinus 
bassleri status Strimple ^ Isoallagecrinus status (Strimple), 
Perimestocrinus moseleyi Strimple ^= Stenopecrinus viose- 
leyi, Plaxocrinus laxus Strimple, Plaxocrinus oeconomicus 
Strimple, Euonychocrinus subservire Strimple. 

A crown of Ulocrinus convexus (Strimple) is illustrated 
herein as well as a crown of Stellarocrinus sp. cf. S. angula- 
tus from the Lake Bridgeport localitj'. 

SYSTFMATIC PALEONTOLOGY 

Class CRINOIDEA Miller 

Subclass INADUNATA Wachsmuth and Springer 

Order CLADOIDEA Moore and Laudon 

Suborder DENDROCRINOIDEA Bather 

Family CROMYOCRINIDAE Jaekel 

The family Cromyocrinidae was proposed by Jaekel 
(1918) for two genera, which were Cromyocrinus Traut- 
schold and Dicromyocrinus Jaekel. The number of genera 
has increased until a total of eight genera were ascribed to 
the family by Strimple (1961a, pp. 63-65). All of those gen- 
era are included below except Cryphiocrmus Kirk and 
Tyrieocrinus Wright which we do not feel are closely related. 
The genera Mooreocrinus Wright and Strimple, Parulocrinus 
Moore and Plummer, Paracromyocrinus Strimple, Synarmo- 
crinus Lane, and Goleocrinus Strimple and Watkins have 
been added to the family. 

ANALYSIS OF CROMYOCRINIDS 

Genus CROMYOCRINUS Trautschold, 1867 

Type species. — C. simplex Trautschold. 

Range. — Moscovian (Atokan and Desmoinesian), Up- 

per Carboniferous, Russia. 

Three anal plates, upflared infrabasals, five uniserial 

arms. 

Genus DICROMYOCRINUS Jaekel, 1918 

Type species.—D. ornatus (Trautschold). 

Range. — Moscovian, (Atokan and Desmoinesian) Up- 

per Carboniferous, Russia. 

Three anal plates, subhorizontal infrabasals, ten uni- 
serial  (cuneiform)  arms, pustulose surface. 

Genus MOOREOCRINUS Wright and Strimple, 1945 

Type species. — M. geminatus (Trautschold). 
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Range. — MoscovHan ( Atokan and Desmoinesian), Up- 
per Carboniferous, Russia, Brazil, North America. 

Three anal plates, subhorizontal infrabasals without 
basal depression, ten uniserial arms. 

Genus PARULOCRINUS Moore and Plummer, 1940 

Type species. — P. blairi (Miller and Gurley). 

Range. — Missourian, Upper Carboniferous, and Lower 
Permian, North America. 

Two anal plates, subhorizontal infrabasals without basal 
depression, arms unknown. 

Genus PARACROMYOCRINUS Strimple, 1966a 

Type species. — P. vetuliis (Lane). 

Range. — Morrowan to Missourian, Upper Carbonifer- 
ous, North America. 

Two anal plates, subhorizontal infrabasals, basal plates 
curve into basal concavity, ten biserial arms. 

Genus METACROMYOCRINUS Strimple, 1961 

Type species. — 71/. holdenvillensis Strimple. 

Range. — Morrowan, Atokan, and Desmoinesian, Up- 
per Carboniferous, North America, China. 

Three anal plates in older species and two in younger 
species, subhorizontal to mildly upflared infrabasals, ten 
biserial  arms,  finely  postulose  ornamentation. 

Genus SYNARMOCRINUS Lane, 1964b 

Type species. — S. brachiatus Lane. 

Range. — Atokan, Upper Carboniferous, North Amer- 
ica. 

Two anal plates, subhorizontal to mildly downflared 
infrabasals, base of cup flat.?, ten uniserial arms, pustulose 
ornamentation. 

Genus ULOCRINUS Miller and Gurley, 1890 

Type species. — U. buttsi Miller and Gurley. 

Range. — Atokan to Virgilan, Upper Carboniferous and 
Lower Permian, North America, India?, Timor.?, and Rus- 
sia. 

Two anal plates, upflared infrabasal plates, ten bi- 
serial arms. 

Genus GOLEOCRINUS Strimple and Watkins, new genus 

Type species. — G. masonensis Strimple and Watkins. 

Range.—Atokan-Desmoinesian,  Upper Carboniferous, 
North America. 

Three anal plates, downflared infrabasals, smooth sur- 
face. 

Genus UREOCRINUS Wright and Strimple, 1945 

Type species.— U. bncksrhii (Geinitz). 
Range.—Tournaisian, Lower Carboniferous, Scotland. 
Three anal plates usually Advanced Type with  radi- 

anal dominant, upflared infrabasals, five uniserial  arms. 

Genus MANTIKOSOCRINUS Strimple, 1951e 

Type species. — M. cast us Strimple. 
Range. — Chesterian and Tournaisian, Lower Carboni- 

ferous, North America, Scotland. 
Three anal plates, upflared infrabasals, ten uniserial 

arms. 

Genus MOOREOCRINUS Wriglit and Strimple, 1945 

Type species. — Cromyocrinus geminatiis Trautschold, 
1867 M. geminatus (Trautschold). 

Range. — Atokan;  SSSR,  Brazil, North  America. 
Diagnosis. — Cup medium, globular, greatest width be- 

low the summit of the cup, subhorizontal infrabasal circlet, 
flat base with no concavity involved (other than depression 
for proximal columnal); sutures impressed, surface of plates 
essentially smooth; three anal plates in cup; ten uniserial 
arms branching with first primibrach. 

The following species are assigned to Mooreocrinus: 

Cromyocrinus geminatus Trautschold  Moscovian,  Desmoinesian;  SSSR 
(non Wright) 

Dicrumyocrinus mendcsi Lane Itaituha   Formation,   Atokan;   Bra- 
zil 

Mooreocrinus ixiitburni, n. sp. Atokan ; Texas 

Remarks. — The form identified as Cromyocrinus gem- 
inatus by Wright from the Lower Carboniferous of Scot- 
land has been named Cromyocrinus wrighti Yakovlev and 
Ivanov, 1956 and subsequently assigned to the genus Manti- 
kosocrinus by Strimple (1966a, p. 6). Ivanov (1926, p. 176) 
listed several crinoids from the Upper Carboniferous near 
Moscow among which were "Trautscholdicrinus geminatus 
Trel. sp." and "Trautscholdicrinus ornatus Trel. sp." There 
were no indication, description, or definition of a new generic 
name and it is, therefore, nomcn nudum. 

MOOREOCRINUS WILBURNI Strimple and Watkins, new species 

Plate 39, figures 12, 13; Plate 49, figures 4-6 

Dorsal cup medium bowl-shaped with erect lateral sides 
and broad  flattened  basal  area. The posterior side of the 
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cup is flattened and otherwise the cup has a rounded con- 
tour when viewed from above or below. Some protrusion 
of the cup is apparent in the area occupied by the large 
right posterior basal and the radial. The infrabasals form a 
large pentagonal-shaped platform with a large center por- 
tion depressed for the reception of a round proximal col- 
umnal. The perimeter of the infrabasal circlet is slightly up- 
flared, though not visible in side view of the cup, so that 
the circlet is strongly delimitated from the basal circlet. Five 
basals are prominent in side view of the cup and are tumid. 
The right posterior basal is larger than the other basals. 
Five radials are wider than high and are somewhat tumid. 
The outer surface of each radial terminates abruptly at the 
distal limit of the cup and a horizontal area is formed to 
the fore of the ligamental area. The outer ligamental fur- 
row is a thin, shallow depression, and the outer ligamental 
ridge is marked by denticles. The ligamental pit furrow is 
thin but the ligamental pit is well defined. The transverse 
ridge is not prominent and only a few denticles are pre- 
served. Oblique ridges and lateral furrows are indistinct, 
but a well-defined intermuscular furrow and central pit 
are developed. Muscle areas are marked by finger-like shal- 
low grooves. Adsutural slopes are low and narrow. Rem- 
nants of low lateral ridges have been noted in some ad- 
sutural areas. Three large anal plates are preserved in the 
types in normal (Primitive) positions. The radianal is 
large and elongated and the anal X is also relatively large. 
RX is small and high in the cup. 

Sutures of the cup are impressed and marked by a 
series of pits although it is not so apparent along some 
sutures of the large holotype as it is in the paratype. 

Measurements of the holotype in millimeters: 

Width of cup   (maximum) 28.5 
Width of cup, posterior to anterior (minimum)                     25.5 
Height of cup 15.1 
Width  of  infrabasal  circlet 10.0 
Length of basal   (right anterior) 14.4* 
Width of basal   (right  anterior) 14.4* 
Length of suture between basals 8.3* 
Length of radial, to transverse ridge (right anterior)         12.5* 
Length of radial to outer lip of cup (right anterior)           9.9* 
Width of radial   (right anterior) 15.0* 
Length  of suture  between  radials 5.8 
Length of radianal 11.9* 
Width of radianal 9.0* 
Length of anal X ? 
Width of anal X   (approximate) 6.8 
Diameter of columnar scar 5.6 

•Measurements  taken   along  surface   curvature. 

Remarks. — Mooreocrinus ivilburni is closely related to 
M. geininatus (Trautschold). The latter has proportionate- 
ly larger infrabasal plates and the subhorizontal facet to 
the fore of the outer ligamental furrow is sloped  slightly 

outward and has a mildly irregular surface. In M. wilburni 
the facet to the fore of the outer ligamental furrow is re- 
markably smooth and is horizontal. M. mendesi Lane has 
more tumid cup plates than M. zvilburni. 

The holotype was collected by Mrs. Robert L. George 
of San Antonio, Texas, and the paratype by Mr. Wilburn 
Shearer of Mason, Texas. The species is named wilburni in 
acknowledgment of the generous assistance given in the 
field and in the donation of specimens to our study. 

Types. — Holotype USNM, No. SS125 and paratype 
USNM, No. S5168 reposited in the U.S. National Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch, Mason, 
Mason County, Texas. 

Genus DICROMYOCRINUS Jaekel, 1918 

Type species. — Cromyocrinus  ornatus Trautschold. 

Range. — Morrowan to Desmoinesian; SSSR, North 
America and South America. 

A recent discussion of this genus was given by Strimple 
(1966a, p. 5) and a comprehensive history of it is to be 
found in Strimple (1961a, p. 66). 

DICROMYOCRINUS OPTIMUS Strimple, 1951d 

Plate 40. figures 5 8 

This species was referred to Ataxiacnnus Strimple 
(1961a, p. 90) r^ Tarackiacrinus Strimple (1962a), with 
reservation. It is now known that the species, based on a 
metatype, has ten uniserial arms. Because the cup is also 
ornate, there is no longer any reason to remove it from the 
genus Dicromyocrinus. The type of the genus, D. ornatus, 
has a broader infrabasal circlet, and the arms tend toward 
cuneiformity with more pronounced ornamentation. 

The figured specimen from near Lampasas, Texas, is 
close to the holotype of D. optimus as well as to the meta- 
type with arms and is considered by us to be conspecific. 
The Lampasas specimen does not disclose as pronounced 
ornamentation, has some protrusion of the area surrounding 
the radianal, and the infrabasal circlet is slightly asym- 
metric. 

Types. — Figured hypotype USNM, No. S5129 collect- 
ed by Wm. T. Watkins, reposited in U.S. National Museum. 
Metatype with arms SUI, No. .32257 reposited in Geology 
Department, University of Iowa. 

Occurrence. — Holotype and metatype are from the 
Brentwood Limestone Member, Bloyd Formation, Morrow- 
an, Pennsylvanian; spillway of Greenleaf Lake southeast of 
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Muskogee, Muskogee County, Oklahoma. Figured hypotype 
is from the Marble Falls Formation, Morrowan?, Pennsyl- 
vanian; bank of Espey Creek about 3.5 miles southwest of 
Lampasas, Te.xas. 

DICROMYOCRINUS sp. cf. D. TEXASENSIS 

(Moore and Plummer) 

Plate 54, figures 8, 9 

The crown is long and slender. Dorsal cup is low, bowl- 
shaped with a broad flattened base and erect sides. There 
is a basal depression in which the proximal edges of the 
basals participate, but the infrabasal circlet appears to be 
subhorizontal in position. Preservation of the cup is im- 
perfect in the basal area. The dorsal cup rises evenly to an 
area just to the fore of the outer ligamental fossae where 
a small subhorizontal shelf is formed. This development 
gives a gaped appearance at the juncture with the arms 
but is not interpreted as a constriction of the cup. All plates 
are covered by rounded pustules and the sutures are im- 
pressed. Five tumid basals form the basal plane and flex 
upward to form a considerable portion of the cup walls. Five 
radials are pentagonal-shaped, slightly wider than long. 
Three anal plates occupy the posterior interradius, although 
the RX is narrow and high in the cup. Anal X is in contact 
with the posterior basal. 

Ten long arms are uniserial and branch with slightly 
elongated first primibrachs in all rays. There is a mild cur- 
vature to the exterior of the arms and a peculiar develop- 
ment wherein alternating brachials are projected to the 
side and met by depressed areas in the sides of adjacent 
arms. The condition continues into the distal section of the 
arms and provides for an interlocking of arms which is 
discussed in a special section of this study. The secundi- 
brachs are slightly cuneiform in structure and are slightly 
elongated. 

Measurements of the hypotype in millimeters: 

Length of crown 
Height of dorsal cup 
Width of dorsal cup 
Length of basal 
Width of basal 
Lenglh of suture between basals 
Length of radial 
Width of radial 
Length  of  suture  between   radials 
Length of radianal 
Width of radianal 

54.6 
7.0 

13.2 
7.2* 
7.2* 
4.0* 
5.0* 
7.0* 
3.0 
4.0 
2.0 

* Measurements taken along surface curvature. 

Remarks. — Dicromyocrinus    texasensis   is    more    ad- 
vanced   than   most   species   of  Metacroinyocrinus   in   that 
three anal plates are present, albeit the  RX is obviously 
commencing to migrate out of the cup and does in some 

specimens. The hypotype is closely comparable to some 
forms from the Brentwood Limestone which have been 
ascribed to Metacromyocrimis oklahornensis by Strimple 
(1962b, pp. 270, 272) and more recently to Paracromyo- 
crinus Strimple (1966a, p. 5). In the study by Strimple 
(1962b) it was recommended that the species D. texasensis 
be placed in synonymy with M. oklahornensis. There is a 
large crown known from the Wapanucka Formation which 
has ten thick, biserial arms that has been ascribed to 
the species M. oklahornensis. In finding the Marble Falls 
D. texasensis to have uniserial arms a revision of the species 
is required. More study will be required before the inter- 
relationships will be fully understood. 

Synarmocrinus adornatus has a compact cup much like 
that of Dicromyocrinus texasensis but has a highly ad- 
vanced arrangement of anal plates in the posterior inter- 
radius. 

Type. — Hypotype, USNM, No. S5190 collected by 
Wm. T. Watkins, reposited in the U.S. National Museum. 

Occurrence. — Marble Falls Formation, Atokan, Penn- 
sylvanian; Lambert Ranch, San Saba County, Texas. 

Genus PARULOCRINUS Moore and Plummer, 1940 

Type species. — Ulocrinus blairi Miller and Gurley, 
1893. 

Range. — Atokan to Lower Permian;  North America. 
Diagnosis. — Dorsal cup approximately twice as wide 

as high, mildly constricted at summit; two anal plates; 
subhorizontal infrabasal circlet; proximal edges of basals 
form basal plane, no basal concavity; no pronounced sur- 
face ornamentation;  arms unknown. 

Species  assigned  to Parulocrinus: 

Ulocrinus blairi Miller and Gurley 
Paulocrinus bcedri Moore and Plummer 
Phialocrtnus amrricaiius Weller 
Ulocrinus cai'crna Strimple 

Missourian: Missouri 
Missourian: Texas 

Lower Permian: Texas 
Missourian: Kansas 

Remarks. — The genus Parulocrinus was placed in syn- 
onymy with Ulocrinus by Strimple (1961a, p. 68). Lane 
(1964b) accepted the genus Parulocrinus as being valid and 
thereafter Strimple (1966a, p. 4) emended the generic con- 
cept to comply with characters of the type species. In this 
manner some of the confusion surrounding the genus has 
been eliminated. 

The species described as Ethelocrinus plattsburgensis 
Strimple was referred to Parulocrinus by Moore and Plum- 
mer (1940); however, subsequent knowledge of the arms 
(more than ten) led to inclusion in the genus Parethelo- 
crinus Strimple (1961a, pp. 80, 82, 85). 

Genus PARACROMYOCRINUS Strimple, 1966a 

Type species. — Parulocrinus vetulus Lane,  1964b. 
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Range. — Atokan  to Missourian; North  America. 
Diagnosis. — Dorsal cup normally more than twice as 

wide as high, broad base, erect lateral sides, basal plates 
curve into basal concavity, infrabasal circlet subhorizontal, 
two anal plates, ten broad biserial arms. 

Species referred to Paracromyocrinus: 

Parulocrinus vctulus Lane Morrowan :Nevada 
Parulocrinus maryuisi Moore and Plummcr Desmoinesian: Texas 
Parulocrinus compactus Moore and Plummer 

Missourian: Texas, Kansas 
Parulocrinus pustulosus Moore and  Phimmer Missourian: Texas 
Elhihcrinus oklahomcnsis Moore and  Plummer 

Morrowan; Oklahoma, Texas 

Remarks.—The genus Paracromyocrinus was proposed 
for forms which are similar to Parulocrinus other than in the 
nature of the base which is mildly convex or flattened in 
the latter but has a concavity in Paracromyocrinus. The 
genus Goleocrinus has a basal concavity but the infra- 
basals are sharply downflared whereas in Paracromyocrinus 
the infrabasals are more or less subhorizontal in attitude. 
Forms having rugose surface ornamentation are included 
with forms having smooth surfaces pending additional in- 
formation on which division may be made. Paracromyo- 
crinus oklahomensis is now known to normally have three 
anal plates rather than two. 

Genus SYNARMOCRINUS Lane, 1964b 

Type species. — Synarmocrinus brachiatus Lane, 1964b. 
Range. — Atokan,  Pennsylvanian;  North  America. 
Diagnosis. — Dorsal cup approximately twice as wide 

as high, subhorizontal to mildly downflared infrabasals, base 
of cup flat.'', surface marked by stout elongate tubercles; 
two anal plates in cup; arms ten, broad, uniserial, branch- 
ing on first primibrach; segments low, exterior curved. 

Species assigned to Synarmocrinus are as follows: 

Synarmocrinus brachiatus Lane 
Synarmocrinus fundundus Strimple 
Synarmocrinus  aJornatus,  n.  sp. 

Remarks. — The genus Synarinocrinus retains primi- 
tive uniseral arms, as do the Desmoinesian genera Mooreo- 
crinus and Cromyocrinus but has advanced in the arrange- 
ment of anal plates so that only two are left within the dor- 
sal cup. Actually the RX may be identifiable at the cup 
summit in S. fundundus and S. adornatus but as a rudi- 
mentary element. The pustulose surface ornamentation and 
flattened  base  are  common  characteristics. 

SYNARMOCRINUS ADORNATUS 

Strimple and Watkins, new species 

Plate 37, figures 1-3 

Dorsal cup is medium, bowl-shaped with broad, shallow 

Atokan: Nevada 
Atokan: Oklahoma 

Atokan: Texas 

basal concavity and a subhorizontal infrabasal circlet. The 
lateral sides of the cup are erect and some constriction takes 
place as the summit is approached. Five infrabasals form a 
pentagonal-shaped platform but most of the circlet is occu- 
pied by a large circular depression for the columnar at- 
tachment. Five basals form the lateral sides of the basal 
concavity, flex into the basal plane of the cup and thence 
into the lateral walls of the cup. Posterior basal is trun- 
cated for the reception of the large radianal which is 
obliquely placed on the distal edge of the basal. Five 
radials are large, wide plates with those of the right and 
left posterior having less width than the other three. The 
radianal is moderately large, in full posterior position and 
carries a small anal X to the left, barely within the cup 
and a small RX above, out of the cup. Ornamentation of 
cup plates consists of masses of pustules and elongated 
tubercles which intertwine. Sutures between plates rest in 
V-shaped depressions and are marked by series of depres- 
sions or pits. 

The species name adornatus is from the Latin word 
adorno, meaning decorate, and is applicable to the pro- 
nouncedly ornate surface of the cup plates. 

Measurements of the holotype in millimeters: 

Width of cup  (maximum and minimum) 
Height of cup, normal 
Height of cup, left anterior side 
Width of infrabasal circlet 
Length  of basal   (right  anterior) 
Width of basal   (right anterior) 
Length of suture between basals 
Length  of  radial   (right   anterior) 
Width  of  radial   (right anterior) 
Length of suture between radials 
Length  of  radianal 
Width   of   radianal 
Width of columnar attachment scar 
* Measurements taken along surface curvature. 

24.5 
1L3 
12.0 
9.2 

12.3* 
13.6* 
6.6* 
8.7* 

15.7* 
4.0 
5.2 
5.9 
4.6 

Remarks. — Synarmocrinus adornatus has a more ad- 
vanced arrangement of anal plates in the posterior inter- 
radius than other species assigned to the genus. The de- 
velopment is an excellent example of an evolutionary trend 
called "Developmental Trend B" as "Special Type D-1" 
by Strimple (1960b, pp. 249-250, text-fig. 2). S. fundundus 
is readily separable in having a pronounced protrusion of 
the cup in the area occupied by its radianal. 

Holotype. —VSNM, No. 85118 collected by Wm. T. 
Watkins.  Reposited in the U.S.  National  Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch, Mason 
County, Texas. 

Genus ULOCRINUS Miller and Gurley, 1890 

Type species. — Ulocrinus buttsi Miller and Gurley, 
1890. 
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Range. — Atokan to Permian; SSSR, India?, Timor?, 
North America. 

Diagnosis. — Dorsal cup medium, irregularly bowl- 
shaped with prominent upflared infrabasals, three anal 
plates in older species but typically only two anal plates, 
ten biserial arms, outer surfaces essentially devoid of orna- 
mentation, round stem. 

Species assigned to the genus Ulocrinus: 

Ulocrinus bulisi Miller and Gurley Missourian: Missouri, Oklahoma 
Cyathocrinus sangamoncnsis Miller and Gurley Missourian: Illinois 
Ulocrinus kansasensis Miller and Gurley Missourian:  Missouri 
Elhelocrinus convcxus Strimple Missourian: Oklahoma, Texas 
Ulocrinus occidcntalis Miller and Gurley Pennsylvanian: Missouri 
yCyathocrinus goliathus Waagen Permian: India 
^Ulocrinus indicus Wanner Permian: Timor 
?Ulocrinus conoijrus Wanner Permian: Timor 
Ulocrinus  uralensis   Yakoi'lev Permo-Carboniferous:  SSSR 
Ulocrinus clongatus Strimple Desmoinesian: Oklahoma 
Ulocrinus exlrorsus, n. sp. Desmoinesian: Texas 
Ulocrinus zesc/ii, n. sp. Atokan: Texas 

Remarks. — Several forms which have been considered 
to belong to the genus Ulocrinus are to be found herein 
under the genus Parulocrin'us. The only characteristic, which 
may be used with assurance in separation of the forms, is 
the decidedly upflared and prominent infrabasals of Ulo- 
crinus. In Parulocrinus, as currently emended, the infra- 
basals are not visible or are barely visible in side view of 
the cup. 

A species from the Millsap Lake Formation of Texas, 
which is stratigraphically nearly equivalent to the Wewoka 
Formation of Oklahoma, is described as Ulocrinus extror- 
sus, n. sp. 

Specimens of Ulocrinus convexus (Strimple) from the 
Wolf Mountain Shale, Graford Formation of Texas, which 
IS stratigraphically equivalent to parts of the Wann Forma- 
tion in Oklahoma and the Stanton Formation in Kansas, 
give vital information relative to the arms structure of this 
species. Ten thick, broad, decidedly biserial arms are pres- 
ent. 

Specimens of Ulocrinus zeschi, n. sp. from the Big Sa- 
line Formation, Atokan of Texas, have three anal plates, 
but the shape of the cup is more like that of Ulocrinus than 
of Cromyocrinus, i.e. it is more elongated. The type species 
of the genus Cromyocrinus, C. simplex, is Desmoinesian in 
age and is eliminated from the normal hneage of the cromyo- 
crinids in having reduced the number of arms to five. 

ULOCRINUS EXTRORSUS 

Strimple and Watkins, new species 

Plate 56, figures 6, 3 

This species is represented by a single dorsal cup which 
is somewhat  flattened  by  lateral  compression  but  all  es- 

sential features are readily apparent. The cup would be of 
moderate height, broad, expanding from the fiat columnar 
attachment area to just above mid-length of the basal 
plates thence constricting slightly. All cup plates are tumid 
causing the sutures to appear to be deeply impressed. 

There are five upflared IBB forming a low bowl. The 
area for attachment of the stem is sharply impressed and 
the proximal columnal does not completely fill the cavity. 
Five basals are large hexagonal plates, except in posterior 
and right posterior where extra facets are developed for con- 
tact with the anal plates. Five radials are somewhat smaller 
than basals, pentagonal, and constrict at the summit of the 
cup. The right and left posterior radials are not so large 
as other radials. A subhorizontal area almost 2 mm in 
length is found to the fore of the outer ligamental area. 
This measurement is taken from the outer face of the radial 
which is somewhat below the summit of the cup. Two anal 
plates are present, anal X resting on a narrow upper face 
of the posterior basal and extending about 5 mm above 
the summit of the cup, and RA resting obliquely on the 
right shoulder of posterior basal. Anal X is elongated and 
followed unequally by two tube plates, the larger being on 
the right. RA is elongated, quadrangular and entirely with- 
in the cup. First primibrachs are axillary, wide low plates 
with sloping lateral sides which sharply reduces the width 
of the plates. A few lower secundibrachs are preserved but 
not in place. They have a strongly curved exterior and a 
broad ambulacral groove. The two preserved proximal col- 
umnals are thin, round, and marked by crenulations and 
preservation is too poor for more intimate observation. 

The name extrorsus is Latin for "in an outward direc- 
tion" with reference to the sides of the cup. 

Measurements in millimeters: 

Height of cup 20.0 
Width of cup 25.5e 
Length of infrabasal 9.5* 
Width of infrabasal 8.6* 
Length of basal 14.6* 
Width of basal 13.4* 
Length of radial   (to transverse ridge) 14.0* 
Width of radial 14.0* 
Length of RA 14.6* 
Width of RA 11.0*- 
Length of anal X 8.0* 
Width of anal X 4.0* 
Length of PBr.ax 11.0* 
Width of PBnax 10.6* 
Diameter of proximal columnal 4.7 

e-Estimated 
* Measurements taken along surface curvature. 

Remarks. — There are only two other species of Ulo- 
crinus known from rocks older than Missourian. U. elongatus 
Strimple, 1961a, is from the Holdenville Formation (upper- 



166 PALAEONTOGRAPHICA AMERICANA (VI, 40) 

most Desmoinesian). As the name implies it has a rela- 
tively long cup, it has no appreciable constriction at the 
summit of the cup, and the cup plates have no tumidity. 
Ulocrinus zeschi, new species is from the Big Saline Forma- 
tion (Atokan). U. extrorsus has tumid cup plates, con- 
striction as the summit is approached, and the cup is rela- 
tively short. Crotnyocrinus grandis Mather of Morrowan 
age has three anal plates and a relatively low cup and may 
be ancestral to U. extrorsus. A long anal plate in contact 
with posterior basal is a character of Ulocrinus sangamon- 
ensis (Meek and Worthen), the specimen figured as U. 
buttsi Miller and Gurley, by Wright and Strimple (1945), 
and U. convexus (Strimple, 1939a). The RA has lost con- 
tact with the right posterior basal in U. buttsi, which is also 
an elongated species. U. convexus is probably the most com- 
parable in general structure, but it does not have a pro- 
nounced constriction at the summit of the cup. 

Holotype. — HSNU, No. S5200 collected by Wm. T. 
Watkins. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

ULOCRINUS CONVEXUS (Strimple), 1939a 

Plate 52, figures 1, 2, Plate 55, figures 1, 2, 7 

See Bass.ler and Moodey,  1943, p. 718. 

Presently considered material consists of two partial 
crowns, which are compressed laterally but provide all es- 
sential characters, and one infrabasal circlet. The cup is of 
moderate height, broad, and has a low, bowl-shaped IBB 
disk. There is a mild concavity at the central part of the 
IBB disk surrounding the columnar attachment area but 
the balance of the IBB are upflared. Decidedly depressed, 
arcuate areas are formed below the articular facets of the 
RR which cause a somewhat constricted summit of the cup. 

There are five IBB which extend well beyond the col- 
umnar attachment and curve upward to form a low bowl 
which is sharply differentiated from the circlet of basals 
above. Five basals are long broad plates, exhibiting a mild 
tumidity in the smaller specimen but with only gentle 
curvature, which follows the contour of the cup, m the 
mature hypotype. The radials are somewhat wider than 
long, are mildly tumid in the young paratype but have lost 
the characteristic in maturity. There is an arcuate area just 
below the articulating facet which is more pronounced in 
the small specimen than in the large hypotype. The outer 
ligamental area is compact but has all the component parts, 
i.e. a well-defined outer ridge, a narrow furrow, and a pit. 

The transverse ridge is prominent, with the outer side al- 
most vertical, and is strongly marked by denticles. There 
are deep oblique furrows, small muscle areas, and a large 
intermuscular notch. The facets slope outward. In some 
interrays a corner of the radial plate curves into the ad- 
sutural area but does not extend for any appreciable dis- 
tance. There are two large anal plates, anal X resting evenly 
on the posterior basal and RA obliquely to the right sup- 
ported by right posterior and posterior basals and bordered 
to the left by anal X and to the right above by the right 
posterior radial. The anal plate is long and has facets to sup- 
port two plates above. 

There are ten arms branchmg one time on low, broad 
axillary first primibrachs. The arms of the large hypotype 
were found in close association with the dorsal cup which 
had broken apart but has been restored. There is no ques- 
tion but that they belong to the same specimen. The outer 
surface of the arms is well rounded, they are decidedly 
biserial, pinnular bearing and attain a great length. 

The columnar scar on the IBB circlet rests in a shallow 
depression, is marked by about 44 crenulations and is 
pierced by a large penta-lobate lumen. The crenulations 
do not closely approach the lumen and leave a smooth 
pentagonal-shaped  area  surrounding the  opening. 

The large hypotype has a cup height of 36.0 mm, maxi- 
mum width of 38.0 mm. The arms as preserved are 98.5 
mm long and are not close to terminating, i.e. there is no 
sign of tapering at the distal ends as would be found if the 
termination was being approached. 

Remarks. — The long prominent anal X of this species 
is apparently diagnostic. It rests evenly on the short upper 
facet of the posterior basal and projects above the summit 
of the cup The radianal is usually long and slender appear- 
ing in young specimens, but the width increases more than 
the length, and it often has a broad appearance in maturity. 
The plates are convex in youth, having a tumid appearance 
that is lost with maturity. Cup plates are all relatively thin. 
The depressed area of the IBB circlet surrounding the col- 
umnar scar is not so pronounced in maturity as in young 
specimens. 

It seems likely the specimen from the Wann Forma- 
tion, ascribed to Ulocrinus buttsi by Wright and Strimple 
( 1945), is a variant of U. convexus. The radianal has lost 
contact with the right posterior basal which is a condition 
found in U. buttsi but in other respects it appears con- 
specific with U. convexus. The arm structure of the crown 
from the Wann Formation was not correctly shown by 
Wright and Strimple. It has cuneiform to interlocking seg- 
ments. 
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The young crown from Lake Bridgeport is similar to 
U. extrorsus from the older Millsap Lake Formation. 

Types. — Holotype and paratype are in the Springer 
Collection, U.S. National Museum. The three hypotypes 
are USNM, No. S5177, and S5195 collected by Mr. Wm. T. 
Watkins and USNM, No. S5191, collected by Mr. Louis 
Todd. 

Occurrence. — Holotype and paratype are from the 
A'lound in Osage County, just west of the city limits of 
Bartlesville, Washington County, Oklahoma; Wann Forma- 
tion, Ochelata Group, Missourian. Three hypotypes are from 
four miles west of Bridgeport, Wise County, Texas; Wolf 
Mountain Shale, Graford Formation, Canyon Group, Mis- 
sourian, Pennsylvanian. 

ULOCRINUS ZESCHI Strimple and Watkins, new species 

Plate 37. figures 4-7; Plate 38, figures 5-7 

The cup expands uniformly from the columnar attach- 
ment to slightly below or about mid-height of the cup, 
thereafter the lateral sides rise evenly with no further ex- 
pansion of the cup. A break in the contour takes place at 
the meeting of the basal and infrabasal circlets. There are 
five large infrabasals readily visible in side view of the 
cup. A depressed area is present for the reception of the 
proximal columnal. Five basals are large prominent elements 
with a tumid appearance. Five large radials are only slightly 
wider than long and those adjoining the broad posterior 
interradius lose some width to the anal plates. The right 
posterior radial has a peculiar shape because of the im- 
position of the large radianal plate. There is a slight outer 
slope beyond the outer ligamental area but it is not pro- 
nounced. The outer ligamental furrow is well defined and 
the outer ligamental pit is broad. The inner ligamental area 
is broad and subhorizontal in attitude. There are two large 
muscle scars and a small innermuscular notch on each facet 
The transverse ridge is prominent and oblique lateral fur 
rows are present. In the type specimens there are three well 
defined anal plates in the posterior interradius, the dom 
inant one being the radianal. Anal X is in broad contac 
with the posterior basal in both specimens. In both smaller 
specimens (paratypes) the RX has lost contact with the 
radianal but still extends below the summit of the cup. 
The RX is narrow in the holotype but is in broad contact 
with the radianal. 

The columnar scar is round and marked by fine ridges. 
The arms are unknown. 

Measurements of the holotype in millimeters: 

Ratio of height to width 
Width of infrabasal circlet 
Width of columnar scar 
Length of basal  (right anterior) 
Width of basal   (right anterior) 
Length of suture between basals 
Length of radial to transverse rid 
WMdth of radial  (right anterior) 
Length of suture between radials 
Length of anal X 
Width of anal X 
Length of RA 
Width of RA 

;e   (right anterior) 

0.67 
12.3 

3.2 
12.0» 
14.0» 

7.0 
12.0* 
15.2* 

5.7 
7.1 
4.8 
g.g 
7.0 

Width of cup  (maximum) 
Width of cup, posterior to anterior  (minimum) 
Height of cup 

25.7 
23.4 
17.3 

* Measurements taken  along surface curvature. 

Remarks. — The logical progenitor of Ulocrinus zeschi 
among known Morrowan forms is the species Cromyocrintis 
grandis Mather, which has a broader cup and proportion- 
ately larger anal X and RX. The RX is narrowed and is 
migrating out of the cup of Ulocrinus zeschi. The type 
species of Cromyocrinus, C. simple.v, has less erect infra- 
basals than Ulocrinus zeschi and has diverged from the 
lineage leading to Ulocrinus in having reduced the number 
of arms to five. Several species of Ulocrinus are known to 
have ten arms and all later species of Ulocrinus have only 
two anal plates in the posterior interradius of the cup, of 
which RA is dominant. 

Ty^fj. — Holotype, USNM, No. S5119, collected by 
Wm. T. Watkins, paratype, USNM, No. SS121, collected by 
Wm. T. Watkins, reposited in the U.S. National Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch, Mason, 
Mason County, Texas. 

Genus GOLEOCRINUS Strimple and Watkins, new genus 

Type species. — Goleocrinus masonensis Strimple and 
Watkins, n. sp. 

Range. — Atokan  and   Desmoinesian;  North  America. 
Diagnosis. — Dorsal cup medium bowl-shaped with 

broad base and a basal concavity. Five infrabasals are down- 
flared but the distal tips are flexed outward into a subhori- 
zontal attitude. Five large basals form the basal plane and 
flex sharply upward to form much of the lateral walls of 
the cup. The basals and radials are tumid. Five radials 
are slightly wider than high and have a flattened, subhori- 
zontal face to the fore of the normal articulating area. 
Three anal plates may be in normal (Primitive) arrange- 
ment but the RA is large and is dominant and may take 
an advanced position. Surface of the plates is essentially 
smooth. Cicatrix of the proximal columnal is circular. Arms 
are unknown. 

Species assigned to Goleocrinus: 

Goleocrinus masonensis, n. sp. Atokan: Texas 
Goleocrinus confossus, n. sp. Atokan: Texas 
Goleocrinus animorensis  (Strimple), new combination 

Desmoinesian: Oklahoma 
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Remarks. — Goleocnnus appears to belong to the 
cromyocrinids rather than the ethelocrinids. It is advanced 
for the former group in that a basal invagination is pres- 
ent; however, it is to be noted that the infrabasals flex 
sharply out of a concavity before meeting the basal plates. 
It is our belief that the pronounced basal invagination 
found in this group started as a sharp impression for the 
columnar attachment in a flattened infrabasal circlet and 
thereafter the infrabasals developed inwardly to produce 
the concavity. In the genus Ethelocrinus the basal plates 
are curved sharply into the basal concavity and there is a 
pronounced surface ornamentation consisting of pustules 
and granules. Mooreocrinus appears to be closely related 
but differs in  lacking a basal concavity. 

GOLEOCRINUS MASONENSIS 

Strimple and Watkins, new species 

Plate 39, figures 1-4 

Dorsal cup of medium height, bowl-shaped, with a 
broad base and a restricted basal concavity. The basal con- 
cavity is occupied by all except the distal edges of the 
infrabasal plates. The lateral sides of the cup are gently 
curved and do not attain a vertical position until just 
before the flattened shelf to the fore of the articular shelves 
is reached. No constriction of the cup takes place as the 
summit is approached. When viewed from above or below, 
the cup has a circular outline except for the flattened pos- 
terior interradius. There is no pronounced protrusion of the 
area occupied by the radianal. 

Five downflared infrabasals flex sharply into the basal 
plane with those of the right posterior, left posterior and 
left anterior extending further out of the concavity than 
the other two plates. Five large basals form the basal plane 
and an almost imperceptible basal depression. They flex 
sharply upward to form much of the cup walls and are 
mildly tumid. Five radials are slightly tumid and have dis- 
tinctive upper surfaces in that a sharp edge is formed at 
the summit of the cup and a flattened area is developed to 
the fore of the subhorizontal articulating facet. A well-de- 
veloped outer ligamental pit is present in the fore part of 
the transverse ridge. Long lateral furrows are present and 
extend to the intermuscular furrow. Muscle areas are not 
large and are more or less triangular-shaped. 

Three anal plates are in normal (Primitive) arrange- 
ment. RA is the largest and has five facets, meeting the 
right posterior basal to the right below, posterior basal to 
the left below, anal X to the left above, RX directly above, 
and the right posterior radial to the right above. Anal X 
extends above the cup summit and is in broad contact with 

the posterior basal below. RX is a small plate in broad con- 
tact with RA below, short contact with the right posterior 
radial to the right and anal X to the left. It extends a short 
distance above the distal end of anal X. 

The surface of the dorsal cup is devoid of ornamenta- 
tion and sutures are impressed. An occasional small pit 
marks the sutures between cup plates. 

A'leasurements of holotype in millimeters: 

Width of cup (maximum) 21.7 
Width of cup, posterior to anterior  (minimum) 20.0 
Height of cup 10.7 
Ratio of height to width 0.49 
Width of infrabasal circlet 6.0 
Length of hasal  (right anterior) II.O* 
Width of basal   (right anterior) 10.1* 
Length of suture between basals 5.7* 
Length of radial, to transversa'  ridge   (right  anterior)       10.8* 
Width  of  radial   (right  anterior) 12.6* 
Length of suture between radials 4.5 
Length of radianal 8.6* 
Width of radianal 5.0 
Width of columnar scar 3.5 

* Measurements taken along surface curvature. 

Remarks. — Goleocnnus masonensis is more closely re- 
lated to G. ardviorensis than to any other described species. 
The former has a more primitive arrangement of anal 
plates in the posterior interradius of the cup and exhibits 
some asymmetry in the infrabasal circlet. Goleocrinus con- 
fossus has a lower cup, with a constriction of the cup near 
the summit, and has an advanced arrangement of the anal 
plates. 

Holotype.— USNM, No. SS122, collected by Wilburn 
Shearer, reposited in the U.S. National Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch, Mason, 
A'lason County, Texas. 

GOLEOCRINUS CONFOSSUS 

Strimple and Watkins, new species 

Plate 38, figures 1-4 

Dorsal cup low, bowl-shaped with constriction of the 
cup near its summit, and a basal concavity. The cup is 
asymmetric when viewed from below in that the right an- 
terior side is more erect and the plates of the left posterior 
appear to be more evenly projected. The right side of the 
cup is actually higher than the left side. In the infrabasal 
circlet those of the left are smaller than those on the right. 

Five infrabasals are downflared but the distal tips flex 
sharply out of the basal concavity, especially the left pos- 
terior, right posterior and right anterior. Five large basals 
form   the  basal   plane  and   an   almost   imperceptible   basal 
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depression, then flex sharply to participate in the lateral 
walls of the cup. They are tumid with well-impressed su- 
tures marked bjr a series of small pits. The posterior basal 
is broadly truncated for the reception of the obliquely placed 
radianal. Five radials are tumid with well-impressed sutures 
marked by series of small pits. The pits along the sutures 
provided the species name confossiis = full of holes. A sharp 
flexing near the summit constricts the cup and terminates 
with a well-defined outer marginal ridge. A shallow outer 
ligamental furrow is present as well as an outer ligamental 
pit. The transverse ridge is marked by fine denticles and 
shallow lateral furrows are present. There appears to be two 
pits adjacent to the intermuscular furrow and the muscle 
areas are shallowly impressed. The facets are subhorizontal 
in attitude. Within the posterior interradius, the radianal 
has become completely dominant with anal X and RX ap- 
parently pushed entirely out of the cup. The surface of the 
cup is devoid of ornamentation and the stem is round. 

Measurements of the holotype in millimeters: 

Height of cup, left side 9.8 
Height of cup, right side 10.0 
Width of cup (maximum) 21.2 
Width of cup, posterior to anterior  (minimum) 20.8 
Width of infrabasal circlet 6.6 
Length of basal  (right anterioi) 10.7* 
Width of basal  (right anterior) 10.3* 
Length of suture between basals 5.7* 
Length of radial, to transverse  ridge   (right anterior)       10.5* 
Width of radial  (right anterior) 12.7* 
Length of suture between  radials 3.9 
Width of radianal 5.0 
length of radianal 4.2 
Width of columnar scar 3.0 

* Measurements taken  along surface curvature. 

Remarks — Goleocrinus conjossus has a lower cup than 
the other two species assigned to the genus, G. masonensis 
and G. ardmorensis. The reduction of anal plates to one 
large radianal in G. conjossus is highly advanced and in- 
dicates that its progenitor is older than G. masonensis 
which occurs in the same rocks but has three anal plates 
in normal (Primitive) arrangement. 

Holotype. ~\]?>t'\y[. No. S5120, collected by Wm. T. 
Watkins reposited in the U.S. National Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch, Mason, 
Mason County, Texas. 

GENUS AND SPECIES LNDETERMINATE 

Plate 32, figure 6 

The dorsal cup of this specimen is partially destroyed 
in the posterior area where there is, however, a long radianal 
such as typically found in Dicromyocrinus or Parulocrinus, 
but other anal elements are missing. The dorsal cup is bowl- 

shaped and infrabasals are not visible in side view of the 
cup. There are ten arms branching on the first primibrach 
in all rays, uniserial in lower portion but biserial for most 
of their length. The overall length of the crown as preserved 
is 46 mm the width of the cup is 13 mm. 

Material. — Crown collected by Wm. T. Watkins, re- 
posited in the United States National Museum, No. S5104. 

Occurrence. — Marble   Falls   Formation,   Morrowan.?, 
Pennsylvanian; bank of Espey Creek about 3.5 miles south- 
west of Lampasas, Lampasas County, Texas. 

Family SELLARDSICRINIDAE Strimple and Watkins 
new family 

Genus. — Sellardsicrinus Moore and Plummer, 1940. 
Range. — Desmoinesian, Pennsylvanian; Mid-continent 

region. North America. 

Diagnosis. — Crown elongate; dorsal cup low, truncate 
bowl-shaped with slight basal concavity; five IBB, five 
BB, five RR, three XX in cup (Primitive Type) and eight 
to nine XX in entire posterior interradius; surface of cup 
plates smooth, ends of radials (other than upper articular 
facet) and basals are excavated for ligaments; arms are 
slender, biserial, pinnular bearing, rounded externally, do 
not abut closely when closed, first bifurcation with low 
PBt:, a second isotomous branching may be with SBr^-ioax 
and a third isotomous branching may occur well above the 
second. 

Remarks. — There are not too many inadunate genera 
in the Pennsylvanian having biserial arms. The Erisocrini- 
dae usually have biserial arms but they are restricted to ten 
and there is usually only one anal plate in the cup (or 
none). The Ethelocrinidae usually have more than ten bi- 
serial arms but they only bifurcate in the most proximal 
regions. It is possible for some species with three anal plates 
for which the arms are not known to be mistakenly as- 
signed to the ethelocrinids but belong to the sellardsicrinids. 
Some cromj'ocrinids have as many as ten biserial arms but 
none exceed that number. The Eupachycrinidae have more 
than ten biserial arms but all bifurcations are restricted 
to the proximal section of the arms. Some forms among the 
Pirasocrinidae tend to develop biserial arms but the family 
is not considered to be related. The arms of pirasocrinids 
are closely abutting when closed, there is a terminating 
anal platform at distal end of crown, and the base of the 
cup is usually deeply concave. The arms of sellardsicrinids 
do not abut, there is no terminating platform of the anal 
tube, and the base of the cup is mildly concave. 

We believe Scotiacrinvs Wright (1945) of Visean age 
could well be in the lineage leading to Sellardsicrinus. The 



170 PALAEONTOGRArmCA AMERICANA   (VI, 40) 

dorsal cup is slightly higher, the cup plates more tumid 
and arms essentially' uniserial all which would be expected 
in an ancestral form. The rounded contour of the cup when 
viewed from above and below, and shallow basal concavity 
with flattened IBB circlet, is much alike for the two genera. 

Genus SELLARDSICRINUS Moore and Plummer, 1940 

Type sperils. — Sellarc/isrrinus marrsae Moore and 
Plummer, 1940. 

Range. — Desmoinesian,  Pennsylvanian;  Texas. 
This genus has only been known from the type species 

but is distinct from other known forms. It was placed in 
the family Elupachycrinidae by Moore and Laudon, 1943, 
but it is only superficially comparable to members of that 
family. The structure of the arms is somewhat comparable 
to that of Stellarocrinus, or at least is closer than to other 
described forms. The arms of Stellarocrinus are usually con- 
siderably wider than found in Sellardsicrinus and in most 
species of the former genus the axillary brachial above the 
first dichotomy is a small triangular piece surrounded by 
secundibrachs and tertibrachs. The primitive arrangement 
of the anal plates of the posterior interradius and the gen- 
eral structure of the cup of Sellardsicrinus serves to readily 
distinguish it from Stellarocrinus, and anal plates in Stellaro- 
crinus are advanced (Extreme Type). If the two are re- 
lated the common ancestor must be remote. 

As noted under familial remarks, we consider Scotia- 
crinus Wright from the Visean of Scotand as the most likely 
ancestral form to Sellardsicrinus, among known genera. 

A new species is described as Sellardsicrinus jortunatus 
Strimple and Watkins. It is a large form but we are fortun- 
ate in having a young representative and so establish the 
characters as essentially the same for large and small speci- 
mens. 

A large crown and a small partial crown of S. marrsae 
are available for study. Some remarks concerning the species 
are made. 

SELLARDSICRINUS MARRSAE Moore and Plummer, 1940 

Plate 45, figure 4 

See Bassler and Moodey, 1943, p. 679. 

The species is well described and illustrated by Moore 
and Plummer. Some measurements are given of the two ex- 
amined hypotypes which are larger than the holotype. A 
new observation is the small spinelike nodes found on some 
tertibrachs of the same nature as those which accentuate 
the zigzag appearance of the arms in many decadocrinids. 
Moore and Plummer (1940) noted the spinelike nature of 
the upper axillaries. 

Attention is directed to the shape of the radial plates 

which also affects the shape of the dorsal cup, i.e. the 
tumiditjf and outward curvature of the radials but with a 
sharp inward curvature near the edge of the articular facet. 
As noted by Moore and Plummer, a view of the edge of 
radials and basals or basals shows the plates to be thick. 
In a hypotype it is also seen that the center of these facets 
is strongly depressed, as for the reception of a ligament. 
No denticulation or specialized ridges are observed. The low 
axillary primibrachs are also tumid but do not form a spine. 
Associated Sellardsicrinus jortunatus does not have tumidity 
or inward curvature of the radials and the axillary primi- 
brachs are not tumid. 

Measurements  in  millimeters: 

Hypotype 
Length of crown 95.0 
Maximum width of crown 46.0"! 
Height of cup 14.5^ 
Width of cup 30.08 
Length  of  basal   plate 10.6 
Width of basal plate 10.6 
Length of radial plate  (to outer ligament area) 8.6* 
Width of radial plate 16.0* 

* Measurements taken along surface curvature. 
<l Distorted by lateral compression, 
e Estimated natural width. 

Types. — Holotype, Plummer Collection, No. 12,372, 
Bureau of Economic Geology, University of Texas, collect- 
ed by Ralph King. Paratypes, M-7, M-23, and M-34, in the 
collection of Mrs. W. R. Marts, Austin, Texas; paratypes, 
H-7 and H-24, in the Harris Collection, collected by Mrs. 
G. W. Harris, Waco, Texas; metatype M-22, Marrs Collec- 
tion; hypotypes, USNM, No. SSI57, collected by Mr. and 
Mrs. I-i. L. Strimple. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

SELLARDSICRINUS FORTUNATUS 

Strimple and Watkins, new species 

Plate 35, figures 4-8 

This species is based on three partial crowns all of 
which are laterally compressed so that the nature of the 
base of the cup is not known. Curvature of the few basal 
plates preserved indicates the possibility of shallow basal 
concavity as in Sellardsicrinus marrsae. However, we believe 
that discovery of better preserved material will show S. 
jortunatus to be another genus, albeit closely related. Our 
main reason for this thought is due to the nature of the 
radial plates which are almost flat and have a sharp distal 
edge in S. jortunatus but are tumid with a distinct outer 
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shelf to the fore of the distal edge in S. marrsae. Other dif- 
ferences of a specific nature are given below under remarks. 

One fairly young specimen and two mature specimens 
are involved. The cup was probably of a moderate height, 
truncate bowl-shaped. Basal plates are known from the 
young paratype and are large with the width and length 
about equal. Radial plates are slightly shorter than basal 
plates but are wider than basal plates. As noted above the 
outer surface of the radials have a flat, sharply defined 
distal edge although there is a relatively broad, deep outer 
ligamental furrow and a well-defined ligamental pit. The 
transverse ridge is visible on two radials and is in the nature 
of a thin, well-defined, straight line. One lateral and one 
proximal edge of the right anterior radial is exposed in the 
young paratype and the suture faces show a series of sinu- 
ous ridges. One edge of a basal plate shows similar ridges 
and pits but is too poorly preserved for close observation. 
The anal plates are distinctive although not too well pre- 
served or understood except in the young paratype. Three 
robust plates in normal (Primitive Type) arrangement are 
in the cup but in the next series above there are two plates 
above anal X and one above RX. The plate on the right 
shoulder of X also rests on the left shoulder of RX. In the 
holotype there is yet another plate preserved in the anal 
pyramid above RXi and on the right shoulder of the right 
Xi and in the young paratype another plate rests equally 
above on the two Xi plates. There is also another RX, on 
the right shoulder of RX and a plate above the two RXi 
plates 

There are 40 biserial arms in the holotype that reduce 
rapidly in width. The first primibrach is a low, wide axillary 
plate. A second bifurcation takes place with the third to 
eighth secundibrach and a third with fifteenth to twenty- 
sixth tertibrach. The exterior of the arms are strongly 
rounded and pinnular development is indicated. The upper 
axillaries are small, low plates, not particularly tumid. 

In the young paratype the few brachials preserved are 
cuneiform rather than biserial. This is to be expected in a 
juvenile specimen with the arms becoming biserial with age. 

Measurements in millimeters: 

Holotype Paratype Paratype 
Maximum width of cup 52.0 46.0 24.0 

(as preserve d) 
Length of basal — 16.2 7.3 
Width of basal — 18.4 7.1 
Length  of  radia 16.0 13.8 5.7 
Width of radial 24.0 21.2 8.1 

Remarks. — Aside from the lack of curvature of the 
distal edge of radials in Sellardsicrinus jortunatus, the 
broad posterior interradius with nine anal plates forming a 

pyramid serves to distinguish the species from S. marrsae 
which has a broad outer shelf to the fore of the ligamental 
furrow and a narrow posterior interradius restricted to four 
or five anal plates. The arms of S. jortunatus branch for 
the second time with the third to eighth SBr but in S. 
marrsae bifurcation is with the ninth or eleventh SBr. 
Strictly speaking all primibrachs are not biserial but they 
have a fundamentally biserial nature. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Ty^ej-. — Holotype USNM, No. SSI 14, paratype 
USNM, No. S5113, collected by Wm. T. Watkins, and para- 
type USNM unnumbered, collected by Mr. Louis Todd. 

Family ETHELOCRINIDAE Strimple, 1961a 

Genus PARETHELOCRINUS Strimple, 1961a 

PARETHELOCRINUS WATKINSI (Strimple), 1949d 

Plate 44, figures 4,5; Plate 48, figures 3,4; Plate 55, figure 4 

This species is based on a monotype from the Arnold 
Limestone Member, Deese Formation, Desmoinesian of the 
Ardmore Basin of Oklahoma and is a crown in poor preser- 
vation. The junior author has found several excellent hypo- 
types from the Brannon Bridge Member, Millsap Lake For- 
mation, Desmoinesian of Texas, which gives a much better 
understanding of the species. 

The holotype shows an apparent bifurcation in the up 
per region of the right posterior arm that must be adven 
titious because it is characteristic of the genus for bifurca 
tions to occur only in proximal regions, i.e. with the firs 
primibrachs in all rays and first secundibrachs in some half 
rays. This is verified by a well-preserved crown (hypotype) 
from Texas. The mode of branching was not determined for 
the left arm of the holotype but is seen to be with the first 
primibrach and again with first secundibrach, in the right 
arm only, of the hypotype. A total of 12 arms with rather 
flattened exteriors are formed, the other "extra" arm being 
in the left half-ray of the right posterior. 

In the cup the RA of the holotype appears to have 
been a short plate but this probably was distorted in 
preservation because in all hypotypes the RA is longer 
than wide. Anal X is long and in narrow contact with the 
posterior basal in all hypotypes, as in the holotype. The 
base of the cup is partially preserved in a small hypotype 
and provides a ratio of IBB circlet to cup width of 0.37. 
This is somewhat greater than the ratio in Parethelocrinus 
ellipticus of 0.26. The infrabasals project well  beyond  the 
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round columnar scar and are subhorizontal or impercept- 
ably downflared. There Is a shallow basal concavity. 

A small hypotype (USNM, No. SS165) is in excellent 
condition and is not appreciably distorted in preservation. 
There is no decided difference in the linear width of radial 
plates except for the right anterior radial which is slightly 
wider than the others. 

A large hypotype (USNiM, No. S5149) discloses in- 
equality in the linear width of radial plates in that those 
of the right and left posterior are narrower than the other 
three. Another hypotype (USNM, No. SS193) has a nar- 
row right anterior radial and the right posterior radial 
might have been slightly narrower than normal. It does 
not appear that any reliance can be placed on this charac- 
ter in this species. 

Measurements in millimeters: 

Hv|)Otvpe Small Hvpotvpe 
USNM,'NO.'S5I49   USNM,  No.  S5193 

Ilciglit of crown 62.0 
Greatest width of crown, about 25.5 
Height of dorsal cup,  about 11.0 
Greatest width of cup, about 21.0 
Length of basal 13.1» 
Width of basal 12.8» 
Length of radial 8.1» 
Width of radial 14.4* 

* Measurements taken  along surface ciirvatur 

6.7 
14.0 

7.3* 
7.2* 
5.2* 
8.0* 

Remarks. — There are several outstanding differences 
between Parfthelocrinus ivatkinsi and P. millsapensis 
(Moore and Plummet) although they both occur in the 
same horizon and locality and apparently belong to the 
same genus. P. millsapensis is based on a monotype, and 
we have not observed any additional representatives. The 
specimen is crushed so that the nature of the base and the 
infrabasals "s obscured although there is little doubt that 
at least a shallow basal concavity existed. The cup plates 
are strongly ornamented by granules, the basal plates are 
wider than long, the radial plates are twice as wide as long 
and lack longitudinal curvature. In P. watkinsi the cup 
plates are essentially unornamented, the basal plates are 
slightly longer than wide, the radial plates are less than 
twice as wide as long and have a longitudinal curvature. 
One metatype of P. watkinsi is only slightly larger than 
the type of P. millsapensis so that differences are not due 
to growth differentials because of age (size). Parethelo- 
crinus variabilis (Strimple, 1949d) is also of Desmoinesian 
age but is a highly ornate form exhibiting considerable 
tumidity of basals and radials. P. ellipticus Strimple (1961a), 
the type of the genus, is of the late Desmoinesian (Holden- 
villc Formation) and in common with Missourian species 
of the genus has more arms than  the other Desmoinesian 

species. It is a smooth form with projection of the cup in 
the area surrounding the radianal and has an exceptionally 
small infrabasal circlet. 

Types. — Holotype, deposited in U.S National Mu 
seum, collected by Wm. T. Watkins. Hypotypes, USNM 
Nos. SS149, SS165, S519.3, collected by Wm. T. Watkins 

Occurrence. — Holotype, Arnold Limestone Member 
Deese Formation, Desmoinesian, west side of Lake Murray 
near Water Tower, south of Ardmore, Love County, Okla 
homa; hypotypes, Brannon Bridge Limestone Member 
Millsap Lake Formation, Straw'n Group, Desmoinesian 
three iniles southwest of Brock,  Parker County, Texas. 

PARETHELOCRINUS PLATTSBURGENSIS (Strimple), 1938 

Plate 49, figures 1-3 

The presently considered specimen is somewhat com- 
pressed in preservation but almost certainly had a low 
bowl-shape and was of medium height. The infrabasal disk 
is relatively small and is subhorizontally directed. The 
proximal edges of the basals are slightly flexed indicating 
a slight basal depression might have existed, i.e. the plane 
of the disk might have been slightly above the basal plane 
of the cup. The basal plates are large. Radial plates are 
large and wide. Articular facets are wide, subhorizontal with 
shallow muscular fossae. Anal plates within the cup are two, 
anal X in contact with the posterior basal and the large 
RA resting obliquely to the right of it. Anal X is followed 
by two plates above, one of which is preserved. The dorsal 
cup has a maximum width of 31 mm as preserved but is 
distorted by compression. 

Remarks. — The arms of this specimen are not pre- 
served but the specimen is sufficiently similar to Parethelo- 
crinus flat tsbur gen sis to be considered as conspecific. 

Hypotype. —\]?>nU, No. S5167 collected by Wm. T. 
Watkins, reposited in the U.S. National Museum. 

Occiirrence. — Shale below Rough Mountain Conglom- 
erate, Brownwood Shale, Canyon Series (Missourian), 3.5 
miles east and 2.5 miles north of Rochelle, McCulloch 
County, Texas. Plummet locality 153-T-23. 

Genus AGLAOCRINUS Strimple, 1961a 

AGLAOCRINUS MAGNUS (Strimple), 1949d 

Plate 32, figures 3-5 

The specimen at hand, which is from the Atokan of 
Texas, is so much like specimens of Aglaocrinus magnus 
from the Desmoinesian of southern Oklahoma that assign- 
ment is made to the species with little hesitation. The 
specimen originally described as Ethelocrinus periodus 
Strimple (1949d, p. 13) is more comparable. It was placed 
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in synonymy to Aglaocrinus magnus (Strimple) by Strimple 
( 1961a, p. 87), although it was thought to be from the 
Frensley Limestone at that time and the holotype of A. 
magnus is from the slightly younger Pumpkin Creek Forma- 
tion. There is no question but what a close relationship 
exists between these two forms, but there is some question 
of the stratigraphic and geographic data applied to the 
specimen of "Ethelocrinus periodus." It is hoped that future 
studies will resolve this question. 

Crowns from the Holdenville Formation, near the top 
of the Desmoinesian of northeastern Oklahoma, were as- 
signed to the species Ethelocrinus magnus Strimple, which 
became the type species of Aglaocrinus Strimple, 1961a. The 
specimens from the Holdenville Formation were not so or- 
nate as those from southern Oklahoma (Frensley Ls.? and 
Pumpkin Creek Ls.) but this was thought by Strimple 
(1961a, p. 88) to be mainly due to weathering and abra- 
sion. The specimen from the Big Saline Formation of 
Texas is ornate and the V-shaped depressions between cup 
plates are marked by a series of pits. 

Types.—The holotype is reposited in the Springer 
Collection, U.S. National Museum. Hypotypes studied by 
Strimple, 1961a, are OU, Nos. 4044, 4123, 4124, reposited 
in the paleontological collections of the University of Okla- 
homa. Hypotype USNM No. SS103 is reposited in the 
U.S. National Museum. 

Occurrence. — The holotype is from the Pumpkin Creek 
Limestone, Dornick Hills Group, Desmoinesian; abandoned 
quarry near Tucker Tower Museum, Lake Murray State 
Park, Love County, Oklahoma. Hypotypes studied by 
Strimple (1961a) are from the Holdenville Formation, up- 
per Desmoinesian; NE14 sec. 24, T. IS N., R. 11 E. about 
four miles northwest of Beggs, Okmulgee County, Okla- 
homa. Hypotype studied herein. Soldiers Hole Member, 
Big Saline Formation, Atokan; Kurt Zesch Ranch, Mason, 
Mason County, Texas. 

Family TEXACRINIDAE Strimple, 1961a 

Genus ULRICHICRINUS Springer, 1926 

Type species—Ulrichicrinus Oklahoma Springer, 1926. 
Range. — Mississippian and Pennsylvanian; North 

America. 
There are only three species ascribed to this genus at 

present: U. coryphaeus (S. A. Miller, 1871), of Keokuk 
age, U. chesterensis Strimple, (1949d), and V. Oklahoma 
Springer (1926) of Morrowan age. In all three species the 
arms branch once with the first primibrach and in most 
rays branch again with the first secundibrach. There is a 
maximum of four arms to any one ray. 

The "principal  type"   (holotype)   of   U.  Oklahoma  as 

illustrated by Springer (1926) reflected an incipient bi- 
serial condition in mid-portion of the arms, but the arms 
above and below were uniserial. The other figured specimen 
IS entirely uniserial. The brachials are unusually short, 
wide elements. First branching is with the first primibrach 
and another bifurcation may take place with a first secundi- 
brach. 

The presently considered new species U. ramosus ex- 
hibits a condition that is somewhat difficult to understand. 
The second branching does not take place with the first 
secundibrach but rather with the second secundibrach. This 
can only be interpreted as a regressive trend if our present 
concept of the evolution of arms is correct. That is, with 
progressive evolution, the branching in upper portions of 
the arms gradually moves down the arm. A form with sec- 
ond bifurcation on the eighth SBr would theoretically evolve 
to a form with the second bifurcation on the seventh, 
sixth, fifth, and so forth, to a form with the second branch- 
ing on the first secundibrach. Because the oldest known 
species has already reached the point of a second bifurcation 
with the first secundibrach there is hardly any other way 
to account for the presence of a nonaxillary first secundi- 
brach followed by an axillary except through a reversal of 
the process. There has been a substantial amount of evi- 
dence showing regressive evolution in the shape of the dor- 
sal cup in other phyletic lines. 

The addition of arms appears to be a progressive 
trend among certain phyletic lines. Examples are readily 
afforded by Alcimocrinus wherein A. girtyi Springer (1926) 
of the Morrowan has considerably more arms than A. 
ornatus Strimple (1949d) of the Chesterian. Another ex- 
ample is in Polusocrinus, wherein P. ochelataensis Strimple 
has more arms than the slightly older P. avanti Strimple. 
Ulrichicrinus Oklahoma has more arms than U. chesterensis 
and the new species, U. ramosus, has as many or more arms 
as U. Oklahoma. In the large paratype of U. ramosus there 
is a third bifurcation with the fourth tertibrach in an 
outer arm of the anterior rami. 

The only other Pennsylvanian form known to us hav- 
ing thin, uniserial brachials, comparable to those of Ulrichi- 
crinus, is Texacrinus Moore and Plummet (1940). That 
genus has a slightly more advanced arrangement of the 
anal plates and a more advanced shape to the dorsal cup, 
but it has exotomous branching and the "extra" bifurcation 
in Ulrichicrinus is of an exotomous nature. Although rela- 
tionship may be through a common ancestor, rather than 
direct, we believe Ulrichicrinus and Texacrinus may be of 
the same phyletic lineage and have placed the genus under 
the  family Texacrinidae  Strimple   (1961a). 
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ULRICHICRINUS RAMOSUS Strimple and Watkins, new species 

Plate 31, figures 1, 7; Plate 55, figures 5, 6 

This species is based on two long crowns in good preser- 
vation. One is relatively small (not immature) and is com- 
plete except for the infrabasal plates which are missing. The 
specimens are slightly distorted by lateral compression 
which is a standard condition for the genus. 

Structure of the dorsal cup is essentially conical, and 
it is almost certain the infrabasals were at least mildly up- 
flared. There are five large basal plates, hexagonal-shaped 
except where affected by anal plates. There is no curvature 
of proximal ends of basals such as would be present if a 
concave base existed. Five large radials are sharply differ- 
entiated from the large axillary primibrachs, and there is 
a mildly gaped suture but no longitudinal curvature of the 
radials. The outer edge of the outer ligamental area is 
sharply crenulated. There are six anal plates in the posterior 
interradius of which three (X, RA and RX) are in the cup 
in normal (Primitive Type) arrangement. Axillary first 
primibrachs are almost as large, and have the same general 
shape though opposed, as the radial plates. All arms 
branch with the first primibrach and a second bifurcation 
takes place in all arms with the second secundibrach. In 
the large paratype one other branching is observed on the 
fourth tertibrach in an outer arm of the anterior ray. No 
such branching occurs in the holotype wherein tertibrachs 
become low so that the stout, long pinnules are packed 
close together even though each brachial only carries a 
single pinnule and they are thus alternated. The exterior 
of the arms is convex but not strongly rounded. The arms 
are capable of closing tightly. 

Measurements in millimeters: 

Length of crown 
Width  of crown  -  maximum 
Height of cup 
Width of cup 
Length of basal 
Width of basal 
Length of radial 
Width of radial 
Length of PBr,ax 
Width of PBr.ax 

' Incomplete. 
6 Estimated. 

Remarks. — Texacrinus gracilis Moore and Plummer, 
1940, is from the same type locality as Vlrichicrinus ra- 
mosus and has a comparable general appearance, partially 
due to the similarity of flattening. The former has anal 
plates in advanced arrangement (RA in dominant anal posi- 
tion) and the arms bifurcate a second time well above the 

[olotype Paratype 
62.0 82.0i 
2L0 SO.Oe 

8.06 — 
n.Qe — 
4.9   
4.8 12.1 
4.0 7.5 
6.S 12.3 
4.0 6.6 
6.3 12.3 

first branching and at least once again in most inner 
arms of each half-ray. Other species assigned to Vlrichicrinus 
branch with the first secundibrach whenever a second bifur- 
cation occurs, and no other species branches a second time 
in all half-rays. 

Types. —Holotype, USNM, No. S5194 and paratype, 
USNM, No. S5098. Collected by Wm. T. Watkins, reposited 
in the U.S. National Museum. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Genus TEXACRINUS Moore and Plummer, 1940 

Type species. — Texacrinus gracilis Moore and Plum- 
mer, 1940. 

Range.— Pennsylvanian; Midcontinent region. North 
America. 

Remarks. — The type species is from the Brannon 
Bridge Limestone Member, Millsap Lake Formation (Des- 
moinesian) near Brock, Texas, and is represented by a mono- 
type. We do not have any additional specimens from Texas. 
Strimple (1952 and 1961a) described several additional 
species of the genus from Desmoinesian and Missourian 
rocks of Oklahoma. 

Family ANOBASICRINIDAE Strimple, 1961a 

Genus ANOBASICRINUS Strimple, 1961a 

ANOBASICRINUS PRAECURSOR (Moore and Plummer, 1940) 

Plate 43, figure 13 

See Bassler and Moodey, 1943, p. 572. 

Synonymy. — Neozeacrinus praecursor Moore and 
Plummer, 1940, Anobasicrinus praecursor Strimple, 1962a. 

In the presently considered collections the species is 
represented by a crown in good preservation and two speci- 
fnens show the bulbous nature of the anal sac. The 
species was referred to Anobasicrinus by Strimple (1961a) 
because of fundamental differences in the structure of the 
arms which in Neozeacrinus are closely abutting when 
closed, with distinctive interlocking features, but in Ano- 
basicrinus do not abut after the second dichotomy. It was 
assumed from the structure of the crown of A. praecursor 
that a balloon-shaped anal sac was present and specimens 
collected by the junior author thoroughly establish the 
feature. 

Small distal arms are preserved along with the bulbous 
anal sacs and show the uniserial upper brachials to be 
elongate and to have a medium-ridge terminating with a 
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small spine. Many of the brachials have two pinnules on a 
side (hyperpinnulated) which feature is shared with Exo- 
crinus Strimple (194%). Exocrinus also has a median- 
ridge on the arms so that the possibility of relationship 
becomes apparent. 

Types. — Holotype, Harris Collection, No. H-2S; para- 
types, Nos. H-9, H-13, H-22 and H-25, collected by Mrs. 
G. W. Harris. Paratypes, Marrs Collection, Nos. M-18, M-21 
and M-24, collected by Mrs. W. R. Marrs. Two additional 
specimens, M-3 and M-8, collected by Mrs. Marrs, were re- 
ferred to the species. Topotype, No. 75, collected by Mrs. 
J. H. Renfroe; and topotype, USNM, No. S5146, collected 
by Wm. T. Watkins. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Family STELLAROCRINIDAE Strimple, 1961a 

Genera. — Heliosocrinus Strimple, 1951a, Stellaro- 
crinus Strimple, 1940b. 

Range. — Chesterian ( Mississippian )—Pennsylvanian; 
North America. 

Discussion.—Heliosocrinus Strimple, 1951a, is con- 
sidered by us to be ancestral to the Pennsylvanian genus 
Stellarocrimis Strimple, 1940b. The older genus, Helioso- 
crinus, has three anal plates in normal (Primitive Type) 
arrangement, branches on the second primibrach, and has 
cuneiform arm segments. Stellarocrinus has biserial arms 
(exception—Stellarocrinus distinctus Strimple, which has 
cuneiform arm segments) and first bifurcation is with the 
first primibrach. Stellarocrinus has an advanced arrange- 
ment of anal plates (Extreme Type). 

The arms of these forms are so constructed that they 
are never able to abut against one another, even when 
closed. There are usually wide gaps between the arms 
which probably explains why several apparently protec- 
tive specializations may arise: 

1. Spines. (May project from the arms, the anal tube 
and dorsal cup or the dorsal cup.) 

2. Endeavor to fill the gaps: 
a. Thick short pinnules which are projected at 

right angles to the sides of the arms and may 
interlock with pinnules of adjacent arms. 

b. Extraordinary widening of arms in selected 
areas. 

3.   Plates of anal tube become thick. 
The apparent effectiveness of the widening of the arms 

■(2b, above) is lessened by the discovery of a row of pits 

along the outer lateral edge of an arm which were obvious- 
ly caused by some boring organism. If the arms were closely 
opposed at even moderately frequent intervals the ques- 
tion arises as to how the parasite coidd have remained in 
place long enough to bore five pits. Probably only the gaps 
directly above the second axillaries are closely in this man- 
ner. This arm structure is only well understood for a crown 
of Stellarocrinus sp. cf. S. angulatus from the Missourian 
of Texas which is figured herein. 

Another specialization for Stellarocrinus recently dis- 
covered is for the proximal plates of the anal tube to be 
articulated with the posterior shoulders of the right and 
left posterior radials, as well as with the two upper anal 
plates of the dorsal cup. This is probably because no sup- 
port is ever afforded the anal tube by the more or less rigid 
arms. 

Ligamental articulation has been found between bra- 
chials of separate rami (of the same arm) just below and 
above the point of bifurcation, especially in the upper arms 
where the axillary is a small triangular piece entirely sur- 
rounded by other brachials. This feature is apparently con- 
fined to Stellarocrinus. 

Genus STELLAROCRINUS Strimple, 1940b 

Synonymy. — Brychiocrinus    Moore    and     Plummet, 
1940;   Whiteocrinus Strimple, 1939b  (not Jaekel);  Apollo- 
crinus Moore and Plummer, 1940. 

An interesting form from the Millsap Lake Formation 
is presented as S. biilbus, n. sp., wherein a curious develop- 
ment of interlocking pinnules is observed. The arms of this 
genus are so developed as to prevent close abutment and 
thus the anal tube is exposed at all times. It is our belief 
that the pinnular development was an effort to fill the gaps 
left between arms as previously mentioned under the fami- 
lial discussion. A form from the Graford Formation ascribed 
to Stellarocrinus sp. cf. S. angulatus is also figured to show 
another trend having the same effect as above, i.e. to close 
gaps between arms under alerted conditions. In it the arms 
widen considerably, especially in their upper portions, after 
the second bifurcation. 

STELLAROCRINUS TEXANI (Strimple) 1951a 

Plate 32, figures 1, 2 

A review of characters which we consider to be pertin- 
ent to the species is as follows: 

Cup low, truncate bowl-shaped; moderately deep basal 
concavity with steep sides; infrabasal sutures impressed; 
small nodes mark each side of basal sutures at pro.ximal 
edges; ridges are present on radials but do not affect most 
of the outer surface of the plates; mild granulation under 
magnification;   narrow   posterior   interradius. 
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Biserial arms found by the junior author at the type 
locality for the species show a strong tendency to develop 
spines above the second isotomous bifurcation. The spines 
arc directed outward at about a 45° angle from the flattened 
surface of the arms and are sporadic. A third branching is 
found in the inner arms of each half-ray. Only this tri- 
angular-shaped axillary is projected as a spine. A total of 
30 arms is indicated. The lateral sides of the arms are at 
right angles to the outer surface and are nearly flat. Pinnu- 
lar facets are restricted to the inner edge along the broad 
ambulacral groove but are not well preserved in the material 
at hand. The lateral sides of the arms have the same appear- 
ance and surface structure as the outside of the arms, 
which confirms the thought that they are constantly ex- 
posed except in the areas surrounding the axillary brach- 
ials where there appears to be close sutures between adja- 
cent arms. 

Remarks.—Stellarocrinus texani is a widespread species 
of the upper Missourian, most readily separable from re- 
lated species by the weak markings or ridges at the proximal 
edge of the tumid radials. Although the ridges are present 
and are confluent with those of adjacent plates they do not 
affect the bulk of the surface of the radial. S. distinctus 
Strimple, which is also of Missourian age, has a higher cup, 
sharper, and more distinctive ridges on the cup and the 
sides of the basal cavity have a slope, rather than being al- 
most vertical as found in S. texani. The species S. geometri- 
cits is of Missourian age and has a shallow cup, the sides 
of the shallow basal cavity are sloped and heavy ridges 
mark the surface of all cup plates. S. angulatus from the 
Missourian at Kansas City is devoid of granules, nodes or 
ridges, and has a broad, shallow basal concavity. 

Hypotype. — Figured hypotype, collected by Mr. Wm. 
T. Watkins, deposited in the Springer Collection, U.S. 
National Museum, No. SS102, Washington, D.C. 

Occurrence. — Wolf Mountain Shale Member, Graford 
Formation, Missourian, Pennsylvanian; near Lake Bridge- 
port, Wise County, Texas. 

STELLAROCRINUS sp. of. S   ANGULATUS 

(Miller and Gurley), 1893 

Plate 49, figures 7,8; Plate 50, figures 1, 6 

See Bassler and Moodey, 1943, p. 685. 

We have not examined the holotype of Stellarocrinus 
angulatus but the description and illustrations of the species 
indicate that the present specimen, which is from the Gra- 
ford Formation, is closely related but not conspecific. The 
holotype is reportedly from the Kansas City Group (prob- 

ably Lane Shale Formation) which is slightly older than the 
Graford Formation, though both are of Missourian age. 
The basal plates of S. angulatus are reported to be sharp, 
pointed, like a pyramid, so that the points form the basal 
plane. In the present specimen there are no sharp projec- 
tions and in fact the basal plates are only mildly tumid. 
The arms of S. angulatus appear to be broad but only some 
of the lower extremities are preserved. A small, triangular- 
shaped axillary plate is preserved and illustrated by Miller 
and Gurley as the primibrach but it does not rest on the 
radial and has the appearance of an axillary sccundibrach to 
us. If it is indeed a primibrach it is the narrowest known 
to us for the genus. In the present specimen the axillary 
primibrach does not fill the full width of the radial plate, 
which is typical of the genus, but the secundibrachs do not 
extend down on both sides to reach the radial plates. A 
second isotomous bifurcation usually takes place a short 
distance from the cup at about the SBrmax, giving rise 
to 20 arms. As many as 58 tertibrachs have been observed 
with no further evidence of branching. A broad nature of 
these biserial arms is most distinctive. Although the ex- 
pansion of the arms must have been for the purpose of 
closing some of the gaps left due to their inability to become 
closely opposed, they did not develop flat sides but rather 
the edges curve strongly inward so that the ambulacral 
groove is narrow. Small pinnular facets are faintly preserved, 
bordering the ambulacral groove. 

One segment of arm that has been freed of the re- 
mainder of the crown shows a series of five small pits along 
the right (outer) lateral side. These pits are most certainly 
formed by a parasitic or foreign form, and are comparable 
to many others of like structure known to us, albeit they 
are smaller than usual. The existence of these pits illus- 
trates the presence of a foreign body in a position that 
would have prevented the closing of the arms and abut- 
ment or abutment against an adjacent arm, if the animal 
was capable of such an action. Most associated inadunate 
crinoids are capable of bringing their arms together in 
close abutment but Stellarocrinus does not usually appear to 
have this capability. 

Crenellae and ligamentai fossae are present on the 
innermost lateral sides of brachials adjacent to and im- 
mediately above the triangular axillary brachials as well 
as on the normal articulating facets. 

Remarks.—There are several pronounced differences 
between Stellarocrimis sp. cf. S. angulatus and the associated 
S. texani. S. texani has relatively prominent raised ridges 
on the cup, especially about the sharply impressed basal 
cavity,  and  many  brachials  are  projected  as  spines.  The 
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former has a smooth exterior, no projections, a shallow cup 
with shallow basal concavity and the arms are exceptionally 
broad. This same lack of ornate projections on cup or arms 
serves to differentiate S. sp. cf. S. angulatus from other 
Missourian species. 

Occurrence. — Wolf Mountain Shale Member, Graford 
Formation, Missourian, Pennsylvanian; near Lake Bridge- 
port, Wise County, Texas. 

Figured  speciinen. — Collected   by   Mr.   Louis   Todd, 
USNM, No. SS169. 

STELLAROCRINUS FLOREALIS (Moore and Plummer), 1940 

See Bassler and Moodey, 1943, p. 685. 

There are no specimens in the presently studied col- 
lections assignable to Stellarocrinus jlorealis. The species is 
well described by Moore and Plummer, but we are setting 
forth some diagnostic features for comparison with other 
material. 

Cup low, truncate bowl-shaped with a small infra- 
basal circlet rather deeply impressed. The basal concavity 
is well marked by ridges that encompass the cavity and the 
long even slope of the proximal portion of the basal plates 
produces a flower-like appearance as the specific name 
indicates. There is also a gentle transverse concavity of the 
basal plates in their proximal region. The nodes, ridges, 
and depressions on other parts of the cup are not pro- 
nounced. Arms are biserial, 20 in number, having two 
isotomous branchings. The second axillary is a small tri- 
angular plate. 

Remarks.—This species is closer to S te.vani than to 
other described forms. The posterior interradius of S. 
jlorealis is wider than that of S. texani, it is devoid of sur- 
face granulation, and the arms have more surface curvature. 
The associated S. te.xanus is devoid of any surface mark- 
ings other than a ridge like angulation surrounding the basal 
concavity. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Desmoinesian, Pennsylvanian; 
about three miles southwest of Brock, Parker County, 
Texas. 

Type. — Holotype (a monotype) listed by Moore and 
Plummer, 1940, as Marrs Collection, No. M-1, collected by 
Mrs. W. R. Marrs, Austin, Texas. 

STELLAROCRINUS TEXANUS (Moore and Plummer), 1940 

Plate 41, figure 1; Plate 46, figure 2; Plate 47, figures 1, 4; 

Plate 52, figure 13. 

See Bassler and Moodey, 1943, p. 685. 

This species was based on a monotype which was an 
incomplete crown and served as the type species of Brychio- 

crinus Moore and Plummer, 1940. The form has subse- 
quently been recognized as being synonymous with Stellaro- 
crinus. We are fortunate in having several crowns in ex- 
cellent preservation in the currently considered collections. 
Various stages of growth are involved. In order to study 
the ratio of development between various ossicles several 
measurements have been taken. The linear width and 
length of plates are used in this particular instance because 
we do not feel the intervening protrusions and ridges should 
be considered in these particular comparisons. 

Linear measurements in millimeters: 

Height of dorsa! cup   (to 
transverse ridge) 

Width of dorsal cup 
Ratio of  H/W 
Length of basal 
Width of hasal 
Ratio L/W 
Length of radial 
Width of  radial 
Ratio of L/W 
Length  of  PBriax 
Width of FBr.ax 
Ratio of L/W 
Width of IBB circlet 
Diameter of proximal 

columnals 

USNM 
SS132 S5150 

2.0 2.5 

6.2 9.5 
0.32 0.26 
1.6 2.8 
1.8 3.7 
0.88 0.75 
1.7 2.5 
2.8 5.0 
0.60 0.50 
3.0 2.7 
2.1 4.8 
1.45 0.56 
2.0 3.3 
1.2 3.2 

No firm conclusions can be drawn but in general the 
measurements substantiate other observations: 

1. The dorsal cup is proportionately higher in youth, 
a.   The height of the cup does not increase a great 

deal with age. 
2. The width of the basal and radial plates increases 

more proportionately with age than the length. 
3. The length of the axillary first primibrach does not 

increase appreciably with age but the width is 
greatly  increased. 

Some young specimens have biserial arms, but it is 
almost certain that really immature specimens will be found 
with cuneiform arm segments. There are two major bifur- 
cations of the arms, the first with the PBtiax and the 
second on or about SBtio-nax. There may be another di- 
vision of inner half-rays. The axillary secundibrachs are 
small, wedge-shaped, triangular pieces surrounded by secun- 
dibrachs and tertibrachs. The full division of the ray is not 
really accomplished for some distance above the axillary 
although the two arms are distinct. The pieces surround- 
ing the triangular axillaries are probably joined by ligamen- 
tal tissue and crenellae as reported herein for Stellaro- 
crinus sp. cf. S. angulatus although such cannot be stated 
with certainty. 

One of the most distinguishing characters of S. texanus 
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is the lack of projections or ornamentation except for the 
ridgelike structure surrounding the basal concavity. The in- 
frabasals are almost entirely covered by the relatively large 
stem in mature specimens and the sides of the basal con- 
cavity are formed bj' steeply sloped proximal ends of the 
basals. The main anal plate (RA) is moderately large and 
long so that the two plates above are almost entirely ex- 
cluded from the cup. 

The column is composed of series of five columnals, 
starting and ending with large segments having curved 
longitudinal profiles, adjacent small segments having flat- 
tened profiles and the center segments slightly larger and 
having some longitudinal curvature. All show the strong 
interlocking crenellae along the suture lines. No cirri have 
been observed. 

Remarks. — None of the specimens of Stellarocrinus 
texanus observed by us show even a trace of ridges, such 
as found in the associated S. florealis, other than the ridge 
structure surrounding the basal cavity which is much more 
spectacular in the later species. One large hypotype does 
have dimple-like depressions at the angles of the cup plates. 
There is no evidence to suggest S. texanus could be the 
young of the slightly larger S. jlorealis. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Types. — The holotype is reportedly in the Harris 
Collection, No. H-4, collected by Mrs. G. W. Harris, Waco, 
Texas; hypotypes Springer Collection, U.S. National Mu- 
seum, USNM, No. SS132, SSISO, collected by Mr. and 
Mrs. H. L. Strimple; hypotypes Springer Collection, U.S. 
National Museum; USNM, No. SS160, collected by Mr. 
Wm. T. Watkins, San Antonio, Texas. 

STELLAROCRINUS BULBUS Strimple and Watkins, new species 

Plate 44, figures 6, 9-11; Plate 47, figures 5-7 

This species is based on four partial crowns from the 
Kickapoo Falls Limestone Member of the Millsap Lake 
Formation. One minute crown provides interesting data as 
to the nature of a truly immature form. 

Large specimens have a low, broad, truncate bowl- 
shaped dorsal cup with a broad, shallow basal concavity. 
Five infrabasals form a pentagonal-shaped subhorizontal 
disk almost covered by the large proximal columnals. Five 
basals are prominent, each having an outwardly directed 
spine in mid-section (posterior basal may have a pair), 
with proximal portion of plate almost horizontal in position 

and distal portion almost vertical in position. Anal plate 
(RA) rests on the broad distal edge of posterior basal and 
supports two plates above. In the large hypotype the plates 
arc absent but the facet to the right is slightly larger than 
the one to the left. In the small hypotype both plates are 
preserved and that to the right is slightly wider than the 
one to the left. Both plates have four sides, are slightly 
longer than wide and the upper surface is slanted from the 
center to the outer lateral side. Anal plate does not extend 
appreciably above the normal height of the cup. Radials are 
wide, subhorizontally directed with slight convexity, or 
curvature. Articular facets are outwardly directed and fail 
to occupy the full width of the plates. In fact a substantial 
amount of the outer surface of the radials in the adsutural 
areas curve inward for a considerable distance. The facet 
is somewhat short except in the posterior sides of the two 
posterior plates. The intermuscular notch is broad and the 
outer ligamental area is marked by fine linear crenellae 
except in the sharply impressed ligamental pit. The areas 
occupied by the proximal tips of the radials and the distal 
tips of the basals are mildly depressed in the holotype and 
are decidedly depressed in one paratype. 

Comparison of various measurements and ratios of 
length to width shows that basal plates appear to grow 
faster than radial plates, both in their breadth and in their 
length. There is also indication of proportionately greater 
increase in the length of basals and conversely greater 
increase in width of radials in fully mature forms. A strik- 
ing reduction in the length of PBriax and increase in width 
is shown between the immature paratype, with a ratio of 
H/W of 2.11, as compared to 0.48 for the holotype. The 
dorsal cup is proportionately much higher in immaturity. 
There is a surprisingly small change in the relative width 
of the IBB disk compared to the width of the cup between 
youth and maturity. 

The arms are biserial with well-rounded exteriors and 
branch with the low, broad first primibrach in all rays. 
There does not seem to be any further bifurcations. Al- 
though the spmes are often broken in preservation, many 
brachials are produced as spines. Often every other brachial 
will be spine bearing, then plain for five or six brachials, 
and then the spines may appear on the opposite side of the 
arm. Of considerable interest to us was the pinnular arrange- 
ment. The pinnules are short, robust, and are at right angles 
to the long axis of the arms. Because the arms are more or 
less rigid the pinnules of one arm are interfingered with the 
pinnules of the adjacent arm. This development was noted 
under our discussion of the genus. We are also aware that 
the arms extend outward from the cup to about mid-height 
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of the crown and then curve inward. There is even some 
indication of a sharp incurving of the distal ends which 
were probablj' more pliable than the majority of the arms. 

The column is known in a young paratype where there 
appears to be a series of five segments, one large, one 
small and thin, one medium, one small and thin, and one 
large. The sutures are serrated and the larger columnals 
have a rimlike girdle with an uneven surface. 

Measurements in millimeters: 
Holotype    Paratype 

5.7 1.9 
22.0" 4.2° 
0.25 0.45 
6.8' 1.1' 
7.7' 1.3' 
5.0' 1.4' 
7.1' 2.2' 
3.9 3.8 
8.0 1.8 
0.48 2.11 
5.5 1.0 
3.6° 0.5 

Height of cup* 
Width of cup 
Ratio of H/W 
Length of basal 
Width   of  basal 
Length of radial* 
Width  of  radial 
Length of PBri 
Width  of PBri 
Ratio H/W 
Width of IBB disk 
Diameter proximal 

columnal 

*To just below transverse ridge. 
"Approximate. 
'Linear measurements. 

Remarks. — This is one of the most distinctive appear- 
ing species of the genus. The dorsal cup, with ornamentation 
limited to the subhorizontal five spines of the basal circlet, 
and shallow broad basal concavity, is unique, and the 
relatively narrow, rounded arms with numerous spinose 
projections are distinctive. 

Types. — Holotype, USNM, No. SS153, and paratypes, 
USNM, No. S5161, S5162, and S5181, collected by Wm. 
T. Watkins. 

Occurrence. — Kickapoo Falls Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; north side of Kickapoo Creek, one-quarter 
mile below Kickapoo Falls, southwest of Dennis, Hood 
County, Texas. 

Family ERISOCRINIDAE S. A. Miller 

Genus THOLIACRINUS Strimple. 1962 

THOLIACRINUS RECTUS (Moore and Plummer), 1940 

Plate 44, figures 1-3, 7, 8 

See Bassler and Moodey, 1943, p. 451. 

This species was established on four dorsal cups from 
the Brannon Bridge Limestone. Considerable additional in- 
formation is afforded by four topotypes collected by the 
junior author which are sets of arms and crowns. The 
smallest  crown  has  arms  that  remain  uniserial  or mildly 

cuneiform to the twelfth secundibrach, which is near the 
termination of the arms. One larger crown (mature) shows 
the arms become biserial with about the sixth secundibrach. 
Complete descriptions of presently considered material are 
given below. 

It is a tumid form, having sporadic nodes on the 
basals, radials, and brachials. The largest specimen has a 
cup width of 12.2 mm, height approximately 5.5 mm. The 
PBriax is 5.5 mm wide, and the arm is 1.8 mm wide at the 
third secundibrach. The arms have a known length of 18 
mm for this specimen, without the termination being 
reached. There are single nodes on the first four or five 
SBr. The brachials are more or less wedge-shaped but do 
not become interlocking (biserial) before the fourth or fifth 
SBr, and in some instances are not fully interlocking even in 
upper portions of the crown. The column has a width of 2.5 
mm at the basal plane of the cup. Anal X is a broad plate 
resting broadly on the posterior basal and extending above 
the cup summit. 

The holotype is a crown in excellent preservation except 
for the flattened area in the posterior where the specimen 
was apparently partially embedded on a limestone layer. The 
radials and basals are unusually tumid, with strong curva- 
ture longitudinally as well as transversely. It is obvious that 
nodes were present, but they are not so readily apparent as in 
the large topotype. The basal concavity is broad and deep. 
Infrabasals has not been observed due to the nature of 
preservation. Facets for reception of five infrabasals are 
shown by the lower facets of the basals. Apparently the 
upper facets of the infrabasals were very narrow. 

In the large topotype the proximal columnals cover the 
infrabasal area. The primibrachs of the holotype have a 
node just below the pointed upper end and they are of un- 
equal lengths. The heights are as follows: right posterior 3.2 
mm, right anterior 2.7 mm, anterior 4.2 mm, left anterior 
3.2 mm, and left posterior 2.2 mm. Some of the variances 
may be partially due to the poor preservation of the plates, 
but the fundamental differences are typical of the genus. 
The left anterior basal has a length of 5.8 mm and width of 
4.1 mm and the left anterior radial has a length of 4.0 mm, 
width of 7.0 mm. Measurements are along the surface cur- 
vature of the plates. 

Two sets of arms which are identified as belonging to 
the species are larger than the holotype and reflect a re- 
markable ornamentation of brachials, especially near the 
termination of the arms. A confluent median groove about 
half the width of the arm is formed but near the apex of 
each brachial a node is produced to interrupt the continuity 
of the groove. 
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The column of the large topotype is composed of sep;- 
ments in series of five, although the appearance is of three. 
The largest columnals are fairly thick, with flattened ex- 
teriors. Thin columnals are marked by external manifes- 
tations of the articular crenellae and are followed by a 
central columnal that has the appearance of the larger seg- 
ments but is not as wide or thick. 

Remarks.— Tholiacrinus rimulatus Strimple (1962a) 
from the Oolagah Limestone Formation (Desmoinesian) is 
of approximately equal age but it has an unusually low 
cup (ratio H/W 0.28 as compared to 0.45 of T. rectus). 
The basal concavity of T. rimulatus is also more restricted 
than the present species. 

T. undidatus (Strimple), 1961a, has more robust arms 
which become biserial with the third or fourth secundibrach 
and ridges are found to parallel suture lines of the cup. 
The arms do not become biserial before the fifth or sixth 
secundibrach and no ridges are formed. 

The relatively large height of the infrabasal circlet, 
yet small portion of basals that participate in the basal 
concavity, is considered by Moore and Plummer (1940, p. 
301)  as a distinguishing feature of the species. 

Types.— Holotype, Plummer Collection, No. P-10870, 
paratypes, No. P-10869. P-10871, P-10872, University of 
Texas, collected by F. B. Plummer and R. C. Moore. 
Topotypes, USNM, Nos. SS148, SS202, collected by Wm. 
T. Watkins. 

Occurence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Genus ERISOCRINUS Meek and Worthen, 1865 

Type species. — Erisocrinus typus Meek and Worthen, 
1865. " 

Range. — Desmoinesian to Virgilian,  Pennsylvanian. 
and Lower Permian; North America. 

Diagnosis. — Dorsal cup truncate cone-shaped with 
flattened or slightly rounded base and with little or no 
concavity (exceptions Erisocrinus obovatus and E. pro- 
tensus which have well-defined concavities). The outline of 
the cup is regularly pentagonal, as seen in dorsal or ventral 
view, with angles of the pentagon clearly defined. Five 
infrabasals are small but extend beyond the proximal 
columnal. Five basals are large, of equal size except that 
the posterior basal may be slightly longer than the others. 
Five radials are large, smooth, and prominent. A single 
small anal plate is present in a notch between the posterior 
radial facets at their inner border and in rare instances it 

may extend to the fore and enter the cup. Ten arms are 
long, biserial, and composed of wedge-shaped interlocking 
segments. The arms divide evenly on the first primibrach, 
which plate is comparable in size to the radials and is not 
spine bearing. 

Specials assigned to Erisocrinus as follows: 

ly'isoirinus typus Meek  and Worthen Missourian;    Illinois, 
Texas, Oklahoma, 
Kansas 

I'.risorrinus rlcvatus Moore and Plummer     Missourian:    Texas 
Erisocrinus ereclus Moore and Plummer       Missourian:    Texas 
Erisocrinus propinquus Weller Lower Permian:    Texas 
Erisocrinus mediator Strimple Desmoinesian:    Oklahoma 
Erisocrinus terminnlis Strimple Desmoinesian:    Oklahoma 
Erisocrinus georgette, n. sp. Atokan:    Texas 

Remarks. — The genus Erisocrinus has widespread dis- 
tribution in rocks of Pennsylvanian age in North America, 
especially in the Missourian Stage. There are two types, 
those which have an outward flare of radial plates, and 
those with even curvature of the radial plates. The two 
forms occur together in many horizons and may represent 
two lineages. 

ERISOCRINUS GEORGEAE Strimple and Watkins, new species 

Plate 39, figures 5 7 

Dorsal cup truncate bowl-shaped with flared sides and 
a moderately wide subhorizontal base. The outline of the 
cup is pentagonal when viewed from above or below. In- 
frabasals appear to be five, formmg a subhorizontal disk 
extending only slightly beyond the large, sharply im- 
pressed round stem attachment area. Five basals are 
slightly tumid, and flex out of the basal plane to form a 
portion of the lateral sides of the cup. The radials are 
the dominant cup elements in side view and widen appreci- 
ably above the basal circlet of plates to form five sharp 
projections which give the cup its pentagonal outline. Ar- 
ticulating facets slope outward slightly. Outer ligament 
furrow is thin. Ligament pit is short but well defined. 
Transverse ridge is well developed and marked by fine 
crenulations. Adsutural areas are closed for a considerable 
distance then widen as a V-shaped notch. Oblique furrows 
are ill defined. Muscle areas are large and divided by a 
pronounced intermuscular notch. There is no evidence of a 
special anal plate. The surface is marked by granules. Arms 
are not preserved. 

The holotype of this species was collected by Mrs. 
Robert L. George of San Antonio, Texas, who generously 
donated it to this study. The species is named georgeae in 
acknowledgment. 
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Measurements of holotype in millimeters: 
Height of cup 6.5 
Width of cup   (maximum) 19.4 
Width of cup  (minimum) 19.1 
Width  of infrabasal circlet 6.0 
Length of basal 5.2* 
Width of basal 5.3* 
Length of radial to transverse ridge 8.0* 
Width of radial to transverse ridge                         12.3* 

•Measurements taken along surface curvature. 

Remarks.—It seems probable that Erisocrinus georgeae 
evolved from Sinocrinus as represented by forms like S. 
microgranidosus. The asymmetric S. sheareri is a specialized 
derivitive of Sinocrinus and not in the lineage leading to 
Erisocrinus. The shape of the cup of E. georgeae is close to 
that of E. typus, the type species of Erisocrinus; however, 
the latter is slightly taller and has a proportionately smaller 
stem. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch south- 
west of Mason, Mason County, Texas. 

Types. —no\otyY>t, USNM, No. S5123 collected by 
Mrs. Robert L. George and unfigured paratype collected by 
Wm. T. Watkins. 

Genus EXAETOCRINUS Strimple and Watkins, new genus 

Type species. — StnartweUercrinus argentinei Strimple, 
1949c. 

Range. — Missourian Stage, Pennsylvanian; North 
American. 

Diagnosis. — Dorsal cup cone-shaped, upflared infra- 
basals, contour of cup pentagonal when viewed from above 
or below. Five infrabasals expand evenly from the columnar 
attachment and are visible in side view of cup. Five basals 
are large, hexagonal-shaped. Five radials are large, penta- 
gonal-shaped, articular facets are subhorizontal. Columnar 
attachment scar is subpentagonal to circular. No anal 
plates. Arms unknown. 

Species assigned to Exaetocrinus: 

Stuartii'eUercrinus argentine!  Strimpb 
Erisocrinus conoiJcus Meek and Worthen 
Erisocrinus lustrum  Strimple 

Missourian: Missouri 
Missourian:  Illinois 
Missourian: Kansas 

Remarks. — In order to establish clear lineages it is 
necessary to isolate forms which do not find ready place- 
ment in established genera. The species considered here 
appear to belong to a regressive trend out of Erisocrinus, i.e. 
they have evolved to a stage that is comparable to their 
primitive progenitors msofar as the shape of the cup is con- 
cerned. A high cone-shaped cup is considered to be "primi- 
tive". There are no specimens in the collections at hand. 

The name Exaetocrinus is from the Greek word exaitos, 
meaning choice. 

Genus CRICOCRINUS Strimple and Watkins, n. gen. 

Type species. — Paradelocrinus regulatus Strimple, 
1949. ' 

Range. — Morrowan to Missourian Stages, Pennsyl- 
vanian; North America. 

Diagnosis. — Dorsal cup low, bowl-shaped with circular 
outline when viewed from below and a subhorizontal base 
lacking any appreciable basal concavity. Five small infra- 
basals confined to the base of the cup. Five medium-sized 
basals, confined essentially to the base of the cup although 
the distal tips may be visible in side view of the cup. Five 
large radials which form the lateral walls of the cup and 
with proximal ends extending into the basal plane of the 
cup. Normally there is no anal plate below the summit of 
the cup. There are ten pinnular bearing, biserial arms, 
branching with the first primibrach in all rays. The column 
is round. 

Specias assigned to Cricocrinus are as follows: 

Paradelocrinus regulatus Strimple 
Paradelocrinus disculus Strimple 
Paradelocrinus johnstonensis 

Strimple 
Paradelocrinus luapanucka Strimple 
Paradelocrinus subplanus Moore and 

Plummer 
^Paradelocrinus planus   (White) 
iParadelocrinus toddanus   (Butts) 

Desmoines 
Desmoines 
Desmoines 

an: Oklahoma 
an: Oklahoma 
an: Oklahoma 

Morrowan: Oklahoma 
Desmoinesian: Oklahoma, 

Texas 
Virgilian:  Kansas 
Missourian: Missouri 

Remarks.—The excellent crown of Paradelocrinus 
figured by Frederickson and Waddell (1960, pi. 1) is a 
representative of P. regulatus Strimple. Due to lateral com- 
pression, the basal plates and mfrabasal plates have fallen 
inwardly to give the illusion of concavity. The specimen was 
reported to be nonpinnular, but pmnules are exposed near 
the summit of the crown. 

Strimple (1962a, pi. 6, figs. 1, 2) figured a specimen 
of Paradelocrinus subplanus with ten biserial arms in place 
from the Oologah Limestone Formation, Desmoinesian. 
Stage of Oklahoma. 

The name is derived from the Greek word krikos mean- 
ing ring or circle and has reference to the circular outline 
of the cup. 

Genus PARADELOCRINUS Moore and Plummer, 1938 

Type species. — Paradelocrinus aequabilis Moore and 
Plummer, 1938. 

Range—Morrowan, Atokan, Desmoinesian and Mis- 
sourian Stages, Pennsylvanian; North America. 

Diagnosis. — Dorsal cup low, height usually less than 
half of the width, base characteristically strongly concave, 
involving the proximal portions of the basals as well as the 
infrabasals, contour of cup circular when viewed from be- 
low. Five infrabasals are small, downflared; five basals are 
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large in most species but are small in forms where the five 
radials become dominant and attempt to reach the infra- 
basal circlet. The anal plate is usually' missing from the cup 
proper but may extend into the cup as a narrow wedge for 
a limited distance. The arms are ten, biserial, branching on 
first primibrach in ail rays. 

Species assigned to the genus Paradelocrinus: 

Paradelocrinus acquabilis Moore and Morrowan: Oklahoma, 
Plummer Arkansas 

'iParadilocrinus duhius   (Mather) Morrowan: Oklahoma, 
Arkansas 

Parajeloninus atoka Strimple Atokan  and  Desmoinesian: 
Oklahoma 

Paradelocrinus brachiatus Moore  and Desmoinesian: Texas 
Plummer 

Paradelocrinus iolaensis Strimple Missourian: Kansas 

Remarks. — It will be noted that Paradelocrinus obo- 
vatus Moore and Plummer and Paradelncrinus protensus 
Moore and Plummer, both of Missourian age and from 
Texas, are not listed above. The reason is that they have 
decidedly pentagonal outlines when viewed from below and, 
therefore, do not conform with the generic concept as given 
above. They are referred to Erisocriniis with reservation. 

Several forms have arrived at comparable stages of 
development through the elimination of the anal plates from 
the dorsal cup. We feel that Paradelocrinus aequabilis is 
probably a derivative of a form like Endelocrinus matheri 
(Moore and Plummer) which species is also of Morrowan 
age. Paradelocrinus duhius is of the same age but has a 
higher cup which is constricted near the summit, and a most 
pronounced basal invagination. It is specialized and may 
not be closely related. P. atoka is now known to be from 
rocks of Desmoinesian age as well as from the Atokan. It is 
closely related to P. aequalibilis. 

Genus GRAFFHAMICRINUS Strimple, 1961a 

GRAFFHAMICRINUS ANTIQUUS Strimple and Watkins, n. sp. 

Plate 39, figures 14, 15; Plate 40, figures 9, 10 

Dorsal cup low, bowl-shaped with an unusually deep 
basal concavity. Five infrabasals are confined to the bottom 
of the depressed base where they are downflared and form 
a narrow cone. Five large basals flex out of the basal in- 
vagination to form a portion of the lateral walls of the 
cup. Five radials are wide plates and have a flattened 
arcuate area, beyond the outer ligamental area, formed 
primarily by a row of large nodes. Articular facets are 
mainly obscured by matrix but the outer ligamental area is 
well exposed. The outer ligamental furrow is almost obliter- 
ated but the outer ligamental ridge is marked by denticles. 
The ligamental pit is well defined. The transverse ridge is 
marked by denticles and  lateral  furrows are present. The 

adsutural slopes are closed in the outer region and thence 
widen rapidly but constrict some inwardlj' to form a distinc- 
tive outline. A somewhat similar appearance of the outer 
adsutural slopes was illustrated by Strimple (1962d, text- 
fig. 29) for Delocrinus ardmirensis Strimple. A large, broad 
anal plate rests evenly on the posterior basal and extends 
well above the cup where it flexes inward slightly. It has a 
single facet above for the reception of a tube plate. The 
entire outer surface of the cup is covered with large 
swellings and fine granulations. Sutures between plates 
above the basal plane are marked by V-shaped depressions. 

The proximal columnal is in place. It is small, round, 
and marked by crenulations. The arms are unknown. 

Measurements of holotype in millimeters: 
Height of cup 9.0 
Width of cup  (uniform) 23.7 
Height of basal concavity 5.3 
Width  of basal  concavity 9.5 
Length of basal  (right posterior) 12.4* 
Width  of basal   (right  posterior) 9.0* 
Length of  radial  to transverse  ridge 9.0* 
Width of radial 14.0* 
Length of anal plate 6.0 
Width of anal plate 5.2 

♦Measurements taken along surface curvature. 

Remarks. — This is the oldest species to be referred to 
Graffhamicrinus. It may not have evolved directly from the 
Morrowan Diphuicrinus Moore and Plummer (as emended 
by Strimple and Knapp, 1966), which also has a highly 
ornate surface, because the anal plate of that genus flexes 
sharply inward and often for a considerable distance, and 
is marked by two facets for reception of two tube plates. 
Undescribed derivatives of Diphuicrinus are known to us 
from Atokan and Desmoinesian or Desmoinesian rocks in 
southern Oklahoma which have this characteristic. The pro- 
genitor of Grajjhamicrinus antiquus is probably like an un- 
described species from the Wapanucka Formation which has 
a deep cup, deep basal invagination, one erect anal plate, 
and has a pronouncedly granular but not pustulose, surface. 

Ty^ej-. — Holotype, USNM, No. S5126 (Kurt Zesch 
Ranch), paratype USNM, No. S5I30 (Espey Creek), col- 
lected by Wm. T. Watkins, reposited in the U.S. National 
Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan; Kurt Zesch Ranch, Mason, Mason County, 
and Marble Falls Formation, Morrowan.?; Espey Creek, 
Lampasas County, Texas. 

Gens SINOCRINUS Tien, 1924 

SINOCRINUS SHEARERI Strimple and Watkins, n. sp. 

Plate 39, figures 8-11 

Dorsal   cup   low,   asymmetrically   bowl-shaped   with   a 
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broad base which is shallowly depressed due partially to a 
mild bulbosity of basal plates at the basal plane. In the 
holotype the infrabasals appear to be fused as a solid disk, 
subhorizontal in attitude, and extend a relatively short 
distance beyond the large stem facet. In the paratype the 
division of infrabasals to five is shown and all do not ex- 
tend beyond the stem cavity. There are two small basals 
and three large ones. The center basal of the large ones is 
slightly larger than the other two and probably represents 
the posterior. The proximal portion of a basal is in the basal 
plane and the distal portion flexes sharply upward to form 
a part of the lateral walls of the cup. Five radials are mildly 
tumid in proximal portions and are of equal size. Outer 
ligamental furrow is poorly developed but the ligamental pit 
is sharply defined. The transverse ridge extends to the inter- 
radial suture and projects slightly to interrupt the V-shaped 
depression between radials. It is marked by fine denticles. 
Oblique furrows, broad muscle scars, and a small V-shaped 
inter-muscular notch are present. The articular facets are 
sloped outwardly ever so slightly. No evidence of a special 
anal element is preserved. The entire outer surface of the 
cup is decidedly granular appearing. 

Columnar cicatrix is sharply depressed, is large, round, 
and the perimeter is marked by fine crenulations. 

Measurements of holotype in millimeters: 

Width of cup   (uniform) 23.2 
Height of cup   (maximum =  posterior) 12.0 
Height of cup   (minimum  =   anterior) 8.9 
Width  of infrabasal circlet 8.0 
Length of basal   (posterior) 10.9* 
Width   of   basal    (posterior) 11.+* 
Length of radial  to transverse  ridge 11.5* 

(right posterior) 
Width  of  radial   (right  posterior) 14.6* 

•Measurements taken  along surface curvature. 

Remarks. — Sinocrinus sheared is distmguished from 
the Asiatic species, S. microgranidosus Tien, S. microgranu- 
losus "var." pentalobosus Tien, and S. linchengensis Tien m 
having a proportionately lower and asymmetric dorsal cup. 
S. sheareri has a proportionately larger column, and the 
basals do not form as much of the cup walls as the Asiatic 
species. There are two other forms described by Tien as S. 
nodosus Tien and S. nodosus "var." spinosus Tien for 
which the infrabasals are not known and no effort was made 
to reconstruct the dorsal cup. 

The holotype of S. sheareri was found over 30 years ago 
by the late JHugh Shearer. He used it and sections of 
columns to decorate the surface of a diamond-shaped, three 
inch thick, 40 lb. slab of concrete which he made for one of 
his children. The slab lay in the front yard under a tree for 
over 30 years, untd Mrs.  Shearer gave the junior author 

permission to remove the crinoid. The weathering must have 
had little effect since the granular ornamentation was not 
obliterated. 

Ty^ej. — Holotype USNM, No. S5124, collected by 
JHugh Shearer, and one paratype transferred by Wm. T. 
Watkins for deposit in the U.S. National Museum, Wash- 
ington, D. C. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch south- 
west of Mason, Mason County, Texas. 

Family APOGRAPHIOCRINIDAE Moore and Laudon, 1943 

Genus APOGRAPHIOCRINUS Moore and Plummer, 1940 

APOGRAPHIOCRINUS sp. 

Plate 34, figure 5; Plate 55, figure 3 

Two small crowns are referred to the genus Apographio- 
crinus. They are juvenile with unusually long axillary primi- 
brachs and have the usual complement of cup plates includ- 
ing a single anal plate. The entire surface of the crown is 
covered by minute granules and a light median ray extends 
the length of the arms. The juvenile characteristics are the 
same as those reported by Strimple (1938, 1959) for 
Apographiocrinus typicalis which species, however, is Mis- 
sourian in age and in maturity is less ornate than most 
other species of the genus. 

Repository. — Specimens are reposited in the U.S. Na- 
tional Museum, USNM, No. S5109, SS192. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles northwest of Brock, Parker 
County, Texas. 

Family EXOCRINIDAE Strimple and Watkins, new family 

Genus — Exocrinus Strimple, Oxynocrinus, n. gen. 
Range. — Morrowan to Virgilian, Pennsylvanian; 

North America. 
This family is comprised of small forms with multiple 

arms. The cup is shallow, cone-shaped with infrabasals 
mildly upflared in the older genus and subhorizontal to 
downflared in the younger genus. Five basals are small with 
five radials being the dominant cup plates. In the older 
O.xynocrinus there are three anal plates in more or less 
primitive arrangement, i. e. anal X is in contact with the 
posterior basal, but the radianal is more vertical than di- 
agonal in position. In Exocrinus the radianal has moved to 
posterior position and supports two anal plates above. 
Fusion of brachials is a common feature in Exocrinus but 
has not commenced in Oxynocrinus. 

There appears to be some affinity between the exo- 
crinids and the steilarocrinids. The latter appear to be more 
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advanced in having biserial arms in most instances although 
some species and some young specimens have uniserial arms 
(cuneiform brachials). 

Genus OXYNOCRINUS Strimple and Watkins, new genus 

Type species. — Oxynocmius spicata, n. sp. 
Range. — Morrowan, Pennsylvanian; North central 

Texas. 
The crown is relatively short and broad. The arms are 

uniserial, fundamentally isotomous branching produces 
more than 40 keeled arms. Dorsal cup expands evenly from 
the proximal columnals with infrabasals visible in side view. 
There are five basal plates, five radial plates, and three 
anal plates which are in normal (Primitive) arrangement. 
First primibrach is axillary. Each brachial bears a pinnule. 

OXYNOCRINUS SPICATA Strimple and Watkins, new species 

Plate 36, figure 4 

The crown of this species expands evenly from the 
proximal columnals to above mid-height, thereafter tapering 
slowly to its termination. The arms could not become 
closely apposed. 

The dorsal cup is of medium height and is cone-shaped 
with upflared infrabasals. Five infrabasals are short ele- 
ments. Five basals are of moderate size. The sutures be- 
tween basals are short. Five radials are large prominent 
plates. Three anal plates within the cup are normal (Primi- 
tive Type) with the radianal a prominent element but anal 
X is still in contact with the posterior basal. 

The uniserial arms branch with the first primibrach in 
each ray. The axillary primibrach is somewhat smaller than 
the radial and is not elongated except for the anterior which 
is longer than the other four primibrachs. A second branch- 
ing takes place with the second or third secundibrach in all 
arms and another with the fourth or fifth tertibrach in all 
divisions. Another bifurcation takes place in some arms. 
The brachials are mildly constricted in mid-section and 
are keeled. The keel is projected as a small spine at the 
distal end of each nonaxillary brachial in the pinnular bear- 
ing side. Pinnules alternate, one to a brachial. 

Measurements of holotype in millimeters: 

Length   of   suture   lietueen   radials 
Lenglh  of  radianal 
Width of radianal 
Length of anal X 
Widih of anal X 

2.0 
2.8 
2.5 

Length of crown 36.0 
Height  of  dojsal  cup 5.0 
Width of dorsal cup  (maximum 12.0 

as preserved) 
Length of basal 3.0 
Width   of  basal 3.S 
Length of suture  between  basals 0.5 
Length of radial 3.7 
Width of radial 5.3 

Remarks. — Oxynocrinus spicata is monotypic of the 
genus. The arms are somewhat comparable to some arms 
found in the genus Ampelocrinus except there are no syzy- 
gial pairs in the former and the latter has paired primi- 
brachs. The brachials are similar to those of Exocrinus 
other than the fusion of some brachials found in the latter ■ 
genus. Oxynocrinus spicata has upflared infrabasals where- 
as the infrabasals of the younger Exocrinus are confined to 
a shallow basal concavity Stellarocrinus distinctus is atypi- 
cal of the genus Stellarocrinus in having uniserial arms 
rather than biserial arms and may represent a lineage lead- 
ing from Oxynocrinus spicata. 

Holotype. —VSNM, No. SSI 17 collected by Wm. T. 
Watkins,  reposited  in  the U.S.  National  Museum. 

Occurrence. — Marble Falls Formation, Morrowan?, 
Pennsylvanian; Espey Creek southwest of Lampasas, Lam- 
pasas County, Texas. 

Family AGASSIZOCRINIDAE S. A. Miller, 1889 

The only form in the present study that might be 
considered in this family is Paragassizocrinus Moore and 
Plummer,  1940. 

The genus Paragassizocrinus appears to be advanced 
in having a single anal plate and has been considered in the 
lineage of Agassizocrinus, which genus typically has four 
anal plates in the posterior interradius. Actually it has been 
found that Paragassizocrinus (^ \\ke-Agassizzocrinus) is 
not even related to Agassizocrinus. It has some homologous 
features, e. g. the ability to discard the column and fuse the 
infrabasal disk which has in the past caused us to consider 
it as a close relative of Agassizocrinus. A character of 
Paragassizocrinus which has been troublesome under pre- 
vious concepts is the existence of two primibrachs, with the 
second being axillary. Agassizocrinus has a single primibrach 
in all rays, which is axillary. Normal evolutionary trends 
among the inadunates usually reflect that the point of bi- 
furcation moves toward the cup, not away from the cup. 
Fortunately we no longer need to concern ourselves with 
these comparisons because we now fmd Paragassizocrinus 
belongs to the Ampelocrinidae rather than the Agassizo- 
crinidae and what previously seemed strange is found to be 
perfectly normal. The family characteristically has one 
anal plate and two primibrachs. 

Further discussion of the matter will be found in the 
section devoted to the Ampelocrinidae. 
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Family AMPELOCRINIDAE Kirk, 1942 

Range. — Mississippian  to  Permian. 

Subfamilies. — Ampelocrininae Kirk, Paragassizocrin- 
inae new subfamily. 

This family is of particular interest in the present 
study because of the presence in the Lemons Bluff fauna 
(Atokan) of Polusocrinus and a closely related Paragassizo- 
crinus. We considered the possibility of the smaller Poluso- 
crinus being the young of Paragassizocritius but could not 
reconcile this with the fact that small (young) fused cones of 
Paragassizocritius have been found elsewhere. Polusocrinus 
and Paragassizocriniis are found throughout the Pennsyl- 
vanian albeit seldom together. It appears that Paragassizo- 
critius, which has formerly been considered a member of the 
Agassizocrinidae, is a specialized ampelocrinid in which the 
stem has become atrophied and a fusion, thickening and 
elongation of the infrabasal plates, takes place. Petschnra- 
crinus from the Permian of Russia is apparently closely re- 
lated to Paragassizocriniis. The progenitor of these genera 
appears to be Ampelocrinus which genus starts with small 
forms having a single anal plate resting obliquely on the 
upper surface of the posterior basal and with infrabasals 
readily visible in side view of the cup. A. erectus Strimple 
from the Chester is of medium size. All of the forms in- 
volved have in common a single anal plate, a narrow, in- 
wardly' directed articular facet of the radial, and two primi- 
brachs, the second being axillary. 

Polusocrinus was proposed by Strimple (1951d) with 
Polusocrinus avanti Strimple of Missourian age as the type 
of the genus. Strimple ( 1951d, p. 24) considered Poluso- 
crinus as a derivative of Aesiocrinus, but we do not believe 
they are so closely related. The range of Polusocrinus has 
been extended downward into the Callville Formation of 
Nevada by Lane (1964b) who considers the age of the two 
species to be no younger than early Atokan and probably of 
Morrowan age. One of the species, P. pachyplax Lane, has a 
remarkable thickening of the infrabasal plates, and the 
apparent atrophy of the column in larger (more mature) 
specimens. 

Kirk (1942, p. 23) recognized two lines of evolution 
in the family Ampelocrinidae, based on information avail- 
able to him, "No described crinoids of earlier age than St. 
Louis can be referred to the Ampelocrinidae. There are un- 
described genera in the lower Mississippian with a single 
anal plate in the post-IR and with syzygial pairs of Br. 
When described, it may be expedient to refer them to the 
Ampelocrinidae, although they most certainly pertain to 
another evolutionary series." When Kirk presented Cym- 
biocrinus in 1944, he stated that it was the form he had in 

mind in 1942; however, he referred to "genera" in that 
study. We fail to see why it is necessary to leave Cymbio- 
crinus and related genera in the family Ampelocrinidae 
when they belong to another evolutionary series as ex- 
pounded by Kirk, and we propose a new family Cymbio- 
crinidae Strimple and Watkins. 

Subfamily AMPELOCRININAE Kirk 

Genera. — Ampelocrinus Kirk, 1942; Polusocrinus 
Strimple,  1951d; Moundocrinus Strimple,  1939a. 

Range. — Mississippian to Permian; USSR, Scotland, 
North America. 

Diagnosis. — Dorsal cup: Five IBB, medium to large, 
upflared in older forms but subhorizontal in most younger 
forms; five BB, medium-sized; five RR large, articular facet 
is usually wide, short and inwardly sloped; one anal plate, in 
line with radials but iigually extends slightly above the 
summit of the cup and is followed by two tube plates above 
in older forms but may be followed by a single tube plate in 
some younger forms (e.g. Moundocrinus); columnar a tach- 
ment is of medium size to small or even atrophied, circular 
outline in older forms but pentagonal in some younger 
forms. 

Arms: Uniserial and not apposed, pinnular with alter- 
nating, long pinnules, bifurcate with the second primibrach 
in all rays and there may be another bifurcation in some or 
all arms. The brachials in the older forms are often syzy- 
gial pairs, in which case they act as a single brachial, i.e. 
have a single pinnule. 

Anal Sac: The anal sac is in the form of a tube but is 
seldom preserved in the group. 

Column: The column is round in older forms but is 
usually pentagonal in more recent forms when there is no 
tendency toward atrophy as happens in some species. Cirri 
in whorls are typical. 

Remarks. — The Ampelocrininae are closely aligned 
with the Paragassizocrininae, with the latter differing in 
having fused infrabasals at maturity and complete loss of 
the use of the stem which is usually atrophied. This results 
in a different appearing cup in that the Paragassizocrininae 
take on an elongate cone-shape as opposed to the bowl-shape 
of the Ampelocrininae. All ampelocrinids have mildly to de- 
cidedly upflared infrabasals except Moundocrinus which 
has arrived at a stage homologous with some advanced 
cymbiocrinids wherein the infrabasals are subhorizontal. 
Moundocrinus is retained with the ampelocrinids because 
of the short articular facets which are a consistent character- 
istic of the family. Moore and Plummet (1941), et al., 
considered Moundocrinus as synonymous with Aesiocrinus 
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but the radial articular facets of that genus are long, and 
the anal plate is followed by two tube plates. In Moundo- 
criniis the anal plate is followed by one tube plate. 

Genus POLUSOCRINUS Strimple, 1951d 

POLUSOCRINUS CALYCULOIDES Lane, ir64 

Plate 42. figure 2; Plate 43, figures 6, 7 

This species is represented in the current collections 
by one crown in excellent preservation and two cups with 
the proximal portions of the arms attached. The cup is bowl- 
shaped but has erect lateral sides and the arms have a 
tendency to be recumbent. The infrabasal plates are large, 
plainly separated by sutures and form a bowl with the 
central portion depressed. A few segments of the minute 
column are preserved and the first one or two columnals 
have an angular outline but thereafter they have a circular 
outline and are alternatingly expanded. Round cirri are 
present a short distance from the cup. Five basals are promi- 
nent elements with that of the posterior truncated evenly 
for the reception of the single anal plate. Five radials are 
wider than long and have narrow upper articulating facets 
that fill the distal face of the plates. 

There are two primibrachs in each arm, the first of 
medium length and the second pointed (axillary). No fur- 
ther bifurcation of the arms takes place. Secundibrachs are 
slightly elongated, have even sutures and well-rounded 
exteriors. Each brachial bears a pinnule which alternates 
with the pinnule of the adjoining brachial. 

Measurements in millimeters: 
Figured  Hypotype 

Height of dorsal cup 4.7 
Width of dorsal cup 5.5" 
Height of  infrabasal  circlet 0.6 
Width of infrabasal circlet 3.0 
Length   of infrabasal 1.7 
Width of infrabasal 1.4 
Length of basal 2.8* 
Width of basal 3.0* 
Length  of  interbasal   suture 1.6 
Length of radial 2.1* 
Width   of   radial 3.7* 
Length  of  first  primibrach 2.2 
Width of first  primibrach 3.1* 
Length of second primibrach 1.8 

(axillary) 
Width of second  primibrach 3.1* 

(axillary) 
Length  of  first  secundibrach 20 
Width of first secundibrach 2.4* 

•"Estimated. 
•Measurements taken along surface curvature. 

Remarks. — Presently considered material is considered 
to be conspecific with Polusocrinus calyculoides Lane 
(1964b). The holotype demonstrated  some  asymmetry in 

the infrabasal circlet wherein some plates appear to be 
larger than others which condition is not found in the Texas 
material. 

Types.— Uypotypes USNM, Nos. S5137, S5143, and 
one unnumbered specimen, collected by Wm. T. Watkins 
and reposited in the U. S. National Museum. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Limestone Formation, Atokan, Pennsylvanian; 11 
miles southwest of San Saba on Rough Creek, San Saba 
County, Texas. 

Subfamily PARAGASSIZOCRININAE Strimple and Watkins, 

new subfamily 

Genera. — Paragassizocrimis Moore and Plummer, 
1940; Petschoracrinus Yakovlev, 1928. 

Range. — Pennsylvanian to Permian; North America, 
USSR. 

Diagnosis. — Dorsal cup: cone-shaped, usually elongate; 
five IBB decidedly upflared at maturity and usually fused 
in the Pennsylvanian but often divided by suture in the 
Permian, youthful stages often show sutures and columnar 
attachment area; five BB medium-sized, often become elon- 
gate; five RR medium size, articulating facet fills width of 
plate but is short and directed inwardly; one anal plate 
followed by one tube plate out of the cup; column is 
only known from a few segments which appear to be 
round and is usually entirely obliterated in mature Pennsyl- 
vanian specimens except in the interior of the cone where 
the rudimentary remams may be seen in cross sections of 
the basal cone. 

Arms: The arms are uniserial, with even sutures, and 
branch with the second primibrach in Paragassizocrinus 
but do not branch at all in Petschoracrinus. 

Remarks. — Comparison with the Ampelocrininae has 
been made under that group. Paragassizocrinus is thought 
to have evolved from a form like Polusocrinus of the Am- 
pelocrininae. The change is essentially in the basal area of 
the dorsal cup and the first step is atrophy of the column (a 
feature that has been observed in some Polusocrinus) which 
then becomes deciduous. A portion of the column in the 
proximal region is covered by the heavy mflux of stereom' 
which usually also obliterates the sutures between infra- 
basals and produces a more or less pointed cone-shape to 
the infrabasal circlet. At noted elsewhere, the remnant of 
the rudimentary proximal stem segments are visible in 
cross-section. This is also a feature of Petschoracrinus, as 
well illustrated by Yakovlev (1956, pi.  IS, fig. 6), but in 

■'Sicrcom. after Bather, 1891 (Ann. Mag. Nt. Hist. (6) vol. 9, "any 
hard calcareous tissue forming skeletal structures in Metazoa 
Invertcbrata and in Protoaozoa". 
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this genus the tendency toward complete fusion of the infra- 
basal plates has diminshed although the plates retain a 
considerable length. In the same category is the tendency to 
not obliterate the column although it appears to have been 
deciduous near the base of the cup. 

Genus PARAGASSIZOCRINUS Moore and Plummer, 1940 

Type species. — Agassizocrinus   tarri Strimple,   1938. 
Range. — Pennsylvanian; North America. 
Remarks. — Although superficially comparable there 

have been three features which cause difficulty in attempt- 
ing to reconstruct the evolution of Para gas sizocrinus from 
Agassizocrinus. The first is with the posterior interradius 
wherein some of the youngest known species of Agassizo- 
crinus (e.g. A. patuhis Strimple, 195le, of the Pitkin 
Formation, Chesterian) has four anal plates within the cup 
which is a common condition for the genus. All forms 
known from the Pennsylvanian have a single anal plate. 

The second feature is with the arms which in Agassizo- 
crinus divide on the first primibrach but in Paragassizo- 
crinus bifurcation is with the second primibrach. Branching 
on the second primibrach is typical in the ampelocrinids. 

The third feature concerns the base of the cup. The 
older genus abolished its column and fused the infrabasals 
into more or less pointed cone, yet the sutures between 
infrabasals are more often present than missing even in the 
most recent species of Agassizocrinus. Yet there is more 
vestigial evidence of a column in Paragassizocrinnis than in 
Agassizocrinus, and some Morrowan species retain evidence 
of the sutures between infrabasals. The reason for this is 
that Paragassizocrimes is evolved from a form having a stem 
and five divided infrabasals rather than from Agassizo- 
crinus. The ancestral form of Paragassizocrinus is thought to 
be an ampelocrinid. 

Many forms assigned to Paragassizocrinus are only 
known from disassociated portions of the cup so that posi- 
tive identification is difficult and we know there are several 
different forms involved. It is possible that Agassizocrinus, 
or a derivative of the lineage, will be found in the Pennsyl- 
vanian, but we believe there will be distinctive features 
of the cup or arms to distinguish it from Paragassizocrinus. 

A form described below as Paragassizocrinus altus, 
n. sp., is the first species of the genus for which an appreci- 
able portion of the arms is known. 

PARAGASSIZOCRINUS ALTUS Strimple and Watkins, n. sp. 

Plate 53, figure 3; Plate 56, figure 5 

This species is based on two crowns in excellent preser- 
vation. The cup is high and cone-shaped and the ten uni- 
serial arms are long, slender, and not closely abutting. 

The infrabasal plates are fused with no trace of sutures 
or of a stem. The infrabasal cone is low and pointed. There 
are five large basal plates which are about as wide as long. 
The posterior basal is truncated for reception of a large anal 
plate that rests evenly on the upper facet. Five radials are 
wide, pentagonal-shaped, and have a mildly gaped suture 
with first primibrachs. There is some dislocation of plates in 
preservation so that it is possible to see the articular facets 
of the radials. The outer ligamental area is well developed 
and directed outward (which causes the gaped suture) al- 
though the groove is not particularly deep. The outer liga- 
mental pit is deep and well defined with the sharp crested 
transverse ridge behind it. The transverse ridge does not 
extend entirely to the lateral sides but is cut off by well- 
developed lateral furrows. The lateral furrows meet so that 
a long furrow is formed behind the transverse ridge. There 
is a slight rise and then the inner facets slope inward, are 
short, and the two muscle areas are sharply depressed. The 
intermuscular notch is small and is flanked by two small, 
elongated depressions at right angles to it. The single anal 
plate extends slightly above the summit of the dorsal cup 
and is faceted for reception of two tube plates above. 

First primibrach is quadrangular and just about equals 
the width of the radial plate. Second primibrach is some- 
what shorter than the first and is axillary. The two primi- 
brachs are held by close suture. None of the brachials 
show any subsequent tendency toward syzygial develop- 
ment but are regularly quadrangular-shaped with an occa- 
sional slightly cuneiform segment. The arms of the holotype 
attain a length of 48.5 mm. There is a decided outer curva- 

ture of the arms. 
Measurements in millimeters: 

Height of dorsal  cup 
Width  of  dorsal  cup 
Height of  IBB  circlet 
Width  of  IBB  circlet 
Length   of   infrabasal 
Width   of   infrabasal 
Length   of  basal 
Width  of  basal 
Length   of  interbasal 

suture 
Length   of   radial 
Width   of   radial 
Length of PBr, 
Width of PBr, 
Length  of  PBr^ax 
Width of PBroax 
Length  of  SBri 
Width of SBri 

•"Estimated. 

[olotypc Mature Paratype 
10.5 n.5 
!0.0'- 11.0 
3.7 3.6 
6.6 7.8 
— — — — 
S.4 5.6 
S.5 6.0 
2.9 3.1 

4.0 4.0 
6.3 6.4 
3.0 2.8 
6.2 6.2 
2.6 
5.3 
2.8 
2.8 

Remarks. — This species is closer to Paragassizocrinus 
deltoideus   Strimple,   1960,   than   other   described   forms. 
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Careful comparison discloses that P. deltoideus has pro- 
portionately wider basal plates and radial plates, and the 
suture between basals is shorter than in P. altus. These fea- 
tures produce a shorter, broader cup in P. deltoideus. The 
cone of P. caliculus Moore and Plummer is somewhat com- 
parable except in having a flatly rounded base as against 
the pointed base of P. deltoideus anA P. altus. 

Paragassizocrinus tarri Strimple, 1938, P. mcguirei 
(Strimple), 1939a, P. asymmetricus Strimple, 1960c, P. 
elongatus Strimple, 1960c, P. turris Strimple, 1960c, P. 
hoodi Strimple, 1960c, P. spnngeri Strimple, 1960c, P. 
ellipticus Strimple, 1961b, P. elevatus Strimple, 1961, and P. 
kendnckensis Strimple and Knapp, 1966, all have consider- 
ably longer cones than P. altus, which allows for quick dif- 
ferentiation. P. bulbosus Strimple, 1961, is a larger form, 
and although it has a comparable contour to the infra- 
basal cone, it is proportionately taller. P. disculus Strimple, 
1960c, is an infrabasal cone with a somewhat comparable 
shape, but it is a larger form and is proportionately shal- 
lower. P. atoka Strimple and Blythe, 1960, has a more 
rounded contour at the base of the infrabasal cone. 

Types. —Holorype, USNM, No. S5199 and paratype, 
USNM, No. S5184, collected by Wm. T. Watkins. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Limestone Formation, Atokan, Pennsylvanian; 
11 miles southwest of San Saba on Rough Creek, San Saba 
County, Texas. 

Family CYMBIOCRINIDAE Strimple and Watkins, new family 

Genera. — Cymbiocrinus Kirk, 1944; Aesiocrinus Miller 
and Gurley, 1890 (Syn. Pentadelocrinus Strimple, 1939a; 
Phialocrinus Trautschold, 1879 non Eichwald, 1856); 
1856); Oklahomacrinus Moore, 1939; Lecobasicrinus Strim- 
ple and Watkins, n. g.; Childonocrinus Strimple and Wat- 
kins, n. g.; Allosocrinus Strimple, 1949b. 

Range. — Mississippian-Pennsylvanian; North America, 
USSR. 

Diagnosis. — Dorsal cup: Cup shape ranges from basal- 
ly impressed bowl of medium height to a flat, basally im- 
pressed cone; five IBB small, confined to basal concavity 
in most forms but may become subhorizontal in some 
younger species; five BB large, articular facet normally 
fills width of plate, slopes inward and is short," one anal 
plate, in line with radials but usually extends slightly above 
the summit of the cup, is followed by two tube plates in 
older forms but may be followed by one tube plate in some 
of the younger forms. 

Column: The column  has a  circular outline  in  older 

"Exception  is .^l•siocrinus  vviiich  typically  iias  long  facets. 

forms but is pentagonal in most younger forms. Cirri are 
usually in whorls. 

Arms: Arms are normally slender, uniserial, not apposed 
and ten in number; however, in one Missourian species 
(Aesiocrinus basilicus) there are more than ten reported, 
and in two species (Aesiocrinus barydactylus and A. lykinsi) 
only five arms are typically present. Syzygial pairs of 
brachials are common in older forms but have not been 
observed in younger forms unless the paired primibrachs 
are considered a syzygy. When more than five arms are 
present, the bifurcation always takes place with the second 
primibrach. Long pinnules are present on alternating sides 
of the arms. 

Anal sac: The anal sac is cylindrical and may attain 
a considerable length. In one genus (Aesiocrinus) the sac 
becomes rugged and is composed of thick plates with 
roughened exteriors. 

Remarks. — This family is characterized by and separ- 
able from the associated Ampelocrinidae because the small 
IBB are essentially confined to a basal concavity and never 
attain a truly upflared attitude. 

There are small forms in the Mermac, confined to the 
genus Cymbiocrinus, which become larger in the Chester. A 
specialized ornate group appears in the Chester, represented 
by the genus Childonocrinus, and continues into the Atokan. 
Lecobasicrinus represents another specialization found in 
the Atokan and Desmoinesian, wherein the RR and IBB 
atempt to contact one another and some arms may exhibit 
hypertrophy. The genus Oklahomacrinus is well known in 
the Demoinesian and continues on up into the Virgilian. It 
is highlj' specialized in the development of a shallow cup 
with an exceedingly deep basal concavity and has more or 
less recumbent arms. Another group with a shallow cup is 
represented by Aesiocrinus paucus Strimple {19Sld) from 
the Missourian and A. prudentia Strimple (1962d) from 
the Virgilian. Other characters are distinct from those of 
Oklahomacrinus. As previously noted, Aesiocrinus has a 
prominent anal tube and typically has relatively large radial 
articulating facets. It is mainly a Missourian form and has 
the largest cup in the family with the exception of Alloso- 
crinus, which form is only tentatively assigned to the family. 
The base of the cup in various species of Aesiocrinus varies 
from concave to subhorizontal. Allosocrinus is known from 
the Desmoinesian and Missourian. It differs appreciably 
from other Pennsylvanian forms in having a round stem, 
five robust arms and the articulating surface of the radials, 
and between brachials, are marked by radiating crenellae. 

Genus CHLIDONOCRINUS Strimple and Watkins, new genus 

Type species. — Childonocrinus echinatus, n.  sp. 
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Range. — Chesterian ( Mississippian) to Atokan Penn- 
sylvanian); Texas and Oklahoma, North America. 

Generic diagnosis. — Dorsal cup low, basin-shaped 
with mildly concave base; IBB obscured, probably five, 
confined to basal concavity; BB five, medium-sized, pos- 
terior basal truncated for reception of the single anal plate; 
RR five wide, pentagonal-shaped, suture gaping; two 
primibrachs syzygial paired, PBri wide low, non-axillary, 
PBr^ tringtilar-shaped, axillary; BrBr quadrangular except 
for subsequent axillaries; arms do not abut; column penta- 
lobate, cirriferous (cirri elliptical to circular in cross sec- 
tion);   calj'x  and  arms  highly ornate. 

Remarks. — This form is represented in the collections 
by three crowns from the Atokan in excellent preservation 
and two cups with lower arm brachials preserved from the 
Chesterian, being two different species. The posterior in- 
terradius is occupied by a small, narrow anal plate, extend- 
ing slightly above the cup in the Chesterian species. The 
habit of the calyxes and the paired primibrachs leaves little 
doubt that the forms belong to the ampelocrinids. The 
columns of most ampelocrinids are small. An exception is 
the large, round, or mildly pentagonal stem of Lecobasi- 
crinus Strimple and Watkins which does not appear to be 
cirriferous in proximal portions. Older (Mississippian) 
representatives (Cymbiocrinus) of the family usually have 
columns that are circular in cross-section and are cirriferous. 
Younger forms (Upper Pennsylvanian) such as Aersiocrinus 
and Oklahomacrinus have pentagonal-shaped stems which 
are usually relatively small. The large, pentalobate stem and 
the ornate exterior of Chlidonocnnus is apparently unique 
for the family. 

The Greek word chlidon for ornament is especially 
appropriate because of the spinose nature of this genus. 

CHLIDONOCRINUS ECHINATUS Strimple and Watkins, n. sp. 

Plato 42, figures 1, 4; Plate 51, figure 4 

This species is represented in the collections by three 
magnificent crowns available through a combination of re- 
markable preservation and a unique method of preparation. 
When collected, these crowns, and others herein described 
from the same locality, were lying, mostly buried, on the 
upper surface of a ledge of dark impure limestone about 
seven inches thick. Slabs of the ledge were pried out of the 
weathered cliff surface from beneath a massive three-foot 
ledge. The ledge was separated from above and below by 
soft shales, approximately one-half inch in thickness. After 
the slabs were obtained sections about one inch thick were 
sawed off the upper portion which contained  the  crowns. 

Ordinary preparation methods were too hazardous because 
of the projections, delicate pinnules, spines, and cirri. Con- 
tinual soaking and repeated brushing over a period of 
weeks gradually removed the dark matrix and revealed the 
remarkable crowns lying full-length on the slabs and still 
half buried in the denser matrix. Additional brushing with 
a moist (not wet) toothbrush brought out even more detail. 
Unfortunately, all three crowns have the posterior inter- 
radius on the buried side. 

The crown is elongate, expanded, and long cirri extend 
up around the crown. Surface of all cup and arm plates 
marked by small, spinelike nodes. Because this is the type 
species the generic diagnosis also applies to the species. 
Some distortion is caused by lateral compression. 

The dorsal cup is essentially low, broadly expanded, 
cone-shaped. Infrabasals have not been observed but are 
inferred to have been either downflared or subhorizontal 
because of the curvature at the proximal end of the basal 
plates. The basals are large, hexagonal-shaped. Radials are 
wide pentagonal-shaped with the proximal and distal edges 
marked by a row of small spinelike nodes. The lateral sides 
of the radials are recurved, as well as the proximal apex, 
so that depressed areas are formed in conjunction with 
adjacent plates. There is a gaped suture with the first primi- 
brach. A syzygial pair of first primibrachs are present, 
which are entirely' anchylosed in some instances, the lower 
one being almost as wide as the radial and quadrangular- 
shaped and the one above is axillary and triangular-shaped. 
The apex of the axillary is broad and the first secundibrachs 
are directed outward at a low angle so they could never 
abut. A row of nodes marks the perimeter of the syzygial 
pair. Subsequent brachials are often syzygial pairs. A 
series of nodes mark the lateral sides of the arms accen- 
tuated by alternatingly projected spines. The brachials are 
usually somewhat elongated, although some are low when 
involved in a syzygy. They are essentially cuneiform in 
structure. A second bifurcation takes place with about the 
ninth or tenth secundibrach in all rays and another may 
take place with about the twentieth tertibrach. Pinnules are 
present but it is difficult to establish the pattern of occur- 
rence. 

A crown may attain a length of 90 mm with the cup 
only 4.7 mm high. The cup of the holotype has a width of 
12.3 mm, but this is slightly exaggerated. 

Linear measurements in millimeters: 

Length of basal 
Width of basal 
Length of radial 
Width   of   radial 
Length of PEn 
Width of PBri 

2.9 
2.8 
3.1 
5.0 
1.7 
4.S 
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Length of PBr.ax 
Width of PBr.ax 
Width   of   proximal   columnals 

I 0 
+.+ 
3.0 

The column is pentalobate with relatively large cirri. 
Near the column the cirrals are elliptical-shaped and have 
a median fulcra! ridge comparable to the structure found in 
the stem of Platycrinites. After five or six rapidly tapered 
columnals the cirri become round and are pierced by a small, 
round lumen. Short spines mark the upper perimeter of 

many cirri. 
Remarks. — This species is not closely comparable to 

any species other than Chlidonocrinus trinodi from the 
Chesterian of Oklahoma. The later has spinelike nodes 
across the distal end of the radial but not on the proximal 
ends and the lateral sides of the radials are not depressed, 
as found in C. echinatus. The axillary second primibrach of 
C. trinodi has three prominent nodes marking the angles of 
the triangle and providing the distinguishing character for 
which the species is named. 

Types. —YioXoty^e, USNM, No. S5139, paratype, 
USNM, No. S5136 and SS174 collected by Wm. T. Watkins. 

Occurrence. — Lemon Bluff Limestone Member, Mar- 
ble Falls Limestone Formation, Atokan, Pennsylvanian; 11 
miles southwest of San Saba on Rough Creek, San Saba 
County, Texas. 

CHLIDONOCRINUS TRINODI Strimple and Watkins, n. sp. 

Plate 43, figures 3, 4 

This species is included here although of Chesterian age 
because it is the only form known to us closely related to 
the previously described Chlidonocrinus echinatus of Atokan 
age. Two cups with a few lower brachials attached are avail- 
able for types of C. trinodi. They are both distorted by 
lateral compression. 

We believe the dorsal cup to be low, cone-shaped with 
subhorizontal or mildly downflared infrabasals. The exact 
nature of the base is obscured in both specimens, but the 
basals formed in a manner suggesting the existence of a 
flattened or subhorizontal base. The basals are large hexa- 
gonal-shaped except for posterior basal which has one extra 
facet and unornamented except for a bulge in mid-portion 
near the proximal edge. The radials are pentagonal low wide 
plates and ornamented by a row of nodes along the distal 
edge of each plate. Suture is gaped between the radial and 
first primibrach. A single anal plate is preserved in the 
holotype although slightly displaced. It is long, wide, ex- 
tends slightly above the summit of the cup, and is faceted 
for reception of two tube plates. 

12.0'' 
T.O" 
3.5 
4.5 
1.0 
4.0 
7.7 
3.5 
3.0 
2.2 
7.3 
2.4 
3.8 
1.5 

Two primibrachs form a syzygial pair, the lower one 
almost filling the distal face of the radial and the upper 
one triangular-shaped and axillary. PBri has a row of nodes 
along its proximal edge. PBr^.ax has three prominent nodes 
marking the angles of the triangle. A few secundibrachs are 
of a cuneiform nature and have nodes. The column is small, 
apparently mildly pentagonal and cirrifcrous. Cirri have a 
circular outline but in proximal position appear to have a 

fulcral ridge. 
Linear measurements in millimeters: 

Width   of  Clip 
Height of cup 
Length of basal 
Width of hasal 
Length  of  suture  between  basals 
Length of radial 
Width of  radial 
Length of anal 
Width of anal 
Length of PBr, 
Width of PBr, 
Length of PBr, 
Width of PBr, 
Width  of  proximal  columnal* 

'Estimated. 
*Paratype. 

Remarks. — Chlidonocrinus trinodi is apparently a 
transitional form between smooth surfaced Cymbiocrinus 
and the highly ornate Chlidonocrinus echinatus of Atokan 

age. 
The name trinodi is from the Latin word tri for three 

and nodus for swelling, with reference to the three nodes 
on the PBr^ax. 

Types. — Holotype, SUI, No. 32260, paratype USNM, 
No. S5142, collected by H. L. Strimple. 

Occurrence. — Fayetteville Shale Formation, Chester- 
ian, Mississippian; about seven miles northeast of Vinita, 
Craig County, Oklahoma. 

Genus CYMBIOCRINUS Kirk. 1944 

CYMBIOCRINUS CONTENTUS Strimple and Watkins, n. sp. 

Plate 40, figures 11, 12 

The holotype is slightly distorted through compression 
but is well preserved, considerably larger than typical for 
the genus. The dorsal cup is low, bowl-shaped with a basal 
concavity. Five infrabasals extend slightly beyond the round 
stem and appear to be downflared. Five basals are large and 
extend out of the basal concavity. Posterior basal is evenly 
truncated to support an anal plate above. Five radials are 
large. The single anal plate extends above the summit of 
the cup and has facets for the reception of two plates above. 

There are ten large, uniserial arms branching with the 
second primibrach in all arms.  First primibrach is a low. 

I 
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wide element and the second primibrach is triangular- 
shaped, with no lateral sides. Secundibrachs are low, broad 
with strongly rounded exteriors, and a faint rim is formed 
along the distal side. Sutures are irregular with the pinnular 
bearing side of the brachial high and conversely the non- 
pinnular bearing side of the adjacent brachials are short- 
ened. There is an overhang of the inner edge of the brachial 
which prevents the pinnule from attaining a vertical atti- 
tude. The first segment of the pinnule occupies an indented 
notch on the inner edge of the brachial. 

The name contentus has its origin in the Latin word 
tensus meaning spread out. 

Measurements of holotype in millimeters: 

Width of cup   (estimated) 
Height  of  cup   (estimated) 
Length of basal 
Width   of  basal 
Length of radial 
Width of  radial 
Length  of  anal  X 
Width of anal X 
Diameter  of  proximal   colui 

22.0 
17.0 

7.0* 
7.0* 
6.5* 

11.4* 
7.5* 

Remarks. — The only described species of Cymbio- 
criniis that even approaches the size of C. contentus is C. 
gravis Strimple from the Fayetteville Shale, Chesterian, 
northeastern Oklahoma. An undescnbed species from the 
Imo Formation, uppermost Chesterian, Arkansas is of com- 
parable size but has relatively smaller arms. 

Holotype —VSNM, No. SS131, collected by Wm. T. 
Watkins, reposited in U.S. National Museum. 

Occourrence. — Marble Falls Formation, Morrowan.?, 
Pennsylvanian; three miles southwest of Lampasas, Lam- 
pasas County, Texas on Espey Creek. 

Genus LECOBASICRINUS Strimple and Watkins, new genus 

Type species. — Lecobasicrinus kickapooensis, new 
species. 

Diagnosis. — Dicyclic; crown elongate, subcylindrical. 
Arms ten, uniserial, branching with second primibrach in all 
rays. Dorsal cup shallow, base subhorizontal or mildly con- 
cave. Five small IBB, five small BE, five large RR, one 
anal plate in cup followed by more than one tube plate 
above. Column circular in outline to mildly pentagonal. 

Range — Atokan to Missourian, Pennsylvanian; Mid- 
Continent region, North America. 

Reynarks. — The most readily discernible characteristic 
of this genus is the tendency for and the practice of the 
radials to meet the infrabasal plates. The anal plate is small 
and does not extend appreciably above the summit of the 
cup. The only species for which the entire arm structure is 
known is Lecobasicrinus kickapooensis of Desmoinesian age. 

In L. kickapooensis some of the arms are hypertrophied, 
but this is not necessarily of generic significance. The ten- 
dency for the arms to be closely apposed is thought to be 
significant because in related Oklahomacrinus and Aesio- 
crinus the arms are usually subhorizontal in attitude. 

Aesiocrinus typically has a pentagonal stem, a basal 
concavity, and erect lateral cup walls. Oklahomacrinus 
typically has a pentagonal stem, an exaggerated basal cav- 
ity, and the cup walls are subhorizontal. We have not ob- 
served any tendency for the radials to contact the infra- 
basals in any species assigned to these genera except for 
Delocrinus convexus Strimple, Lecobasicrinus subidus, n. sp., 
and Aesiociinus paucus Strimple. It was recognized by 
Strimple (1940a) that the form described as Delocrinus 
convexus was atypical of Delocrinus. Assignment was not 
made to Aesiocrinus because of the large round column. 
Moore and Plummer (1940) have considered the form as 
Aesiocrinus. It is referred by us to Lecobasicrinus with some 
reservation. 

Aesiocrinus paucus is a unique form of Missourian age. 
It has a large slightly pentagonal attachment scar. It has 
a large anal plate, not extending above the summit of the 
cup and obliquely placed on the posterior basal. The dorsal 
cup is shallow but not so exaggerated as in typical Okla- 
homacrinus. Aesiocrinus paucus has the strong tendency 
for the radial to contact infrabasal with the subsequent 
change in size and shape of basal plates, although actual 
contact is not made in all rays. It is referred to the genus 
Lecobasicrinus herein with some reservation. The tendency 
for radials to contact infrabasals is found in genera of sev- 
eral other phyletic lines, e.g. Protencrinus Jaekel, 1918, 
Schistocrinus Moore and Plummer, and Sciadiocrinus Moore 
and Plummer. 

Species assigned to Lecobasicrinus: 

Lecobasicrinus kikapoocnsis, n. sp. Desmoinesian: Texas 
(type species) 

Delocrinus convexus Strimple Morrowan: Oklahoma 
Lecobasicrinus subidus, n. sp. Atokan: Texas 
.Aesiocrinus paucus Strimple Missourian: Oklahoma 

The name Lecobasicrinus is derived from the Greek 
lekos for basin, basis for the base with the common ending 
krinon for sea lily and has reference to the shallow, basin- 
like cup. 

LECOBASICRINUS KICKAPOOENSIS 

Strimple and Watkins, new species 

Plate 31, agures 5. 6; Plate 53, figure 4 

This species is represented in the collections by three 
crowns, two from the Brannon Bridge Limestone Member, 
Millsap Lake Formation, and one from the Kickapoo Falls 
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Limestone Member, Millsap Lake Formation. The largest 
and best preserved specimen is from Kickapoo Falls and 
is taken as the holotype. 

The species exhibits a characteristic that is relatively 
rare among crinoids which is hypertrophy of certain arms. 
Springer (1926) attempted to ascribe this condition to all 
species of Agassizocrinus, but his premise was rejected by 
Kirk (1940a) with the establishment of the genus Anartio- 
criniis Kirk. That genus has remarkable hypertrophy in 
half-rays in the right and left antero-lateral radii, affecting 
both width and length of the arms. These are entirely un- 
related genera, belonging to another phyletic lineage. 

The dorsal cup is shallow, basin-shaped, with a shallow 
basal concavity. The five IBB are small plates mainly 
covered by the proximal coiumnais. The five BB are only 
slightly larger than the IBB and are triangular-shaped ex- 
cept in the posterior which is truncated for reception of the 
single anal plate. The anal plate is followed by three tube 
plates above the cup. There are four facets present but the 
two proximal facets meet at a wide angle. It is probable 
that the basals were not visible in side view of an undis- 
torted cup. The five radials are the dominant cup plates, 
are slightly wider than long, make contact with the IBB in 
most rays, and have mildly gaping sutures at junction with 
the primibrachs. 

There are two primibrachs with the suture well de- 
fined. In combination they have a more or less hour-glass 
shape. Subsequent brachials are more or less regularly quad- 
rangular-shaped. Along the upper edge of most brachials 
there is a row of small nodes. In the hypertrophied arms, 
there is a pronounced thickening with marked longitudinal 
curvature of the outer surfaces. 

A long section of the column is preserved in a small 
paratype, but it is distorted by lateral compression. It has 
a circular outline. One would expect some evidence of angu- 
lation to be preserved if the stem were pentagonal, but 
there is a possibility that it has been obliterated. A few 
proximal segments are also preserved with the holotype and 
they also appear to be of a circular nature. In proximal 
portions the column is apparently composed of alternatingly 
expanded segments but at a short distance from the cup 
they are seen to be arranged in series of five. The largest 
segments are followed by thin segments and one slightly 
larger internodal is present midway between. The larger 
coiumnais have longitudinally curved lateral sides that are 
almost keel-like. 

The crown of the holotype attained a length of more 
than 53.7 mm and the smallest paratype of more than 14.7 
mm. The specimens are flattened by lateral compression so 

that accurate measurements are not possible. The height 
of the cup of the holotype could not have been more than 
5 mm. 

Other measurements of holotype in millimeters: 

Length of radial   (anterior) 
Width of radial   (anterior) 
Length of basal   (right  posterior) 
Width of hasal   (right posterior) 

4.7 
6.5 
+.1 
4.1 

Differential in widths of arms is reflected by the 
following measurements at slightly above mid-length of the 
arms: 

Right anterior   —left  ray 
—right ray 

.\nterior —left   ray 
—right ray 

Left anterior      —left ray 
—right ray 

Left posterior    —left ray 
—right ray 

Right posterior —left  ray 
—right   rav 

3.7 
3.1 
2.0 
2.0 
4.0 
3.9 
2.8 
2.1 
3.2 
3.5 

Remarks. — Comparison of Lecobasicrinus kickapoo- 
ensis with related species has been covered under the generic 
discussion. As far as now known, the hypertrophied arms 
are a specific characteristic. 

ry;.«. — Holotype, USNM, No. SSIOO, paratype, 
USNM, No. SS18S and unnumbered paratype, collected by 
Wm. T. Watkins. 

Occurrence. — Holotype, shale below Kickapoo Falls 
Limestone Member, Millsap Lake Formation, Strawn 
Group, Desmoinesian; about one-third mile below the falls 
on Kickapoo Creek, southwest of Dennis, Hood County, 
Texas. Paratypes, Brannon Bridge Member, Millsap Lake 
Formation, Strawn Group Desmoinesian, Pennsylvanian; 
three miles southwest of Brock, Parker County, Texas. 

LECOBASICRINUS SUBIDUS 

Strimple and Watkins, new species 

Plate 56, figures 3, 4 

This species is represented in the collections by one 
specimen from the Marble Falls Formation, consisting of the 
proximal coiumnais, dorsal cup and lower portions of the 
arms. There is slight distortion due to lateral compressions 
but the specimen is in good preservation. In its natural state 
the cup would be low, basin-shaped, with a flattened base. 
Five infrabasals form a large, centrally depressed disk and 
recurve out of the depressed basal area so that their tips 
are visible in side view of the cup. Five basals are of 
medium size, are hexagonal-shaped (except at the pos- 
terior where an extra facet is provided for reception of the 
single anal plate), and have relatively short lateral sides. 
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The five radials are the dominant cup plates, are penta- 
gonal-shaped, and are wider than long. The right posterior 
radial has a short side in contact with the posterior basal. 
The single anal plate is a quadrangular-shaped element 
that does not extend appreciably above the normal summit 
of the cup. It appears to have a single facet above but 
probably has two facets. 

About seven, alternatingly expanded, thin columnals 
are preserved. The stem appears to be circular but when 
carefully viewed at a suture face it has a mildly pentagonal 
outline. The lumen is round. Cirri are present. 

First primibrachs are low, wide, and nonaxillary. The 
second primibrach appears to be nonaxillary in most rays. 
These are the only preserved brachials in the specimen. 

Measurements in millimeters: 

Height  of cup   (as  preserved) 
Width of cup  (estimated) 
Length  of basal  plate 
Width of basal  plate 
Length of radial plate 
Width of radial  plate 
Length of anal plate 
Width of anal plate 
Width of proximal columnals 

Holotype 
3.2 
5.0 
1.8 
1.9 
1.9 
2.3 
1.6 
2.6 
1.5 

Remarks. — Lecobasicrinus subidus differs from Missis- 
sippian species of Ampelocrimis in having a basal area ex- 
tending beyond the stem with only the tips of the infra- 
basals recurved to be visible in side view of the cup. There 
is a depressed central area in the infrabasal disk. It also 
has a slightly pentagonal outline of the column of which 
about six columnals are preserved. In Ampelocrimis the 
column is round and the infrabasals rise evenly from the 
columnar attachment The Missourian species Aesiocrinus 
paucus Stnmple and A. prudentia Strimple are closely re- 
lated to Lecobasicrinus subidus. The infrabasals of Aesio- 
crinus paucus are not visible in side view of the cup but 
this is due to the structure of the cup and not to the attitude 
of the infrabasals. A. paucus has a tendency to shorten the 
sutures between basals, as found in Lecobasicrinus subidus. 

The name subidus is Latin for sensible, having refer- 
ence to the normal evolution from Mississippian forms. 

ry/>^. — Holotype, USNM, No. S5198 collected by 
Wm. T. Watkins. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Limestone Formation, Atokan, Pennsylvanian; on 
Rough Creek, 11 miles southeast of San Saba, San Saba 
County, Texas. 

Genus AESIOCRINUS Miller and Gurley, 1890 
AESIOCRINUS ANNULATUS Strimple and Watkins, new species 

Plate 31, figures 2, 3 

One crown and an incomplete dorsal cup represent this 

species. Lateral compression causes some difficulty in tak- 
ing measurements and in making some observations. 

The dorsal cup is low, bowl-shaped with a sharply 
invaginated basal area. At the top of the basal concavity, 
five moderately large infrabasals form a subhorizontal or 
slightly downflared disk. Five large basals have proximal 
portions curved sharply into the basal concavity, apparently 
form a broad base to the cup and then curve upward to be 
slightly visible in side view of the cup. Five radials are 
only slightly wider than long, pentagonal-shaped, mildly 
tumid with depressed sutures and have a broad outer- 
ligamental area with a thin ligamental pit. The transverse 
ridge is crenulated and although preservation is poor, the 
inner articular area is seen to be relatively long. The anal 
plate is narrow, does not extend above the summit of the 
cup and apparently is only followed by one tube plate. 

There are ten robust arms bifurcating with the second 
primibrach in all rays. There is a close suture between the 
two first primibrachs of a type usually termed syzygial. Al- 
most complete anchylosis has taken place in some pairs. 
First primibrach is large, quadrangular-shaped, and the 
second primibrach is low, almost triangular-shaped albeit 
there are two short lateral sides. The first secundibrach is 
large but thereafter the brachials are low elements marked 
by a longitudinal ridge in mid-length with even upper sur- 
faces. The arms taper quickly with the proximal secundi- 
brachs but thereafter taper slowly. They have rounded 
exteriors. One arm shows the lateral side for a short distance 
and pinnular facets are present on every other brachial. 
In other words, the pinnules must alternate on each side 
of the arm. 

The column is large, round, and composed of alter- 
natingly expanded columnals. There are longitudinal ridges 
on the thickened columnals. 

The species name annulatus is Latin for ringed, with 
reference to the column. 

Measurements in millimeters: 

Holotype Paratype 
Length of crown (as  preserved)             46.0 — 
Height of cup 7.0*^                 8.2 
Width of cup 27.0* 25.0e 
Length  of basal 9.0* 10.7* 
Width  of  basal 8.8* 10.0* 
Length  of  radial 7.0*                  8.7(1) 
Width  of  radial 11.6* 12.2(1) 

" Estimated. 
* Measurements taken along surface curvature. 
|li Left posterior radial. 

Remarks. — This species is closely related to Okla- 
homacrinus   abruptus  Strimple    (1961a)    from   the    Des- 
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moinesian of Oklahoma with both species having large 
tumid basal plates, relatively narrow, steep-sided basal 
concavity and subhorizontal or mildly downflared, infra- 
basals. The small narrow anal plate, followed by one tube 
plate, of Aesiocrinus annulatus, separates it from other 
species of Aesiocrinus. Aesiocrinus typically has a broad anal 
plate followed by two tube plates; however, such forms as 
Aesiocrinus luxuris Strimple (19Sld) and A. detrusus 
Strimple (19Sld) have the anal plate followed by one tube 
plate. They are, however, atypical of Aesiocrinus. This 
group of four species probably represents a lineage separable 
from Aesiocrinus. 

Ty^e. — Holotype, USNM, No. SS099, and one un- 
numbered paratype, collected by Wm. T. Watkins. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles northwest of Brock, Parker 
County, Texas. 

Genus OKLAHOMACRINUS Moore, 1939 

OKLAHOAAACRINUS FROSTAE 

Strimple and Watkins, new species 

Plate 34, figures 1, 2 

A single well-preserved, albeit flattened, crown is the 
only known representative of this species. The crown is 
long but the dorsal cup is short. Five small infrabasals are 
confined to the basal concavity. Five small basals form the 
basal plane and parts of the walls of the basal concavity. 
The distal tips are visible in side view of the cup. Five 
radials are thin, wide, large elements. There is a single 
anal plate within the cup followed above by a prominent 
single series of tube plates. Another series of tube plates is 
present well above the cup indicating the presence of a long, 
slender, weak anal tube. Ten arms are long, slender, have 
well-rounded exteriors and branch on the second primibrach 
in all rays. The first primibrach is sharply tapered. Each 
brachial above the axillary carries a single pinnule which 
alternates with the adjacent brachials. Proximal columnals 
are large, are mildly pentagonal-shaped but eventually be- 
come rounded. Many cirri are present, as evidenced by 
scars on the nodals. Most of the surface of the cup and arms 
is granular. 

Measurements of holotype in millimeters (estimates of 
cup height and width  are not attempted): 

Length of basal 
Width of basal 
Length  of  radial 
Width of radial 
Length of anal 

2.1 
3.0 
3.0 
5.9 
2.7 

Width of anal 1.5 
Length of first primibrach 1.5 
Width of first primibrach 5.9 

Remarks. — Oklahomacrinus frostae is the oldest re- 
corded species of the genus and is apparently closely related 
to Cymbiocrinus pitkini Strimple (1955) of Chesterian age. 
The long slender anal plate, followed by one tube plate, 
the wide, thin radial plates, long, slender, uniserial arms 
and proximal pentagonal columnals of 0. frostae are all 
typical of Oklahomacrinus. The upper Desmoinesian species, 
0. abruptus Strimple (1961a) is closely related to 0. frostae. 
The former appears to be slightly more rugose, has more 
prominent basal plates, and the anal plate widens somewhat 
more than in 0. frostae. 

Lecobasicrinus kickapooensis, n. sp. and L. subidus, n. 
sp. have many features in common with Oklahomacrinus 
frostae but differ in having rounded proximal columnals. 
Lecobasicrinus kickapooensis is also specialized in having 
hypertrophied arms, and the single anal plate of the cup is 
followed above by three tube plates, whereas Oklahoma- 
crinus frostae has a single tube plate above the anal plate. 

Holotype. —VSNM, No. S5107 collected by Mrs. Paul 
C. Frost, Cedar Hill, Texas, and reposited in the U.S. 
National Museum. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; about three miles southwest of Brock, 
Parker County, Texas. 

OKLAHOMACRINUS SPICATULUS Strimple and Watkins, 

new species 

Plate 31, figure 4; Plate 51, figures 1, 4; Plate 53, figure 5; 
Plate 56, figure 1 

This species is represented in the collections by four 
partial crowns from two exposures of the Lemons Bluff 
Member, Marble Falls Formation. The preservation is not 
satisfactory for some observations, but the specimens are 
identifiable in essential features. 

The cup is low and broad with shallow basal invagi- 
nation. Infrabasals are confined to the invaginated base. 
Five basals form the sides of the basal concavity, curve into 
the basal plane, and the distal tips are in the lateral walls of 
the cup. Five radials are the most prominent cup elements, 
being wide and having decidedly tapered lateral sides. 
There is a flattened area beyond the outer ligamental 
furrow which probably acted as a stop for a similar though 
less pronounced surface on the primibrach when the arms 
were fully extended in a normal feeding attitude. The outer 
ligamental pit is pronounced and the transverse ridge is 
well developed above it but elsewhere the transverse ridge 
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is ill defined. One anal plate is present in the cup but is not 
well preserved in any specimen studied. The first primi- 
brach is moderately low with the proximal edge filling the 
width of the radial but tapering rapidly. The second primi- 
brach is axillary with short lateral sides and a long slender 
apex. The ten arms are uniserial, slender, with well-rounded 
exteriors. Each brachial is slightly protuberant on alter- 
natmg sides for the attachment of the pmnule and give a 
slight zigzag appearance which is atypical of Oklahoma- 
crinus, or even late Chesterian Cymbiocrinus. The anal 
tube is long, slender, and is comprised of large, smooth, ex- 
ceedingly thin plates, with roughly serrated interlocking 
lateral sides. 

The entire surface of the cup and lower arm segments 
are granular appearing. The column is pentagonal and cirri- 
ferous. 

Measurements in millimeters: 

Width  of cup—approximate 
Height of cup—approximate 
Width of radial 
Length of radial 
Width of fir«t primibrach  at base 
Width  of first  primibrach  at summit 
Length   of   arms   as   preserved 

14.0 
2.5 
7.0 
3.8 
6.9 
5.0 

18.5 

Remarks. — The pentagonal-shaped stem serves to 
separate 0klahomacrinus spicatulus from Cymbiocrinus and 
the slightly staggered attitude of the brachials is different 
from the arms of other species of Oklahomacrinus. 

The name spicatulus is a derivative of the Latin word 
spica for point and has reference to the pointed axillary 
secundibrachs. 

Types. — Holotype, USNM, No. SS186, paratypes 
USNM, No. SS196 (two specimens), paratype USNM, 
No. S5101, collected by Wm. T. Watkins, reposited in the 
U.S. National Museum. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Formation, Atokan, Pennsylvanian; Rough Creek, 
11 miles southeast of San Saba, and (paratype. No. SSlOl) 
C. B. Lambert Ranch near San Saba, San Saba County, 
Texas. 

Genus PHIALOCRINUS Trautschold, 1879, iwmen nudum 

In the original description by Trautschold (1879) a dia- 
gram was given with a single anal plate shown and two 
primibrachs as Phialocrinus patens Trautschold. The genus 
Phialocrinus Eichwald (1856) was based on only stems of a 
considerably older age, and although pentagonal stems are 
involved in both instances, the forms are certainly not 
congeneric. A generic description was given by Trautschold 
based on his material. 

To further confuse matters, Trautschold gave illustra- 
tions (1879, pi. 4, figs. 4 a-b) supposedly two views of the 
same specimen, but the side view shows one anal plate and 
the basal view shows three anal plates. This could easily 
have been a drafting error because the shape of the cup 
appears comparable in both instances, but in any event it is 
imperative to establish the single anal plate character for 
the species. Most modern authors have considered the 
species to belong to Aesiocrinus. Kirk (1942), in discussion 
of the family Ampelocrinidae, noted, "Phialocrinus Traut- 
schold obviously belongs here, but that name is a homonym. 
If adequate material were available for study, that form 
might prove to be a new genus or to belong to Aesiocrinus." 
New material has been illustrated by Yakovlev and Ivanov 
(1956, pi. 7, figs. 3-5) and it (Phialocrinus patens) is seen 
to be closely related to Aesiocrinus, and was so designated 
by Yakovlev and Ivanov. 

The species Aesiocrinus ivanovi Yakovlev (1956) 
appears to us to be close to Aesiocrinus patens and could 
well be a young stage of that species. Both are from the 
Moscovian, C^ which is apparently equivalent to the Ameri- 
can lower Desmoinesian. 

The form described as Phialocrinus? elenae Yakovlev 
(1930) is illustrated as Phialocrinus elenae (Yakovlev) in 
Yakovlev and Ivanov (1956), but there does not appear 
to be any discussion of the species in the latter work. It 
is closer in structure to Poliisocrinus than to the other Rus- 
sian species and is here referred to Polusocrinus elenae 
(Yakovlev), new combination. The age is Permian, ?]. The 
infrabasals are large and prominent but are only slightly 
visible in side view of the cup. The articular facets are 
short and the stem is diminutive. As noted elsewhere, a 
tendency toward atrophy of the column is found in some 
species of Polusocrinus. 

Family CORYTHOCRINIDAE Strimple and Watkins, 
new family 

Range. — Mississippian and Pennsylvanian; North 
America. 

Genera. — Corythocrinus Kirk, 1946; Araeocrinus 
Strimple and Watkins, n. gen. 

Diagnosis. — Dicyclic; cup high conical to low saucer- 
shaped; IBB five, visible from side; R facets wide, may or 
may not occupy full width of radial; one large anal (RA) 
in cup in line with RR, in oblique contact with posterior 
basal; anal sac tall; arms uniserial, pinnulate, usually 
branching two or more times isotomously, syzygial pairs 
formed by brachials; thin alternatingly thickened colum- 
nals, with pronounced interlocking crenulations visible from 
side, stem large with large lumen. 
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Remarks.—This unique group is characterized by hav- 
ing a single, large anal plate (RA) in broad, oblique con- 
tact with the posterior basal and also a narrow contact 
with the right posterior basal. In arm structure, there ap- 
pears to be a migration of the point of branching away from 
the cup, which is diametrically opposed to previously ac- 
cepted concepts concerning this feature. It has been thought 
that migration of the point of branching always progresses 
downward toward the cup. An exception is noted herein 
for Ulrichicrinus ramosus wherein regression has taken 
place. In typical Corythocrinus there are three primi- 
brachs and about ten to 16 secundibrachs, but in Araeo- 
crinus, which is considerably younger, there are at least 
four primibrachs, and at least 30 secundibrachs prior to a 
second bifurcation. 

In Corythocrintts the articular facet of the radial plate 
reputedly occupies the full width of the plate but in Araeo- 
cnnus the outer surface of the radial is projected into the 
adsutural portion of the upper surface. The anal plate of 
Corythocrinus, as illustrated by Kirk (1946, pi. 40, fig. 1), 
has three distinct distal facets although it is stated that only 
tube plates followed. In Araeocrinus there appears to be only 
one facet which has the general appearance of a radial plate 
even to the presence of an outer ligamental pit. The pit 
is in itself unusual in having a mild rise in mid-portion so 
that under close scrutiny there appear to be two pits. The 
horizontal plane formed by the upper surface of the anal 
plate in Araeocrinus is distinctly different from the sharply 
angulated upper extremity of the anal plate in Corytho- 
crinus. 

The affinities of the corythocrinids are somewhat ob- 
scure except for apparent relationship with Ampelocrinus 
of the Ampelocrinidae. We believe Ampelocrinus may be a 
derivative of a form like Corythocri^ius insculptus Kirk, 
1946, through slight reduction in cup height, elimination of 
one primibrach and reduction in the size of the stem. They 
have in common the general shape of cup (conical, with 
IBB visible in side view); long, slender, uniserial arms with 
cuneiform segments and syzygial pairs, which branch two 
or more times isotomously; long slender anal sac; a single 
anal plate (RA) resting obliquely on the posterior basal. 
As a matter of record, we do not believe all forms cur- 
rently assigned to the ampelocrinids to be directly related 
to Ampelocrinus. 

Kirk (1946, p. 269, 270) did not consider Corythocrinus 
to be closely related to any described genus but he gave 
a discussion of differences between it and Lebetocrinus Kirk, 
1940. Fundamental differences appear to exist in the nature 
of the arms of those two genera. 

Genus ARAEOCRINUS Strimple and Watkins, new genus 

Type species. — Araeocrinus bassus Strimple and Wat- 
kins, n. sp. 

Range. — Pennsylvanian;  North  America. 
Diagnosis. — Dicyclic; cup high conical to low saucer- 

shaped; IBB five, visible from side; R facets wide, do not 
occupy full width of radials; one large anal (RA) in line 
with RR, in oblique contact with posterior basal; anal sac 
tall, composed of thin plicate plates; arms uniserial, pinnu- 
late, branching two or more times isotomously, brachials 
cuneiform, more or less hour-glass shaped, syzygial pairs 
common; stem large, columnals thin, alternatingly expand- 
ed, circular outline in older species, may be pentagonal 
in younger species. 

Rei7iarks. — Comparison between Corythocrinus and 
Araeocrinus is given under the familial remarks section. The 
two genera appear to be closely related. 

The name Araeocrinus is derived from the Greek word 
araios for narrow or thin, havmg reference to the long 
slender crown. 

ARAEOCRINUS BASSUS Strimple and Watkins, new species 

Plate 42, figure 3; Plate 51, figures 2, 3; Plate 53, figures 1, 2 

This species is represented in the collections by two 
crowns in excellent preservation and a dorsal cup. The 
smaller crown does not show any juvenile characters (which 
may be confirmed by comparing ratios between length and 
width of various plates) and is selected as the holotype. 
The crown is long and slender, the cup is tall and conical, 
sutures between radials and primibrachs are gaped, there 
are 20 or more arms with numerous syzygial pairs of 
brachials and the anal sac is tall and slender. 

There are five infrabasals that rise evenly from the 
columnar attachment area. Five basals are prominent cup 
elements and are hexagonal, even in the posterior. The pos- 
terior basal supports the large quadrangular anal plate 
above on an oblique plane and does not have an extra 
facet because it has lost contact with the right posterior 
radial plate. There is a truly unique situation wherein the 
right proximal corner of the anal plate (RA), the left 
proximal corner of the right posterior radial, the right dis- 
tal corner of the posterior basal and the left distal corner 
of the right posterior basal have a common meeting point. 
The arrangement leaves the right posterior radial plate with 
only four sides. Other radial plates have five sides. The 
articular facet does not occupy the full width of the radial 
plate, but the external surface of the plate is seen to ex- 
tend into the adsutural area and form a low shoulder. 
When the primibrach is in place this feature is somewhat 
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obscured. The extension of the outer surface of the radial- 
like anal plate (RA) onto one adsutural slope of the upper 
facet is well shown on one corner of the large paratype and 
is reflected by the lack of sharp distal corners of the holo- 
type. Such a condition emphasizes the similarity of the anal 
plate with the radial plates. There is even an outer liga- 
mental furrow, albeit the pit is composed of two depres- 
sions. 

There are four or five primibrachs in each ray. They 
are quadrangular with even upper facets except for the 
axillary which has a bluntly pointed apex. The primibrachs 
have a rounded surface but they recurve along the sides 
so that flattened areas are actually formed. Secundibrachs 
are usually syzygial paired, cuneiform-shaped and may bi- 
furcate with about the thirtieth segment. Sutures between 
segments of a pair are close but between pairs they are 
gaped. Each syzygial pair has a single pinnule on a side, 
alternating with the adjacent pair, and has a flared upper 
and lower edge. 

The anal sac is long and slender, composed of thin, 
wide, hexagonal-shaped plates. Each series of plates is 
rounded but recurve to produce flattened sides which are 
marked by raised ridges which are confluent with ridges 
of adjacent plates. There is usually one series of plates to 
a side although it may sporadically bifurcate to meet those 
of two adjacent plates. The raised median portion of the 
tube plates is granular appearing. There are apparently 
five series of plates. 

Ornamentation of the anal tube is discussed above. 
The dorsal cup is also covered with small granulations. 
The arms are marked by fine ridges which bifurcate and 
merge as they pass from brachial to brachial. 

The column is large, circular in outline, tapers sharply 
for a short distance from the cup, but thereafter no ap- 
preciable tapering takes place, at least for a considerable 
distance. The segments are alternatingly thickened but are 
essentially thin elements. Crenulations extend to the ex- 
terior giving an interlocking appearance to the sutures. The 
lumen is prominent and pentagonal-shaped. Less than one- 
half inch of the column is attached to the holotype out of 
a total of three feet recovered from the ledge. The column 
continued into the cliff. This is the only species found at 
this locality with a long column preserved. 

Measurements in millimeters: 
Holotype 

Length of crown 41.0' 
Width of crown 
Height of  IBB  circlet 
Width of IBB circlet 
Length of basal plate 
Width  of basal  plate 

1.8 S.0< 
2.8 4.8 
3.1 5.0 
3.7* 7.2* 

6.0   
3.0 4.8 

17.0«- 
2.3 
4.2 
3.2 

Paratype 
132.0e 
44.0« 

4.6 
8.6 
7.1 
8.0* 

Length of suture between basals 
Length of radial plate 
Length of anal plate   (RA) 
Width of anal plate   (RA) 
Length of arms to ape,\ of PBriax, 

left posterior ray 
Diameter of  proximal  columnal 

' — incomplete 
•" — estimated 
* — measurement taken along surface curvature. 

Remarks. — There are few described forms with which 
Araeocrinvs bassus may be closely compared. Differences 
with the closely related Corythocrinus have been given un- 
der the familial discussion. The slender arms with numerous 
primibrachs and syzygial pairs of brachials separates it from 
other known species. Lecobasicnnus paucus (Strimple) from 
the iVlissourian has a shallower cup with infrabasals essen- 
tially horizontal although the tips are curved up to be 
visible in side view of the cup. As noted above, Araeocrinics 
bassus has a high cone-shaped cup and the infrabasals rise 
evenly from the stem attachment area. 

The species name bassus is Latin for deep, having refer- 
ence to the deep dorsal cup. 

Ty^^j. — Holotype, USNM, No. S5183 and paratypes 
USNM, No. S5138, S5175, S5176 collected by Wm. T. Wat- 
kins and reposited in the U.S. National Museum. 

Occurrence. — Lemons Bluff Member, Marble Falls 
Formation, Atokan, Pennsylvanian; on Rough Creek, 11 
miles southeast of San Saba, San Saba County, Texas. 

Family SCYTALOCRINrOAE Moore and Laudon, 1943 

Genus SCYTALOCRINUS Wachsmuth and Springer, 1880 

SCYTALOCRINUS SANSABENSIS Moore and Plummer, 1938 

Plate 41, figure 5; Plate 51, figures 1, 4 

Sy^ionomy. — Scytalocrinus sansabensis Moore and 
Plummer, 1938; Scytalocrinus sansabensis Moore and 
Plummer, 1940; Scytalocrinus sansabensis Bassler and 
Moodey, 1943; Hypselocnnus sansabensis Moore and Lau- 
don, 1944. 

The species have been well described by Moore and 
Plummer, 1938, and no appreciable amount of additional 
information has been uncovered in the excellently preserved 
material at hand. 

Kirk (1940b, p. 327) considered the high and prom- 
inent infrabasal plates of Hypselocrinus of considerable 
diagnostic significance, and designated the characteristic as 
of use in distinguishing the genus from Scytalocrinus. He 
considered the arms of Scytalocrinus to be short and stout, 
as compared to the long, relatively slender arms of Hypselo- 
crinus. The importance of length of arms was accentuated 
by Kirk (1940b, p. 325) when he noted the relative length 
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of arms of an adult specimen of the type species (Hypselo- 
crinus hoveyi) as 25 cm long with a cup height of 1.7 cm, 
a ratio of about 0.06. A dramatic difference is afforded in 
comparison with specimens of Scytalocrinus sansabensis, 
wherein the ratio is about 0.20. It is probably this differ- 
ence between cup height and arm length that influenced 
Bassler and Moodey (1943) to retain the later species in 
Scytalocrinus. It is likely that Kirk was consulted in the 
matter. The nature of the infrabasal circlet, i.e. its upflared 
nature, apparently influenced Moore and Laudon (1944) 
in their assignment as Hypselocrinus sansaben.ns. 

It is not within the scope of this paper to completely 
review species of the genera Scytalocrinus and Hypselo- 
crinus. The latter genus is usually a more delicate, special- 
ized form within which most species have an autonomous 
anterior ray, and a tendency toward a second bifurcation 
of the arms in later species. We are cognizant of the pos- 
sibility that an undescribed genus is represented but for 
the present designate the species as Scytalocrinus sansa- 
bensis. 

We are able to clarify some characteristics. The anal 
plates of the posterior interradius are perfectly normal 
(Primitive Type) in one of the excellently preserved hypo- 
tj'pes available to us. Some of the drawings given by Moore 
and Plummer (1938, text-fig. 9; 1940, text-fig. 17b) show 
anal X to have two distal facets and RX (rt) to have only 
one distal facet. Some of the drawings of Moore and Plum- 
mer (1938, text-fig. 9; 1940, text-fig. 17a) show anal X has 
a single facet above and RX (rt) has two distal facets. Our 
specimen shows the anal X with one distal facet and RX 
with two distal facets, one in contact with X, which is the 
common arrangement among inadunate crinoids having 
three anal plates within the cup. There are two known 
Pennsylvanian genera having tall conical cups upflared in- 
frabasals which are readily distinguished from Scytalocrinus 
sansabensis simply because the anal X and RX have a con- 
fluent distal edge which is in a subhorizontal attitude 
(Hydriocrinus and Melbacrinus). There are other differences 
involved. 

The pinnules of S. sansabensis occur on alternating 
sides. The pinnular bearing side of a brachial has a slight 
tendency to be longer than the nonpinnular side but de- 
cidedly cuneiform brachials are not formed. The pinnules 
are large and relatively long. 

Types. — Holotype, Walker Museum, No. 31721, para- 
type. Walker Museum, No. 31721a, University of Chicago, 
(now Field Museum of Natural History) collected by R. C. 
Moore. Hypotypes, Peabody Museum, No. 15238 A-E, Yale 
University, collected by Charles Schuchert, D.  K. Greger, 

and A. McCoy. Hypotypes, USNM, Nos. S5135, S5173 col- 
lected by Wm. T. Watkins. 

Occurrence. — Holotype, paratype, and hypotypes are 
from the Lemons Bluff Limestone Member, Marble Falls 
Formation, Atokan, Pennsylvanian; in valley of Rough 
Creek, about 11 miles southeast of San Saba, San Saba 
County, Texas. 

SCYTALOCRINUS sp. 

Plate 50, figure 5 

One specimen, in poor preservation, is present among 
the crinoids found in the Barnett Formation of Mason 
County, Texas, which appears to belong to the genus 
Scytalocrinus in that it has a high cone-shaped cup with 
upflared infrabasals. The arms are unusually thick and are 
only comparable to those of an undescribed species from 
the Pitkin Limestone of Arkansas. The brachials are low 
and the pinnules are well developed. 

The dorsal cup has a height of 13 mm, width of 29 mm. 
The arms have a width of 6.5 mm at a distance of 64 mm 
above the cup with no evidence of tapering. The columnar 
attachment area has a diameter of 5 mm. 

Figured specimen. — USNM, No. S5172 collected by 
Wilburn Shearer, reposited in the U.S. National Museum. 

Occurrence. — The limestone slab was obtained in what 
is thought to be the Barnett Formation, Chesterian, Mis- 
sissippian; Kothman Ranch 21/. miles southwest of Mason, 
Mason County, Texas. 

Genus HYDRIOCRINUS Trautschold, 1867 

HYDRIOCRINUS LORRAINEAE Strimple and Watkins, 
new species 

Plate 34, figures 3, 4, 6, 7 

Dorsal cup elongate, cone-shaped. Five infrabasals 
prominent in side view of cup. Five basals are elongated. 
Five radials are slightly wider than high with distal faces al- 
most filled by proximal edges of primibrachs. There are 
three anal plates but the area is disturbed in preservation 
and their exact arrangement is not known. Anal X is in 
direct posterior position and has a broad contact with the 
posterior basal. It does not appear to be larger than RA. 
There are ten cuneiform arms with the first primibrach 
axillary in all arms. The first primibrach is constricted in 
mid-section. Secundibrachs have a short and a long side, 
with the long side pinnular bearing. The exteriors are well 
rounded and there is no median constriction. The arms 
were probably long. 

There are two proximal columnals of medium size in 
place which have a mildly pentagonal outline and a round 
lumen. 
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Measurements of holotype in millimeters: 

Length of crown  as  preserved 43 + 
Height of dorsal cup 12.0 
Width of dorsal cup 13.0 
Height  of  infrabasal   circlet 4.0* 
Width of infrabasal circlet 7.2* 
Length of basal  (right anterior) 5.1 
Width of basal   (right anterior) 4.2 
Length of radial   (right anterior) 4.0 
Width of radial   (right anterior) 5.6 
Length  of primibrach—average 4.2 
Width of primibrach—at base 5.3 

*slightly distorted due to lateral compression 

Remarks. — The shape and length of the cup of 
Hydriocrinus lorraineae is close to that of H. pusillus Traut- 
schold (1867) of the Moscovian of Russia. The primibrachs 
and arms of H. lorraineae are more robust than those of 
H. pusillus. 

Several species have been assigned to the genus Hydrio- 
crinus by Schmidt (1930) from Mississippian or Upper 
Devonian rocks which do not belong to the genus or do not 
exhibit characters of the type species of the genus, H. pusil- 
lus. Species from the Lower Carboniferous of England are: 
Poteriocrinus barumensis (Whidborne), Mariocrinus 1 mun- 
dus Whidborne, Scaphiocrinus ? plumifer Whidborne, 
Scaphiocrinus salebrosus Whidborne, Poteriocrinus tensus 
Whidborne, and Scaphiocrinus transcisus Whidborne. 
Schmidt (1930) selected the form described by Drever- 
mann (1902 from "Etroeungt" (transitional beds in Upper- 
most Devonian) of Ratingen, Kettwig, Rheinland as 
Poteriocrinus barumensis and formed a new species, Hydrio- 
crinus ratingensis Schmidt. A specmien studied by Schmidt 
had three anal plates in normal position (Primitive) and 
nonaxillary first primibrachs in some rays. 

Hydriocrinus ? rosei Moore and Plummer from the 
Morrowan of Oklahoma has three anal plates in normal 
(Primitive) arrangement. The species is not typical of 
Hydriocrinus but may well be the progenitor of the genus. 
The arms of H. } rosei are not known so that no firm de- 
termination may be made. 

The excellent crown taken as the holotype was donated 
to the study by Mrs. Lorraine Marrs and is named in her 
honor. 

Types. —The holotype USNM, No. SS108, paratype, 
USNM, No. S5110, reposited in the U.S. National Museum. 

Occurrence. — The holotype is from the Brannon 
Bridge Limestone Member, southwest of Brock, Parker 
County, Texas, and the paratype was collected by Wm. T. 
Watkins from the Kickapoo Falls Limestone Member, near 
Kickapoo Falls, Hood County, Texas, Millsap Lake Forma- 
tion, Strawn Group, Desmoinesian, Pennsylvanian. 

Family RAMULOCRINIDAE Strimple and Watkins, new family 

Genera. — Ramulocrinus Laudon, Parks, and Spreng; 
Aulocrinus Wachsmuth and Springer; Decadpcrinus Wachs- 
muth and Springer; Trautscholdicrinus Yakovlev and Ivan- 
ov. 

Range. — Devonian to Pennsylvanian; North America, 
SSSR. 

Diagnosis. — Dicyclic; crown slender; widely expand- 
ed cup; IBB five, visible from side in older forms but may 
be subhorizontal in younger genera; BB five, medium size; 
RR five, facets wide; three XX in cup; anal sac tall, slender; 
arms branch isotomously on PBtoax in all rays in older 
forms but on PBriax in younger forms and do not branch 
again; sinuous zigzag arm brachials; stout pinnules. 

Remarks. — This family is proposed for a group of 
closely related forms that are removed from the Scytalo- 
crinidae. All have in common the sinuous zigzag arm brach- 
ials and stout pinnules. Devonian species not having zigzag 
arm brachials fall under the genus Bridgerocrinus which 
genus IS retained under the Scytalocrmidae. Dccadocrinus 
has two PBrBr whereas Ramulocrinus and Aulocrinus have 
a single PBr. Migration of the point of bifurcation toward 
the cup is considered to be progressive evolution. The range 
of Ramulocrinus is extended into the Missourian (upper 
middle Pennsylvanian) in this study. 

Aidocrinus is a specialized form with short brachials, 
a distinctive spoutlike anal tube and a low bowl-shaped 
cup with a concave base. 

The inception of this family appears to be with such 
forms as Dccadocrinus nereus (Hall) and D. viultinodosus 
Goldring of Devonian age. 

Trautscholdicrinus is the youngest genus (C^ks, Upper 
Carboniferous of Russia and Missourian of North America) 
and does not have the keeled appearance and a lessened zig- 
zag appearance to the arms. 

Genus RAMULOCRINUS Laudon, Parks, and Spreng, 1952 

Type species. — Ramulocrinus  nigelensis   Laudon, 
Parks, and Spreng, 1952. 

i?aHgc. — Devonian,   Mississippian,   Pennsylvanian; 
North America. 

By original definition, this genus is a Decadocrinus 
with a single primibrach. Both genera (Decadocrinus and 
Ramulocrinus) as redefined by Laudon, Parks, and Spreng 
(1952) have IBB that curve upward to form part of the 
lateral walls of the cup and have sinuous, zigzag appearing 
brachials but Decadocrinus has two primibrachs, the second 
being axillary. There is no evolution reflected by the anal 
plates of the posterior interradius (i.e. there is no evidence 
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of migration and elimination or elimination of said plates) 
and the reduction of primibrachs from two to one is con- 
sidered to be progressive. Strangely enough there is still no 
change in the arrangement of the three anal plates of the 
posterior interradius in the new Desmoinesian species, 
Ramulocrinus consectatus, n. sp., or in the zigzag appear- 
ance and large pinules (?ramules) of the arms. The base 
of the new species is disorganized in preservation but ap- 
pears not to have been concave. 

RAMULOCRINUS CONSECTATUS Strimple and Watkins, 
new species 

Plate 44, figure 13 

This species is represented in the collections by a smgle 
spectacular crown from the Brannon Bridge Limestone 
Member of the Millsap Lake Formation. The posterior side 
is in excellent preservation. The proximal columnals are 
preserved but the base of the cup is distorted. There does 
not appear to have been any basal concavity but the base 
is probably subhorizontal rather than upflared. 

The dorsal cup is widely expanded and shallow. The 
infrabasals are covered by other plates. The five BB are 
large and their proximal portions are not appreciably 
curved, which indicates the lack of a basal concavity. Five 
RR are large, pentagonal-shaped, flared, and marked by a 
low but distinct arcuate ridge below the outer ligamental 
area. Three large anal plates, in normal (Primitive) ar- 
rangement, occupy the posterior interradius. Sutures be- 
tween the radials and primibrachs are slightly gaped. 

Primibrachs are axillary and are in general elongated 
although there is considerable variance in their lengths. 
All but the left anterior are preserved. The longest is the 
anterior with the right and left posterior only slightly 
shorter. The right anterior is the short element and it is 
almost certain the missing left anterior would be of com- 
parable length. The plates are constricted but do not flare 
appreciably at their upper end. There is a median ridge, 
and the granulose surface of the cup continues onto the 
lower arms. Only ten arms are developed. BrBr are slightly 
elongate, keeled, mildly constricted in mid-portion with 
each plate projecting in a direction opposed to the succeed- 
ing plate. Each brachial has a stout pinnule located on a 
sharply projected area with the facet directed about 80 de- 
grees from the main axis of the arms. The pinnules are 
long, keeled, and robust. A markedly sinuous appearance is 
attained by the arms. 

A few lower plates of the anal sac are preserved indi- 
cating that the sac is more or less rugged appearing. Three 
badly crushed proximal columnals are preserved. They ap- 

pear  to have  a  circular  outline,   are   thick  and  have   an 
ornate exterior. 

Measurements of the holutype in millimeters: 

Length  of  crown   (incomplete) 
Height of cup  (distorted) 
Width of cup   (distorted) 
Length  of basal 
Width of basal 
Length  of  radial 
Width of radial 

27.1 
3.7 
7.0 
2.2 
3.4 
2.3 
4.7 

I 
Retnarks. — This species is readily separable from any 

described Pennsylvanian crinoids because of the exaggerat- 
ed sinuous zigzag appearance of the brachials. It has more 
pronounced pinnules (.?ramules) than typical for the genus 
and the girdle-like ridge of the radial plate appears to be a 
specific characteristic. Ramulocrmia repertus (Miller and 
Gurley) from the Keokuk of Indiana has mildly stellate 
plate markings. 

The name consectatus is from the Latin word consector 
for "imitate" or "relative to." 

//o/ofy^f. — USNM, No. S5152 collected by Wm. T. 
Watkins, reposited in the U.S. National Museum. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; about three miles southwest of Brock, 
Parker County, Texas. 

Genus TRAUTSCHOLDICRINUS Yakovlev and Ivanov, 1939 

Synonymy. — Trautscholdicrinus Yakovlev and Ivanov, 
1939 (not Trautscholdicrinus Ivanov, 1926; not Traut- 
scholdicrinus Moore and Plummer, in Moore, 1939). 

Type species. — Trautscholdicrinus miloradoivitschi 
Yakovlev, 1939. 

Range. — Qi, Upper Carboniferous; Missourian, Penn- 
sylvanian:  SSSR., U.S.A. 

Diagnosis. — Cup truncate, cone-shaped with five IBB 
not visible in side view but not downflared. Five BB are 
large plates with proximal tips curved into basal area but 
mainly erect as part of the lateral walls of the cup. Five 
RR pentagonal-shaped, slightly wider than high, and have 
a gaped suture with primibrach. Three anal plates in nor- 
mal (Primitive) arrangement. Five PBrBriax with slightly 
constricted mid-sections. Secundibrachs are slightly elongat- 
ed, have well-rounded exteriors are cuneiform and mildly 
constricted in mid-portion. They are not decidedly zigzag 
appearing but each brachial meets the next at an angle so 
they diverge alternatingly from the ray axis. In the upper 
portions of the arms the pinnules are well preserved and are 
proportionately large elements in this region, one on each 
brachial  on  alternate  sides.  The  anal  sac  is  mainly  com- 
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posed of small hexagonal plates in interlocking series and 
appears to have been about as long as the arms. 

Remarks. — Yakovlev and Ivanov (1939) apparently 
considered Trautscholdicrinus Ivanov (1926) a nomen nu- 
dmn. Bassler and Moodey (1943, p. 714) considered Ivan- 
ov's genus a nomen nudum. As discussed elsewhere the name 
Trautscholdicrinus Moore and Plummer (1939) was ap- 
plied to a flexible crinoid and has been placed in syn- 
onymy. 

Yakovlev and Ivanov (1956) compared Trautscholdi- 
cnnus Yakovlev and Ivanov (1939) with Liparocrinus 
Goldring (1923) with emphasis on the nature of the anal 
sac. The sacs do not appear to us to be closely comparable, 
at least no more so than with several other genera. We be- 
lieve Aulocrinus is a more closely related genus in that it has 
a shallow cup with a mild basal concavity and the arms 
branch one time with the first primibrach in all rays. 

The species Decadocrinus regularis Strimple (1939a) 
has a flared-shape to the cup, is a smooth form and the 
secundibrachs have a mildly zigzag pattern. It does not 
have a basal concavity. Assignment is made here as Traut- 
scholdicrinus regularis  (Strimple), new combination. 

The specimen figured by Yakovlev and Ivanov (1956, 
pi. 6, fig. 3) as Trautscholdicrinus sp. is apparently mildly 
distorted in preservation and shows an infrabasal plate 
in side view of the cup. In other respects it appears to 
us to be conspecific with T. Tniloradowitschi. 

Family BLOTHROCRINIDAE Moore and Laudon, 1943 

Genus MICROCARACRINUS Strimple and Watkins, new genus 

Type species. — Microcaracrinus delicatus Strimple and 
Watkins, new species. 

Range. — Desmoinesian, Pennsylvanian: North Amer- 
ica. 

Diagnosis. — Dicyclic; crown tall, slender; cup low, 
bowl-shaped with broad basal concavity; IBB five, confined 
to basal concavitj'; BB five, small, distal tips visible in 
side view of cup; RR five, tumid, large, pentagonal-shaped; 
XX three in normal (Primitive) arrangement; PBrBr oc- 
cupy the full width of RR; PBti axillary, elongated, slender 
through constriction; BrBr slightly elongated with median 
section constricted, a rimlike ridge marks the top and bot- 
tom of each segment, and they are more or less sinuous or 
zigzag appearing; SBrBr.-,-T axillary, each Br bears a stout 
pinnule alternating with the adjacent BrBr; column round, 
columnals alternatingly expanded. 

Reynarks. — This genus appears to be related to and is 
probably  a   derivative  of  Costnetocrinus  Kirk,   1941.  The 

arms are more zigzag appearing than is typical of Cosmeto- 
crinus. In Cosmetocrinus the IBB are visible in side view of 
the cup but in Microcaracrinus they are confined to a basal 
concavity. The arms branch isotomously on PBrj in both 
genera and once or twice at higher positions. 

The zigzag appearance of the arms of Microcaracrinus 
is less pronounced than found in associated Ramtdocrinus. 
The later genus has a widely expanded cup and is limited 
to ten arms as compared to the bowl-shaped cup and 20 
arms of Microcaracrinus. 

In general appearance the arms are somewhat like those 
of Pelecocrinus but in that genus the articular facet of the 
radial is narrower than the normal width of the plate. In 
Microcaracrinus the facet occupies the full width of the 
radial. Some authors consider the reduction in width of 
radial articular facets as advanced or progressive, which 
assumption would eliminate the possibility of the older 
Pelecocrinus being related to Microcaracrinus. There is also 
a specialization in Pelecocrinus in that several PBrBr are 
present in the anterior ray. 

The generic name is derived from a combination of the 
Greek words mikros, for little, kara, for head, and krinon, 
for sea lily. 

MICROCARACRINUS DELICATUS Strimple and Watkins, 

new species 

Plate 44, figure 12; Plate 46, figures 1, 3, 4 

This species is represented in the collections by two 
small crowns in good preservation. It is the type species 
and only known species ascribed to Microcaracrinus so that 
the generic description, previously given, applies to the 
species as well. It is difficult to visualize what characteris- 
tics will prove to be of specific value when other species are 
found. This is a delicate form which will only be preserved 
under optimum conditions. 

There is no evidence of ornamentation or raised ridges 
other than the thin ridges which parallel the sutures be- 
tween BrBr. This serves to differentiate it readily from the 
associated Ramulocrinus consecutatus in which the BrBr 
are angulated by median ridges and the radial plates have a 
transverse ridge below the outer ligamental area. It also 
has a widely expanded cup as compared to the decidedly 
curved lateral walls of the cup of Microcaracriyius d.elicatus. 

There are 20, long, slender, uniserial arms with well- 
developed pinnules and cuneiform brachials. Each brachial 
bears a pinnule which alternates with the pinnules of 
adjacent brachials. The parallel ridges marking the suture 
between  brachials  is  probably  a  specific  characteristic. 
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Measurements of the holotype in millimeters: 
Length of crown 18.8 
Height of cup 2.1 
Width of Clip  (distorted) S.3 
Length  of basal   (approximate) 1.8* 
Width of hasal 1.6* 
Length of radial 1.7* 
Widtli of radial 2.3* 
Diameter  of  columnal   (large) 0.7 
Diameter of columnal   (small) 0.6 
Length of stem as preserved 5.7 

•measurements taken  along surface curvature. 

Typ^j. — Holotype, USNM, No. S5151, paratypes 
USNM, No. SS1S9, No. S51S8, S 5155, collected by Wm. 
T. Watkins, reposited in the U.S. National Museum. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Genus CULMICRINUS Jaekel, 1918 

Type species. — Poteriocri)ius regularis H. v. Meyer, 
1858. 

Range. — Mississippian; North America, Germany, 
England.?. 

The type species of the genus, Culmicrinus regularis, is 
from the lower part of the Upper Visean of Germany. Cid- 
micrinus elegans is from the Glen Dean Formation, Ches- 
terian (Upper Mississippian). Both have cone-shaped cups 
with a prominent, elongated anal tube. The arms of C. 
regularis do not branch until the eighth to tenth primibrach, 
The latter species is apparently the younger. 

C. missouriensis (Shumard) is from the St. Louis 
Limestone at St. Louis, Missouri. The species reportedly 
only branches once with the tenth or twelfth primibrach. 
C. jeffersonensis Laudon and Severson, 1953, is from the 
Lodgepole Formation, Kinderhookian, of Montana. It is 
reported to branch for the first time on the eleventh or 
twelfth primibrach. 

C. barnettensis, n. sp. is from the Barnett Formation, 
Chesterian, Texas, and is advanced in that the first branch- 
ing is on the fourth primibrach. 

C. thomasi Laudon from the Gilmore City Formation, 
Kinderkookian, Iowa, branches on the fourth or fifth primi- 
brach. It is thought to be too advanced to be in the direct 
lineage of Culmicrinus but may be homogenous. 

Culmicrinus} singulocirrus Schmidt, 1930, has a penta- 
gonal stem and is from the "Etroeungt" near Ratingen, 
Germany, which is a zone formerly thought to be transi- 
tional between the Devonian and Mississippian but is now 
considered to be Lower Mississippian. The arms may branch 
with about the fourth primibrach but usually they branch 

lower in the arm. The species is probably not in the lineage 
of Culmicrinus. 

Poteriocrinus tensus Whidborne, 1896, was referred to 
Culmicrinus by Schmidt (1930, p. 87) and retained in the 
genus by Bassler and Moodey (1943), but the preserva- 
tion is too poor in the lower portion of the arms to de- 
termine the point of branching. The species is from the 
Pilton and Marwood beds. Lower Mississippian, England 
and probably does not belong in Cuhnicrinus. 

In the direct lineage of Culmicrinus the migration 
downward of the first arm bifurcation is apparently a re- 
liable evolutionary characteristic. C. thomasi is atypical 
in  that  the  number  of  primibrachs  has  been   reduced. 

CULMICRINUS BARNETTENSIS Strimple and Watkins, 

new species 

Plate 50, figure 5; Plate 52, figure 12 

Dorsal cup is high, cone-shaped with infrabasals readily 
visible in side view. The proximal end of the cup is relatively 
wide and the sides of the cup expand evenly to the summit. 
The infrabasals are prominent, the basals of moderate size, 
and the radials are large. There is provision for three anal 
plates in normal (Primitive) arrangement. The articular 
facet fills the entire width of the radial plate, and the suture 
is slightly gaped. First primibrachs are four in a series, with 
the fourth axillary. The column is large at its juncture with 
cup and tapers rapidly for a short distance, thereafter 
maintaining an even width. The columnals are alternatingly 
expanded with interlocking crenulations visible in side view. 

Measurements of the holotype in millimeters: 

24.0 Length of crown, as preserved 
Height of cup 
Width of cup 
Height   of   infrabasal   circlet 
Length  of  basal   (posterior) 
Width  of basal   (posterior) 
Length of radial  (left posterior) 
Width of radial   (left posterior) 
Width of proximal columnal 

6.1 
2.1 
2.7 
2.8 
2.1 
3.1 
2.6 

Remarks. — C. barnettensis is the youngest Culmi- 
crinus known and has evolved to the point of only having 
four primibrachs. Laudon (1941, p. 370) was of the opinion 
that Carinocrinus Laudon evolved from Cuhnicrinus. 
Carinocrinus stevensi Laudon (1941) branches with the fifth 
secundibrach. A form described as Carinocrinus eventus 
Strimple (1953) branches with the first primibrach. It is 
from the upper part of the Pitkin Formation and apparently 
represents a rapid evolution in that C. stevensi is also listed 
as occurring in the Pitkin Formation; however, the horizon 
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from which the latter was obtained is considerably lower in 
the section. 

Elibatocrinus Moore (1940) from the Pennsylvanian 
is probably a derivative of the lineage represented by 
Cii/micrinus barnettensis. The infrabasals have fused with 
three remaining in Elibatocrinus. 

Holotype. — VSNM, No. S5180 collected by Wm. T. 
Watkins. 

Occurrence. — The holotype was found on a thin slab 
1 1/4 inch thick, part of several thin layers with brachipods, 
Archimedes, crinoids, and small starfishes preserved. The 
horizon is below a conglomerate that marks the top of 
the Barnett Formation, Chesterian, Mississipian. The loca- 
tion is near the zone that produced the other Barnett 
crinoids but is slightly higher in the section (Kothman 
Ranch, near Mason, Mason County, Texas). 

Family PIRASOCRINIDAE Moore and Laudon, 1943 

Genera.—Zensocrinus Strimple, 1961a; Paianocrinus 
Strimple, 1951e; Stenopecrinus Strimple, 1961a; Plaxocrinus 
Moore and Plummer, 1938; Metaperimestocrinus Strimple, 
1961a; Schedexocrinus Strimple, 1961a; Polygonocrinus 
Strimple, 1961a; Pirasocrinus Moore and Plummer, 1940; 
EirmocriniiS, n. g.; Sciadocrinus Moore and Plummer, 1938; 
Laudonocrinus Moore and Plummer, 1940; Lasanocrinus 
Moore and Plummer, 1940; Athlocrinus Moore and Plum- 
mer, 1940; Perimestocrinus Moore and Plummer, 1938; 
U tharocrinus Moore and Plummer, 1938; Schistocrinus 
Moore and Plummer, 1940; Aatocrinus Moore and Plum- 
mer,   1940;   Bathronocrinus  Strimple,   1962a;   Anchicrimts, 

Range. — Chesterian Mississippian to Lower Permian; 
North America. 

Remarks. — The family Pirasocrinidae, as emended 
by Strimple (1962a, pp. 17-21), is restricted to the Pennsyl- 
vanian with the exception of two genera which are Ches- 
terian in age (Zensocrinus and Paianocrinus) and a few 
forms that pass into the Lower Permian. The oldest species 
known with arms attached from Pennsylvanian rocks be- 
longing to the family is Stenopecrinus rugosus Strimple 
(1962) from the Morrowan. It has 30 uniserial arms that 
appear to be endotomous. As noted by Strimple (1962) 
the species is atypical of the genus and probably represents 
an ancestral form. 

True to accepted concepts of evolution there is an 
increase in the number of arms in most forms. We know 
one lineage (e.g. Stenopecrinus and Plaxocrinus) where the 
arms remain endotomous and increase in number to 40, yet 

retainmg a uniserial structure. These genera have a ter- 
mination anal sac platform with from six to eight large 
flat spines surrounding a fairly restricted number of small 
polygonal plates (typically five to eight). The dorsal cup is 
moderately high, there is a pronounced basal concavity 
but substantial portions of the basal plates are visible in 
side view of the cup. They have small and elongated crowns. 

Metaperimestocrinus is a specialized form coming out 
of a form like Stenopecrinus in which the basal concavity 
becomes shallow and the terminating platform of the anal 
sac has a large number of perimeter spines (15 to 20 re- 
ported) and numerous center plates. There is no appreci- 
able change in the number of arms (40) or the structure of 
the arms (uniserial), or the cup height (relatively high 
cup), or the size of the crown. 

Sched.exocrinus apparently evolves from a form like 
Plaxocrinus (e.g. P. tumulosus Strimple, 1949d, or P. 
normalis Strimple, 1961a). There is no increase in the num- 
ber of the arms (40) and they remain endotomous, but 
the arms become biserial in the lower portions (SBrBr) 
and may sporadically produce other interlocking segments. 
The basal concavity is broad and shallow but the basals 
are tumid and are visible in side view of the cup. The 
terminating platform is large and is typically composed of 
15 long flat spines directed outward and surrounding 32 
small polygonal plates. The genus attains a greater width 
than previously discussed forms but does not increase pro- 
portionately in height. 

In Polygonocrinus the arms branch isotomously at least 
three times and are irregularly branched above that point. 
The arms are essentially biserial although many sections 
may have only cuneiform segments. The platform at the 
termination of the anal sac is large with 14 large flattened 
spines marking the perimeter and surrounding some 32 small 
polygonal plates. The dorsal cup is low, with deep basal 
concavity. The basals are depressed in mid-section and 
confined to the basal concavity together with the infrabasals 
and a large portion of the radial plates. The cup is much 
like that of Pirasocrinus except the radials are more tumid 
and the concavity more exaggerated in the later genus. 

There is another form which is apparently closely re- 
lated to Polygonocrinus in having a comparable dorsal cup 
and terminating platform but the arms remain endotomous 
although they branch five times. The secundibrachs are 
interlocking much like those of Schedexocrinus but the re- 
mainder of the arm segments are all uniserial. The form 
is presented as Eirmocrinus, n. g. 

Pirasocrinus has a dorsal cup with IBB, BB and much 
of the RR in a deep basal concavity, much like those of 
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Polygonocrinus and Eirmocrinus except the radials are pro- 
jected downward and thereby give the dorsal cup an appear- 
ance of greater height in Pirasocrinits. The arms of Piraso- 
crinus are uniserial with regular brachials and branch iso- 
tomously at least four times to produce a minimum of 80 
arms. Specimens at hand show the terminating platform to 
have 10 laterally directed spines surrounding several poly- 
gonal plates. 

Sciadiocrinus retains uniserial arms with regular brach- 
ials and the arms branch at least three times isotomously. 
It also has a large terminating platform with about 15 
spines and numerous small central plates. It has a shallow 
basal concavity and is characterized by having shortened 
sutures between BB, which may be stated as a tendency for 
the radial plates to attempt contact with infrabasal plates. 
All species of Sciadiocrinus for which the arms are known 
have the second bifurcation, and the second secundibrach 
together with all of the axillary brachials fail to exhibit any 
appreciable tumidity. 

These are the only genera directly involved in the 
current study so we are restricting our general comments 
to them. 

Genus EIRMOCRINUS Strimple and Watkins, new genus 

Type species. — Eirmocrinus grossus Strimple and Wat- 
kins, new species. 

Range. — Desmoinesian, Pennsylvanian; North Amer- 
ica. 

Diagnosis. — Crown wide at base to about one-third of 
height where it is sharply constricted, thereafter rising 
evenly to the large terminating platform; dorsal cup shallow 
with only the distal ends of radials visible in side view, IBB, 
BB and most of RR confined to the deep basal concavity; 
IBB apparently five, small, subhorizontal or mildly down- 
flared; BB five, long, mid-portion depressed; RR five, wide, 
long, subhorizontal; XX three, narrow, long; PBriax pro- 
duced as a long, stout spine; SBti is wide, large, quadrang- 
ular, other SBrBr are low, interlocking, with SBr4-oax and 
spinose; TBti is large and quadrangular but subsequent 
TBrBr are short and quadrangular; the inner arms are un- 
branched and decrease in size rapidly for a short distance 
but thereafter maintain a uniform width until approaching 
their termination, in the outer arms only, another bifur- 
cation takes place with about two more endotomous bifur- 
cations but the axillaries are only tumid without spinose 
development, the arms are closely apposed; the terminating 
platform is large with 13 spinlike plates surrounding numer- 
ous small polygonal plates. 

Remarks. — The dorsal cup of Eirmocrinus is much like 

that of Pirasocrinus except the latter has highly tumid 
radials and a more exaggerated basal concavity. Separation 
of crowns is more readily possible because Pirasocrinus has 
isotomous arms with evenly uniserial structure but Eirmo- 
crinus has endotomous arms which, although uniserial in 
upper portions, are decidedly biserial in lower portions. 

Polygonocrintis also has a dorsal cup much like that of 
Eirmocrinus, with deep basal concavity and most of the cup 
plates involved in the concavity but the arms are isotomous 
(at least three isotomous divisions) and essentially biserial 
as compared to the endotomous arms which are uniserial in 
their upper portions. Although it may not prove to be of 
generic importance, the PBtjax of Polygonocrinus are high- 
ly tumid but not spinose as compared to the large spine- 
like PBriax of Eirmocrinus. The terminating platforms of 
these two genera are comparable. 

Plaxocrinus has a low dorsal cup, but the basal plates 
are tumid and extend out of the basal concavity. The arms 
are typically 40 in number, uniserial and endotomous. The 
PBriax is produced as a long spine, much like that of 
Eirmocrinus. The terminating platform is much smaller, and 
is typically surrounded by seven spine plates. 

Sciadiocrinus is the only other genus closely compar- 
able to Eirmocrinus. The structure of the cup is similar ex- 
cept that more of the radial plates are visible in side view 
and the sides of the basal concavity are more gently sloped 
with the concavity not so pronounced in Sciadiocrinus. The 
PBriax are not particularly tumid, much less spinose, and 
second bifurcation is with a nonspinose SBtoax in all arms. 
A third division is known to take place in some species of 
Sciadiocrinus. The terminating platform of Sciadiocrinus is 
much like that of Eirmocrinus except the spine-plates are 
typically shorter and  flatter in  the former genus. 

The generic name is derived from the Greek eirm,os 
for line, with reference to the long unbroken lines formed by 
the inner arms of the endotomous arm structure. 

EIRMOCRINUS GROSSUS Strimple and Watkins, new species 

Plate 30, figures 1-4 

The description of the genus Eirmocrinus is based on 
E. grossus, the type species, and repetition is not made here. 
Some additional observations are as follows; 

The base of the cup is disturbed in preservation but 
careful study and comparison with similar forms have es- 
tablished the existence of a deep basal concavity with 
steeply downflared basals. The radials are not appreciably 
disturbed and were clearly horizontal in attitude. While dis- 
articulated a drawing was made of an articular facet which 
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is large and directed outwardly. Several interesting features 
were observed. There is a single line of denticles along the 
edge of the muscle area bordering the body cavity. The 
outer surface of the radial plates continues into the adsu- 
tural area and extends almost to the body cavity. A semi- 
rounded facet is formed at some corners of the articular 
facets next to the body cavity. This feature was noted by 
Strimple (1961a) for Sched.exocrinus gibberelhis and appar- 
ently represents an attachement area for the large anal 
tube. There are no other special features of the facets. The 
transverse ridge is broad and marked by irregular denticles, 
the outer ligamental area is well defined, the large triangu- 
lar-shaped muscle areas show that long fossae and the 
intermuscular notch and furrow are broad. 

The long posterior basal has a narrow upper facet for 
reception of anal X, which plate has fallen inwardly. The 
anal plate apparently expanded considerably above the 
summit of the cup and its upper surface is marked by 
canals such as found in anal sac plates. The RA is relatively 
small and from its structure it apparently had lost contact 
with the right posterior basal. 

First primibrach is axillary, of medium height, and 
is produced as a long stout spine, much like the typical 
primibrach of Plaxocrinus. First secundibrachs are wide and 
long with a more or less regularly quadrangular outline. 
There are usually three or four low, interlocking secundi- 
brachs (biserial structure) which bear pinnules on their 
inner edges. Bifurcation is with a spinose SBr4-(iax and 
thereafter the only branchings are in the outer arms, i.e. the 
arms become endotomous. The axillary tertibrach is spinose 
but subsequent axillanes are not developed as spines. All 
brachials above the secundibrachs are quadrangular, form- 
ing 50 uniserial arms. Internally, there are often thin pro- 
jections, terminating with an adze-shape, which occupy the 
area opposite the side which has a pinnule attached and is 
thus apparently associated in some manner with the pinnule 
arising from the brachial below, or with the massive anal 
tube. When closed the arms are closely appressed so that an 
unbroken wall is formed about the visceral area. 

The terminating platform of the anal sac was in place 
when found by the junior author but disarticulated and had 
to be restored from the recovered plates. The large spines 
have a fairly long base, comparable to those of Schede.xo- 
crinus gibberellus. There are 13 spines of which one does not 
touch the perimeter of the central area occupied by small 
polygonal plates. The unusual spine is wedged between the 
base of two other spines and is projected parallel to one of 
the adjacent spines. The outer edge, of the central platform 
proper, is sloped slightly downward and the slope is accen- 

tuated by a slight curvature of the shaft of the spines, so 
that a downward slope of about 27° is formed. 

There is some elusive evidence of granular ornamenta- 
tion under magnification, but it is only unquestionable in 
the "protected" area of the basal concavity on the basal 
plates. 

Measurements of the holotype in millimeters: 

Length   of  crown 120.0 
Width of crown   (maximum) 70.0 
Height of cup 6.0 
Width of cup  (estimated) 33.0 
Length of hasai 7.2 
Width of basal g.g 
Length of interhasal  suture 2.2 
Length of radial 12.2* 
Width of radial 22.0* 
Length  of  interradial   suture 9.0 

* measurements   taken   along  surface  curvature. 

The species name grossw; is with reference to the large 
size of the crinoid. 

Holotype. —\JS,^M, No. S5097 collected by Wm. T. 
Watkins, reposited in the U. S. National Museum. 

Occurrence. — Shale below the Kickapoo Falls Lime- 
stone Member, Millsap Lake Formation, Strawn Group, 
Desmoinesian, Pennsylvanian; about one-third mile below 
the falls on Kickapoo Creek southwest of Dennis, Hood 
County, Texas. 

Genus PIRASOCRINUS Moore and Plummer, 1940 

Type species. — Pirasocrinus scotti Moore and Plum- 
mer, 1940. 

Range. — Desmoinesian, Pennsylvanian; North Amer- 
ica. 

Remarks. — The classification of crinoids of Pennsyl- 
vanian age is usually based on characters of the dorsal cup 
and modifications of the concept are made if necessary when 
complete crowns are available. The genus Pirasocrinus is a 
notable exception. Several crowns of the type species P. 
scotti were available; however, the original material did not 
fully reflect the true structure of the termination of the 
mushroom-like anal sac, or the exact structure of the dorsal 
cup. 

The holotype of P. scotti possesses a restricted number 
of spinelike plates at the termination of the anal tube in a 
compressed manner, entirely unsatisfactory for adequate 
observation. Moore and Plummer thought they had a nearly 
intact summit and reported that there were four, broad- 
based, laterally directed spines, without intervening small 
plates, which unite to form a roof over the sac. We are for- 
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tunate to have specimens that show without question the 
existence of ten broad-based, laterally directed spines. 

PIRASOCRINUS SCOTTI Moore and Plummer, 1940 

Plate 33, figures 3, 4; Plate 35, figures 1-3; Plate 45, figures 1, 2; 
Plate 56, figure 2 

See Bassler and  Moodcy,   1943,  p.  611 

This species is of special interest because it is the type 
of the genus and the genus is familial type of Piraso- 
crinidae. Three magnificent crowns in excellent preservation 
have been collected by the junior author and afford addi- 
tional information. 

As noted under generic remarks, the holotype of P. 
scotti possessed a restricted number of spine-plates at the 
summit of the anal tube, reportedly four broad-based, 
laterally directed spines without intervening small plates. 
We now know there are ten large spines, of the Schedexo- 
crinus type, surrounding a substantial number of small, 
polygonal plates to produce a good-sized platform, though 
not so large as typical of Schedexocrinus. The arms of 
Pirasocrinus scotti branch evenly four times to produce 80 
isotomous arms. Schedexocrinus branches twice isotomous- 
ly and thereafter two times in outermost half-rays only, 
to produce 40 arms. 

The young hypotype has already attained the four 
bifurcations of the arms although it is only two-thirds as 
long as a mature form. The infrabasals are not visible, but 
the basal plates of the young specimen are more promment 
than found in more mature specimens. We now understand 
that the accruement of calcite on the bulbous radials in- 
creases their thickness and causes the basal concavity to 
appear to be deeper than is structurally the case. That is, 
the basal concavity is deeper only by virtue of the increased 
bulbosity of the radial plates with age and is not due to a 
change in the basal elements. The attitude of the basals is 
also affected by the change in the radial plates. 

We are unable to verify the exact structure of the 
basal concavity shown by the cross section of Moore and 
Plummer (1940, text-fig. S3), but we believe the infrabasals 
are more subhorizontal than downflared. 

The large figured hypotype of Pirasocrinus scotti has 
an over-all length of crown of 70.5 mm, maximum width 
of 35.0 mm. 

Types. — Holotype, Kansas Univ., No. 60261, paratype 
No. 60262, collected by R. C. Moore. Paratypes, Plummer 
Collection, Nos. P-8190 and P-8199, Bureau of Economic 
Geology, University of Texas, collected by Gayle Scott. 
Hypotypes, USNM, No. S5106, S5112, S51.54, S5197, col- 
lected by Wm. T. Watkins, reposited in U.S. National 
Museum. 

Occurrence. — Shale below the Kickapoo Falls Lime- 
stone Member, Millsap Lake Formation, Strawn Group, 
Desmoinesian, Pennsylvanian; Moore and Plummer (1940) 
loc. llO-T-4, about one-fourth mile downstream from Kicka- 
poo Falls, southwest of Dennis, Hood County, Texas. 

Genus ANCHICRINUS Strimple and Watkins, new genus 

Type species. — Anchicrinus toddi Strimple and Wat- 
kins, new species. 

Range. — Desmoinesian, Pennsylvanian; North Amer- 
ica. 

Diagnosis. — The dorsal cup is low, bowl-shaped with 
fairly broad shallow basal concavity and a large area for 
stem attachment. When viewed from above or below, the 
cup has a circular outline. IBB disk composed of five plates, 
large, pentagonal-shaped, downflared, mostly covered by 
large stem. Five basals subhorizontal, sweep out of shallow 
basal concavity with distal ends flexed upward to be visible 
in side view of cup. Five radials are mildly tumid with 
proximal ends in shallow basal concavity with distal por- 
tions curved upward to form lateral walls of cup. Almost 
imperceptible notches are present at the interradial sutures, 
at the summit of the cup. The slope of the facets is slightly 
outward. The posterior interradius is broad and mildly con- 
vex. Three large, long anal plates in normal (Primitive 
Type) arrangement are present in the cup. 

The arms are long, slender, uniserial, and branch 
isotomously with the first primibrach but thereafter four 
times in outer arms only (endotomously). The first primi- 
brach is large, tumid, axillary, and is usually nonspinose 
other than for a nipple-like protrusion but may develop 
a full spine. Subsequent axillaries are spinose. A platform- 
like termination of the anal sac marks the summit of the 
crown and is composed of a few small polygonal plates 
surrounded by eight outwardly directed spinelike plates. 

Remarks. — This genus appears to have close affinity 
with the genera Athlocrinus Moore and Plummer, 1940 and 
Pirasocrinus Moore and Plummer, 1940, and may be related 
to Sciadiocrinus Moore and Plummer, 1938, or Stenope- 
crinus Strimple, 1961a. The arms and tegmen are somewhat 
like those of Pirasocrinus but the cup, with almost imper- 
ceptible basal concavity, is entirely foreign to the deep basal 
concavity with sharply downflared basals of Pirasocrinus. 
The cup shape is almost identical with that of Athlocrinus 
except for the mild basal concavity of Anchicrinus. The 
base of Athlocrinus is flat except for the stem impression 
and the surface of the plates are smooth. In Anchicrinus 
the cup plates are mildly tumid causing slight impressions 
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to appear at the sutures. Tumidity of the radial plates is a 
characteristic of the form described as Athlocrinus clarus 
Strimple (1962a) from the Ooologah Formation, Desmoi- 
nesian, of Oklahoma which species is referred to here as 
Anchicrinus clarus (Strimple), now combination. This later 
species reflects some characters that are like Sciadiocrinus 
and may link the two genera. The arms of Anchicrinus are 
almost identical with those of typical Stenopecrinus except 
for the axillary first primibrachs which are more tumid 
and lower than found in that genus. There is a sharp basal 
concavity in Stenopecrinus but the radials do not enter the 
cavity. In Anchicrinus the proximal tips of radial plates 
actually curve into the basal concavity. Typically in Sten- 
opecrinus the platform at the summit of the anal sac is 
composed of a restricted number of small plates surrounded 
by seven large spinelike plates. There are eight large spine- 
like plates and a limited number of small center plates form- 
ing the platform of the type species of Anchicrinus. 

The generic name is taken from the Greek word anchi 
meaning near. 

ANCHICRINUS TODDI Strimple and Watkins, new species 

Plate 43, figures 1, 2, 8-11, 14, 15; Plate 48, figures 1, 2 

Dorsal cup is subcircular in outline when viewed from 
above or below and is not indented at the posterior side. 
The cup is shallow, bowl-shaped with downflared infrabasal 
plates. There is a broad shallow basal invagination aug- 
mented by a sharply impressed, large, round columnar 
cicatrix. The median portion of the columnar depression is 
raised in the figured paratype which might be an incipient 
columnal. Sutures between radials are impressed but there 
are no pronounced interradial notches at the summit of the 
cup. 

Five infrabasals are of medium size, project slightly 
beyond the columnar scar, and form a pentagonal-shaped 
disk. The five basals are of medium size, sweep out of the 
basal concavity to participate in the low lateral walls, and, 
except for the blunt posterior basal, form a substellate- 
shaped circlet. The five radials are wide, pentagonal, mildly 
tumid elements with proximal portions curved under to 
participate in the basal area. The articular facets slope 
gently outward, almost imperceptibly in the young para- 
type; the transverse ridge is straight and distinct but is not 
raised; a few crenulations are preserved and interrupt the 
transverse ridge toward the outer ends; a sharply defined 
ligamental pit is just below the transverse ridge and the 
outer ligamental area is separated from the outer face of 
the radials by a fine ridge. The inner ligamental area is 
marked by a pair of oblique furrows and a pair of triangu- 

lar-shaped muscle areas. An intermuscular notch is present, 
but  there  is  no well-defined   intermuscular  furrow. 

There is usually provision for five anal plates in the 
anal pyramid of the broad posterior interradius, of which 
the lower three are partially or entirely within the dorsal 
cup. The three anal plates in the cup are in normal 
(Primitive Type) arrangement. RA is slender, pentagonal, 
contacts RPB below and rests obliquely on PB, with anal 
X to the left above and RX and RPR above and to the 
right. Anal X is slightly larger than RA, is hexagonal, 
elongate, rests solidly on PB, and more than half of its 
length extends above the cup. RX is elongate, more-or-less 
hexagonal-shaped with less than one-fourth of its length 
within the cup. X, is usually irregularly pentagonal-shaped 
and is supported by both X and RX. There is a small 
narrow RXj on the upper right shoulder of RX preserved 
in place in the holotype but missing in the paratypes. 

There is provision for a total of SO long, uniserial arms. 
First bifurcation takes place with PBtiax in all arms. 
PBriax is a full, tumid plate in all specimens and usually 
develops a short, spinelike protruberance in the upper 
median portion. The arms branch isotomously one more 
time and thereafter in outer arms only (endotomously), 
reducing size sharply each time, particularly in the inner 
unbranched arms. The upper axillalry brachials are pro- 
truded as long slender spines, usually broken off in preserva- 
tion. 

A platform of small, polygonal plates is surrounded by 
eight outwardly directed, flat, spinelike plates and marks 
the termination of the anal sac. All of the plates are not 
fully preserved in the material at hand The arms extend 
slightly above the platform and distal ends lie in notches 
between the large spine plates. 

The columnar scar is round, marked by about 36 crenu- 
lations, and pierced by a small lumen. 

Measurements in millimeters: 

Length of crown 
Width of crown 
Width  of  cup 
Height of cup 
Width of IBB disk 
Width  of basal 
Length of basal 
Length   of  interbasal   suture 
Width   of   radial 
Length   of   radial 
Length of interradial suture 
Length  of R.\ 
Width of RA 
Length  of X 
Width   of  X 
Length of RX 
Width  of RX 

Holotype I'aratype 
+L7 — 
17.0 — 
14.0 17.0 
4.5 5.3 
5.0 4.9 
4.6* 4.0* 
4.6* 4.6* 
1.4* 1.3* 
9.0* 9.8* 
6.1* 6.2* 
4.0* 5.1* 
5.5* 4.6* 
2.8* 2.4* 
5.5* 6.0* 
3.5* 4.0* 
4.9* 4.9* 
2.5* 4.1* 

•Measurements taken along surface curvature. 
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One paratype has an estimated over-all length of 37.5 
cm of crown. 

Remarks. — Anchicrinus toddi is larger than A. clarus 
(Strimple), the basals are more prominent, and the radials 
are less prominent. 'Jhe cup of A. toddi is similar to that 
of Plaxocrinus crassidiscus (Miller and Gurley), except the 
later species has wide notches at the interradial sutures, 
at the summit of the cup, and has an advanced, narrow 
posterior interradius. 

I'he arms and te>;nun of Anchicrinus toddi indicate 
close relationship from Pirasocrinus scotti; however, P. 
scntti has a deep hasal concavity with sharply downflared 
basals different from tlic shiillow hasal concavity of Anchi- 
criiius toddi. 

7y/)<"j. — Holotype. USNM, No. S5164, collected by 
Louis Todd. Three paratypes, USNM, Nos. SS140, SS144. 
S5147 collected by Wm. T. Watlcins, reposited in the U.S. 
National   Museum. 

Occurrence.— Urannon Hridne IJmestoiie Member, 
Millsap Lake Formation, Strawn Grouj), Desmoinesian, 
Pcnnsylvanian; three miles southwest of Brock, Parker 
County, 'le.xas. 

Genus LASANOCRINUS Moore and Plummer, 1940 

LASANOCRINUS CORNUTUS Moore and Plummer, 1940 

A single |)oorly |)reseived specimen in the presently 
considered collections is identified as Lasanocrinus cornutus. 
The unique prolongation of the median portion of each 
radial plate in a downward direction is the character afford- 
ing identification. The projections are more robust and less 
pointed than found in /,. dailcyi (Strimple). The presently 
observed specimen is designated a hypotype. 

Types. — Holotype, Peabody Museum, No. 15246, Yale 
University, paratype, No. L5246A, collected by C. Schu- 
chcrt, D. K. Greger, and A. McCoy. Hypotype collected 
by Wm. T. Watkins, reposited in the U. S. National 
Museum. No number assigned. 

Occurrence. — Lemons Bluff Member, Marble Falls 
Formation, Atokan, Pcnnsylvanian; on Rough Creek about 
11 miles southeast of San Saiia, San Saba County, Texas. 
Univ. Texas Loc. 205-r-17. 

Genus PLAXOCRINUS Moore and Plummer, 1938 

Type species. — Hydreionocrinus crassidiscus Miller 
and Gurley. 

Range. — Pennsylvanian; North America. 

Condensed e\aliiti<)n of the type species of the genus as 
follows: 

Dorsal cup is round, broad interradial notches, broad, 
shallow basal concavity. Five IBB arc mildly downflared, 
five BB are subhorizontal in proximal extremities but flared 
upward to be readily visible in side view, five RR are wide, 
mildly tumid, with proximal tips extending into the basal J 
plane and distal ends curved inward. Posterior interradius ^| 
is narrow and depressed, with RA in direct posterior posi- 
tion and anal X above it. RX is present but is not really in 
the cup, being supported by the extended left shoulder 
of the right posterior radial and the right shoulder of anal 
X. The articular facets of RR are sloped slightly outward. 

Remarks. — A complete study of the genus is not 
attempted here, but it has become necessary to return to 
the type species of the genus to attain irrevocable criteria 
for differentiation of the species involved. The holotype 
(monotype) of Plaxocrimis crassidiscus is apparently a 
highly advanced form and probably represents the ultimate 
stage of a phyletic line or near to the end stage. This is 
based on the highly advanced nature of the anal plates and 
the assumption that evolution is from a deep basal con- 
cavity to a flat base in this lineage. Few forms presently 
assigned to Plaxocrinus will be retained in the genus if the 
generic concept is emended to characters of the type species. 

Among known forms we are considering here the 
species described as Plaxocrinus perundatus Moore and 
Plummer ( 1940) and Plaxocrinus obesus Moore and Plum- 
mer (1940) from the Millsap Lake Formation (Desmoi- 
nesian) of Texas. P. perundatus is based on a holotype and 
two paratypes of which the holotype and one paratype 
were figured by Moore and Plummer. The holotype is from 
the shale below the Kickapoo Falls Limestone Member and 
the two paratypes are from the Brannon Bridge Limestone 
Member, both members belonging to the Millsap Lake 
T'ormation (Desmoinesian). The Kickapoo F"alls Limestone 
is the older horizon. Strimple (1961a) assigned the species 
to Schedexocrinus and emphasized the arm structure as a 
determining factor. The paratype figured by Moore and 
Plummer (1940, pi. IS, fig. 5) was the basis for the 
assignment and the arms were preserved to just above the 
axillary seciuidibrachs. The specimen is listed in the text as 
being from Brock (loc. T1-.34) although the plate explana- 
tion stated it was from Kickapoo Falls. The large primi- 
brachs are bulbous, not extended as spines and are like 
those of either Scliede.xocrinns or Polygonocrinus and we be- 
lieve the specimen could be assigned to Polygonocrinus 
libratus, n. sp. with little hesitation. The holotype of 
Plaxocrinus perundatus is distinctly different in having a 



TEXAN CARBONIFEROUS CRINOIDS: STRIMPLE ANU WATKINS 209 

shallower basal concavity, more prominent basal plates 
that extend appreciably out of the basal concavity, and 
a distinctly higher cup. The species as restricted is close 
to Plaxocrinus tumulosus Strimple (1949d), from the 
Pumpkin Creek Limestone Formation (Desmoinesian). 
Plaxocrinus obesus is atypical of the genus as noted by the 
original authors. We have placed the species in Sciadio- 
crinus and the explanation for this action is given in that 
section of the study. 

PLAXOCRINUS PERUNDATUS Moore and Plummer, 1940 

Sec Bassler and  Moodey,  1943,  p.  634. 

The species is well defined in so far as the dorsal cup 
is concerned in that the hoiotype, cross-sections of cup, 
and subsequent description is applied to the dorsal cup. 
Two paratypes are listed by Moore and Plummer (1940), 
both of which are from a younger horizon than the hoio- 
type and one of which was figured, as noted under the 
generic discussion herein. We have not examind the un- 
figured paratype, but the illustration of the other para- 
type which has portions of the lower arms attached shows 
a form atypical of the species. We believe the partial crown 
is probably a representative of Polygojiocriniis, likely con- 
specific with P. libratns. 

The dorsal cup has a shallow basal concavity, the 
infrabasal circlet is subhorizontal in attitude, the basals 
curve out of the basal concavity to become visible in side 
view of the cup and are mildly tumid, and the radial plates 
have subhorizontal articular facets with proximal tips reach- 
ing the basal plane but do not participate appreciably in the 
basal concavity. There is a decidedly arcuate flattened 
vertical area on the radials in the distal region adjacent 
to the articular facet. 

The species is apparently closely related to Plaxocrinus 
tumulosus, as noted elsewhere. We do not have any speci- 
mens of P. perundatus in collections at hand. 

Types. — As restricted, the hoiotype is probably the 
only true representative of the species. It is in the Plummer 
Collection, P-II190, University of Texas, Austin, Texas. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 
County, Texas. 

Genus STENOPECRINUS Strimple, 1961a 

Type species. — Perimestocrinus planus Strimple, 
19S2b.' 

Range. — Pennsylvanian, Lower Permian; North 
America. 

Remarks. — As this genus is presently defined, it is 
almost essential to have the arms preserved, at least in part, 
in order to make identification with any degree of cer- 
tainty. Nevertheless, at this time the genus continues to 
retain a distinctive status among related forms, with the 
possible exception of Metaperimetocrinus Strimple ( 1961a). 
Metaperimestocrinus is usually relatively small and is sep- 
arated on the basis of having no appreciable basal con- 
cavity of the cup and in possessing a highly spinose ter- 
mination of the anal sac. Plaxocrinus Moore and Plummer 
( 1938) is usually a larger form, has longer arms, the axillary 
brachials above the first primibrachs are not produced as 
spines, and the cup is essentially different in contour. The 
distal termination of the anal sac is identical with that of 
St e nope crinus. The genus Perimestocrinus Moore and 
Plummer (1938) has been emended by Strimple (1961a) 
and is considered to be a different phyletic line. Strimple 
(1963) suggested possible affinity of Perimestocrinus with 
Dasciocrinus Kirk  (1939). 

One species of the genus Stenopecrinus is presently 
considered and described as S. longus, n. sp. 

STENOPECRINUS LONGUS Strimple and Watkins, new species 

Plate 48, figures 5, 6 

This species is based on a single magnificent crown. 
It IS slender, long, the arms are closely apposed (as is 
typical of the genus) and the terminating platform spine 
plates of the anal tube are unusually small. 

The dorsal cup is compressed so that exact measure- 
ments and comparisons are difficult but all elements are 
preserved. By deduction, the cup is known to have been 
shallow, truncate bowl-shaped, with a basal concavity. 
There are five infrabasals mainly obscured by the medium- 
sized, round proximal columnals. Five basals are of medium 
size and appear to be depressed in mid-portion. Five radials 
are large, unquestionably formed most of the cup height 
and judging from their lower curvature could not have 
entered the basal plane. Five anal plates form an anal 
pyramid, the lower three being elongated cup elements in 
normal (Primitive) arrangement. Anal X extends well 
above the summit of the cup with only the lower third 
participating in the cup. The distal end is narrow. RA is 
entirely within the cup and does not attain as great length 
as anal X. The RX is about the same size as X but has 
a proportionately broader distal end. About one-sixth of it 
is in the cup. Xi appears to be much smaller than X and 
joins RX in supporting RXi which is a small quadrangular 
piece with a bluntly pointed distal end. The arms fit snugly 
against   the   anal   pyramid   in   the   posterior   interradius. 
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Slightly less than 40 uniserial to mildly cuneiform arms are 
indicated. First primibrach is slightly elongate, with the 
upper mid-portion developed as a spine, and is axillary in 
all rays. A second isotomous branching takes place with a 
low, spinelike eight to eleventh axillary secundibrach in all 
arms. At this point the inner half-arms remain unbranched 
and as many as 40 tertibrachs have been observed without 
the actual termination being preserved. The outer half-arms 
branch again with the twelfth to fifteenth tertibrach, with 
the resultant inner half-arm remaining unbranched but the 
outer half-arm usually branches again with the axillary 
thirteenth to fifteenth quatribrach. All axillaries are pro- 
duced as spines. Each brachial has a sharply angulated 
projection to fill a wide angled recession at the suture 
line of the apposed pair of brachials. This creates an im- 
penetrable exterior when the arms are in repose and is a 
specialization among the pirasocrinids as well as a few 
other forms. When one considers that the animal would 
probably suffocate if the arms were closed for any appre- 
ciable period of time, it appears strange that it would be 
so preoccupied with the development of a complicated inter- 
locking arm system. 

Three small plates are preserved at the distal end of 
the crown and are obviously flat spine-plates which would 
participate in forming a perimeter surrounding smaller 
polygonal plates to form a platform at the summit of the 
anal tube. They have a short, wide inner portion that is 
shallowly depressed. The spinelike projection is broken in 
all instances so it is not possible to state whether short or 
long spines were formed, but based on other species of 
the genus they were probably long and slender. The entire 
surface of the crown is covered by small granules, about 
64 to a square millimeter, which have a tendency to co- 
alesce. 

Proximal columnals are distorted by lateral compres- 
sion but were large, apparently round, and the crenula- 
lations were continued to the exterior to make an uneven 
suture. 

Measurements in millimeters: 

Length of crown 
Width of crown-maximum 
Width  of cup-estimated 
Height  of  cup-estimated 
Length of basal 
Width of basal 
Length of interbasal  suture 
Length of radial 
Width  of   radial 
Length  of  interradial   suture 
Length of anal X 
Width of anal X 
Length of RA 

Holotype 
96.5 
25.S 
21.0 

5.5 
S.l» 
5.9* 
3.5* 
6.8* 

12.2* 
5.7* 
6.T 
S.O* 
S.2» 

Width  of RA 3.5* 
Length  of R.X 6.8» 
Width of RX 5.0* 

♦measurements  taken   along  surface  curvature. 

Remarks. — The unusually long, slender nature of the 
crown of this species is distinctive as well as the relatively 
small, flat, spinelike plates, with depressed mid-portions, of 
the tegmenal termination platform. The species does not 
appear to be typical of Stenopecrinus. 

Holotype. —VSNM, No. SS166, collected by Wm. T. 
Watkins, reposited in the U.S. National Museum. 

Occurrence. — Kickapoo Falls Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; on Kickapoo Creek about one-fourth mile 
below Kickapoo Falls southwest of Dennis, Hood County, 
Texas. 

Genus SCIADIOCRINUS Moore and Plummer, 1938 

SynonyTny.—Hydreionocrinus (part) of authors; 
Schistocrinus (part) of authors. 

Type species. — Zeacrinus (Hydreionocrinus) acantho- 
phorus Meek and Worthen. 

Range. — Morrowan.?   to Missourian;  North  America. 

Remarks. — Description of the genus was primarily 
formulated about a single incomplete crinoid crown which 
was the holotype of the type species of the genus. Excellent 
line drawings of the specimen are given by Moore and 
Plummer (1938, figs. 23 a-c). Those authors stated that 
positive assignment to the genus is not possible unless the 
anal sac of a specimen is known in conjunction with the 
dorsal cup and arms. There is indeed some difficulty in 
identification of these forms, even when the terminating 
platform of the anal sac is known. We find Moore and 
Plummer (1940) described species as Schistocrinus parvus 
and S. confertus which have closely comparable termina- 
tions on the anal tube and both species have been redesig- 
nated as Sciadiocrinus by Strimple (1961a). Considering 
the arms of the species involved, one finds they are not 
well preserved above the second bifurcation in the holotype 
of Sciadiocrinus acanthophorus but so far as known are 
practically identical with the arms of the two species 
ascribed by Moore and Plummer to Schistocrinus. The calyx 
structure is comparable for all three forms, one of which 
(S. parvus) is suppressed herein as an immature form, 
conspecific with S. confertus. H 

Schistocrinus planulatus Moore and Plummer (1940),™ 
also from the Millsap Lake Formation (Desmoinesian), is 
monotypic and the specimen is in poor preservation, but 
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it appears to belong to Sciadiocrinus and was placed in the 
genus by Strimple (1961a). Moore and Plummer (1940, p. 
225) stated as follows, "The sutures between infrabasals 
(IBB) and radials (RR) are slightly less than 2 mm in 
length." We presume this alludes to the interbasal suture 
which means that radials do not meet infrabasals as they 
do in Schistocrinus torquatus, the type species of that genus. 
Other factors also indicate closer affinity of -planulatus for 
Sciadiocrinus than for Schistocrinus. 

Two other forms are referred to the genus from the 
presently considered collections, which are Sciadiocrinus 
harrisae Moore and Plummer, 1940, and Plaxocrinus obesus 
Moore and Plummer, 1940. We believe P. obesus is closer to 
the type species of Sciadiocrinus than is Sciadiocrinus har- 
risae. Moore and Plummer (1940, p. 191) recognized Plaxo- 
crinus obesus was atj'pical of Plaxocrinus, quote "This 
species is not a typical representative of Plaxocrinus in that 
the radials are abnormally bulbous, their proximal tips 
being slightly downflaring and thus forming part of the 
basal concavity." Radial plates of this nature are typical of 
Sciadiocrinus acanthophorus although the bulbosity is not 
so pronounced. 

The genus Schistocrinus Moore and Plummer is consid- 
ered by Strimple (1961a) to belong to another phyletic 
lineage, represented b}' the family Texacrinidae. 

Diagnosis. — The genus is distinguished by having a 
relatively short, broad crown; RR have a tendency to touch 
IBB, and often do make contact; BB circlet is substellate 
in outline (except for the posterior); base of cup is shal- 
lowly concave; arms fundamentally isotomous with first 
three bifurcations on PBtiax, on SBr-ax and TBrs-sax, sub- 
sequent bifurcations usually restricted to outermost 
branches of the two half rays; brachials decidedly uni- 
serial; umbrella-like extremity of anal tube composed of 
numerous small polygonal plates surrounded by 12 to 15 
outwardlv directed spinelike plates (many of the peri- 
pheral apines are short and blunt). 

Species assigned to Sciadiocrinus are as follows: 

Present 
Occurrence a.ssignment 

Hydrcionocrinus aeanthophorus Desmoinesian;      Sciadiocr'uius 
Meek and Worthen 111. & Mo. Type species 

Sciadiocrinus! crassacaiithus Morrowan; spinelike plates 
Moore and Plummer Okla.  & Ark. 

Sciadiocrinus disculus Missourian; Sciadiocrinus 
Moore and Plummer Texas 

Sciadiocrinus harrisae Desmoinesian;      Sciadiocrinus 
Moore and Plummer Okla. & Tex. 

Euphachycrinus ptatybasis Lower Aubrey      Sciadiocrinus 
White Group,  Utah 

Schistocrinus confertus Desmoinesian;      Sciadiocrinus 
Moore and Plummer Texas 

Schistocrinus planulatus Desmoinesian;      Sciadiocrinus 
Moore and    Plummer Texas 

Plaxocrinus obesus 
Moore and Plummer 

Schistocrinus parvus 
Moore and Plummer 

Sciadiocrinus llanoensis, 
n. sp. 

Desmoinesian; 
Texas 

Desmoinesian ; 
Texas 

Atokan; 
Texas 

Sciadiocrinus 

Syn. Sciadiocrinus 
confertus 

Sciadiocrinus 

SCIADIOCRINUS HARRISAE Moore and Plummer, 1940 

See Bassler and  Moodey,  1943,  p.  673. 

On the basis of current information, we are allowing 
this species to remain in Sciadiocrinus because of the mildly 
down-flared nature of the basal plates and the short suture 
between basal plates. The robust tumidity of radial plates 
often encountered in variable representatives of the species 
is not entirely foreign to Sciadiocrinus acanthophorus (Meek 
and Worthen) the type species of the genus. Illustrations of 
S. acanthophorus do not show this feature plainly but the 
distal portions of the radials are erect and there is a sharp 
flexing of the proximal portions into the depressed basal 
area. Pirasocrinus has this same structure though even more 
exaggerated because of the steeply downflared basals and 
deep basal concavity. 

S. harrisae appears to a polymorphic species and will 
require considerable study to be properly understood. 

Types. — Holotype, Marrs Collection M-45, collected 
by Mrs. W. R. Marrs; paratype, Scott Collection 6026C, 
Texas Christian University, collected by Gayle Scott; para- 
type Marrs Collection M-31, M-32, collected by Mrs. W R. 
Marrs; paratype, Stevens Collection 45987, Kansas Univer- 
sity, Nos. 45897a-k in Bob Stevens' private collection; 
hypotype, USNM, no number, collected by Wm. T. Wat- 
kins; (plesiotype) hypotype, O.U. 3963, O.U. 4559 aberrant 
specimen, OU 4567, collected by H. L. Strimple, Paleon- 
tological Collections University of Oklahoma; (plesiotypes) 
hypotypes from Garnett Quarry collected by Mr. and Mrs. 
H. L. Strimple, reposited in U.S. National Museum. 

Occurrence. — Holotype, Texas Loc. llO-T-3, about 
41/^ miles east-northeast of Lipan, Hood County, Texas; 
paratype 6026C, Loc. llO-T-4, north side of Kickapoo 
Creek, one-quarter mile below Kickapoo Falls, southwest 
of Dennis, Hood County, Texas, shale below Kickapoo Falls 
Limestone Member, Millsap Lake Formation, Strawn 
Group, Desmoinesian; paratypes, M-31 and M-32, and 
hypotype USNM (no number), about three miles south- 
west of Brock, Parker County, Texas, Brannon Bridge 
Limestone Member, Millsap Lake Formation, Strawn 
Group, Desmoinesian; paratypes 45897 and 45897 a-k, 
(plesiotypes) hypotypes, OU 3963, aberrant specimen OU 
4567 and several (plesiotypes) hypotypes in U.S. National 
Museum are from Garnett Quarry, SWi/i sec. 28, T. 20 N., 
R. 14 E. Tulsa County, Oklahoma; (plesiotype) hypotype 
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OU 4559, NE1/4 sec. 5, T 19 N., R. 14 E, Tulsa County, 
Oklahoma, Oologah Limestone Formation, Marmaton 
Group, Desmoinesian, Pennsjlvanian. 

SCIADrOCRrNUS CONFERTUS (Moore and Plummer), 1940 

See Bassler and Moodey, 1943, p. 63+ 

This species was originally described as Plaxocrinus 
obesus Moore and Plummer, 1940, and no more can be 
added to the excellent description and illustrations. As 
noted herein under generic discussion, Moore and Plum- 
mer considered the species to be atypical of Plaxocrinus and 
the features involved are typical of Sciadiocrinus as repre- 
sented by the type species of the genus. The distal tips of 
the basals are visible in side view of S. obesus, or to word it 
differently, the distal tips of basals are curved upward 
which is a character ascribed to Plaxocrinus, but we do not 
consider it sufficient within itself. We believe the short- 
ening of the sutures between basals, along with other per- 
tinent characters serve to identify obesus more closely with 
Sciadiocrinus than with Plaxocrinus. 

Types. — Holotype, Plummer Collection, No. P-8187 
collected by Gayle Scott; paratype, Harris Collection No. 
H-30, collected by Mrs. G. W. Harris; paratype, Marrs 
Collection No. M-35, collected by Mrs. W. R. Marrs; hypo- 
type USNM, collected by Mrs. J. H. Renfroe; (plesiotype) 
hypotype OU 3996, collected by H. L. Strimple; paratype, 
Plummer Collection, No. P-664, collected by F. B. Plummer. 

Occurrence. — Holotype (P-8187), paratypes (H-30, 
M-3S) from Texas Loc. llO-T-4, below Kickapoo Falls, north 
side of Kickapoo Creek, southwest of Dennis, Hood County, 
Texas; shale below the Kickapoo Falls Limestone Mem- 
ber, Millsap Lake Formation, Strawn Group, Desmoinesian: 
paratype (P-664) three miles southwest of Saiesville, Palo 
Pinto County, Texas; Palo Pinto Limestone, Canyon 
Group, Missourian; (plesiotype) hypotype (OU 3996), 
Garnett Quarry, SW1/4 sec. 28, T. 20 N., R. 14 E., Tulsa 
County, Oklahoma; Oologah Limestone Formation, Mar- 
maton Group, Desmoinesian. 

SCIADIOCRINUS CONFERTUS (Moore and Plummer), 1940 

Plate 43, figure 12; Plate 52, figure 14 

See Bassler and Moodey, 1943, p. 672 

As previously noted, this species was described as 
Schistocrinus confertus but has been referred to Sciadio- 
crinus by Strimple (1961a). There is no new informa- 
tion afforded by our material other than to re-evaluate some 
previously discussed features and to incorporate S. parvus 
into the species as a juvenile stage. In particular, the need 

for a clearer understanding of the arm structure is indi- 
cated. 

The description of arm structure given by Moore and 
Plummer (1940, pp. 222, 223) is as follows: "Each ray 
branches isotomously on the first primibrach (IBrj), on 
the second secundibrach (IIBr^) and again on the third to 
fifth tertibrach (IIIBrt-.,); above this point there is fur- 
ther bifurcation only in the two outermost and the two in- 
nermost branches of the ray, or, stated otherwise, the out- 
side branches of each of the two half-rays may be sub- 
divided as many as three times above the axillary terti- 
brachs, but the other arms do not bifurcate." Yet in the 
drawings (1940, fig. 48) a fourth bifurcation is shown in 
every branch on the third to seventh quartibrach and sub- 
sequent branching in some inner half rays. As drawn, the 
species would have a total of 125 arms but from the word 
description there could be no more than 100 arms. From 
our observation there appears to be usually 60 to 80 arms 
which follow the pattern of branching given in the word 
description by Moore and Plummer, except there is usually 
only one or two divisions above the third isotomous branch- 
ing, rather than three or four as previously reported. One 
fragmentary specimen, almost certainly conspecific, shows 
a total of 100 arms may be attained. 

The form described as Sciadiocrinus parvus was based 
on a monotype, which is a well-preserved small crown. 
The description was well presented; however, it is juvenile 
and we consider it to be conspecific with S. confertus. Some 
additional information is afforded b}' specimens in our 
collections. 

One large hypotype has 13 spine-plates preserved in 
the umbrella-like termination of the anal sac. A medium- 
sized hypotype has an estimated 12 spine-plates in the 
termination. The spines are typical for the species in having 
a spade-shape. 

The mean width of the crown of the largest hypotype 
is 24.5 mm, estimated height of crown is 33.0 mm, a ratio of 
0.7. The mean width of the medium-sized hypotype is 18.0 
mm, estimated height of crown is 22.0 mm, a ratio of 0.8 
mm. The width of the holotype (after Moore and Plum- 
mer) is 17.0 mm, height of 21.0, a ratio of 0.8. It is of 
some interest to note the holotype of Sciadiocrinus acantho- 
phorus, which is the type of the genus and also of Desmoin- 
esian age, has a width/height ratio of about 0.7. 

Additional arm branchings are disclosed by the me- 
dium-sized hypotype although preservation is not too satis- 
factory for intimate observation in most rays. The usual 
branching is with PBrjax, SBr-ax and TBr3-f,ax in all arms. 
There is usually one other bifurcation with QBr4-6ax in the 

1 
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outer arms. If this pattern of bifurcation is consistent in 
all rays, a minimum of 60 arms are produced, or 20 more 
than reported for "S. parvus." It should be noted that an 
extra arm may be found in the inner arms of each half- 
ray of the posterior, so that a total of 61 to 63 arms might 
be found in young forms. 

The brachials grew more rapidly in width than in 
length and so become wider than high at maturity. The 
crown described by Moore and Plummer is almost as large 
as the medium-sized hypotype but is somewhat more juve- 
nile in having a median line extending longitudinally up 
the arms with less distinct lines parallel to the main ridge. 
The surface ornamentation of the arms is reportedly faint 
in the proximal areas of the original type and is entirely 
absent in the two hypotypes. It is not unusual for a longi- 
tudinal raised ray on the arms to fade out with growth. 
Of interest in ontogeny is the increase in prominence of 
the basal concavity with age. In young forms there is little 
depression of the base but the increased length of the 
down-flared portion of the basals in growth develops a mild 
concavity. The process is outlined under the section on 
Morphological Notes. 

Types. — Holotype, Harris Collection, No. H-3; para- 
types, Nos. H-5, H-6 and H-10; collected by Mrs. G. W. 
Harris, Waco, Texas. Paratypes and one hypotype, Marrs 
Collections, Nos. M-10, M-11, M-12, M-13, M-14, M-20, 
M-26, M-29, M-38, and M-43, hypotype M-6, collected by 
Mrs. W. R. Marrs, Austin, Texas. Hypotypes, USNM, No. 
S5145, S5182 collected by Wm. T. Watkins, reposited U.S. 
National Museum. Two unnumbered hypotypes collected 
by H. L. Strimple reposited in U.S. National Museum. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; 3 miles southwest of Brock, Parker County, 

Texas. 

SCIADIOCRINUS LLANOENSIS Strimple and Watkins, 

new species 

Plate 49, figures 9, 10 

Dorsal cup shallow, truncate bowl-shaped, wide, shal- 
low basal concavity. Asymmetry is present in that the right- 
posterior side of the cup is deeper than the balance of the 
cup. Five infrabasals are confined to the center of the 
basal concavity, extend only slightly beyond the round 
proximal columnals and form a pentagonal-shaped disk. 
Five petal-shaped basals form the gently sloped lateral 
sides of the concavity, and only the distal tips of the right 
posterior and right anterior basals are visible in side view 

of the cup. Five radials are large mildly tumid, participat- 
ing in the basal concavity, forming the basal plane and 
curving upward to form the lateral walls of the cup. A 
shallow notch is formed at the summit of the interradial 
sutures. A shallow, subhorizontal groove is in position of 
an outer ligamental furrow. The ligamental pit, located next 
to the transverse ridge, is deeply impressed. The inner 
articular facets as a whole are sloped outwardly. The 
transverse ridge is narrow where it adjoins the ligamental 
pit and ventrally it is bordered by a subtriangular depres- 
sion. Well-defined oblique grooves extend from the base of 
the intermuscular notch to the lateral extremities of the 
transverse ridge which terminates well before the inter- 
radial sutures are reached. Adsutural slopes are low and 
ill preserved. Three anal plates are in normal (Primitive) 
arrangment. Radianal is a long slender plate. The posterior 
interradius is depressed which causes the cup to have a 
hexagonal outline when viewed from above or below. 

Measurements of the holotype in millimeters: 

Width of cup  (maximum) 23.0 
Width of cup, posterior to anterior (minimum)            22.0 
Height of cup 4.3 
Ratio of height to  width 0.18 
Width of infrabasal  circlet 6.4 
Height of basal concavity, including stem impression    1.5 
Length  of   basal   (right   anterior) 9.3* 
Width  of  basal   (right  anterior) 5.5* 
Length of suture  between basals 1.1 
Length of radial to transverse ridge   (right anterior)  9.2* 
Width of radial   (right anterior) 5.5* 
Length of suture  between  radials 6.1* 
Length of  radianal 6.3* 
Width of radianal 3.0 

♦measurements  taken  along surface  curvature. 

Remarks. — Sciadiocrinus llanoensis is closely related 
to Sciadiocrinus disculus Moore and Plummer, but the for- 
mer has a proportionately lower cup. S. acanthoporus has a 
deeper basal concavity than S. llanoensis. S. confertus has 
more prominent basal plates than S. llanoensis. S. planulatus 
has an ill-defined dorsal cup but appears to have radial 
plates in contact with infrabasals in some rays. 

The species name llanoensis has reference to the Llano 
Uplift from which it was obtained. 

Holotype. —\i?>^M, No. S5170, collected by Wm. T. 
Watkins, reposited in the U.S. National Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch near 
Mason, Mason County, Texas. 

Genus POLYGONOCRINUS Strimple, 1961a 

Type species.—Polygonocrimis multiextensus Strimple, 

1961a. 
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Range. — Desmoinesian, Pennsylvanian; North Amer- 
ica. 

Remarks. — With the discovery of another species of 
this genus we are able to obtain a more comprehensive 
understanding of the form. The original description of the 
genus allowed for the presence of partially biserial arms but 
P. libratus, n. sp. has some sections of the arms entirely bi- 
serial (especially secundibrachs) yet the distal arms (terti- 
brachs and quartibrachs) are composed of almost entirely 
cuneiform segments. The secundibrachs are reduced to a 
robust, quadrangular first secundibrach and a robust ax- 
illary second to fourth secundibrach in most rays. When 
present the small, intervening SBrBr appear to be thin, 
wedge-shaped elements of a biserial nature. Although there 
is no existing evidence to substantiate or explain the half 
biserial, half cuneiform arms we believe the upper arms 
reflect an arrested juvenile stage. We believe that younger 
species of the genus will be likely to have completely bi- 
serial arms albeit the younger P. multiextensus is only 
sparodically biserial. 

Some characteristics of Polygorwcrinits indicate rela- 
tionship with Schedexocrinus Strimple, 1961a. The later 
genus has a tendency to develop biserial structure among 
the secundibrachs and sporadically elsewhere but funda- 
mentally has uniserial arms. Only the first two bifurcations 
of the arms in Schedexocrinus are isotomous, but there are 
three in Polygonocrinus. The terminating platform of the 
anal tube is almost identical for Schedexocrinus and Poly- 
gonocrinus and both have nonspinose axillary first primi- 
brachs. Major differences lie in the structure of the dorsal 
cups. In Polygonocrinus the dorsal cup is extremely shal- 
low with the infrabasals and basals downflared and re- 
stricted to the large basal concavity. The radials are sub- 
horizontal with the distal ends forming the lateral sides of 
the cup. The radials of Schedexocrinus are erect and even 
the distal tips of the tumid basals are visible in side view 
of the cup. 

Pirasocrinus has a dorsal cup with characters close to 
those of Polygonocrinus, i. e. infrabasals and basals are 
down-flared and confined to basal concavity, radials have 
proximal portions participating in the basal concavity, 
primibrachs are tumid but nonspinose, arms are isotomous 
for three bifurcations and both have relatively large termi- 
nating platforms of the anal sac. Differences are that 
Pirasocrinus has a long, slender crown (compared to the 
broad, short crown of Polygonocrinus), the radials are 
tumid, the arms are strictly uniserial and the terminating 
platform has a relatively restricted area with fewer center 
and  perimeter plates. 

POLYGONOCRINUS LIBRATUS Strimple and Watkins, 

new species 

Plate 33, figures 1, 2; Plate 56, figure 7 

*Ihis species is represented in the collections by two 
large crowns which are in fairly good preservation. 

The dorsal cup is wide, low, truncate bowl-shaped with 
a broad, deep basal concavity. It has a pentagonal outline 
when viewed from below. The suture lines are well defined 
by being mildly impressed. Five infrabasals are confined to 
the base of the concavity and are subhorizontal to slightly 
downflared. The five basals are strongly downflared, com- 
pletely confined to the basal concavity so that even the 
distal tips are not visible in side view of the cup. The 
radials are subhorizontal with proximal portions in the basal 
concavity and only distal ends curved upward to form al- 
most imperceptable lateral sides of the cup. The basals are 
large and form a petal-like circlet. The radial plates are 
broad, slightly convex transversely, pentagonal-shaped with 
only a mild notch at the interradial sutures and form a 
gaped suture with the first primibrachs. The posterior in- 
terradius is poorly preserved and in fact almost obliterated 
in preservation in both specimens. The paratype shows that 
anal X was in contact with the posterior basal so it can be 
assumed that three plates were present in reasonably nor- 
mal   (Primitive Type)   arrangement. 

From the arms which are preserved, it is calculated 
that 60 arms were formed which are fundamentally biserial 
until the quartibrachs are reached and thereafter are com- 
posed of cuneiform segments. First bifurcation is on the 
low, thick appearing first primibrach. It forms a point 
but could not be termed a real spine. The first secundibrach 
is large, quadrangular-shaped and subsequent secundibrachs 
are thin or absent except for the axillary secundibrach 
which is a large, tumid, spinelike element. The first terti- 
brach is a large quadrangular plate, but thereafter the 
brachials change drastically to become thin, wedge-shaped, 
and interlocking (biserial). As few as six or as many as 
13 tertibrachs precede the next axillary wherein bifurca- 
tion takes place in all arms. Another bifurcation in outer 
arms of each half-ray only, which arms maintain consider- 
ably more width than inner arms, takes place on or about 
QBr4-«. Tertibrachs and quartibrachs are slightly wedge- 
shaped but the arms are not biserial. 

There is a large, umbrella-like terminating platform 
of the anal sac. All plates are not preserved, but there 
appears to have been about 28 central plates and some 14 
outwardiv directed, spinelike perimeter plates. Some of the 
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central  polygonal  plates  are  small  but  many   attain  con- 
siderable size (e.g. 9.5 by 7.3 mm.) 

Measurements in millimeters as follows: 

Holotype    Paratype 
57.0 — 
43.0 — 

5.7'l 3.5 
30.0 37.0« 
0.19 0.09 

13.6» 22.5   8.7* — 7.5* 
11.7* 10.5* 
19,0* 20.0* 

Length of crown 
Width of crown   (excluding platform) 
Height of cup, to transverse ridge 
Width  of cup 
Ratio H/W of cup 
Width  of  basal  concavity 
Length   of  basal 
Width of basal 
Length   of   radial 
Width of radial 

"—appro.\imate 
'•—distorted 
*—measurements taken along surface curvature. 

Remarks. — Polygonocrinus libratus is distmct from 
P. multiextetisus of the Holdenville Formation in having 
biserial arms up to the quartibrachs, thereafter the brachials 
become cuneiform. In P. multiextensus the small secundi- 
brachs show tendencies toward a biserial arrangement and 
other biserial developments are only sporadic. The basal 
plates are more tumid in P. multiextensus and prominent 
notches are formed at the interradial sutures which are 
distinct when the cup is viewed from below. 

The specimen figured as a paratype of Plaxocrinus per- 
undatus by Moore and Plummer (1940, pi. 15, fig. 5) is 
reported on the plate legend as being from the same loca- 
tion as the holotype, i.e. shale below the Kickapoo Falls 
Limestone Member, about i/i mile below Kickapoo Falls, 
but with a question mark. In the text they report it from 
the Brannon Bridge Limestone Member, three miles south- 
west of Brock, Texas, which judging from the preservation 
is probably correct. The illustration is an oblique view of 
the cup and therein somewhat obscure, but we feel certain 
it belongs with Polygonocrinus, especially when the lower 
arm segments are compared with those of P. libratus. 

ry/.fj. — Holotype, USNM, No. S5105, collected by 
Louis Todd, paratype USNM, No S5201 collected by Wm. 
T. Watkins, reposited  in the U.S.  National  Museum. 

Occurrence. — Brannon Bridge Limestone Member, 
Millsap Lake Formation, Strawn Group, Desmoinesian, 
Pennsylvanian; three miles southwest of Brock, Parker 

County, Texas. 

Genus SCHISTOCRINUS Moore and Plummer, 1940 

Type species.—Schistocrinus torquatus Moore and 
Plummer, 1940. 

Range. — Atokan to Desmoinesian, Pennsylvanian; 

North America. 

I 

Diagnosis. — Shallow cone-shaped cup, five large infra- 
basals have a convex curvature although they are not al- 
ways visible in side view of the cup, five basals are small, 
essentially triangular-shaped and are separated from each 
other by the proximal ends of the radials. Five radials are 
large and contact the infrabasal circlet, three anal plates 
are elongated, a large balloon-shaped anal sac is reported 
for S. azygous from the Holdenville Formation (Desmoin- 
esian). 

Remarks. — As demonstrated by Strimple (1961a, pp. 
99-101) the genus Schistocrinus is represented by three 
species, S. torquatus, S. parvisculus (Moore and Plummer) 
and S. azygous (Strimple) to which is now added S. brooki, 
n. sp. The species described as Schistocrinus conjertus 
Moore and Plummer and S. planulatus Moore and Plum- 
mer may be conspecific and in any event have the charac- 
teristics of Sciadiocrinus. 

A new form, Schistocrinus acclivis, from the Soldiers 
Hole Member, Big Saline Formation, has all the appear- 
ance of a typical Schistocrinus. It is closely related to 
S. azygous. 

SCHISTOCRINUS ACCLIVIS Strimple and Watkins, new species 

Plate 50, figures 2-4 

Dorsal cup is shallow, cone-shaped. Five large infra- 
basals form a large, slightly convex disk with the columnar 
attachment area depressed and with an irregular outline 
because of the unusual contact with the radial plates. Five 
basals are small and triangular-shaped except where they 
are in contact with the anal plates, which require extra 
facets. Five radials are large broad plates. The articular 
facets are obscured but are found to be inclined sharply 
outward, have a heavily crenulated outer ligamental area, 
and a ligamental pit backed by a transverse ridge. The 
intermuscular notch is pronounced. The cup plates are 
tumid and there is a sharp delineation at the meeting of 
the infrabasals and basal circlet. Three large anal plates 
are in normal  (Primitive)  arrangement. 

The stem attachment cicatrix is round and well marked 
with fine ridges. A depressed area extends beyond the 
columnar scar. 

Measurements of the holotype in millimeters: 
Width  of  dorsal  cup 9.8 
Height  of  dorsal   cup,   to  transverse   ridge 3.3 
Ratio of height to width 0.33 
Width of infrabasal circlet 4.6 
Length   of  basal   (right  anterior) 2.1 
With   of  basal   (right   anterior) 2.2 
Length of suture  between  basals 0.0 
Length of  radial,  to transverse  ridge 5.4* 
Width  of  radial   (right  anterior) S.8* 
Length  of  suture  between   radials 2.5* 
Length of radianal 3.1 
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Width of  radianal 
Length of anal X 
Width  of  anal   X 
Diameter of stem scar 

2.1 
3.7 
2.8 
2.1 

•measurements taken along surface curvature. 

The name accHvis is Latin for steep with reference to 
the steep articular facets of the radial plates. 

Remarks. — Schistocrinus acclivis of Atokan age is 
more comparable to S. azygous than to S. torquatus, both of 
which are of Desmoinesian age. In S. azygous, anal X and 
RX attained a comparable height and shared equally in 
supporting a prominent plate above which is a specialized 
arrangement. In S. acclivis, RX extends higher than anal 
X which is a normal arrangement. In the later species, 
anal X and RX share in support of a large anal plate above. 

Holotype. — \]'S,TSiM, No. S5171 collected by Wm. T. 
Watkins, reposited  in   the  U.S.  National  Museum. 

Occurrence. — Soldiers Hole Member, Big Saline For- 
mation, Atokan, Pennsylvanian; Kurt Zesch Ranch near 
Mason, Mason County, Texas. 

Family PHANOCRINIDAE Strimple and Watkins, new family 

Genera. — Phanocrintis Kirk; Pentaramicrinus Sutton 
and Winkler. 

Range. — Genevievian and Chesterian, Mississippian; 
North America  and Great  Britain. 

Diagnosis. — Crown slender, compact, cylindrical; cup 
low, bowl-shaped with slight or decided basal concavity; 
IBB five, downflared or subhorizontal, small; BB five, 
medium to large, always visible in side view of cup but 
proximal portions participate in formation of basal plane 
and concavity when present; RR five, large, wide; XX 
three, normal (Primitive Type) arrangement to advanced 
arrangement; arms ten, uniserial, branching on first primi- 
brach in all rays in Phanocnmis and reduced to five arms 
in Pentaramicrinus. 

Remarks. — We are cognizant of a form which has 
only nine arms but have not attempted to isolate it from 
those which may have less than ten arms adventitiously. 
The exact affinities of the phanocrinids are somewhat ob- 
scure but we are reasonably certain it originates in the 
Scytalocrinidae rather than the Eupachycrinidae as has 
been commonly thought. There is some question at this 
time as to what forms among the Erisocrinidae are really 
derivatives of the phanocrinids and we are not prepared 
to attempt a comprehensive study into that matter. 

Genus PHANOCRINUS Kirlt, 1937 

PHANOCRINUS TRULLEUM Strimple and Watlcins, new species 

Plate 36. figures 1-3; Plate 50, figure 5 

Crown is of medium length and is slender. Dorsal cup 

is medium bowl-shaped with truncate base and a pro- 
nounced basal concavity. Five small infrabasals are confined 
to the proximal portion of the concavity and are down- 
flared. Five large basals are tumid, participate strongly in 
the basal concavity and flex sharply to form a substantial 
portion of the lateral walls of the cup. Five pentagonal- 
shaped radials are tumid and only slightly wider than long. 
The right posterior radial has an extra side because of its 
long contact with the radianal. Three anal plates are in 
normal (Primitive) arrangement. The posterior interradius 
is mildly convex so that the rounded contour of the cup is 
undisturbed in this area. The proximal columnals are large 
and round. There are ten uniserial arms branching with 
the axillary first primibrach in all rays. The first primi- 
brach is slightly smaller than the radial. The anterior bi- 
furcation is wider than the posterior in both of the pos- _ 
terior rays. First and second secundibrachs are high but HI 
subsequent brachials are very short. Sporadic biserial areas ™ 
may be developed in the distal arms. Each brachial bears a 
single thin pinnule, on  alternate sides. 

Measurements of holotype in millimeters (approxi- 
mate) : 

Length of crown 50.0 
Height  of cup 8.0 
Width  of  cup 17.0 
Width  of  basal  concavity 7.5 
Length  of  basal   (right  posterior) 8.7* 
Width of basal   (right posterior) 7.8* 
Length of suture between basals 4.1* 
Length  of  radial   (left  anterior) 5.9* 
Width  of  radial   (left  anterior) 9.5* 
Length   of   suture   between   radials 4.0 

"measurements taken  along surface curvature. 

Remarks. — This species does not follow the normal 
trend found among late Chesterian species of Phanocrinus, 
i.e. lowering of the cup height and widening of the cup, 
e.g. Phanocrinus alexanderi Strimple. The walls of the cup 
of P. cooksoni Laudon are erect and the posterior inter- 
radius is normal (Primitive), but the cup is broad and pro- 
portionately lower than found in P. trulleum. 

The arms of P. trulleum are essentially uniserial but 
are changing to a biserial structure in distal portions. On 
the inner sides of the arms, the pinnular bearing side of 
the brachial has an increased height for the attachment of 
a pinnule, but the opposite side is short and in some in- 
stances terminates before the inner edge of the arm is 
reached. The species may represent the lineage leading to 
forms like Erisocrinus. 

The species name is from the Latin word trulleum 

meaning basin. 
T-y^^j. _ Holotype,  USNM,   No.   SS115   collected   by 
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Wm. T. Watkins paratype, USNM, No. SS172 collected 
by Wilburn Shearer, reposited in the U.S. National Mu- 
seum. 

Occurrence. — Limestone in the Barnett Formation, 
Chesterian, Mississippian; Kothman Ranch near Mason, 
Mason County, Texas. 

Order DISPARATA Moore and Laudon, 1943 

Family ALLAGECRINIDAE Carpenter and Etheridge, 1881 

Subfamily ALLAGECRININAE Moore, 1940 

The family Allagecrinidae was revised by Moore, 1940. 
At that time the genus Wrightocrinus Moore, 1940 was pro- 
posed with Allagecrinus jakovlevi Wanner, 1929, from the 
Permian as the type species. Moore reported the species 
to have a cup height from 2.9 to 6.8 mm. The species Allage- 
crinus biplex Wright, 1932, from the Lower Carboniferous 
(Mississippian) was also assigned to the genus Wrighto- 
crinus by Moore. The genus was distinguished from Allage- 
crinus on the basis of whether the right posterior radial 
has one arm or more than one arm and whether mature 
individuals retain the oral plates. Allagecrinus consistently 
has a single arm facet on the right posterior radial but 
Wrightocrinus has two or more at maturity. The oral 
circlet loses its prominence with maturity in most species 
of Allagecrinus and are in fact seldom preserved in matur- 
ity. Information concerning Allagecrinus biplex was inade- 
quate at the time of Moore's study (1940) because in 1941 
Wright gave a revision of the species wherein a different 
concept is attained. Larger specimens are now known with 
more arms, and the oral circlet is seen not to be preserved 
in maturity, even as found in species of Allagecrinus. A con- 
sistent character of A. biplex is the presence of an anal series 
resting in a notch of the left shoulder of the right pos- 
terior radial plate. Wrightocrinus jakovlevi does not have 
an anal notch and anal plates or anal plates and Moore 
( 1940, p. 93) noted, "It is not surprising that an anal 
plate or plates, present in the lower Carboniferous species, 
should have disappeared in the Permian species." But he 
did not consider this of generic importance, "The presence 
or absence of anal plates, which is normally a character of 
generic importance, does not seem to be so in this case." 
Conversely, we believe the presence of an anal plate in 
Allagecrinus biplex and the absence of an anal plate in 
Wrightocrinus jakovlevi is of primary generic importance. 
We propose the name Thaminocrinus new genus, with Alla- 
gecrinus biplex Wright the type species of the genus. 

A complete study of allagecrinids from the Permian 
has not been made, but it appears that no forms assigned 
to Wrightocrinus or to Allagecrinus have an anal plate or 

plates and that all have the oral circlet prominently pre- 
served. Pennsylvanian species formerly assigned to Allage- 
crinus have been referred to Isoallagecrinus Strimple 
(1966b). They lose the oral circlet with maturity, or at 
least the circlet does not survive in preservation. It might 
also be noted that among those species from the Permian 
of Timor for which the arms are known, the arms are short 
and rest in grooves of the oral circlet. The grooves between 
oral plates do not appear to serve any function other than 
to act as receptacles for the arms, when the arms are not 
extended. Advanced Permian forms have been assigned to 
the genus Metallagecrinus Strimple (1966b). A new species 
of Isoallagecrinus from the Marble Falls Formation of 
Texas is described as /. erectus, n. sp. 

Genus THAMINOCRINUS Strimple and Watkins, new genus 

Type species. — Allagecrinus biplex Wright. 
Range. — Lower Carboniferous   (Mississippian);   Scot- 

land. 
Diagnosis. — Cup low with low basal circlet, sutures 

usually invisible; RR unequal in width, form most of the 
cup height; LAR and RAR narrower than other RR; LAR 
supports one arm only, RAR usually one but occasionally 
two arms; other RR have variable number of arms; right 
shoulder of RPR usually axillary and supports two up to 
five arms; there may be as many as 19 arms or more; left 
shoulder of RPR is beveled and supports an armlike series 
of anal plates; oral dome low in immaturity, missing in 
maturity; column round, tapers rapidly. 

Remarks. — Comparison of Thaminocrinus biplex with 
Wrightocrinus jakovlevi has been given under the familial 
discussion. There is a more intimate relationship indicated 
with Allagecrinus austinii but from which Thaminocrinus 
biplex is readily separable because although it is a smaller 
form (height about l.S mm) it has more arms, and it has 
multiple arms on the right posterior radial, which plate 
also carries an anal plate in a V-shaped groove in its left 
shoulder. Thaminocrinus has a cup-shape close to that of 
Allagecrinus austinii, the type species of Allagecrinus, for 
which the cup height of adult specimens is reported to 
range from 2.5 to 3.0 mm. 

The generic name is derived from the Greek word 
thaminos for crowded, with reference to the multiple arms. 

Genus ISOALLAGECRINS Strimple, 1966b 

ISOALLAGECRINUS ERECTUS Strimple and Watkins, 
new species 

Plate 41, figure 2; Plate 52, figures 7-11 

This species  is  represented  in   the  collections  by   two 
partial  crowns  and  a  set  of  arms. 
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The dorsal cup is relatively high for a Pennsylvania!! 
representative of the genus with deeply impressed sutures 
between radials but no appreciable tumidity. Cup height of 
the holotype is 2.0 mm, width 2.6 mm. The basal disk is 
undivided and higher than normal for other species of 
Pennsylvanian age. There are five radials forming most 
of the cup height. They are unequal and two (LAR and 
RPR) each carry a single arm. The RPR also supports 
an elongated ana! plate in a notch on its left shoulder. The 
other three radials (LPR, RAR and AR) each support 
two arms. A total of eight arms and an armlike anal series 
is present, and it is reasonable to expect larger specimens 
would have more arms. The arms are slender and some 
distal brachials show a tendency to have a slight medial 
constriction. There is no great differentiation in width of 
the arms of the various rays. 

The proximal portion of the column is rapidly tapered, 
curved, and composed of thin segments having a circular 
outline. The entire surface of the crown is mildly granular 
appearing under slight magnification. High magnification 
shows the entire surface to be marked by minute pits. 

Remarks. — Isoallagecrinus erectus has a cup shape 
more comparable to some Mississippian forms than to 
Pennsylvanian species, i. e. it has a relatively high cup, with 
the infrabasals contributing appreciably to the cup height. 
Mississippian species of Allagecrinus usually have an elon- 
gated cup with the infrabasal circlet prominent in side 
view of cup. Mature specimens of A. austinii have a low 
cup but the lateral sides flare outward in maturity. A 
syntype (G. S. Edin. 1602) of A. austinii figured by Wright 
(1952, pi. 39, figs. 1 to S) appears to be of comparable 
size and at a comparable stage of development. It has a 
ratio of H/W of 0.65 and eight arm facets distributed as in 
Isoallagecrinus erectus. Wright noted that A. austinii sel- 
dom exceeds a cup height of 3 mm. The age of the Scot- 
tish species is Visean (Coral Zone 3 of D. Hill), Lower 
Limestone Group. Mississippian species of Allagecrinus from 
North America do not appear to attain a size comparable 
to large specimens of A. austinii, or at least have not been 
recorded. Specimens of Allagecrinus americanus Rowley 
from the Louisiana Limestone (Lower Mississippian) have 
been reported by Strimple and Koenig, 1956, with as many 
as nine arm facets. One specimen with eight full facets 
and one incipient facet was figured by Strimple and Koenig 
(1956, text-fig. 4, 28-31) which specimen had a H/W ratio 
(excluding orals) of about 1.36. 

Allagecrinus sculptus Strimple and Koenig, 1956, of 
Osagean age, is somewhat like Isoallagecrinus erectus in 
general   appearance   of   the   cup,   but   is   proportionately 

longer (H/W ratio 1.58) and is a smaller form (height of 
holotype 1.69 mm., including orals). The holotype has 
only six arm facets, the double facet being on the left 
posterior radial. 

There has been no report of Allagecriyius from Mor- 
rowan rocks although Moore (1940) noted that some speci- 
mens he considered to be the young of AllocatUlocnnus 
rotund.us could not be distinguished from Allagecrinus. His 
"young" specimens are more like later Pennsylvanian 
species in that they have considerable bulbosity of the radial 
plates and proportionately low infrabasals. 

The only described species from Pennsylvanian rocks 
having erect, or elongated cups are Isoallagecrinus copani 
(Strimple), 1949b (H/W 0.69) from the Missourian, /. 
pecki (Moore), 1940 (H/W 0.60) from the Desmoinesian 
and /. grajjhami (Strimple) 1948 (H/W 0.65) from the 
Virgilian. /. copani has only seven arms for a specimen with 
a height of 3.7 mm, whereas /. erectus has eight arms at a 
cup height of 2.0 mm and is proportionately taller. /. pecki 
has seven arms at a cup height of 3.5 mm and the radials 
are bulbous. /. grajjhami has 12 arms at a cup height of 
2.0 mm. 

Ty/Jfij. — Holotype, USNM, No. SS178, paratype 
USNM, No. S5133, collected by Wm. T. Watkins, reposit- 
ed in the U.S. National Museum. 

Occurrence — Lemons Bluff Limestone Member, Mar- 
ble Falls Formation, Atokan, Pennsylvanian; Rough Creek, 
11 miles southeast of San Saba, San Saba County, Texas. 

Class CRINOIDEA Miller 

Subclass CAMERATA Wachsmuth and Springer 

Order MONOBATHRA Moore and Laudon 

Family PLATYCRINITIDAE Basselr, 1938 

Genus PLATYCRINITES Miller, 1831 

Type species. — Platycrinites laevis Miller. 
Range. — Silurian to Permian; Europe, Australia, Rus- 

sia, Indonesian, North America, Asia. 
In Bassler and Moodey, 1943, there are 140 species 

or subspecies of Platycrinites accepted as valid from Mis- 
sisippian (Lower Carboniferous) rocks of Ireland, Belgium, 
England, He of Man, Scotland, Germany, and North 
America. There are 12 species or subspecies listed from older 
Silurian and Devonian rocks of Germany, England, and 
North America. Five species or subspecies are from Permian 
rocks   of  Australia   and   the   Island   of  Timor.   The   only 
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form listed by Bassler and Moodey from rocks of Pennsyl- 
vanian (Upper Carboniferous) age is Platycrinites spitz- 
bergensis (Holtedahl) from the Moscovian of Spitzbergen, 
Norway. This species is based on two fragments, one of 
which is a radial plate and the other a basal circlet. There 
are also some stems and columnals ascribed to the species. 

PLATYCRINITES REMOTUS Strimple and Watkins, new species 

Plate 47, figures 8, 9 

This species is based on a single crown that is horizon- 
tally compressed but otherwise is in good preservation. This 
is apparently the first calyx of Platycrinites known from 
Pennsylvanian rocks. 

Study of the shape of the cup indicates a medium high 
dorsal cup with mildly upflared basals and erect lateral 
sides formed by the radials. All cup plates are thin and 
are mildly granular appearing under slight magnification. 
There are three basals of moderately large size forming a 
pentagonal disc with a large, elliptical-shaped columnar 
scar in mid-portion. The outer edge of the disc has a slight 
notch at the interbasal suture so that two facets are 
formed on the proximal edge of the adjacent radial plate. 
Where the interbasal suture is absent the adjacent radial 
has an uninterrupted proximal edge. Five radial plates are 
large, wide elements with lateral sides slanted out and up- 
ward so the greatest width is near the summit of the cup. 
The arm attachment area is notched well below the summit 
of the cup and is crescentic in shape. The first primibach 
is axillary and is low but with short lateral sides. The 
second secundibrach is apparently axillary in all arms. 
There is a distinctive sinuous suture between all preserved 
brachials. A large interradial plate is found in the posterior 
interray and is only separated from the anus by two series 
of plates. There is a low tube or projectd area surrounding 
the anus. Tegmen plates are mildly tumid and are rather 
large polygonal elements. 

Measurements of holotype in millimeters: 

Width of cup as preserved 
Width  of  basal  circlet  as  preserved 
Length of basal 
Length of radial   (to articular facet) 
Length   of   radial   (to   summit) 
Width of radial 

35.7* 
19.6 
10.0 
10.3 
12.7 
19,5 

•grossly distorted. 

Several disassociated Platycrinites-type columnals have 
been found at the Kickapoo Falls locality but they are con- 
sidered separatel}'. 

Remarks. — A search of the literature has revealed no 
species of Platycrinites of Pennsylvanian age based on other 
than  fragmentary  material.  P.  spitzbergensis   (Holtedahl) 

from the Moscovian of Norway is known from a basal 
circlet and one radial plate. Some stem fragments are 
ascribed to the species. The radial plate reflects constriction 
of the cup summit in that the lateral sides slope toward 
each other whereas in P. remotus they slope away from 
each other indicating a widening of the cup at the summit. 
Series of nodes are present on P. spitzbergensis and on the 
radial plate they show a tendency to converge below the 
arm articular facet. P. remotus is marked by granules but 
they are only visible under magnification. 

There are no species of Platycrinites known to us from 
upper Chesterian so close comparison with antecedent forms 
is not possible. An arm of P. penicilhis is figured by Wachs- 
muth and Springer (1897, pi. 53, fig. 76) with sinuous su- 
tures between the lower segments. This species is representa- 
tive of the Genevievian Stage of the Valymeyeran Series af- 
ter Swann (1963). The lateral sides of the cup are almost 
vertical which is reflected by the almost vertical sides of the 
radials in P. penicillus. The first primibrach in P. penicillus 
has no lateral sides, whereas the first primibrach in P. re- 
motus has short lateral sides. 

The Permian form described as Platycrinites wachs- 
mutlii (Wanner), 1916, and subsequently divided to sub- 
species P. wachsmuthi typicus ^ P. wachsmuthi, P. wachs- 
muthi agnaensis (Wanner), 1937, and P. wachsmuthi fre- 
guentior (Wanner), 1937 do not have as many large poly- 
gonal plates in the tegmen and apparently had taller and 
narrower calyxes than P. remotus. The later species is also 
distinctive in having lateral sides to the axillary primibrach, 
which plate is bordered by the first secundibrachs in Wan- 
ner's species with the lateral sides eliminated. There is 
also a distinctive sinuous suture between brachials in P. 
remotus not found in the Permian forms. 

Platycrinites wrighti Oyens, 1940, also from the Per- 
mian of the Island of Timor, has a strongly tubercled sur- 
face of dorsal cup and is essentially a narrower and higher 
cup than P. remotus is thought to have. 

Yakovlev (1956, pi. 12, fig. 8) illustrated a radial 
plate as Platycrinus sp. which has a highly ornate surface 
and two raised rays connecting the arm articular facet 
with the two proximal corners of the plate. It is reported 
as questionably Cn (Upper Carboniferous) = Missourian 
or Virgilian, S.S.S.R. The lateral sides of the radial are 
directed outward which would produce an erect or mildly 
expanded cup at its summit. Yakovlev (1956, pi. 10, figs. 
14-20) proposed a species Platycrinites permiensis (Yakov- 
lev) from Pi (lower Permian) of the SSSR based on one 
radial plate and several columnals. The radial plate is 
thick and  the lateral sides slope toward  the  upper center 
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of the plate which would probably produce a mildl}' con- 
stricted summit of the dorsal cup. It is at best questionably 
referable to Platycrinites. The stem fragments are compar- 
able to other known columnals which have been referred 
to the genus. They are thick. 

The species name remotus is Latin for "far off" with 
reference to the great lapse of time between it and typical 
representative of the genus. 

Holotype. — VSNM, No. S5163, collected by Wm. T. 
Watkins, reposited in the U.S. National  Museum. 

Occurrence. — Shale below the Kickapoo Falls Lime- 
stone Member, Millsap Lake Formation, Strawn Group, 
Desmoinesian, Pennsylvanian; about ^4 mile east of Kicka- 
poo Falls, southwest of Dennis, Hood County, Texas. 

Family ACROCRINIDAE Wachsmuth and Springer, 1885 

The premise followed by recent authors has been that 
Acrocrinus is derived from Dichocrinus. Wachsmuth and 
Springer (1897, p. 804) stated it as follows, "The introduc- 
tion of a narrow belt of supplementary' plates between the 
basals and radials would be sufficient to transform any 
Dichocrinus into an Acrocrinus." There is reason to believe 
that Acrocrinus, as represented by the type species, is en- 
tirely independent of Dichocrinus; however, it may be that 
some forms currently ascribed to Acrocrinus are derived 
from dichocrinid stock. 

Moore and Plummer (1938, p. 217) stated as follows: 
"The structure of the calyx of Acrocrinus has been inter- 
preted as indicating a very interesting reversion from a 
specialized, simplified calyx of the type of Dichocrinus, its 
presumed ancestor, to a primitve many-plated cystid-like 
form in which the several circlets of plates lack a definite 
plan, as is the rule among crinoids (Jaekel, 1918, p. 39; 
Springer,  1926,  p. 41.)" 

Moore and Laudon (1943, p. 96) stated as follows, 
"The Acrocrinidae (fig. 16) are derived from Dichocrinus. 
They might almost be characterized as a group of over- 
specialized crinoids that had reverted to a more primitive 
type. Inasmuch as no other crinoids are known that re- 
motely resemble Acrocrinus in structure, this group must be 
considered as a very unusual specialized derivative of the 
Dichocrinidae." 

It is beyond the scope of this paper to revise the 
Acrocrinidae and Dichocrinidae but we do feel it is desir- 
able  to  establish   more   realistic  groupings. 

'The term 'intercalarics" proposed by Moore  and  Plummer,  1938, is 
used herein. 

Genus GLOBACROCRINUS Moore and Strimple, 1969 

Type species. — Acrocrinus piruni Moore and Plum- 
mer, 1937 (1938). 

Range. — Pennsylvanian;  North America  and  Russia. 

Diagnosis. — Dorsal cup elongated, swollen at base or 
mid-section with constricted summit, base flattened but 
distal tips of basals may be visible in side view of cup; 
two large basals of equal size, with suture marking the pos- 
tero-anterior axis; five radials and anal X form a circlet 
at summit of cup, articular facets of radials narrow, horse- 
shoe-shaped, anal X has a crescentic facet with an appear- 
ance close to the arm articulating facets; all radials have 
two intercalarics at their proximal side except the anterior 
which has three; anal X has three intercalarics in contact 
with the proximal side, the center one being designated as 
X'; there are four or more series of plates (intercalaries) 
between basals and radials; the tegmen has not been ob- 
served for any known species of the genus. 

Species assigned to Globacrocrinus: 
Occurrence 

Globacrocrinus multiplicatus, n. sp. 
.4crocrinus pirum Moore and Plummer 

Atokan;  Texas 
Morrowan;  Okla. 

Rejnarks. — This genus is primarily characterized in 
having a flattened or concave base extending bej'ond the 
columnar attachment scar but with distal edges of basals 
curved up to be visible in side view in some species, in 
having an expanded mid-section or proximal area, a distal 
constriction and with normal radial plates in proximal con- 
tact with two plates (anterior radial is in contact with 
three). The Russian species, A. mjatschkozvensis is from 
younger rocks (Moscovian) and has almost as many in- 
tercalary plate series as G. pirum but lacks the expansion 
at the base of the cup. The Moscovian species differs from 
both the other mentioned species in that it does not have 
an uninterrupted series of anal plates. In this regard it is 
comparable to Acrocrinus praecursor from the Burlington 
Limestone (Mississippian) which species has three anal 
plates in continuous series below anal X but the series is in- 
terrupted at X". A. praecursor is excluded from Globacro- 
crinus because of the cup shape wherein a continuous ex- 
pansion of the cup takes place from the columnar scar to 
the summit of the cup and the basals may be properly 
termed upflared. The same cup shape is found in Acrocrinus 
intermedius Springer, 1926, of Chesterian age, which species 
is probably a direct derivative of A. praecursor. 

Acrocrinus shumardi Yandell, 1855, and A. brentwood- 
ensis Moore and Plummer, 1938, of Chesterian and Mor- 
rowan ages respectively, are readily separable in having the 
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proximal edge of a normal radial plate in contact with four 
intercalaries. Acmcrinus amphora Wachsmuth and Springer, 
1897, of Chesterian age, A. wortheni Wachsmuth, 1882, of 
Pennsylvanian age, A. pumpkensis Strimple, 1949a, and 
A. expansus Strimple, 1951c of Desmoinesian age, and A. 
elegans Strimple, 1949a, of Missourian age are readily sep- 
arable from Globacrocrinus in having the normal radial plate 
in contact with three intercalaries. The preservation of 
specimens of Acrocrinus alvestonensis Wright (19S8), is 
too poor for precise examination, but it appears to be close 
to A. amphora. The species is reportedly of Visean age. 

Acrocrinus primitivus Laudon and Beane (1937), from 
the Hampton Formation (Kinderhookian) of Iowa, is not 
considered by us to be a bona fide representative of the 
genus Acrocrinus. 

GLOBACROCRINUS MULTIPLICATUS Strimple and Watkins, 
new species 

Plate 52, figures 4-6 

The cup plates are smooth. There are five series of 
intercalaries between radials and basals and only four inter- 
calaries (anal series), and these in direct series. The base 
of the cup is essentially flat and expands rapidly to just 
below mid-section thereafter tapering to a constricted sum- 
mit. As previously noted, all radials except the anterior are 
adjoined below by two intercalaries. The arms and tegmen 
are not preserved. The columnar scar is circular and im- 
pressed. Greatest width of the cup is 3.2 mm, width at 
distal extremity is 2.5 mm, ight is 3.7 mm. 

The name is taken from the Latin word multiplico 
for increase, with reference to the numerous cup plates. 

Remarks. — When one considers that plates adjacent 
to the basals are incipient in this genus, it becomes obvious 
that increase in age and size or size, will produce more 
series of intercalaries. Without some knowledge of the 
growth stages of a species considerable care must be taken. 
There are only five series of intercalaries between the radials 
and basals of Globacrocrinus inultiphcatus in G. piruvi 
there may be as many as ten. G. multiplicatus is readily 
distinguished from G. pirum in that the basal area of the 
later species is unusually wide. 

i/o/otyp?. —USNM, No. S5179 collected by Wm. T. 
Watkins, reposited in the U.S. National Museum. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Limestone Formation, Atokan, Pennsylvanian; 
Rough Creek, 11 miles southeast of San Saba, San Saba 
County, Texas. 

Family DICHOCRINIDAE S. A. Miller, 1889 

We have by no means made an exhaustive study of all 

interrelationships with Dichocrinus, but we are unable to 
accept the prevailing concept of its evolution from the 
Hexacrinitidae. In this we are not entirely alone for Wilson 
(1916, p. 680, 681) considered Dichocrinus to have evolved 
from a platycrinitid and specifically mentioned "Cocco- 
crinus" (now Lyonicrinus) of Silurian age as the ancestral 
type giving rise to both Platycrinites and to Dichocrinus. 
If this is applied to families recognized by Moore and Lau- 
don (1943) in their "Evolution and Classification of Paleo- 
zoic Crinoids" it means both Platycinitidae and Dicho- 
crinidae evolved out of the Thallocrinidae. 

We recognize the fundamental difference in Platycrini- 
tidae and Thallocrinidae having a pentagonal disk but we 
follow Wilson (1916) and Strimple (1963, text-fig. 28) in 
the belief that forms with a hexagonal base have evolved 
from forms with a pentagonal base. Without going into all 
of the involved factors, we believe the pressure of the gut 
on the posterior side caused the animal to secrete additional 
stereom on the proximal areas of the anal plate (which plate 
is present in a notch at the summit of the radials in Thallo- 
crinidae and Platycnnidae) in its early stage of develop- 
ment so that it becomes a full plate of the radial circlet. 
There was also an ensuing slight shift of the gut from the 
right posterior to the direct posterior position and the suture 
followed into the antero-posterior radius. Further transi- 
tion of the basals requires the anchylosis of the small left 
anterior basal with the left posterior basal thus eliminat- 
ing the suture, and a widening and truncation of the pos- 
terior edge of the basal circlet for support of the anal plate. 

Genus DICHOCRINUS Munster, 1839 

Type species. — Dichocrinus  radiatus  Miinster,   1839. 
Range. — Lower   Carboniferous    (Mississippian)    and 

Upper   Carboniferous    (Pennsylvanian);    Europe,   Russia, 
North America. 

Remarks. — The genus Dichocrinus is represented in 
Bassler and Moodey (1943) by 50 species all of which are 
of Mississippian age except one [Dichocrinus insularis 
(Eichwald), 1856] which is reputedly of Devonian age. 
It was originally described as Platycrinus and has been re- 
ferred on occasion to Hexacrinus (now Hexacrinites) where 
we believe it should rest at least until a new study of the 
species is possible. A few forms have been described subse- 
quent to Bassler and Moodey's bibliographic index as fol- 

lows: 
Dichocrinus quadriccptalus Laudon and Severson (1953) 
Lower Carboniferous (Kinderhookian), North America; 
Dichocrinus rotaii Yakovlev (1956) Lower Carboniferous 
(Ci), SSSR; Dichocrinus tomiensis Yakovlev (1956) Lower 
Carboniferous (d), SSSR; Dichocrinus unicus Wright 
(1956),  Lower  Carboniferous   (Tournesian),  Eire. 
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The genus is poorly defined and somewhat ambiguous 
in the light of present information. A new species is de- 
scril)ed from the Atokan as Dirhncrinus t/ilatus, n. sp. 

DICHOCRINUS DILATUS Strimple and Watkins, new species 

Plate 36, figure 5; Plate 41, figures 3, 4 

Crown elongated, mildly constricted at a sligln distance 
above the high cone-shaped dorsal cup. Two equal-sized 
basals rise evenly to form a high cone approximately one- 
half the height of the cup. Five radials are of unequal size 
and are protuberant in the areas adjacent to the narrow, 
liorseshoe-shaped arm articulating facets. Anterior radial 
e.xtends into the intersutural area of the basal circlet. Right 
posterior radial is the shorter and smaller of the plates. 
I he large anal plate occupies the posterior interradius and 
has the general appearance of a radial except that it lacks 
an arm articulating facet, and the resultant protrusion, and 
that it is longer than any of the radials. It narrows toward 
the summit and is followed by a large tube plate which 
appears to be followed by a single series of smaller tube 
plates. In one young paratype there is a single prominent 
interbrachial plate in each interray. These plates are not 
visibly preserved in any of the older paratypcs hut prob- 
ably they were present and participated in the tegmen 
structure. 

i he arms are long, slender, and the brachials are slight- 
ly cuneiform. There are apparently ten arms, with bifur- 
cation taking place on the second primibrach in all arms. 
The anterior arm of the holotype is undivided as pre- 
served but because some of the lower brachials are out of 
place it is not possible to determine whether this is a normal 
condition. All arms are preserved in one paratype and 
branch one time. The structure of the arms and pinnules, 
and their preserved state, indicate that the arms could never 
be tightly closed. Strong pinnules are observed as low as 
the third secundibrach and probably occur even lower m the 
arms. A large facet, for the reception of a pinnule, is found 
on the side of the brachials, but never more than one to 
each brachial, and always on the side opposite the adjacent 
brachial. 

The column is composed of relatively even columnals 
which possess a sharp rim. It is round and slow tapering 
and has been observed in considerable length. 

Measurements in millimeters: 

Overall  linKlh of crown 
Height of dorsal cup 
Width of dorsal cup 
Width  of  radial   (right  posterior) 

Holotype I'aratype 
12.1 — 
2.7'l 4.7'' 
3.1'l 4.6'' 
1.3 — 

Width  of  arm  arlirulating  facet 0.6 — 

''   distorted hy lateral compression. 

Remarks. — In a time sense, the closest representatives 
to D. cHlatus are of Chesterian age. D. pentalobus has a long 
cup, smooth surface, narrow arm articular facets, PBr^ax, 
20 arms which are biserial and pendent. It is from the Glen 
Dean Formation. D. superstes has a slender long cup, 
smooth surface, wide arm articular facets, PBr^ax, ten arms 
which are biserial and rugged. It is from the Glen Dean 
Formation. D. girlyi has a broad cup, ornate surface, small, 
narrow articular facets of radials, PBr,ax, arms not pre- 
served. It is from the Shelterville and Paint Creek Forma- 
tions. D. dilattis does not appear to be closely related to 
any of those species in that the surface of the cup is punc- 
tate appearing, radial articular facets are medium wide, 
PBr^jax, ten arms which are uniserial and slender. 

It appears that D. dilatvs is of a lineage typified by a 
species like D. delicatus Wachsmuth and Springer (1897) 
of Kinderhookian age, having retained or reverted to a 
primitive state of ten uniserial arms bifurcating on PBr^.ax. 

Types. — Holotype USNM, No. S51.H and paratype 
USNM, No. SSI 16 collected by Wm. T. Watkins, reposited 
in the U. S. National Museum. 

Ocurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Formation, Atokan, Pennsylvanian; Rough Creek, 
11 miles southeast of San Saba, San Saba County, Texas. 

Genus STOMIOCRINUS Wanner, 1937 

Type species. — Slomiocriniis subglobosus Wanner, 
19.? 7. 

Range.— Pennsylvanian ami Permian; North America 
and Indonesia. 

Remarks.— llie genus has previously been recognized 
only from the Permian of the Island of Timor, Indonesian, 
and typically has a relatively large columnar attachment 
area with basals of moderate size rising evenly from the 
stem cicatrix. The presently considered Pennsylvanian 
species, Stomiocrinus conlini, n. sp., has larger basals which 
form a bowl and the columnar attachment is small. Nco- 
Jicliocrinus Wanner typically has wider articular facets and 
the cup has an even expansion as compared to the con- 
striction of the cii|i toward the summit in typical Stomio- 
cri)ius. 

STOMIOCRINUS CONLINI Strimple and Watkins, new bpecics 

Plate 40, figures 14 

This species is based on three dorsal cups collected 
by J. P. Conlin for whom the species is named. The senior 
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author obtained one specimen from Frank Crane several 
years ago in exchange, and in the course of events the 
junior author contacted Mr, Conlin who fortunately still 
retained two of the three specimens antl wliich he kindly 
donated to the sudy. 

The dorsal cup is more or less harrcl-sli;ipcd with a 
broad basal area and a constricted summit. 1 here are two 
circlets of plates, basals, and radials. Two large basals of 
equal size form a high broad cup, but the median portion 
is depressed and a small, delicate, round stem occupies the 
center of the basal concavity. Vive radials are longer than 
wide and have narrow, rounded arm articulating facets. 
The anal plate is m the same circlet and has the appearance 

of a radial plate except the upper surface does not have a 
true articular facet, although there is a mildly depressed 
area which w'as no doubt occupied by a tegmen plate. 

The articular facets of the radials are not well pre- 
served and, considering the perservation of the facets of 
related forms, there probably never was any appreciable 
topography. In side view of the cup only the crcscentic 
shape of the facet is visible. The fore facet is subhorizontal 
and depressed and is backed by a transverse ridge. Internal- 
ly the facets slope inwardly at a sharp degree. The anterior 
radial has a shape almost identical to that of the anal plate 
except that it has a decided articular facet above. Both 
plates are larger than other plates of the circlet, especially 
in the proximal portions, and both have a decided apex 
entering the notch formed at the suture line by the two 
basals. The other four radials have a curved lower edge 
with no central angle or apex. Because of the feature, 
radials other than the anterior have only four sides. There 
is a slight constriction at the base of the radial circlet 
v\hich accentuates the division of the two circlets. 

The surface of the cup is smooth with no tumidity of 
plates or impressions of sutures, other than between radial 
and basal circlets as discussed above. The cup plates are 
thick and adjoin one another closely, with no evidence of 
iiitcrplate ligaments or crenulations. The basals are almost 
entirely fused in one specimen. 

Two or three proximal columnals are preserved in the 
holotype and are thin elements. It seems likely the species 
was free-swimming. The base is not greatly different from 
that of some species of Paragassizocrinus, although no 
relationship is inferred by us. 

Measuremens in millimeters as follows: 
lIolotyiH' Paiatypc 

Height of dorsal cu|i                               10.2 8.1" 
Width of dorsal cup (tiiaxiimim) 10.2 11.2" 
Height  of  basal  circlet 4.2 6.3 
Width of basal circlet 9.6 10.8 

W'idlli  of  radial   plate   (proximal)       4.1* 5.4* 
Width  of  radial  plate   (distal)             3.7» 4.5* 
Width  of  anterior   radial   (proximal) 5.0* 7.9* 
Width of anal plate  (distal)                  3.4* 3.1* 
Width  of  anal   plate   (proximal)          5.9* 6.4» 

a. approximate 
*.  measurements  taken  along surface curv alure. 

7'y/><-j. — Holotype, USNM, No. S.';i27, paratypes, un- 
numbered and USNM. No. S5128, collected by J. P. Conlin 
of Fort Worth, Texas, reposited in the U.S. National Mu- 
seum. 

Occurrence. — According to Mr. Conlin, obtained from 
shales below the Rockhill Limestone Member, Graford 
Formation, Canyon Group, Missourian, Peiins>'lvanian; 
southwest of Lake Bridgeport ii;im ;ih(iiit three-fourths mile. 
Wise Coimty, Texas. 

Cla.ss CRINOIDK.A Miller 

Subcia.ss FLKXIBILIA Zittel 

Order SAGKNOCRINOIDKA Springer, 191.1 

Family SYNEROCRINIDAE Jaekel, 1918 

Significant studies of tlie Synerocrinidae, (Syncro- 
criniis and associated fomis) ;iie discussed chronologically 
as follows: 

I. Trautsehold, 1867, pp. 31-34 

Forbesiocrinus incurvus Traulschold 

The species \\:is proposed with two specimens hiiving 
isotomous arms from what is now termed (C^.M) Moscov- 
ian, near Moscow, USSR, illustrated by Trautsehold on 
plate 4, figures 4, 5 and by a text-figure on page 31. The 
smaller specimen was figured (figs. 5a-b) from the posterior 
side and from the base. 

II. Trautsehold, 1879, pp. 28-29 

Forbesiocrinus Incurvus Trautsehold 

The specimen on plate .?, figure 11, is the same as that 
in 1867, pi. 4, fig. ^. There is a text-figure on page 28 
which is the same as that in 1867, page .31. A side and 
summit view of a set of heterotomous, or more projierly 
termed bi-endotomous arms, is given on plate 4, figmes 3ab 
and ascribed by Trautsehold to F. incurvus. 

III. Jaekel, 1898, p. 47 

Synerocrinus Jaekel (1898) 

Type species. — Forbcdacriniis incurvus   Trautsehold. 
The genus Synerocrinus was proposed in a paper read 

and recorded in the minutes of the Society and is found in 
Section C. Verhanlungen der Gesellschaft (Zeitschrift 
Deutsch. Geol. Gesell., 49, p. 47, 1897). As with much of 
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Jaekel's work the proposal is casual, quote "Ich halte 
deshalb eine generische Sonderstellung des (Forbesiocrinus) 
incurvus Tr. fiir guechtfertigit and neune ihn Synerocrinus." 
He brought out the heterotomous nature of the arms and 
the large interbrachial in discussion. 

IV. Bather, 1900, p. 190, fig. CXI 

Synerocrinus incurvus (Trautschold) 

Bather's specimen (fig. CXI) (presumably a topotype) 
has bi-endotomous (heterotomous) arms which align it with 
Jaekel's definition of the genus, but it differs from other 
material in having more than one large interbrachial above 
the first bifurcation and it has a small series of inter- 
brachials above the second bifurcation. Bather's diagnosis 
of Synerocrinus was as follows: 
"Carboniferous, Europe, has arms like Dactylocrinus, ex- 
cept that no ramules branch; it also differs in having 3-8 
iBr, perhaps more, with occasional illBr and illlBr; x 
rests on post. B (Figs. CX.S, and CXI)". It is thus appar- 
ent that he refers to bi-endotomous (heterotomous) arms 
(his fig. CX.S) and has modified Jaekel's concept to in- 
clude numerous interbrachials above the axillaries of the 
arms. As will be shown next, Jaekel considered the single 
interbrachial (above the first dichotomy) of primary im- 
portance because he specified "I grosses Interbrachials" in 
his finished diagnosis. 

V. Jaekel, 1918, p. 78 

Family Synerocrinidae. "Armaste ausgepragt einseitig para- 
tom, 1 grosses Interbrachiale, 5 Basalia, 3 Infrabasalia (Fig. 
74B).  Synerocrinus Jkl., Oberdevon-Russland.  Origocrinus 
Spring., Untercarbon, Nordamenka." 

Brief as the description is there is no doubt as to the 
intents of Jaekel concerning the arm structure he had in 
mind for he stated the arms are distinctly unbalanced and 
his figure 74B referred to a drawing of bi-endotomous 
(heterotomous) arms. 

Looking back to Trautschold's diagnostic drawings, 
there was no change between that of 1867 and that of 1879 
for Synerocrinus incurvus, but even so there is no way of 
knowing whether he intended to depict heterotomous arms 
or not, because his drawing did not go past the third terti- 
brachs and the branchings in question would start at this 
point. There are two isotomous bifurcations in all the forms 
considered. 

Jaekel's reference to "Origocrinus" apparently con- 
cerns Oligocrinus Springer, 1906 which had as its type 
species Forbesiocrinus asteriaejormis Hall and has subse- 
quently been placed in synonomy under Onychocrinus. It is 
strange  he  would   have  placed  this   form   in   the  family 

Synerocrinidae because it has exotomous branching and 
must have been through a misunderstanding of its char- 
acters. 

VI. Springer, 1920, pp. 334-336, pi..42, pi. 75, fig. 12,13; te.xt-fig44 

Synerocrinus incurvus (Trautschold) 

Springer had at hand six specimens from the type 
locality and stated he had casts of additional specimens 
deposited in the Geological and Paleontological Museum in 
the University of Moscow. Springer also figured two speci- 
mens from the Visean of Scotland (pi. 85, figs. 12,13) as 
being conspecific. 

The specimen figured on plate 42, figures 6a and 6 is 
important because it shows the anal tube, which is a single 
series of plates, not touching the arms to the right or left. 
This is exactly the type of structure to be expected because 
if there had been any support from contact with the arms 
the plates would have likely been preserved in the small 
original type (Trautschold, 1867, pi. 4, fig. 5) where a gap is 
found above the single anal plate. 

Most specimens illustrated by Springer (1920, plate 
42) have been referred elsewhere to Talanterocrinus. Wright 
(1946, p. 33) referred one specimen (pi. 75, fig. 12 of 
Springer) to Caldenocnnus and the other Scottish speci- 
men (pi. 75, fig. 13 of Springer) to Talanterocrinus. 

VII. Laudon, 1937, pp. 706, 708, text-fig. 2 

Synerocrinus farishi Laudon, 1937 

This species is based on a damaged monotype of which 
the base and posterior side is largely missing but it is a 
large distinctive form. It is from the Atokan (Bendian), 
Bostwock Conglomerate, 300 feet above the Otterville 
Limestone Formation in the Ardmore Basin of southern 
Oklahoma. From the evidence presented by Laudon it 
appears this form has isotomous branching with the second 
first primibrach and again with the third secundibrach 
although his illustration is not convincing of the second 
branching in some arms. Of considerable interest is the 
existence of three or more interbrachials above the first 
branching and three small interbrachials above the second 
branching. 

The arms are strongly rounded above the isotomous 
branchings and become bi-endotomous (heterotomous). 
There are often ramules or armlets on the inner side of the 
arms on alternating brachials. The armlets would be ob- 
scured if the arms were closed. 

This species has been referred to the genus Talantero- 
crinus by most modern authors, but we have referred it 
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back to Synerocrinus pending knowledge of the  structure 
of the posterior interradius. 

VIII. James Wright, 1939, pp. 56-58, pi. 11, figs. 9, 10, 11, 16, 17; 

text-figs. 75-77 

Ainacrinus Wright,  1939 

This is a Visean form from Scotland in the group but 
having dichotomous arm branching. Only one species is 
known, A. smithi (Wright, 1934). There are several char- 
acteristics which separate it from the other forms of the 
considering here, the main one being the diverging nature 
of the arms. Separation of rays may take place even below 
the first bifurcation and just above the single interbrachial 
(exception — a series of three interbrachials are found in 
one ray of one specimen, starting at a notch between RPR 
and RAR). This genus is reported to have a single series of 
anal plates whch are suturally united with the adjoining 
brachials. 

IX. Moore and Plummer in Moore, 1939, pp. 195, 196 

Synerocrinus Jaekel, Trautscholdicrinus Moore and Plummer 

In the above cited study, reference is made to "Traut- 
scholdicrinus Moore and Plummer, 1939, Mss. Univ. Texas 
Bull., (in press)" which was apparently included in 
Moore's independent study to accommodate the description 
of Trautscholdicrinus mcguirei Moore (1939). It also re- 
quired the premature designation of a type species for 
Trautscholdicrinus which was accomplished as follows, 
quote "Genotype. — Trautscholdicrinus jaekeli Moore and 
Plummer, from beds near Moscow, Russia, classed as be- 
longing to the upper part of the Lower Carboniferous. The 
specimen figured by Springer (1920, pi. 42, figs. 4a, 4b) 
from the collection in the U. S. National Museum, is desig- 
nated as holotype, called by Springer Synerocrinus incurvus- 
(Trautschold)." This would have been a fortunate choice 
of a holotype because it is well preserved and well illus- 
trated and provides a fine basis for establishment of firm 
generic characters except we believe it to be conspecific with 
S. incurvus. When the University of Texas Publication No. 
3945 appeared in 1940 there is no mention of the name 
Trautscholdicrinus but the generic name appears as Talan- 
terocrinus Moore and Plummer, n.g. as will be discussed 
in the next section herein. One must assume they considered 
their name Trautscholdicrinus to be a junior homonym of 
Trautscholdicrinus Ivanov (1926, p. 176) a nomen nudum 
or perhaps of Trautscholdicrinus Yakovlev and Ivanov 
(1939, p. 66), although the latter is unlikely because of the 
time element. 

Moore and Plummer (1939, pp. 195, 196) called atten- 
tion to the fact that Jaekel (1918) ascribed a hetero- 
tomous arm structure to the arms of Synerocrinus whereas 
the original type specimens of the type species (Forbesio- 
crinus incurvus) had isotomous arms. It is obviously the 
intent of Moore and Plummer to restrict Forbesiocrinus 
incurvus to the two types figured by Trautschold in 1867. 

The bi-endotomous (heterotomous) form injected into 
the material by Trautschold (1879), followed by Jaekel 
(1897), augmented by a specimen figured by Bather (1900) 
and specimens figured by Springer (1920) would be left 
without a name in the restriction and Moore and Plummer 
proposed Trautscholdicrinus jaekeli, as previously noted. 
All of the forms indicated above are not conspecific with 
T. jaekeli. Trautscholdicrinus jaekeli Moore and Plummer 
(1939) is later taken as the type species of Talanterocrinus 
Moore and Plummer (1940) but is erroneously designated 
(1940, p. 97) as "Talanterocrinus jaekeli Moore and 
Plummer, n. sp." It should read Trautscholdicrinus jaekeli 
(Moore and Plummer). 

Trautscholdicrinus ^ncguirei Moore, 1939 is a well-pre- 
served form from the Brownville Limestone Formation (up- 
permost Virgilian) of Osage County, Oklahoma. It is trans- 
ferred to Talanterocrinus by Moore and Plummer (1940) 
but it is not a typical Talanterocrinus mainly because there 
is no appreciable differentiation between the multiple plates 
of the posterior interray and the normal interrays. The 
species is referred by us to Aexitrophocrinus, n.g. 

X. Moore and Plummer, 1940, pp. 90-98, pi. 2, figs. 3, 4; 

text-fig. 10; text-fig. 9 

Synerocrinus Jaekel; Talanterocrinus Moore and Plummer 

A new restricted generic concept of Synerocrinus is 
proposed by these authors and is essentially an accurate 
presentation of characters exhibited by the original defini- 
tion of the type species except for the nature of the anal 
tube or anal series which is not mentioned, above the anal 
X, in the descriptive analysis but is demonstrated as being 
composed of a double series of plates in their text figure 9, 
purporting to be a diagrammatic representation of the 
genus. Consideration of any arrangement other than a 
single series of plates which are not suturally united with 
the arms is untenable for the genus if it is to be restricted 
to original characters of the type species. The small syn- 
type of Trautschold clearly shows a wide open space above 
anal X as he also noted in the description of the species. 
The upper structure of the anal series (tube) is well shown 
by the specimen figured by Springer (1920, pi. 42, fig. 6a) 
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which specimen is a bona fide representative of Synero- 
crinus incurvus in the most restricted sense in having iso- 
tomous arms and a restricted number of interbrachials. 
There is no question as to the proper character of the anal 
series in Synerocrinus. 

Considering the effects of the above information fur- 
ther we find the species Synerocrinus formosus Moore and 
Plummer (1940, p. 94-96, pi. 2, figs. 3, 4; text-fig. 10) has 
an ana! series that develops a double row of plates above 
the anal X and abut against and interlock with the adjacent 
arm segments. This appears to us to be a fundamental dif- 
ference of generic stature which with other factors has 
caused us to propose segregation as Aexitrophocrinus, n. g. 

Moore and Plummer (1940) discussed thoroughly their 
reasons for separating forms with bi-endotomous (hetero- 
tomous) arms (formerly referred to Synerocrinus) into a 
new genus for which they proposed the name Talantero- 
crinus Moore and Plummer. One must assume they were 
able to change the generic name while the 1940 paper was at 
press but could not insert a footnote as to the synonmy 
incurred by their proposal of the name Trautscholdicrinus 
Moore and Plummer (in Moore, 1939). In any event the 
name of the type species of Talanterocrinus should have 
read "Genotype. — Trautscholdicrinus jaekeli Moore and 
Plummer, 1939." As previously noted Trautscholdicrinus 
Moore and Plummer is in synonymy with Synerocrinus. 
There is another usage of the name Trautscholdicrinus by 
Yakovlev and Ivanov (1939) which has been considered 
elsewhere. 

The new description of Trautscholdicrinus jaekeli er- 
roneously listed as "Talanterocrinus jaekeli Moore and 
Plummer, n.sp.,"', is short enough to bear repeating here, 
quote, 

Description. — The description of Synrrocrinus incurvus (Traut- 
schold), as given by Springer [1920, pi. 42] refers to the species 
that is here intended to be designated by a new generic and 
specific name, because, as pointed out under the discussion of 
Synerocrinus, it appears that the name formerly used cannot 
properly be applied. Apparently all the forms illustrated by 
Springer (except, of course, his reproductions of the types of 
Synerocrinus incurvus, pi. 42, figs. 1, 2a, 2b) may be assigned to 
Talanterocrinus jaekeli, n.sp. 

Occurrence. — Upper part. Lower Carboniferous, near Moscow, 
Russia, and Scotland. 

Types.—The specimen in the Springer Collection at the U. S. 
National Museum that is illustrated in Springer's figures 4a and 
4b, pi. 42 (1920), is designated as holotype. This is a Russian 
specimen from the vicinity of Moscow. 

As we have noted elsewhere, the choice of the holotype 
was good because it is a specimen in excellent preserva- 
tion and could have provided a firm foundation for the 
species and the genus in all respects except as concerns the 

posterior interradius which is missing in this specimen. But 
unfortunately it is conspecific with Synerocrinus incurvus. 
The specimen figured by Springer (1920, pi. 42, figs. 6a and 
6b) is a typical representative of Synerocrinus incurvus as 
represented by the two syntypes and is apparently the only 
specimen observed by Springer having a complete anal 
series (tube). The illustration he gave (1920, pi. 42, fig. 7) 
is a composite of the specimens represented by figures 5, 6, 
and 8, and although the gap in the posterior interradius 
indicated by the specimens represented by figures 5 and 8 is 
like that of Synerocrinus incurvus there were no anal or 
tube plates preserved in those specimens. Fortunately 
Springer (1920, p. 334) gives a detailed written description 
of the arrangement in the fragmentary specimen (his fig. 
8) in the posterior interradius which is obviously for the 
support of a tube. His (1920) text figure 44, purported to 
be a diagrammatic representation of Synerocrinus, is modi- 
fied and used as a diagram of Talanterocrinus by Moore 
and Plummer (1940, text fig. 9). It is mainly based on 
Springer's plate 42, figures 4a and 4b, which is the only 
specimen we have seen where there is a single interbrachial 
above the first dichotomy and none above the second. This 
must have been the form Jaekel (1918) had in mind when 
he specified "1 grosses Interbrachiale" in his familial descrip- 
tion. 

The specimen figured by Springer (1920, pi. 42, fig. 5a) 
has a large interbrachial followed by a small interbrachial 
above the first dichotomy and a single interbrachial is 
visible in the left half of the right posterior ray above the 
second dichotomy. If Springer's illustration is correct there 
is no second isotomous branching in the right half of the 
left posterior ray and the appearance of ramules, or arm- 
lets, is sporadic. 

The large specimens figured by Springer (pi. 42, fig. 
3) differ markedly from the other specimens in having 
numerous interbrachials at the primibrach level, numerous 
interbrachials above the first dichotomy and numerous 
interbrachials above the second dichotomy. In the later 
area it is sometimes difficult to separate interbrachials 
from brachials of the ramules, or armlets. One must con- 
clude all the interbrachials were present at a younger stage 
or entertain the thought that the animal added inter- 
brachials with age which is of course a possibility. 

As mentioned elsewhere, one of the two Scottish speci- 
mens figured by Springer (1920, pi. 75, fig. 12) has been 
referred to Caldenocrinus by Wright (1946), but the other 
(fig. 13) was referred by him to Talanterocrinus jaekeli 
(Moore and Plummer). 

I 
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XI. Moore and Laudon, 1943, pp. 73-74, text-fig. 10 

Synerocrinidae Jaekel, 19, 1918; Synerocrinus, Talanterocrinus, 
Ainacrinus 

Moore and Laudon (1943) have modified the family 
Synerocrmidae to embrace forms having either isotomous, 
dichotomous, or heterotomous arms and ranging from Dev- 
onian to Permian age. We are only directly interested at 
this time in the genera Synerocrinus and Talanterocrinus. 
Those authors considered the isotomous character of arm 
branching and the presence of several interbrachials be- 
tween the rays to be of a primitive nature but many of the 
genera in the group exhibit these characters and are of the 
same or j'ounger age as forms of the bi-endotomous (hetero- 
tomous) group, which are considered to be advanced. The 
t\'pe species of Synerocrinus and the type species of Talan- 
terocrinus are from the same rocks and age and are prob- 
ably either conspecific or are of different lineage. We pre- 
fer to believe they are conspecific. The concepts of these 
genera proposed by Moore and Plummer (1940) and their 
diagrams are used which perpetuates the erroneous con- 
cept of Talanterocrinus, especially for the plates of the 
posterior interradius which was a tube in their type species 
but are figured as a multiple series of plates (having com- 
mon sutures with the brachial plates) by Moore and Plum- 
mer (and Moore and Laudon). This has been corrected by 
us elsewhere and Talanterocrinus placed into synonymy. 

The paper written in 1943 by Moore and Laudon was 
the basis for their section on crinoids in Shimer and Shrock 
(1944)  and data were repeated. 

XII. Moore and Laudon, 1944, pp. 179, 181, pi. 56, figs. 20, 30; 

pi. 67, figs. 3, 6 

Synerocrinus Jaelvel, Talanterocrinus Moore and Plummer 

Moore and Laudon, 19-14, gave the same diagrammatic 
drawings of Synerocrinus and Talanterocrinus as shown in 
their 1943 study and, therefore, the drawing of Synerocrinus 
is in error for the same reasons as previously set forth. 
Synerocrinus formosus Moore and Plummer is illustrated 
(pi. 56, fig. 20) but as we now know is not representative. 
Talanterocrinus mcguirei Moore is illustrated (pi. 56, fig. 
30), but it is no longer a representative of the genus. We 
have assigned it to Aexitrophocrinus, n. g. 

XIII. James Wright, 1946, pp. 33-38, 2 pis. 

Caldenocrinus Wright, 1946; Talanterocrinus Moore and 

Plummer, 1940 

In 1946, Wright restudied the flexible crinoids in his 
collections. He followed Moore and Plummer ( 1940) in ap- 
proving   the   segregation   of   forms   with    bi-endotomous 

(heterotomous) arms into the genus Talanterocrinus. He 
concluded that another genus existed in the Scottish Car- 
boniferous for which he proposed the name Caldenocrinus. 
One specimen figured by Springer (1920, pi. 75, fig. 13) 
IS referred by him to Talanterocrinus jaekeli which is now 
considered to be syononymous with Synerocrinus incurvus. 

He also proposed Talanterocrinus strimplei Wright for 
a form from the Visean of Scotland based on ten cups, 
several of which had two primibrachs attached. 

Wright placed considerable importance on the nature 
of the base, in Talanterocrinus and Synerocrinus, the basals 
being visible well beyond the column; whereas in Caldeno- 
crinus the basals are rarely seen outside the columnar socket. 
He also noted the anal tube structure in Talanterocrinus 
and Synerocrinus; whereas in Caldenocrinus the single series 
of anal plates are joined by suture with adjacent arm 
plates. We agree that adjacent arm plates are a primary 
character and the former (nature of the base) may be of 
generic significance, if growth stages are not involved. The 
reason for reservation is found later under our discussion 
of some growth stages of Aexitrophocrinus formosus where- 
in considerable change in the base is found between young 
forms and fully mature forms. 

XIV. Wright, 1952, pp. 320-322, pi. 13, figs. 1, 2, 3, 7; text-figs. 1,2 

Talanterocrinus   redesdalensis   Wright,   1952 

This species is from the Visean (Di), Calciferous 
Sandstone Series of Scotland. We agree that it has many 
characters more or less like those of the Moscovian genus 
Talanterocrinus (^Synerocrinus) but we do not believe it 
is congeneric. There is a fundamental difference in the pos- 
terior interradius where in T. redesdalensis there is no plate 
homologous to anal X, but rather just the anal tube con- 
nected directly to the posterior basal. The arms of T. 
redesdalensis are different to those of Synerocrinus incurvus 
in that the inner arms of each half-ray do not appear to 
bifurcate above the second dichotomy (are endotomous), 
but the outer arms of each half-ray bifurcate irregularly 
and the resultant inner arms are more prominent and are 
larger than the arms of S. incurvus. In the "holotype" of 
T. jaekeli the arms are bi-endotomous with small ramules, 
or armlets, developed at regular intervals on the inner side 
of the arms. 

We believe T. redesdalensis is distinctive enough to war- 
rant separation as a separate genus for which we propose 
the name Enascocrinus, n. gen. For affinties we have con- 
sidered Euonychocrinus Strimple of Desmoinesian and Mis- 
sourian  age   (Pennsylvanian)   as  a  probable   derivative. 
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XV, Wright, 1954, pp. 151-160, pis. XLI, XLII, XLIII, XLIV 

Ainacrinus, Talanterocrinus, Caldenocrinus, Synerocrinus 

There is no change in the concept of Ainacrinus or in 
known material from the original description (Wright, 
1939) other than to make comparison with the subsequently 
described Caldenocrinus Wright, 1946. The later genus has 
an anal series interlocking with the adjacent brachials (as 
opposed to an anal tube) which is also thought to be the 
case in Ainacrinus, but Calderocrinus has more numerous 
interbrachials, the basals are covered by the stem, and the 
arms are heterotomous. Ainacrinus has from one to occa- 
sionally three interbrachials at the primibrachial level 
only and the basals are readily visible beyond the columnar 
socket. 

Wright (pp. 153-154) referred another crushed crown 
to Talanterocrinus jaekeli (now Synerocrinus incurvus) in 
addition to the specimen from the Ardross Limestone fig- 
ured by Springer (1920, pi. 75, fig. 13) as previously dis- 
cussed. It is not figured and from Wright's discussion does 
not provide any additional information. 

Enascocrinus redesdalensis (Wright, 1952) is discussed 
(as Talanterocrinus) but no new evidence is given. The 
species has been referred to Enascocrinus by us. 

Talanterocrinus strimplei Wright (1946) is discussed 
but only in the nature of a review. 

A new species is proposed as Talanterocrinus swalcdfll- 
efisis Wright (1954) from the Namurian, E,, Woodocriyius 
Limestone of Yorkshire, England. It is represented by two 
poorly preserved specimens and cannot be used with any 
degree of assurance. The arms are heterotomous and there 
is reported to be a single row of anal plates in the posterior 
interradius, quote (Wright, p. 151) "which to all appear- 
ance do not connect with the adjacent rays." This species 
is referred by us to Synerocrinus. 

Wright discussed Caldenocrinus Wright (1946) briefly 
and reviewed previous discussions on a generic and specific 
level in the "Remarks" section of the monotypic species, 
C. curtus Wright (1946). 

XVI. Yakovlev and Ivanov,  1956, pp. 35-38, text-figs. 9-12 

Synerocrinus incurvus (Trautschold) 

It appears that these authors, after reviewing most 
of the studies on this form up to 1940 concluded the hetero- 
tomous (bi-endotomous) and the isotomous forms from 
the Moscovian rocks were all the same species. These are 
forms considered to be S. incurvus (isotomous) and Talan- 
terocrinus jaekeli (heterotomous). It is true the somewhat 

unique anal tube is present in both forms and the base is 
closely comparable, i.e. the basals extend slightly beyond 
the columnar socket in figured specimens and the posterior 
basal is long, truncate triangular-shaped. There is no ap- 
parent consistency to the number of interbrachials even 
between specimens of the same species. We agree with 
Yakovlev and Ivanov (1956) that Talanterocrinus jaekeli 
is conspecific with Synerocrinus incurvus and so consider 
Talanterocrinus as a synonym of Synerocrinus. 

Yakovlev and Ivanov (1956) considered the specimen 
presented by Trautschold in 1879 (pi. 4, fig. 3a, 3b) as 
original material, but it was not mentioned or figured in 
the original  1867 work. 

CONCLUSIONS 

The family Synerocrinidae (Jaekel, 1918) is a valid 
taxon but needs a complete revision under present usage 
which we consider beyond the scope of the present study. 

The genus Synerocrinus is firmly established based on 
the original two type specimens of the type species Forbesio- 
crinus incurvus Trautschold. Synerocrinus has simple iso- 
tomous arms branching with the second primibrach, and 
again with the third or occasionally the fourth secundibrach 
in the syntypes of the type species. There may be branch- 
mg in the upper arms which are in the nature of ramules 
and which we term bi-endotomous. The infrabasals are en- 
tirely covered by the column as also much of the basals; 
however, the basals project beyond the columnar socket. 
The radials are in contact except at the posterior inter- 
radius into which the posterior basal is extended. A rather 
large interradial plate rests in a notch at the summit of 
the radials and may be followed by two or more inter- 
brachials. There are usually one or two interbrachials above 
the first bifurcation and there may be interbrachials above 
the second bifurcation. In the posterior interradius, there 
IS a smgle series of plates which are in the nature of a tube 
and do not interlock with adjacent arm plates. 

Synerocrinus formosus has a large anal plate followed 
by a double series of anal plates all of which interlock with 
the adjacent arm segments. It is taken as the type species 
of Aexitrophocrinus, n. g. 

The arms of Talanterocrinus redesdalensis Wright 
branch into two arms of approximately equal size. In this 
form there is also a unique modification of the posterior 
basal, and it is removed to a new genus Enascocrinus. The 
posterior basal in Synerocrinus incurvus is long, truncate 
triangular-shaped supporting a plate that fills its upper sur- 
face. There is an anal tube which does not interlock with 
adjacent   arm   segments.   Talanterocrinus  mcguirei  has   a 
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large anal plate followed by a double series of smaller anal 
plates, all of which interlock with the adjacent arm seg- 
ments. It is, therefore, removed from Talanterocrinus and 
placed in the new genus Aexitrophocriniis. Talanterocrinus 
strimplei Wright is reported to apparently have an anal 
tube rather than plates interlocking with arm segments and 
for this reason is placed in Synerocrinus. The arms are not 
known above the second primibrach. 

Genus SYNEROCRINUS Jaekel, 1893 

Type  species. — Forbesiocrinus  incurvus  Trautschold. 
Range. — Middle Carboniferous (Moscovian), Scot- 

land. Visean; USSR. 
Diagnosis. — Crown elongate, rotund; IBB horizontal, 

covered by stem; BB in contact all around, PB truncated 
for one anal plate, extend beyond columnar socket; RR in 
contact all around except in posterior where PB is extend- 
ed; anal tube in single series, is not suturally united with 
arms; rays widening from RR, partly separated by sparse 
IBrBr, branches isotomously two times, one to three IBrBr 
above first dichotomy and one or none above the second 
dichotomy. 

Remarks. — The background for establishment of this 
genus has been given under the familial discussion. Strict 
restriction to characters of the type species of the genus 
has reduced  representation  to the genus. 

Genus AEXITROPHOCRINUS Strimple and Watkins, new genus 

Type species. — Synerocrinus formosus Moore and 
Plummer, 1940. 

Range. — Morrowan  to Virgilian;   North  America. 
In the process of investigating the genus Synerocrinus 

it became obvious that forms like Synerocrinus formosus, 
which have anal plates interlocking with adjacent segments, 
or to phrase it differently, have anal plates suturally united 
to brachial plates, are not congeneric with Synerocrinus 
which genus has a small anal tube completely separated 
from the adjacent brachials. There is a closely related 
Visean genus, Caldenocrinus Wright, which is the probable 
ancestor of Aexitrophocrinus, n. g. Caldenocrinus has a long 
posterior basal that extends beyond the outer limits of 
the radial plates and the anal plates form a single series 
which is suturally united to the brachials. In Aexitropho- 
crinus the posterior basal is longer than other basals but 
does not reach the edge of the radial circlet and the anal 
plates are in a double series above the first anal plate (X). 
In other respects, Aexitrophocrinus develops more arms and 
more interbrachial plates in areas above the second branch- 
ing of the arms, than found in Caldenocrinus. 

Ainacrinus Wright, which is also of Visean age, could 

well be in this lineage but poor preservation of the type 
material has caused us to consider it with reservation. In 
Ainacrinus the basals project well beyond the columnar 
socket, as do the basals in the young of Aexitrophocrinus 
jormosus (Moore and Plummer). Basal plates and portions 
of the radials are completely covered by the column in a 
large specimen of A. jormosus. The even division of upper 
arms, although at unequal heights, is considered by us to 
be more primitive than the endotomous division as small 
armlets, or ramules, such as found sporadically in the Des- 
moinesian Aexitrophocrinus formosus and prolifically in the 
Virgilian A. mcguirei. The genus Ainacrinus has a small 
number of interbrachials (only one at the primibrach level 
in the holotype of the type species). 

Generic diagnosis. — IBB are three unequal elements 
entirely covered by the column, smallest in right posterior 
position; BB five, projecting beyond columnar socket in 
young specimens but entirely within the depressed area in 
old specimens except for the posterior basal which projects 
slightly beyond the column even in large forms but does 
not project beyond the perimeter of the radial circlet; RR 
five, in old specimens their proximal end is in the columnar 
socket but in most specimens they do not reach the de- 
pressed area; a large anal plate (X) rests solidly on the 
posterior basal and is followed by a double series of sub- 
equal plates, all plates being suturally united with adjacent 
brachial plates; arms branch isotomously two times, with 
PBr:.ax and with SBr3-4ax, thereafter there may be spor- 
adic heterotomous branching in upper arms (e.g. A. for- 
mosus) or systematic biendotomous branching (e.g. A. mc- 
guirei); interbrachials are four or more in primibrach area, 
three or more above the first dichotomy and may be one 
or more above the second dichotomy (when preserved); 
proximal columnals are thin broad, rapidy tapering basil- 
arids.'* 

Species assigned to Aexitrophocrinus 

Species name Occurrence                      Assignment 
Synerocrinus  formosus      Millsap Lake, Type  species, 

Moore   and Desmoinesian;               Aexitrophocrinus 
Plummer Texas 

Talanterocrinus Brownville,                         Aexitrophocrinus 
mcguirei Virgilian; 
Moore Oklahoma 

.iexitrophocrinus .'\tokan;                                Aexitrophocrinus 
lamberti, n.sp. Texas 

The generic name is from the Greek Aexitrophos with 
reference to the increased growth of the plates of the 
posterior interradius. 

"A term proposed by Strimple (1963, p. 15) for specialized proximal 
columnals which are near the base of the cup and are sharply differ- 
entiated  from columnals lower  in the  stem. 
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Aexitrophocrinus formosus (Moore and Plummer), 1940 

Plate 45; figure 3, Plate 47, figures 2, 3 

See Bassler and Moodey, 1943, p. 697 

This species was established on several specimens from 
the Brannon Bridge Limestone (Desmoinesian) near Brock, 
Parker County, Texas. We have three topotypes which pro- 
vide additional understanding of the species. The speci- 
mens consist of one young form, one of moderate size, 
and one crown in full maturity. The most readily apparent 
difference is in prominence of the basals, or more explicitly 
the degree of surface exposed beyond the columnar scar. 
Moore and Plummer (1940, p. 94) touched on this condi- 
tion in discussion of basals, quote "In one small specimen 
these plates are relatively much more prominent than in 
the large ones, owing chiefly to the much smaller diameter 
of the stem." Our smallest specimen reflects a condition 
comparable to that shown by Moore and Plummer (1940, 
text-fig. lOa-b) for supposedly immature and mature speci- 
mens, i.e. the basals extend beyond the columnar scar 
as much and in fact more than in their "immature" speci- 
men. In our medium-sized specimen only the distal points 
of the basals extend beyond the stem, other than the pos- 
terior basal which is typically longer than the others. At 
this stage the proximal tips of the radials are becoming in- 
volved in the columnar depression. In the fully mature 
specimen the majority of the surface of the radials have 
been covered by the stem. At this stage there is still a 
distal edge of the posterior basal exposed beyond the col- 
umn. 

We are unable to reconcile with the small quadrangu- 
lar first primibrach illustrated by Moore and Plummer 
(1940, p. 94 and text-fig. lOa) and discussed as represent- 
ing an immature stage. In all of our specimens the first 
primibrach is as large as, or almost as large, as the second 
primibrach and has two facets on each lateral side for con- 
tact with both the first interbrachial and one of the second 
interbrachials. The first interbrachial is followed by two 
plates and usually by one or two above that. There are 
usually three interbrachials, that may be in series, above 
the first branching. The second bifurcation takes place with 
the SBrjjax. Although it is not reported by Moore and 
Plummer, our large crown exhibits a series of interbrachials 
starting in a notch between the first tertibrachs above the 
point of bifurcation. Apparent!}' some branching takes place 
above and the segments of the armlets cannot be differ- 
entiated from the interbrachials. The same condition exists 
in the left half of right posterior arm but interbrachials 
do not appear to develop in the anterior arms. Of much 
more interest is a  condition  found  in the  left arm of the 

right anterior ray where the thirteenth tertibrach is axillary 
with the small brachial on the inner side encroaching on the 
TBr,4. The following TBri.-, is axillary with the small 
brachial on the inner side and encroaching on TBr,n. It ap- 
pears that TBr,s is also axillary with small brachial on 
inner side. We have been unable to discover comparable 
development in other rays except the condition already re- 
ported in the posterior. Only one brachial of the ramule is 
exposed in each of the upper heterotomous divisions. Our 
large topotype has as many as 19 tertibrachs without evi- 
dence of termination although it does appear the arms were 
approaching their distal ends. The brachials are all wide 
low, elements with rounded exteriors and in the upper 
arms they seldom show any indication of developing a 
sinuous suture that is so typical of most flexibles. There is 
a development that might prove unique for these forms 
which is the serrated edges of the articular surfaces. Where 
slight displacement or differential weathering has taken 
place the structure is well shown. 

In the posterior interradius, the large anal plate rests 
on the truncated distal end of the posterior basal. It has 
seven sides and supports two fairly large plates above. 
In the large topotype there are two staggered plates in the 
next series followed by two in the next series but thereafter 
there are three small plates in uniserial arrangement. 

The columnar facet of the large topotype is occupied 
by a fused mass of compressed, tissue-thin proximal colum- 
nals. 

Measurements in millimeters— 
Small Medium Large 

Width  of crown   (as  preserved) — — 47.5 
Lengtli of crown  (as preserved) — — 69.5 
Diameter of columnar scar 5.5 8.0 20.5 
Width of dorsal cup 14.8 17.0 25.0 
Height of dorsal cup 2.9 2.9 — 
Width of basal  (bevond columnar scar) 3.8 2.4 0.0 
Width of basal   (internal) 3.5 3.7 ? 
Length of basal (beyond columnar scar) 2.7 1.2 0.0 
Width  of  basal  circlet   (minimum) 9.2 9.7 0.0 
Width of radial 6.8 8.0 11.2 
Length of radial  (bevond columnar scar) 4.0 4.3 2 to 4 
Width of PBr, 7.3 9.0" 12.1 
Length of PBr, 3.6" 3.5" 6.0 
Width of PBr,ax 7.8* 9.4* 11.8 
Length of PBr:;ax 3.4* 4.5* 7.0 

a—average 
*—only one preserved 

Remarks. — A partial crown and a cup found in the 
Oologah Limestone Formation (Desmoinesian) of north- 
eastern Oklahoma, have been figured by Strimple (1962a, 
pi. 3, fig. 1; pi. 8, figs. 2, 3) and designated as plesiotypes 
of Aexitrophocnnns (Synerocrinus) formosus. The partial 
crown is about the same size as the medium topotype fig- 
ured herein and various reported measurements agree. 
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Occurrence. — Holotype, paratypes, and figured topo- 
types are from the Brannon Bridge Limestone Member, 
Millsap Lake Formation, Desmoinesian; three miles south- 
west of Brock, Parker County, Texas: cited (piesiotypes) 
hypotypes are from the Oologah Limestone Formation, 
Marmaton Group, Desmoinesian; OU 4569 is from an 
abandoned quarry in SE 14, SW 1/4, sec. 18, T.20 N., R.14 
E. and OU 3988 is from Garnett quarry in SW % sec. 
28, T.20 N., R.14 E., Tulsa County, Oklahoma. 

Types. — Holotype, No. H-1, paratype, No. H-2, both 
in the Harris Collection; collected by Mrs. G. W. Harris. 
Paratypes, Nos. M-2, M-S, M-16, M-30, and M-39 in Marrs 
Collection; collected by Mrs. W. R. Marrs. Piesiotypes OU 
4569 and OU 3988 in University of Oklahoma, Paleonto- 
logical Collections; collected by H. L. Strimple. Topotypes 
USNM, Nos. S5156, and two unnumbered specimens, col- 
lected by Wm. T. Watkins. Plastotopotypes SUI 11920, 
11922, 31872, repository University of Iowa. 

AEXITROPHOCRINUS LAAABERTI Strimple and Watkins, 

new species 

Plate 34, figure 8 

The infrabasals are covered by the proximal columnals. 
Five basals extend well beyond the columnar attachment 
area with the posterior basal truncated for the reception of 
a large anal plate and is not appreciably longer than other 
basals. Anal X does not extend entirely to the summit of 
the first primibrach and is not so long as the first inter- 
radial plate of other interrays. Two small plates follow anal 
X and a short series of double plates is above. The five 
radials are low, wide elements. First primibrachs are wider 
and longer than the radials. Second primibrachs are some- 
what smaller and are axillary. The elongated interradial 
plate is usually followed by a single small plate at a position 
between the first and second secundibrachs. The arms usu- 
ally branch again with the third or fourth secundibrach. 
Isolated interbrachials are found in some areas well above 
the first axillary and may form a single series in some 
instances. 

Measurements of holotype in millimeters as follows; 

Width of crown   (as preserved) 
Width of dorsal cup 
Diameter of proximal columnal 
Width of anal X 
Length of anal X 

40.0 
12.9 

5.4 
4.0 
3.7 

Remarks. — Aexitrofhocrinus lamberti has a lesser 
number of interradial and interbrachial or interbrachial 
plates than found in either A. mcguirei or A. jormosus. 

The species is named for C. B. Lambert who found and 
donated the specimen to the study. 

//ofofype. — USNM, No. SSlll, collected by C. B. 
Lambert, reposited in the U. S. National Museum. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Formation, Atokan, Pennsylvanian; C. B. Lam- 
bert Ranch near San Saba, San Saba County, Texas. 

AEXITROPHOCRINUS sp. 

Plate 54, figure 7 

Three large partial crowns have been found in associ- 
ation with Aexitrnpkocrinus Lamberti but are not thought 
to be conspecific. The arms of Aexitrophocnnus sp. appear 
to have divided in proximal regions and to branch several 
times in distal regions, with small ramule-like divisions 
appearing on the inner side of some arms. One specimen 
shows the basals with the posterior basal extending to about 
mid-height of the radials and followed by an anal plate that 
fills its entire distal surface. 

Specimens. —\]'SHM, No. S5189 collected by Wm. T. 
Watkins, reposited in the U. S. National Museum. 

Occurrence. — Lemons Bluff Limestone Member, Mar- 
ble Falls Formation, Atokan, Pennsylvanian; C. B. Lambert 
Ranch near San Saba, San Saba County, Texas. 

Genus ENASCOCRINUS Strimple and Watkins, new genus 

Type species. — Talanterocrinus red.esdalensis Wright, 
1952. 

Range. — Calciferous Sandstone Series, Visean (Di); 
Scotland. 

Diagnosis. — Crown elongate; base broad and rounded; 
IBB entirely covered by column; five BB extend beyond 
columnar socket with slender posterior basal extended but 
not beyond radial circlet of plates and with upper face 
oblique, the anal tube rising from its left side; five RR with 
proximal tips reachmg columnar scar in some rays; three or 
four interbrachials at primibrach level, one or none above 
first dichotomy, none above second dichotomy; arms branch 
twice isotomously, the first time with PBroax and usually 
with SBr:,ax, the inner arm does not branch again above the 
second dichotomy or do subsequently developed arms 
branching off the outer arms only; the inner arms are usu- 
ally more or less the same size as the main trunk, at the 
point of bifurcation. 

Remarks. — The reasons for separating this form out of 
Talanterocrinus (now Synerocrinus) has previously been 
given, but it is sufficient to note the half-arms produced 
at each bifurcation, in the upper arms, are only slightly 
smaller than the main trunk which is different to the small 
armlets, or ramules, of Talanterocrinus (now Synerocrinus). 
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We do not believe there is any close relationship to Synero- 
crinus or Aexitrophocrinus. 

Family LECANOCRINIDAE Springer, 1920 

Genus CIBOLOCRINUS Waller, 1909 

CIBOLOCRINUS PUNCTATUS Moore and Plummer, 1940 

This species is included herein because it is from the 
Marble Falls Formation. We do not have any specimens 
in our collections and are thus unable to contribute more 
than the observations made by Moore and Plummer. There 
appears to be an intimate relationship between C. punctatus 
and C. tumidus from the Brentwood Limestone, but we are 
not prepared to make close comparison. The types of C. 
punctatus are reported to come from about 10 feet above 
the base of the Marble Falls Formation, whereas most of 
the crinoid material in our collections comes from higher 
in the formation. Plummer (1950, p. 55) listed C. punctatus 
as occurring in the Morrowan of Oklahoma and Arkansas 
as well as in Texas which strongly indicates his belief that 
some specimens ascribed to C. tumidus are conspecific with 
C. punctatus. 

Types. — Holotype, Plummer Collection, No. P-11183, 
paratypes, Plummer Collection Nos. P-11186 and P-11186A, 
all at the Bureau of Economic Geology, The University of 
Texas, and collected by F. B. Plummer and G. H. Fisher. 

Occurrence. — About 10 feet above the base of the Sloan 
Limestone Member, Marble Falls Formation, Morrowan, 
Pennsylvanian; Texas Loc. 205-T-43, about 200 feet north 
of a cattle tank, in the bank of a creek about 0.1 mile west 
of the Wallace Creek road 11.5 miles by road southwest 
of Hotel San Saba, San Saba County, Texas. 

FRAGMENTARY CRINOID REMAINS 

Genus PLATYCRINITES Miller, 1821 

PLATYCRINITES TENUIS Strimple and Watkins, new species 

Plate 54, figures 1, 3, 4, 6 

Two specimens of Platycrinites tenuis are known of 
which the smaller is designated as the holotype. The 
columnals are large, roughly quadrangular-shaped, with 
elongate, elliptical facets. The intersection angle between 
the two facets is about 77 degrees. Relatively large sur- 
faces are exposed beyond the articular facets and a keel- 
like ridge is at the middle of the sides. The ridge is 
sharp-crested and marked by a continuous series of small 
spines. The fulcral ridges are prominent and may be equal 

to or extend above the height of the raised edges of the 
facets for about half the distance to the lumen but are 
sharply reduced in height and in width for the remaining 
distance to the lumen. The lateral extremities of the facets 
are raised slightly above the normal, outer, nonarticular 
surfaces. The fulcral ridges are marked by irregular crenu- 
lations. The area surrounding the small lumen is raised but 
may be destroyed in preservation in which case a large 
aperture remains, as happened in the large paratype. 

The specimens figured by Tien (1926, pi. 3, figs. 5d-f, 
6c-d) as Platycnnns sp. are quadrangular-shaped. The first 
specimen has much sharper corners than Platycrinites 
tenuis. Tien's specimen was also figured by Moore (1939, 
text-fig. 6, (13) a ^Platycrinus). The form described as 
Columnal quadrangulatus Strimple (1962) is closely related 
to the present form but is thinner and the keel-like ridge of 
the outer surface is not marked by continuous spines. 

There is a remarkable similarity between the columnals 
figured by Holtedahl (1911, pi. 1, figs. 5, 6) in association 
with Platycrinites spitzbergensis (Holtedahl) and Platy- 
crinites tenuis. A primary difference is the pronounced 
spinelike projections marking the outer surface of P. spitz- 
bergensis. A columnal described as Ellipsellipsopa spicata 
Moore (1938) from the Coffeyville Shale (Missourian) of 
Kansas has a girdle of spines which are more like those of 
the Norwegian form than of Platycrinites tenuis. The Kan- 
sas specimen is lower, the articular surfaces are not so elon- 
gated, and the general contour is not close to either of the 
two forms described herein. 

Another highly spinose columnal is figured by Weller 
(1930) as Platycrinus Specimen 7, from a dark lower Penn- 
sylvanian limestone near the center of the north half of 
section 35, T. 21 N. R. 9 W., Warren County, Indiana. 
The Weller specimen is considerably thicker and the facets 
are not so disportionately elongated as found in Platy- 
crinites tenuis. Weller's specimen has a rotation of one 
articulating surface with respect to the other of about 73 
degrees, which in P. tenuis is slightly greater, bemg about 
77 degrees. 

Stuckenberg (1875) figured a segment of stem from 
the Permian of Russia as Platycrinus schmidtii that has 
some columnals somewhat like those we have called Platy- 
crinites tenuis, that is the segments have rotated articular 
facets. In Stuckenberg's specimen there is a series of seven 
columnals that reflect little if any rotation, but the 
columnals on each end thereof are rotated. The articular 
facet of Platycrinites f schmidtii (Stuckenberg), new com- 
bination, is proportionately longer than in P. tenuis, is not 
so deeply impressed, the fulcral ridge is narrower, and ex- 
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tends almost to the center of the plate where there is a 
small lumen. Viewed from above or below the columnal P. ? 
schmidtii is more elongate-appearing and has a more angular 
outline (excluding consideration of the cirral facets) than 
found in P. tenuis. The crinoid specimen figured in con- 
junction with the column by Stuckenberg has been referred 
by Yakovlev (1954) to Dichocrinus schmidtii (Stucken- 
berg). 

Yakovlev (1954, p. 77, pi. 13, figs. 4 a-b) has figured 
a stem segment as Platycrinus sp. It is apparently elliptical- 
shaped and the specimen has seven segments preserved with 
no evidence of cirral attachment or of rotation. There are 
no keel-like ridges girdling the segments. This specimen is 
more likely the cirri of an ampelcrinid than the column of 
a platycrmitid. 

Under the name Platycrinus ^ tubercidatus Yakovlev 
(1954, pi. 12, figs. 9 a-f) several columnals are figured 
from C'i (Upper Carboniferous) of the SSSR. The specimen 
illustrated as figure 9 a-b is three columnals of a form some- 
what like Platycrinites tenuis in that the Russian columnals 
have a girdle comprised of a series of nodes, but the exten- 
sion of the segment does not appear to be so pronounced 
as in the American form. Yakovlev's specimen, figure 9 c, 
has a narrow outline, when viewed from the articular sides, 
different from any specimen we have noted. There does not 
appear to be any arrangement for rotation between the two 
articular facets. The two specimens figured by Yakovlev as 
9 e and 9 g are almost identical with those illustrated by 
Tien (1926, pi. 3, figs. 5 b-c). They are both somewhat 
comparable to Columnal ellipticus Strimple (1962, fig. 1-3) 
except they have more evenly rounded extremities. The 
specimen figured by Yakovlev (1954, pi. 12, fig. 9 f) appears 
to be an entirely different and distinct form. 

The species name tenuis is Latin for thin. 

Measurements of holotype in millimeters: 

Width of articular  facets   (long axis) 
Width  of  articular  facets   (short  axis 
Maximum width of columnal 
Greatest length of segment 

11.0 
5.6 

13.3 
6.0 

Ty/J^j. — Holotype, USNM, No. S5187; paratype, 
USNM, No. S5187-a collected by William T. Watkins, re- 
posited in the U.S. National Museum. 

Occurrence. — Shale below Kickapoo Falls Limestone 
Member, Millsap Lake Formation, Strawn Group, Desmoi- 
nesian, Pennsylvanian; about 1/4 mile east of Kickapoo 
Falls, southwest of Dennis, Hood County, Texas. 

PLATYCRINITES TENUIS CONTENTUS Strimple and Watkins 

new subspecies 

Plate 54, figures 2, 5 

Two specimens consisting of an isolated columnal and 
a pair of joined columnals are known. The isolated colum- 
nal is designated the holotype and the pair the paratype. 

The specimens are smaller than the associated Platy- 
crinites tenuis and although they have a weak girdle-like 
ridge in midsection and sporodic nodes, they do not have 
the same appearance found in the larger form. The holo- 
type of P. tenuis contentus does not even have a directional 
variance between the opposite articular facets but in the 
paratype, it is calculated there is an intersection angle be- 
tween the two facets of about 53 degrees. The intersection 
angle between exposed facets of the two joined columnals 
is about 45 degrees. One of the columnals of the paratype 
is a nodal. The cirral scar is indistinct but appears to be 
fundamentally circular and occupies a strongly projected 
area. The fulcral ridge is wide near the outer edge of the 
facet and tapers toward the strongly depressed center 
where the minute lumen is surrounded by a circular rim. 
The perimeter of the facet is crenulated and the fulcral 
ridge is unevenly crenulated. 

The reason this form is considered as a subspecies of 
tenuis is the nature of the fulcral ridge which is more or less 
wedge-shaped on each end and is roughly crenulated The 
ridge is subhorizontal for about one-fourth the length of the 
facet, then curves sharply into the impressed central area 
and diminishes in height as well as in width. We realize that 
it is even possible for contentus to have been part of the 
same columnal as tenuis although they appear to be differ- 
ent. Not much is known about variants between different 
areas of a crinoid stem other than the fact that differences 
do exist in some forms. P. tenuis contentus is different from 
P. tenuis in lacking the shelflike projections of the exterior 
with their serrated edges which is considered to be typical 
of the later. Comparisons with other forms have been given 
under discussion of P. tenuis. 

The name contentus is Latin for agreeable, having 
reference to the compatibility of the subspecies to the 
species. 

Measurements in millimeters as follows: 
Paratype 

Holotype (nodal) 
Width of articular facet   (long axis) 9.2 8.5 
Width  of  articular  facet   (short  axis) 5.6 6.3 
Maximum  width  of columnal 10.0 9.+ 
Greatest length of segment 3.4 4.4 
Diameter of lumen   (long) 0.05 0.2 
Diameter   of   lumen   (short) 0.05 0.1 
Width  of  cirral   attachment none 1.2 
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7y^^j. _ Holotype, USNM, No. S5188, and unnum- 
bered paratype collected by William T. Watkins, reposited 

U.S. National Museum. 
Occurrence. — Shale below Kickapoo Falls Limestone 

Member, Millsap Lake Formation, Strawn Group, Des- 
moinesian, Pennsylvanian; about 1/4 mile east of Kickapoo 
Falls, southwest of Dennis, Hood County, Texas. 
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EXPLANATION OF PLATE 30 
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1-4.   Eirmocruius grossus, n. sp -  
Holotype. 1. Terminating platform of the anal lube;  X  1 1/8. 2. Upper articulating 
facet of the left anterior radial  plate;   X   I  1-2. 3. Lower articulating facet of the 
left anterior  promibrach  and  the  inside of  lower  arms  showing  projections  which 
probably   assisted   in   suporting  the   large   proximal   pinulars;   X   1   1.2.   4.   Right 
anterior view of crown;  X  1  18- USNM S5097. 
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1, 7.   Ulrichicrinus  ramosus, n.  sp   174 
Paratype.   1.   Posterior   view   of  crown.   2.   Anterior   view   of   crown;    X   1   1/8. 
USNM S5098. 

2, 3.   Aesiocrinus  annutalus, n.  sp   193 
Holotype. Two side views of slightly distorted crown; X 1 1/8. USNM S5099. 

4.   Oklahomacrinus spicatulus, n.  sp  194 
Paratype. Side view of imperfect crown;  X  1 1/2. USNM S5101. 

5, 6.   Lecobasicrinus  kickapooensii,  n.  sp  191 
Holotype.  Anterior  and  posterior  views of crown  respectively;   X   1   1/4.  USNM 
ssioo! 
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EXPLANATION OF PLATE 32 
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1,2.   Stellarocrinus  texani   (Strimple)      175 
Arms viewed from interior and exterior;  X 3. USNM S5102. 

3-5.   Aglaocrinus  magnus   (Strimple)      172 
Hypotype.  Dorsal cup viewed  from the  anterior,  base,  and  posterior  respectively; 
X  3. USNM S5103. 

6.   Genus and species indeterminate   169 
Crown with indistinguishable cup plates viewed from the side. USNM S5104. 
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1, 2.   Potygonocrinus   lihralus,   n.   sp  214 
Holotype.  Crown  viewed  obliquely from  right  side  and  from  above  respectively 
X  1 1/2. USNM S5105. 

3,4.   Pirasocrinus scotti Moore  and  Plummer   206 
Hypotype. Crown viewed from  left side and from the  right anterior respectively 
X 1 1/2. USNM S5106. 
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EXPLANATION OF PLATE 34 
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1, 2.   Oklahomacrinus  frostac,  n.  sp  194 
Holotype.   Crown   viewed   from   posterior   and   anterior   respectively;    X    1   3/4. 
USNM S5107. 

3,4.   Hydriocrinus lorrainar, n.  sp   198 
Holotvpe.  Crown  viewed  from  left  posterior  and   anterior  respectively;   X   2   1/4. 
USNM S5108. 

5.   Apographiocrinus    sp  183 
Side view of juvenile crown;  X 7 1/2. USNM S5109. 

6, 7.   Hydriocrinus lorrainae, n. sp  198 
Paratype.   Anterior   and   posterior   views   respectively   of   partial   crown.   USNM 
S5110. 

8.   Aexitrophocrinus tamberti, n.  sp  231 
Holotype. Basal view of crown;  X  1 1'8. USNM S5111. 
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1-3.   Pirasocrinus scotti Moore and Plummer   206 
Hypotype. Crown viewed from left anterior,  base and  right posterior  respectively 
X  1 1/2. USNM S5112. 

4.   Seltardsicrinus  fortunatus,  n.   sp   170 
Paratype. Posterior view of partial crown;   X  2. 

5, 6.   Sellardsicrinus  fortunatus,  n.   sp   170 
Paratype. Side view and opposite view of partial crown;   X   1   1/8.  USNM  S5113. 

7, 8.   Sellardsicrinus  fortunatus,  n.   sp   170 
Holotype.   Posterior   and   anterior   views   respectively  of   partial   crown'   X   1   1/8 
USNM S5114. 
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1-3.   Phanocrinus trulleum, n.  sp  216 
Holotype.   Right   posterior,   basal   and   posterior    (upper   part   deleted)    views   of 
holotype respectively;  X  1  1/4   USNM S5115. 

4. Oxynocrinus spicata, n.  sp   184 
Holotype. Posterior view of crown;   X 2 5/8. USNM S5117. 

5. Dichocrinus dilatus, n. sp  222 
Paratype.   Side   view   of   dorsal   cup   with   appreciable   portion   of   stem   attached; 
X 8 1/4. USNM S5116. 
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1-3.   Synarmocrinus adornaius, n.  sp   164 
Holotype.   Dorsal   cup   viewed   from   anterior,   posterior   and   base    respectively; 
X 2 1/+. USNM S5118. 

4-7.   Ulocrinus zeschi, n.  sp   167 
Holotype.   Dorsal   cup   from   anterior,   summit,   base   and   posterior    respectively; 
X 2 1/4. USNM S5119. 
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1-4.   Goleocrinus   cotifossus,   n.   sp   168 
Holotype.    Dorsal   cup   viewed    from   anterior,    posterior   summit    and    base    re- 
spectively;   X 2 1/4. USNM S5120. 

5-7.   Vlocrinus zeschi, n.  sp   167 
Paratype.   Dorsal   cup    viewed    from   summit,   base    and    posterior    respectively; 
X 2 1/2. USNM S5121. 
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1-4.   Goleocrinus  masoncnsis,  n.  sp   168 
Holotype. Dosal cup viewed from anterior  (with base up), posterior base and sum- 
mit respectively;   X 2. USNM S5122. 

5-7.   Erisocrinus gcorgcae, n.  sp   180 
Holotype.   Dorsal   cup   viewed   from   summit,   anterior   (with   base   up)    and   base 
respectively;  X 2. USNM S5123. 

8-11.   Sinocrinus sheareri,  n.  sp   182 
Holotype.   Dorsal   cup   viewed   from   summit,   anterior    (with   base   up),   posterior 
and base respectively;  X2. USNM S5124. 

12,13.   Mooreocrinus ivilburni, n.  sp   161 
Holotype.  Dorsal  cup  viewed  from   posterior  and  base   respectively;   X   2.   USNM 
S5125. 

14, 15.   Graffhamicrinus  aniiquus,  n.  sp   182 
Holotype. Dorsal cup viewed from anterior   (with  base up)   and  base  respectively; 
X 2. USNM S5126. 
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1,2.   Stomiocrinus conlini, n. sp  222 
Holotype. Dorsal cup viewed from base and posterior;  X 1 3/4. USNM S5127. 

3,4.   Stomiocrinus conlini, n.  sp  222 
Paratype. Dorsal cup viewed from base and posterior;   X  1  3/4. USNM SS128. 

5-8.   Dicromyocrinus optimus  Strimple     162 
Hypotype. Dorsal cup viewed from the posterior, anterior  (with  base  up), summit 
and base respectively;  X 2. USNM S5129. 

9, 10.   Grafjhamicrinus  antiquus, n.  sp   182 
Paratype. Dorsal cup viewed from the base and posterior;   X  2. USNM S5130. 

11,12.   Cymbiocrinus   conientus,   n.   sp   190 
Holotype.  Crown  viewed   from  right  posterior   (anal   plate  to  left)   and   left  pos- 
tero-anterior;   X  2. USNM  S5131. 
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1. Stellarocrinus texanus   (Moore  and  Plummer)     177 
Hypotype. Posterior view of young individual; X +■ USNM S5150. 

2. Isoallagecrinus erectus, ii. sp  217 
Paratype. Side view of crown;   X  7.5. USNM  S5133. 

3,4.   Dichocrinus  dilatus,  n.   sp  222 
Holotype.   Posterior   view    (without   upper   arms)    and   anterior   view   of   crown; 
X  7.5. USNM S5134. 

5.   Scytalocinus sansabensis Moore and Plummer   197 
Hypotype. Crown viewed from left posterior;  X  3 3/4. USNM S5135. 
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1. ClitiJonocririus   echinatus, n.  sp   189 
Holotype. Crown viewed from anterior;  X  1  3/4. USNM S5I39. 

2. Polusocrinus   calyculoides   Lane      186 
Hypotype.  Crown  viewed   from   anterior.   X   1   1/2.   USNM   S5137. 

3. Araeocrinus bassus, n. sp   196 
Paratype. Posterior view of crown, large anal plate to the right;  X 3' USNM S5138. 

4. ChliJonocrinus  echinatus, n.  sp   189 
Paratype.  Side  view  of  crown   with  small  crown  of  Scytalocrinus  sansabcnsis   to 
upper left;   X  1  1/8. USNM  S5136. 
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1,2.   Anchicrinus toddi, n.  sp  207 
Paratype. Young specimen viewed from posterior and from base;   X 2 1/2. USNM 
S5140. 

3,+.   Chlidonocrittus trinodi, n.  sp   190 
3.   Holotype   SUI   32260   from   right   posterior.  4.   Paratype   USNM   S5142,   viewed 
from base;   X  2 1/2. 

6, 7.   Polusocrinus   calyculoides   Lane      186 
Hypotype. Young specimen viewed  from the posterior  and  base;   X   1   1/2.  USNM 
S5143. 

8-11.   Anchicrinus toddi n.  sp  207 
Paratype.  Dorsal  cup  viewed  from  posterior,  base,  summit  and   anterior   (base   is 
up) ;  XI  1/2. USNM S5144. 

12.   Sciadiocrinus confertus   (Moore  and  Plummer)     212 
Hypotype. View of specimen preserving uppermost arms to show mode of branch- 
ing and prolific number developed;  X 2.5. USNM S5145. 

13.   Anobasicrinus praecursor   (Moore  and  Plummer)      174 
Hypotvpe.   Imperfect   specimen   showing   balloon-like   nature   of   anal   sac.   USNM 
S5146. 

14, 15.   Anchicrinus   toddi,   n.   sp  207 
Paratype.  Crown  viewed  from  base  and  oblique   posterior  position;   X   2.   USNM 
S5147. 
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1-3.   T/ioliacrinuj rectus  (Moore and Plummer)  179 
Hypotype. Crown viewed from anterior, base and  right posterior;     X  2.  USNM 
S5148. 

4,5.   Parethelocrinus   waikinsi    (Strimple)      171 
Hvpotype.   Young  specimen   with   first   primibrachs   preserved   viewed   from   base, 
and right posterior;   X  2. USNM S5193. 

6.   Stellarocrinus  bulbus, n.  sp   178 
Paratype. Basal  view of very young individual   (anal  plate  down);   X  4-  USNM 
S5181. 

7,8.    Tholiacrinus rectus   (Moore  and   Plummer)  179 
Hypotype. Crown viewed from left anterior and from right posterior;  X 2. USNM 
85202. 

9-11.   Stellarocrinus   bulbus,   n.   sp  178 
Holotype.  Crown   viewed   from   anterior   (base   is  up),   posterior   and   base;   X   2. 
USNM S5153. 

12. Microcaricrifius delieatus, n.  sp  201 
Holotype. Crown viewed from left postcro-anterior;   X  +■  USNM  S5151. 

13. Ramulocrinus consectatus, n. sp  200 
Holotype. Crown viewed  from  posterior;   X  2  1/8.  USNM  S5152. 
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1,2.   Pirasocrinus scotii Moore   and   Plummer    206 
Hypotype.  1. Summit view showing termination  platform of the  anal  tube. 2. Side 
view of crown with arm of Stellarocrinus bulbus attached;   X  1- USNM S5154. 

3. Aexitrophocrinus formosus   (Moore  and  Plummer)     230 
Hypotype. Crown viewed from anterior;  X 1 1/2. USNM S5156. 

4. Sellardsicrinus marrsae Moore and Plummer   170 
Hypotype. Left anterior view of crown;   X   1  1/8.  USNM S5157. 
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1. Microcaricrinus   Jilualus,   n.   sp         201 
Paratype. View of young crown from left side;  X  3 3/4. USNM 85158. 

2. StcUarocrinus  tcxanus   (Moore   and   Plummer)      177 
Hypotype. Basal view of young crown;  X 3 3/4. USNM S5132. 

3. Microcaricrinus dclicatus, n.  sp       201 
Paratype. Posterior view of crown; X 3. USNM S5159. 

4. Microcaricrinus delicatus, n.  sp  201 
Paratype.  Crown  viewed  from  base  with   arms   preserved   in   a   horizontal   plane- 
X  3 3/4. USNM S5155, 
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1,4.   Stetlarocrinus  texanus   (Moore   and   Plummer)     I77 
Hypotype. Crown viewed from the posterior and anterior;   X  1 4/5. USNM S5160. 

2,3.   Acxilrophocrinus formosus   (Moore and  Plummer)     230 
Hypotype. Specimen viewed from base and summit;  X  1 3/4. 

5.   Stetlarocrinus bulbus, n.  sp  jyo 
Paratype. Crown viewed from base;  X  1 3/4. USNM S516L 

6, 7.   Stetlarocrinus   bulbus,   n.   sp  jyg 
Paratype. Radial  plate with first arm segments in  place  viewed  from the exterior 
and interior;  X  3 3/4. USNM S5162. 

8, 9.   Platycrinites   remotus,   n.   sp  219 
Holotype. Specimen viewed from base and summit;  X  11/3. USNM S 5163. 
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1,2.   Anchicrinus toddi, n.  sp  207 
Holotype. Crown viewed from side and from  posterior;   X   1   1/2.  USNM  S5164. 

3,4.   Parelhetocrinus   watkinsi   (Strimple)      171 
Hypotvpe. Crown viewed from right anterior and left anterior;   X  1  1/2. USNM 
S5149.' 

5, 6.   Stenopecrinus longus, n. sp  209 
Holotype. Crown viewed from the posterior and anterior;   X   1  1/2. USNM S5166. 
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1-3.   Parethelocrinus   plattsburgensis    (Strimple)        172 
Hypotype.   Dorsal   cup   from   base,   summit   and   posterior   side.   X   1   1/2.   USNM 

4-6.   Mooreocrinus •withurni, n. sp  151 
Paratype. Dorsal cup from base, posterior side and summit;  X 2 1/4. USNM S5168. 

7, 8.   Sicltarocrinus sp. cf. S. angulatus (Miller and Gurley)   176 
Section of arms removed from crown to show exterior view  (7)   and interior view 
(8) ;   X  2 1/4. USNM S5169. 

9, 10.   Sciadiocrinus llanoensis, n. sp  213 
Holotype. Dorsal cup viewed from posterior and base;  X 2 S/8. USNM SS170. 
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1, 6.   Stellarocrinus sp. cf. S. angutatus   (Miller and Gurley)      176 
Crown viewed from above and oblique view from below; X 1 1/2. USNM S5169. 

2-4.   Schlstocrinus acclivis, n. sp  215 
Holotype. Dorsal cup viewed from posterior, base and summit;  X 3. USNM S5171. 

5.   Part of slab with large specimen to left Scylalocrinus sp   198, 202, 216 
and Culmicrinus harncttrnsis'! partially exposed to its right side, a crown of Phano- 
crinus trulleum (paratype) on right edge of slab and an unidentified crinoid at the 
lower right.  USNM S5172. 
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1. Oklahomacrinus spicalutus, n. sp   193,  197 
Paratype. Side view of crown with portion of stem attached  and two specimens of 
Scytalocrinus sansabensis;  X   1- USNM S5173. 

2. Araeocrinus   bassus,  n.   sp   196 
Paratype.  Anal  sac  with   imperfect  specimen  of Dichocrinus  dilatus  to  lower   left 
of sac;  X  1 2/5. USNM S5175. 

3. Araeocrinus   bassus,  n.   sp   196 
Paratype.   Anterior   view   of   dorsal   cup   with   considerable   section   of   the   stem 
attached;  X 4. USNM S5176. 

4. Chlidonocrinus echinatus, n. sp  189, 194, 197 
Paratype. Side view of crown with considerable section of large pentagonal-shaped 
stem  attached. The  left arm of Oklahomacrinus spicatulus  from  figure  one  above 
is shown  in  upper  right  as  well   as  one  of  the  specimens  of Scytalocrinus  sansa- 
bensis;  X  1- USNM S5174. 
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1,2.   Ulocrinus  coni'rxus   (Strimple)     166 
Hypotype. Infrabasal circlet viewed from exterior and from interior; X 1 1/2. 
USNM S5177. 

3.   Polygonocrinus ?   sp •  214 
Young specimen with spinose axillaries and tendency toward interloclcing brachials. 

4-6.   Globacrocrinus multiplicatus, n. sp  221 
Holotype. Dorsal cup viewed from the posterior, anterior and base; X 10. USNM 
S5179. 

7-11.   Isoaltagecrinus  (rectus,  n.   sp -•  217 
Holotype. Dorsal cup with primibrachs and section of stem preserved viewed from 
right antero-anterior interray, base, left anterior, posterior and anterior; x 10. 
USNM S5178. 

12. Culmicrinus barnettensis, n. sp  202 
Holotype. Crown viewed from posterior;   X  2.  USNM  S5180. 

13. Stellarocr'mus texatius  (Moore and Plummer)    212 
Hyptoype. Young individual viewed from below;   X  2. 

14. SciaJiocrinus confertus  (Moore and Plummer)    212 
Hypotype. Young individual viewed from the right anterior;  X 2. USNM S5182. 
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1,2.   Aracocrinus bassus, n. sp  j9g 
Holotype.  Crown   viewed   from   left  posterior   and   posterior   (anal   plate   to   left) • 
X 2.5. USNM S5183. 

3.   Paragassizocrinus   alius,  n.   sp  jg7 
Paratype. View of right side   (anal  plate to left);   X  2.  USNM  S5184. 

+.   Lecobasicrinus  kickapooensis, n.  sp  191 
Paratype. Anterior view of crown with section of stem attached;   x   1 4/5   USNM 
S5185. 

5.   Oklahomacrinus spicatulus, n.  sp     I94 
Holotype.   Side   view   of  crown   showing   anal   tube,   upper   articulating   facets   of 
radials and lower facets of first primibrachs;   x  1  1/2. USNM S5186. 
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1,4.   Plalycrinitcs tinuis, n. sp  232 
Individual  columnal   viewed   from   articulating  surface   and   from   side;   X   3   3/4. 
USNM S5187. 

3,6.   Plalycrinitcs   tenuis,   n.   sp  232 
Individual  columnal   viewed   from   articulating  surface   and   from   side;   X   3   3/4. 
USNM  S5187-a. 

2, 5.   Platycrinites tenuis  contrntus, n.  subsp  233 
A  pair of columnals  viewed  from  articulating  surface  and  from  side;   X   3   3/4. 
USNM S5188. 

7.   Aexitrophocrinus   sp  231 
Posterior view of lower  portion  of one crown  and  the  upper  portion of  a  crown 
which may be the same species;  X 1 1/5. USNM S5189. 

8,9.   Dicromyocrinus sp. cf. D. texasensis (Moore and Plummet)     163 
A crown  without  upper  arms  illustrated   from  the   posterior   and   complete  crown 
from the anterior;   X  2  5/8. USNM  8519(1. 
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1,2.   Utocrinus  cotfvrxus   (Strimple)      166 
Hypotype.   Partial   crown   from   right  side   (anal   plates   to   the   left)   and   the   op- 
posite side;   X  1  1/8.  USNM  S5191. 

3. Apographiocrinus   sp   183 
Juvenile crown viewed from the side;  X  7 l/'2. USNM S5192. 

4. Parethelocrinus watkitisl (Strimple)      171 
Hypotype. Young individual viewed from left posterior;   X  1  1/2. USNM  S5165. 

5, 6.   Ulrichicr'inus ramosus, n.  sp   174 
Holotype. Crown viewed from the posterior and anterior;   X   1   1/2.  USNM  S5194. 

7.   VIocrhius   cowvexus   (Strimple)      166 
Hypotype. Crown viewed from posterior side;   X   1- USNM S5195. 
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1. Oklahomacrinus spiculatus, n.  sp   194 
Paratype. Partial crown in oblique side  view;   X  2.  USNM  S5196. 

2. Pirasocrinus scotti Moore and Pliimmer   206 
Hypotype.   Summit   view   to   show   terminating   platform   of   the   anal   tube;    X   !• 
USNM S5197. 

3, 4.   Lccobasicriiius subiJus, n. sp     192 
Holotype.  Small  specimen  viewed  from  the   posterior  and   anterior;   X   2.   USNM 
S5198. 

5.   Paragassizocrinus  alius,  n.   sp  187 
Holotype. Crovpn viewed from side;  X 1. USNM S5199. 

6, 8.   Ulocrlnus  extrorsus,  n.  sp   165 
Holotype. Dorsal cup viewed  from right side   (radianal  to left)   and  oblique  view 
of left side  (radianal to right);  X  1. USNM S5200. 

7.   Polygonocrinus  libratus,  n.   sp  214 
Paratype. Specimen viewed from below;  X  1- USNM S5201. 
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203 
curtus, Caldenocrinus 228 
"Cyclical 

Formation  F" 155 
Cyathocrinus     165 
cylindrica, 

Fusulinella 159 
Cymbiocrinidae 188-195 
Cymbiocrinus 142 146 

185. 188, 189, 190, 191, 194, 195 
C,b (Bashkirian) 146 
Csks  (Kashirian) 199 
CM  Moscovian 159, 223 
C'l'ib (Moscovian, 

Vereyan-Kashirian) 157 
C,M;   (Moscovian) 159 
Cm^a (Moscovian, 

Vereyan)     157 
C, (Moscovian) 195 
Ci',a (Limestone G,, 

lower Bashkirian)        147, 156 
0\b (Limestone H,, 

Bashkirian) 147, 157 
0\, (Bashkirian) 147^157 

D 

Dactylocrinus 224 
daileyi, Lasanocrinus 208 
dakotensis, 

Fusulinella 152, 154 
Daralites 153 
Dasciocrinus    209 
Decadocrinus     199,201 
Decadocrinus? 150 
Deese Formation 171 172 

delicatus, Dichocrinus 222 
delicatus, 

Microcaracrinus 44, 46 159, 201, 
254, 256 

Delocrinus 144, 160 
191 

Delocrinus sp. 160 
deltoideus. 

Paragassizocrinus 187, 188 
Dennis, Tex. 143, 179 

192, 205, 206, 210, 211, 212, 220, 
233, 234 

"Derry" 143 
Derry, New Mexico 154 
"Derryan"    152, 153 
Derryan Stage or 

Series     141 
Des Moines River 158 
Desmoinesian Stage 

or Series 141, 143 
145, 146, 147, 148, 149, 150, 152, 
153, 154, 155, 156, text fig,  1, 2, 
157, 158, 159, 160, 161, 162, 164 
165, 166, 167. 169, 170, 171, 172 
173, 174, 175, 177, 178. 179, 180, 
181, 182, 183, 188, 191, 192, 193. 
194, 195, 199, 200. 201, 204, 205, 
206, 207, 208, 209, 210, 211, 212 
213, 214, 215, 218. 220, 221, 227 

229, 230, 231, 233. 234 
detrusus, Aesiocrinus 194 
devexa,   Fusulinella 154 
Diaboloceras  146, 149, 

150, 152 
Dichocrinus    141, 153, 

220, 221, 222. 233 
Dicromyocrinus 145 146 

159, 160, 161, 162, 163, 169 
dilatus, 

Dichocrinus       36, 41 153, 222, 
246, 251 

Dimorphoceras     152 
Dimorphoceratoides 146 
Diphuicrinus 146, 182 
Dirty Creek Sandstone 

Member 148 
discoidalis, 

Eowellerites 151, 152 
disculus. Cricocrinus 181 

Paradelocrinus 181 
Paragassizocrinus 188 
Pai'agassizocrinus 
cf.  P. 146 

disculus, Sciadiocrinus   211,213 
distinctus, 

Stellarocrinus 175,176, 
184 

Donetz Basin, Russia      147, 156, 
157, text-fig. 2 

Dornick Hills Group 173 
dubius, 

?Paradelocrinus 182 

elenae, Phialocrinus? 195 
elenae, Polusocrinus 195 
elevatus.  Erisocrinus 180 
elevatus, 

Paragassizocrinus 151, 188 
Elibatocrinus 160,203 
Elibatocrinus sp. 160 
Ellipsellipsopa 232 
ellipticus, Columnal 233 

Paragassizocrinus 188 
Parethelocrinus 171, 172 

elongatus, 
Parragassizocrinus 188 

elongatus, Ulocrinus 165 
Enascocrinus    227.228 

231 
Endelocrinus    159, 160 

182 
Eoasianites     149,151 
Eoasianites sp  149 
Eoshubertella   150,153 
Eoshubertella  sp  150 
Eostaffella 146, 147, 

156 
Eowellerites 151, 152 
erectus, Ampelocrinus 185 
ercctus, Cibolocrinus 160 
erectus, Erisocrinus 180 
erectus, 

Isoallagecrinus 41, 52 153, 217 
218,251,262 

Erisocrinus 141 144 
153, 160, 180, 181, 182, 21(5 

Erisocrinus sp. I60 
Espey Creek, Tex. 141, 142 

145, 163, 169, 182, 184, 191 
Ethelocrinus 159, 163 

165, 168 
"Etroeungt" 199,202 
Euonychocrinus 160,227 
Eupachycrinus 211 
euthusepta, 

Fusulinella 150 
eventus, Carinocrinus 202 
Exaetocrinus   181 
Exocrinus    144,175, 

183 
expansus, 

Acrocrinus 221 
expansa, Staffella 153 
extrorsus, 

Ulocrinus 56 165, 166, 
167, 266 

farishi, Synerocrinus 
Fayettevile 

Formation    

echinatus, 
Chlidonocrinus 42, 51 146, 153 

188, 189, 190,252.261 
Eiromocrinus 159,203 

204 
elegans,  Acrocrinus 221 
elegans,  Culmierinus 202 
elenae, Phialocrinus 195 

fittsi, Profusulinella 
150, 152, 153 

Fittsi, Profusulinella, 
Zone of 

florealis, Apollocrinus 
florealis. 

Stellarocrinus 

Forbesiocrinus 
225, 

Forest City Basin, Mo. 
formosum, 

Gastrioceras 

151, 224 

146, 190, 
191 

147, 149, 
154, 155 

154 
159 

159, 177, 
178 

223, 224, 
228, 229 

149 

149, 151 
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formosus, 
Aexitrophocrinus 

45,47 
229,230,231, 

formosus, 
Synerocrinus 

227, 
Ft. Gibson Lake, Okla. 
Ft. Scott Limestone 
fortunatus, 

Sellardsicrinus        35 

Fra Cristobal 
Formation 

Franklin County, Ark. 
Frenchman 

Mountain, Nev  
Frensley Limestone   
frostae, 

Oklahomacrinus     34 

fugax, Fusulinella 
fundundus, 

Synarmocrinus 
furnishi, 

Fusulinella 
Fusulina 

155,156, 157, 
Fusulina   s.s  
Fusulina Zone 

Fusulinella 
150, 152, 153, 154, 

157, 
Fusulinella   Zone     

155, 
Fusilinella  profifica 

Zone   

225, 227, 
255, 257 

159, 226, 
228, 229 
150, 151 

148 

159, 170. 
171, 245 

152,155, 
157 
152 

146, 154 
173 

142, 159, 
194, 244 

152 

150, 164 

154 
148, 153, 
158, 159 
153, 155 
152, 154, 

155 
147, 149, 
155, 156. 
158, 159 
152, 154, 
158, 159 

156, 157 

Garnett Quarry 

Gastrioceras 
149, 151, 

Gastrioceras venatum 
assemblage or zone 

geminatus, 
Cromyocrinus 

geminatus, 
Mooreocrinus 

geminatus, 
Trautscholdicrinus 

Gene  Autry Shale 
Genevievian  Stage 
Genus and species 

indeterminate 32 
geometricus, 

Stellarocrinus 
georgeae, 

Erisocrinus 39 
180, 

Georges Fork 
Sandstone Member 

gibberellus, 
Schedexocrinus 

Gielian Stage 
Gilmore City 

Formation    
girtyi, Alcimocrinus ... 
girtyi,  Boesites     
girtyi, Dichocrinus 

211,212, 
231 

146, 147, 
, 157, 158 

159 

159, 161 

159, 160. 
161. 162 

161 
146, 151 
216,219 

169, 242 

176 

141, 153, 
181, 249 

205 
158 

202 
173 
149 
222 

Glaukosocrinus     159 
Glaphyrites 153, 160 
Glen Dean Formation     202, 222 
Globacrocrinus 153,220, 

221 
globulosus, 

Eoaianites 
Goleocrinus 

Hydreionocrinus     210,211 
Hy driocrinus    141,142, 

198,199 
Hypselocrinus 197,198 

goliathus. 
?Cyathocrinus 

Gonialoboceras 
Gonialoboceras sp. 
Goose Creek (Okla.) 
Gordonites 
gracilis.  Texacrinus 
graffhami. 

Isoallagecrinus 
Graf f hamicrinus 

Graford Formation 
143. 145, 146, 159, 160, 

176. 
grafordensis. 

Endelocrinus 
grandis.   Cromyocrinus 
granulosus, 

Utharocrinus cf. 
Graphiocrinus 
gravis, Cymbiocrinus 
Greenland Sandstone 

Member 
Greenleaf Lake, Okla. 
"Griley  Limestone" 
grossus, 

Eiromocrinus 30 

149 
153,160, 

161, 164, 167,168 

165 
153 
153 

147, 149 
158 

159,174 

218 
146, 153, 

182 
141, 142, 
165. 167. 
177. 223 

160 
166, 167 

160 
160 
191 

152 
162 
150 

159, 204. 
240 

Haeretocrinus 159 
Hampton Formation 221 
Hare Fiord 155. 157. 

158 
harrisae. 

Sciadiocrinus 159.211 
Hartshorne Coal 148 
Hartshorne Formation 

(Sandstone) 147,148. 
149. 154, 156. 157 

Hartville Formation        154,157 
Heliosocrinus 175 
henbesti. 

Winslowoceras 151. 152 
Herruela. Spain 156 
Hexacrinites 221 
Hexacrinus 221 
Holdenville 

Formation 165,172, 
173 

holdenvillensis, 
Metacromyocrinus 161 

Hobbs,  Ark  152 
Honev Creek (Texas) 143 
Hood County, Tex. 143, 159, 

179, 192. 199. 200. 205. 206.210. 
211.212.220.233,234 

hoodi, 
Paragassizocrinus 187 

Hotel San Saha 232 
Houkou  Limestone 153, 158 
hoveyi, Hypselocrinus 198 
Huanglung Limestone 149,158 
hyattianus, Glaphurites 153 

Iberocrinus  . . 
Illinois Basin 

Imo Formation 
incurvus, 

Forbesiocrinus 
225 

incurvus, 
.Synerocrinus 

226, 227, 
Indian Springs, Nev. 
indicus,   ?Ulocrinus 
Inola  Limestone 
insculptus, 

Corythocrinus 
insoliata,  Fusulina 
insularis, 

Dichocrinus 
intermedins, 

Acrocrinus 
invaginatus, 

Pirasocrinus     
iolaensis, 

Paradelocrinus 
iowense, 

Paralegoceras 
iowensis. 

Fusulinella 

Isoallagecrinus 
153, 160, 

Itaituba Formation 
ivanovi, Aesiocrinus 

15G 
155,156, 

158 
142, 191 

223, 224, 
, 228, 229 

224, 225, 
228, 229 

154 
165 
153 

196 
148, 155 

221 

220 

160 

182 

149, 153 

153, 154, 
155, 158 

144, 150, 
217, 218 

161 
195 

jackeli, 
Talanterocrinus 

jackeli, 
Trautscholdicrinus 

jakovlevi, 
Allagecrinus 

jakovlevi, 
Wrightocrinus 

Jasper County, Mo. 
Jefferson County, 

Ala  
Jefferson County, 

Iowa 
jeffersonensis, 

Culmicrinus     
johnstonensis, 

Cricocrinus    
johnstonensis, 

Paradelocrinus 

227, 228 

225, 226 

217 

217 
152 

146 

153 

181 

KalkbriJche von 
Mjatschkowa 159 

Kansas City (Mo.) 176 
Kansas City Group 176 
kansasensis, Ulocrinus 165 
Karatange Horizon 157 
Kashiran Horizon   155,157, 

158 
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Kendrick shale or 
beds    146,152, 

154 

kendrickensis, 
Paragassizocrinus 

Kentucky River Valley 
kentuckyensis, 

Profusulinella 
Keokuk  age 
kesslerense, 

Pseudoparalegoceras 

Kettwig,  Rheinland 
Kickapoo Creek, Tex, 

192, 205, 210, 
Kickapoo Falls 

159, 178, 179, 192, 
208,210,211,212, 

220, 
Kickapoo Falls 

Limestone Member 
145, 159, 179, 191, 
205, 206, 208, 210, 

215, 220, 
kickapooensis, 

Lecobasicrinus  31,53 
191, 192, 194, 

Kinderhookian 

Kinkaid Formation 
Knightoceras 
Kothman Ranch, Texas 

Krebs Group 

laevis, 
Platycrinites     

Lake Bridgeport Dam, 
Southwest  of 

Lake Bridgeport Shale 
Member 

Lake Bridgeport, Tex. 
143, 160, 167, 172, 

Lake Murray, Okla. 
Lake Murray State 

Park 
Lambert Ranch, Tex. 

145, 163, 
lamberti,  Aexitro- 

phocrinus 34 

Lampasan Series 

Lampasas County, Tex. 
169, 182, 

"Lampasas" (Series) 
Lampasas, Tex. 

162, 163, 169, 
Lane Shale Formation 
Lasanocrinus 

Latimer County, Okla. 
LaudonocrLnus 
laxus,  Plaxocrinus 
Lebetocrinus 
Lecobasicrinus 

159, 188, 189, 191, 193, 
Leeythiocrinus 
Lecythiocrinus  sp. 
leei, Fusulina 

146, 188 
154 

155 
173, 200 

149, 151, 
152, 155 

199 
159, 179, 
211,212 
143, 145, 
200, 206, 
215, 219, 
233, 234 

141, 143, 
192, 199, 
211,212, 
233, 234 

144, 159, 
241, 263 
202, 221, 

222 
142 
152 

142, 198, 
203, 217 
148, 152, 
153, 158 

143, 223 

143,159 
141, 142, 
176, 177 

172 

173 
141, 142, 
195, 231 

142, 229, 
231, 244 
141, 149, 

154 
141, 142, 
184, 191 

148 
142, 145, 
184, 191 

176 
146, 153, 
203, 208 
150, 158 
160, 203 

160 
196 

144, 153, 
194,197 

160 
160 

153, 158 

Lemons Bluff Member  141, 
145, 146, 153, 154, 185. 
188, 190, 193, 194, 195, 
198, 208, 218, 221, 222, 

Lester Limestone 
Member 148, 

text-fig. 1, 
libratus, 

Polygonocrinus 33, 56 159, 
209, 214, 215, 243, 

lichengensis, 
Sinocrinus 

Limestone G, 
Limestone H, 
Lipan, Tex. 
Liparocrinus 
listeri,  Gastrioceras 
Little Cabin Sandstone 148, 
Llano Uplift or 

Region,  Texas 141, 
152, 153, 154, 156, 

llanoensis,   Fusulinella 
llanoensis, Pronorites 
llanoensis, 

Sciadiocrinus 49153, 
213, 

lobatus, Plaxocrinus 
Lodgepole   Formation 
longus, 

Stenopecrinus 48 159, 

Loring Siding, S. 
Dakota 

lorrainae, 
Hydriocrinus 

Louisiana Limestone 
Love County, Okla. 

34 142, 
199, 

148, 

Lower Limestone 
Group 

Lower  Mercer 
Limestone   154, 

lustrum, Erisocrinus 
luxuris, Aesiocrinus 
lykinsi, Aesiocrinus 
Lyonicrinus 

143, 
186, 
197, 
,231 

156, 
,158 

208, 
,266 

183 
147 
147 
211 
201 
157 

, 154 

142, 
,157 
153 
153 

211, 
259 
160 
202 

209, 
258 

154 

198, 
244 
218 
172, 
173 

218 

155, 
158 
181 
194 
188 
221 

M 

Madison County, Ark. 152 
magna,   Fusulinella 149 
magnus, 

Aglaocrinus 32 153, 172, 
173, 242 

magnus,  Ethelocrinus 173 
magnus,   Haeretocrinus 159 
Magoffin beds 146, 154 
Malaiocrinus 159 
Mantikosocrinus 161 
Marble  Falls 

Formation 141, 142, 
143, 145, 146, 153, 154, 157, 
163, 169, 182, 184, 186, 188, 
190, 191, 192, 193, 194, 195, 
197, 198, 208, 217, 218, 221, 

222, 231, 232 
"Marble Falls Group" 157 
Marble Falls, Tex. 146 
marblensis,  Millerella 146 
marblensis, 

Profusulinella 153 
Mariocrinus 199 

Marmaton   Group 

marquisi, 
Paracromyocrinus 

marquisi, 
Parulocrinus 

marrsae, 
Sellardsicrinus       45 

Marwood bed 
Mason County, Tex. 

145, 146, 164, 167, 
173, 181, 182, 183 

213, 
Mason,  Tex. 

143, 145, 146, 153, 
169, 173, 181, 182, 

203, 213 
masonensis, 

Goleocrinus 39 
167, 168 

matheri, Endelocrinus 
McAlester Formation 

(Sandstone) 

McCulloch County, 
Tex. 

mcguirei, 
Aexitrophocrinus 

Paragassizocrinus 
mcguirei, 

Talanterocrinus 
mcguirei, 

Trautscholdicrinus 
McLouth Formation 
mediator,  Erisocrinus 
Megaliocrinus     
Melbacrinus     
mendesi, 

Dicromyocrinus 
Mooreocrinus 

Meramecian 
Mesolobus 
Metacromyocrinus 

148, 

159, 
171, 

142, 
168, 
,198, 
216, 
141, 
167, 
183, 
216, 

153, 
169, 

148, 

143, 

212, 
231 

164 

164 

170, 
,255 
202 
143, 
169, 
203, 
,217 
142, 
168, 
198, 
,217 

161, 
249 
182 

149, 
154 

160, 
172 

,229, 
231 
188 

227, 228 

225 
152 
180 
156 
198 

161 

146, 
161 

Metallagecrinus 
Metaperimestocrinus       203 
Microcaracrinus 159 
microgranulosus, 

Sinocrinus 
microgranulosus "var 

pentalobus, 
Sinocrinus 

Millerella 
Millsap Lake Group 
Millsap Lake Formation 141, 

143, 145, 156, text-fig. 1, 
165, 166, 167, 170, 171, 
174, 175, 177, 178, 179, 
183, 191, 192, 194, 199, 
202, 205, 206, 208, 209, 
211,212,213,215,220, 

231, 233 
millsapensis, 

Ethelocrinus 
millsapensis, 

Parethelocrinus 159 
miloradoivitschi, 

Trautscholdicrinus 
Minnelusa Formation 

161 
,162 
156 
153 
150, 
163 
217 
209 
,201 

181, 183 

183 
146 
159 
142, 
159, 
172, 
180, 
200, 
210, 
229, 
,234 

200, 
152, 
155, 

159 

,172 

201 
154, 
157 

271 



Mineral Wells 

INDEX 

needhami,  Pseudost- o.xylobatum. 
Formation 143, 146, affella aff. P. 153 Knightoceras 152 

160 Neodichocrinus 222 Oxynocrinus 146, 183, 
Mineral Wells Group 160 Neozeacrinus 144, 159, 184 
Minshall  Member 155 174 Ozark National 
missouriensis. nereus, Decadocrinus 199 Forest      152 

Culmicrinus 202 neumeiri, Diaboloceras 146, 150 Ozark Region, Ark  151 
Missourian Stage nevadaensis  Zone, Ozawainella     151 

or Series 141, 143, Rhipidomella 154 Ozawainella sp  151 
145, 146, 159, 160, 161, 164, nigelensis. 
165, 167, 172, 174, 175, 176, Ramulocrinus 199 P 180, 181, 182, 188, 191, 193, nitidus, Athlocrinus 160 
197, 199, 200, 210, 211,212, nodosus, Sinocrinus 183 Pachylocrinus 144 

218, 219, 221 , 227, 232 nodosus "var." spinosus pachypinnularis, 
Mjatschkowa  (near Sinocrinus 183 Pachylocrinus 144 

Moscow,  Russia) 159 normalis. pachyplax. 
mjatschkowensis, Plaxocrinus 203 Polusocrinus 146, 185 

Acrocrinus 220 Nuculoceras     153 Pahkra River 
molleri,   Staffella 150 (Russia) 158 
Monobathra 218-223 0 Paianocrinus 203 
Montgomery County, Paint Creek 

Kans. 160 obesus.  Plaxocrinus 159, 208, Formation    222 
moorei,   Eowellerites 151 209. ,211 Palencia, Province 
moorei,  Eowellerites obesus, Sciadiocrinus 209, 211, of (Spain) 156 

cf.  E. 151, 152 212 Palo Pinto County, 
Mooreocrinus 141, 153, obovatus,   Erisocrinus 180 Tex  212 

159, 160, 161 , 164, 168 obovatus. Palo Pinto Limestone 212 
Morrowan Stage 141, 142, Paradelocrinus 182 Paracromyocrinus 160, 161, 

145, 146, 147, 148, 149, 150, occidentale. 163 ,164 
151, 152, 153, 154, 155, 156, Gastrioceras 146 Paradelocrinus 150, 156, 
text-fig. 1,2, 157, 158, 161, oceidentalis, Ulocrinus 165 159 ,181 ,182 

162, 163, 164, 166, 167, 169, Ochelata Group 167 Paradelocrinus sp  156 
173, 181, 182, 183, 184, 185, ochelataensis. Paragassizocrinus 145, 146, 

191, 199,210,211, 218, 220, Polusocrinus 173 151, 153, 160, 184, 185, 186, 
229, 232 oeconomicus. 187 ,222 ,223 

Moscovian Stage 141,151, Plaxocrinus 160 Paralegoceras 149, 151, 
156, 157, text-fig. 2, 158, 159, Oklahoma, 152 ,153 

160, 161, 195, 199, 219, 220, Ulrichicrinus 173 Paralegoceras sp  153 
223 , 228. 229 Oklahomacrinus 142, 150, Paraschistoceras 160 

Moscow Basin, Russia 146, 157, 159, 188, 189, 191, 193 , 194 ,195 "Paraschistoceras 
text-fig. 2, 159 oklahomensis. reticulatum zone" 160 

Moscow, Russia 158, 159, Ethelocrinus 164 Parethelocrinus 150, 159, 
223 1, 225, 226 oklahomensis 160, 163 , 171 ,172 

mosleyi. Metacromyocrinus 146 ,163 Parker County, Tex. 143, 159, 
Perimestocrinus 160 oklahomensis. 166, 170, 171, 172, 174, 175, 

mosleyi. Paracromyocrinus 163 ,164 177, 178, 180, 183, 192, 194, 
Stenopecrinus 160 Okmulgee County, 199, 200, 202, 208, 209, 211, 

Mound, the (Oklahoma) 1          167 Okla  173 213,215 ,230 ,231 
Moundocrinus 185, 186 Oligocrinus 224 Parulocrinus 154, 160, 
Mud Springs oliviformis. 161, 163, 164 , 165 ,169 

Mountains, N. Mex. 154, 155 Fusulinella 149 parva, Profusulin- 
multibrachiatus. omphaloides, ella ex gr. 157 

Iberocrinus 156 Plaxocrinus 160 pavisculus, 
multiextensus. onychocrinus 224 Glaukosocrinus 159 

Polygonocrinus 213, 214, Oolokah Limestone parvisculus. 
215 Formation 180, 181, Malaiocrinus 159 

multinodosus. 207 ,212 ,230 Schistocrinus 215 
Decadocrinus 199 optimus, parvus,  Schistocrinus- 

multiplicatus, Dicromyocrinus      40146, 162, confertus. 
Globacrocrinus       52 153, 220, 250 Sciadiocrinus 159, 210, 

221, 262 Origocrinus 224 211 
mundus, Mariocrinus? 199 ornatus, Alcimocrinus 173 parvus,   Sciadiocrinus 159 ,212 
Muskogee County, ornatus, Cromyocrinus 159 , 162 patens,  Aesiocrinus 195 

Okla  150, 163 ornatus. patens, Phialocrinus 195 
Muskogee,  Okla. 150, 163 Dicromyocrinus 159, 160, patina, Diphuicrinus 146 
mutabilis,   Fusulina 148 162 patulus. 
Myachkovian horizon 156, 157, "ornatus, Trautscholdi- Agassizocrinus     187 

159 crinus" 161 paucus, 
Myzostoma 145 Osage County, Okla. 167 ,225 Aesiocrinus 188, 191, 

Osagian  Stage 142 ,146 193 

N Otterville,  Okla. 146 pavcus. 
Otterville Formation Lecobasicrinus 191 , 197 

Namurian 157, 158, (Limestone) 146, 148, pecki, Isoallagecrinus 218 
228 151 , 156 1,224 Pelecocrinus 201 
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Pella  beds 156 
penicillus, 

Platycrinites     219 
Pentadelocrinus 188 
pentalobus, 

Dichocrinus 222 
Pentaramicrinus 218 
Pentremites 141, 142, 

146 
peramplus, 

Neozeacrinus 144 
Perimestocrinus    160, 203, 

209 
periodus, Ethelocrinus 172, 173 
Permian  {PO   , 142,161 

163, 165, 180, 185, 186, 195, 
203, 209, 217, 218, 219, 222, 232 

permicus Platycrinites 219 
Permo-Carboniferous 165 
perundatus, 

Plaxocrinus 159,208, 
209, 215 

Petschoracrinus 185, 186 
Phaneroceras 153 
Phanocrinus       146,216 
Phialocrinus    163,188, 

195 
pictus, Delocrinus   160 
Filton bed   202 
Pimlicocrinus 156 
Pimlicocrinus sp. 156 
Pirasocrinus 150, 159, 

160, 203, 204, 205, 206, 208, 
211,214 

pirum, Acrocrinus 145, 220, 
221 

pirum,  Globacrocrinus    220,221 
Pitkin Formation 187, 198, 

202 
pitkini,  Cymbiocrinus 194 
planulatus. 

Schistocrinus 159, 210, 
211 ,215 

planulatus. 
Sciadiocrinus 159, 211, 

213 ,215 
planus, Cricocrinus 181 
planus. 

?Paradelocrinus 181 
planus, 

Perimestocrinus 209 
planus. 

Stenopecrinus 209 
plattsburgensis. 

Ethelocrinus 163 
plattsburgensis. 

Parulocrinus 163 
plattsburgensis. 

Parethelocrinus 49 160, 163, 
172, ,259 

platybasis, 
Eupachycrinus 211 

platybasis, 
Sciadiocrinus 211 

Platycrinites 141, 159, 
190, 218, 219, 220, 221, 232, 233 

Platycrinites  sp  232 
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TRACE FOSSILS OF THE CINCINNATI AREA 

RICHARD G. OSGOOD, JR. 

College of Wooster, Wooster, Ohio 

ABSTRACT 
AH previously described "fucoids" (fossil seaweeds) from the 

North American standard section for the Upper Ordovician are dis- 
cussed and evaluated. A restudy of type materials reveals that ap- 
proximately one-fourth of these are inorganic sedimentary markings, 
while the remainder are trace fossils (tracks, trails, burrows). Ex- 
tensive treatment is given to the early history of trace fossil studies, 
generic and suprageneric classification, and preservation of trace 
fossils. Thirty genera and 44 species of Cincinnatian traces are 
illustrated and interpreted. These are grouped in the five categories 
proposed by Seilacher (1953b). New genera proposed include Altoco- 
tichnus, the trail of a large arthropod; Fascifodina, a bundled feed- 
ing burrow; and Tylic/inus, a trail of unknown origin. In addition, 
a new species of the trilobite burrow Rusophycus is established under 
the name R. crypiolithi. It represents the first known burrow of a 
trinucleid. A comparison of the entire Cincinnatian trace fossil com- 
munity with assemblages from different ages and locations reveals a 
correlation between the types of trace fossils and the general en\'iron- 
mental setting. 
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INTRODUCTION 
This study has a two-fold purpose; first to discuss all 

of the "fucoids," or supposed marine algae, reputed to be 
present in the rocks of the Cincinnatian Series in the vicinity 
of Cincinnati, Ohio. Aside from being noted for its excellent, 
well-preserved invertebrate fossils, the Cincinnatian con- 
tains an abundance of these problematics. Since 1873 some 
37 species have been recognized. Most were described by 
three local amateur paleontologists, Uriah P. James, Samuel 
A. Miller, and Charles B. Dyer, over a period extending 
from 1874-1885. A restudy of these forms was undertaken 
by still another amateur, Joseph F. James (1884, 1885, 
1886); however, he lacked the type specimens and was 
forced to work almost entirely from the literature and his 
own observations. Nevertheless, many of his interpretations 
appear to have been correct. Fortunately most of the type 
specimens have been located and were made available for 
the present study. With a few exceptions Miller and Dyer's 
(1878) and Miller's (1880) types were found in the Dyer 
collection at the Museum of Comparative Zoology and the 
Botanical Museum of Harvard University. Types of some 
forms described by J. F. James, as well as topotype ma- 
terial of U. P. James, were located in the University of 
Cincinnati collections. The bulk of the James collection 
is the property of the Field Museum of Natural History, 
Chicago, Illinois, but a search of the collection failed to re- 
veal any type material. In addition, the type specimens of 
several species, originally described by James Hall (1847, 
1852), from the Lower Paleozoic strata of New York State, 
and reported by local authors to be present in the Cincin- 
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natian, were obtained from the New York State Museum 
and the United States National Museum. None of these 
"fucoids" is now believed to be marine algae. Most of them 
are trace fossils and the remainder are of physical origin. 

The second and most important part of this study deals 
with the description, illustration, and interpretation of 
Cincinnatian trace fossils. This includes all named forms, as 
well as previously undescribed material. 

Trace fossils include fossil tracks, trails, coprolites, and 
burrows as opposed to body fossils which are the actual re- 
mains, casts, or molds of organisms. Admittedly there is no 
rigid separation of tracks and molds, hence tracks are one 
aspect of body fossils. A trace fossil may be formally de- 
fined as: evidence of the activity of an organism in or on 
the sediment, produced by some voluntary action of that 
organism. The term trace fossil was proposed by Simpson 
(1957) and is synonymous, at least in part, with "hiero- 
glyph" (Fuchs, 1895), Lebensspur (Abel, 1912), trace 
d'activite (Lessertisseur, 1955), vestigiofossi! (Moore, 
1936), Bioglyph (Vassoevich, 1952), Ichnofossil (German- 
Spurenjossil-SieWdichtT, 1953b), and Problematica (Caster, 
1938, 1957, and others). The study of such structures may 
be referred to as ichnology (Buckiand, r. 1830), which is 
subdivided into palichnology, the study of fossil traces and 
neoichnology, the study of Recent forms. Other terms will 
be defined as they are encountered in the text. 

The material used in this study consists of the type 
specimens (when obtainable) of all named forms, supple- 
mented by additional material from the Dyer collection, 
the collections of the University of Cincinnati and Miami 
University, as well as specimens collected by the author. 
Unfortunately, precise locality data for many specimens are 
lacking, and in most instances it was not possible to recol- 
lect from the type localities. The following abbreviations for 
repositories are used herein: 

American   Museum  of  Natural   History 
New  York,  New  York       AMNH 

Harvard   University  Botanical   Museum 
Cambridge,  Massachusetts   HBM 

Museum of Comparative Zoology 
Harvard   University     MCZ 

Miami   University 
Oxford,   Ohio     MU 

Hunterian Museum 
Glasgow,   Scotland      HM 

University of Cincinnati  Museum 
Cincinnati,   Ohio   UCM 

Field  Museum  of  Natural   History 
Chicago,  Illinois     UC 

New York  State  Museum 
Albany,  New  York    NYSM 

United  States  National  Museum 
Washington,   D.  C  USNM 

The body of the paper contains a lengthy introductory 
section, giving the history of the development of inverte- 
brate palichnology, the nature of the preservation of trace 
fossils, and the generic and suprageneric classification of 
trace fossils. This extended treatment is justified, because 
much of this material has never been synthesized, and 
several of the more important works are in foreign languages, 
chiefly German. The generic descriptions of trace fossils 
(and other forms) have been arranged by employing a 
combination of the ecological classification proposed by 
Seilacher (1953a) (topic IIIB herein) and the format used 
by Hiintzschel (1962) in the Treatise on Invertebrate 
Paleontology, Part W. The trace fossils are separated into 
Seilacher's five groups: Cubichnia (traces of repose), 
Domichnia (dwelling traces), Fodinichnia (feeding traces), 
Pascichnia (grazing traces), and Repichnia (crawling or 
walking traces). It has also been necessary to consider other 
kinds of "fucoids." Some of these are of physical origin; 
some are body fossils originally described as land plants. 
Unfortunately, there must also be a section on Incertae sedis 
and unrecognizable genera. The final topic is devoted to a 
comparison of the entire spectrum of Cincinnatian trace fos- 
sils with suites from different ages in different parts of the 
world. Throughout this survey there are abundant sug- 
gestions for additional studies which are necessary before 
many of these forms are clearly understood. 

Because of the large number of forms discussed (some 
59 species), the coverage is uneven and admittedly super- 
ficial in spots. This applies especially to the larger "genera,"' 
such as Rusophycus, Chondrites, and Paleodictyon. Like- 
wise, synonymies for these larger genera are not complete. 
Only those forms are included which have been studied or 
of which the descriptions and figures are sufficiently clear 
and accurate to permit a meaningful diagnosis. The reader 
is referred to Hiintzschel (1962, 1965) for extensive 
synonymies and a comprehensive bibliography. Because ail 
synonymies are largely subjective, the only ones the author 
can vouch for are his own. 

DIFFICULTY AND VALUE OF TRACE FOSSIL STUDIES 

Only recently have trace fossils been recognized as use- 
ful tools in the paleoecological analysis of sediments. In 
large part this has been due to the work of Rudolf Richter, 
Hantzschel, Seilacher, Schiifer, and the other German 
workers  at   Senckenberg  am  Meer.   Because  the  value  of 

' There is some question as to whether trace fossil names constitute 
valid zoological taxa. However, throughout this work the taxa are 
treated as if they were valid, and the rules of zoological nomen- 
clature {I'.i/. rule of priority) arc applied. A further discussion of 
this  jirolilem  is gi\"en  in topic III. 
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trace fossil studies has been discussed at some length in 
English by Seilacher (1964), it needs only to be dealt with 
briefly. 

As Seilacher (1964a) pointed out, trace fossils have 
certain advantages over body fossils. First, they are virtually 
always biocoenosic, i.e.. they occur "in place," while body 
fossils are most often thanatocoenosic. Second, trace fossils 
are most frequently encountered in rock types (silts and 
sands), where body fossils are not overly common and 
often are poorly preserved. Third, whereas diagenesis tends 
to destroy the detailed structure of body fossils, it appears 
to enhance the visibility of trace fossils. Processes such as 
pyritization and minor additions of iron oxides tend to 
make many trace fossil structures (e.g., U-tubes) stand out 
more clearly than their Recent counterparts. 

It has been successfully demonstrated that trace fossils 
can add to our knowledge in diverse ways. Broadly speak- 
ing, the formation gained can be subdivided into two cate- 
gories: A) Biological-morpho\ogy and ethology of the pro- 
ducer and B) Physical e.g.-water depth, amount of oxygen, 
facies analysis. 

A) Biological—Trace fossils are the sole evidence of 
numerous soft-bodied organisms. While in most cases they 
provide little insight into the detailed morphology of the 
producer, some imprints (e.g., Walcottia rugosa Miller, PI. 
69, fig. 5) are sufficiently clear to permit diagnosis. Arthro- 
pod tracks are particularly valuable in revealing the nature 
of the seldom preserved distal portions of the walking legs. 
For example, the tracks of Asaphoidichnus trificlum Miller 
(PI. 71, fig. 6) indicate that the originator, which most 
probably was Isotelus, possessed trifid dactyls. Similar 
examples are given by Seilacher (1962b). 

The only direct evidence of the behavioral patterns 
(i.e., ethology) of fossil life is furnished by traces. Seilacher 
(1955), through a study of trilobite morphology and the 
configuration of the trails, was able to hypothesize on the 
mechanics of movement in this extinct group. Caster (1938) 
did the same for fossil xiphosurans, with the advantage of 
being able to observe the locomotion of the existing Limulus. 
Unfortunately, in most instances it is impossible to deter- 
mine the origin of even the well-documented patterns (e.g., 
Phycodes Reinhard Richter, Helminthoida Schafhiiutl). 

It is fundamentally important to separate trace fossils 
of invertebrate origin from vertebrate tracks and from im- 
prints of true marine algae (fucoids .f. s.). Prior to the work 
of Nathorst (1881), the great mass of "fucoids" gave an 
erroneous impression of early plant evolution. Such false 
evidence has not been restricted to the vegetable realm. 
Willard (1935) established the "Order Icthyopoda" for a 
supposedly primitive group of Devonian amphibians, based 

solely on the tracks of his lone genus Paramphibius. Through 
neoichnological studies Caster (1938) showed that Param- 
phibius represents the trails of a xiphosuran similar to the 
Recent Limulus. In a more positive vein Seilacher ( 1956) 
employed trace fossils to support an argument for ac- 
celerated evolution at the beginning of Cambrian time. He 
found that the small number of Precambrian traces were 
of relatively simple morphology, whereas the numerous 
Cambrian forms were much more complex. 

B) Physical—It is generally acknowledged that the 
greatest potential value of fossil traces lies in their contribu- 
tion to paleoecology. They have been used as indices of 
various physical factors. Trace fossils can document the 
rate of sedimentation and the presence of subaqueous ero- 
sion in a way that most body fossils can not. R. Goldring 
(1962) demonstrated that rapid sedimentation in the 
Devonian Baggy Beds of Great Britain forced a U-tube 
dweller {Diplocraterion yoyo) to elevate the level of its 
burrow. In contrast, truncated burrows (see Lockeia and 
Corophioides herein) are proof of subaqueous erosion. The 
presence of trace fossils indicates a nontoxic, oxygenated en- 
vironment. Thus Rudolf Richter (1931), through the dis- 
covery of burrows (mainly Chondrites) in some beds of 
the Devonian Hunsriick Shale of the Rhineland, demon- 
strated the presence of oxygen in one of the classic black 
shale sequences. Seilacher (1964b) believed that certain 
traces can be used as depth indicators. Although his argu- 
ments are convincing, the hypothesis requires confirmation 
by studies on  Recent organisms. 

Trace fossils have been utilized in facies analyses. 
Seilacher (196)4b) reported that the Carboniferous cyclo- 
thems of the Ruhr Basin can be further subdivided on the 
basis of traces. Weimer and Hoyt (1964) plotted Pleistocene 
shorelines in Georgia using the burrows of the arthropod 
Callianassa; and Caster (1938), using Paramphibius. 
demonstrated a marine influence in the Devonian of the 
Penn-York embayment in horizons where before only ter- 
restrial conditions had been postulated. 

In spite of the knowledge that can be gained from the 
investigation of fossil traces, several difficulties are en- 
countered in the course of such studies. Perhaps the greatest 
problem is the inability at the present time to apply fully 
the concept of Uniformitarianism to trace fossils. This is 
due solely to our vast lack of knowledge on the traces of 
Recent organisms. The sedimentologist is more interested 
in the physical characters of the sediment and tends to ig- 
nore the organisms, while the ecologist or zoologist ignores 
the sediment and concentrates on the organism. The study 
of traces lies midway between these two fields; and the 
prospective worker must  be well  versed  In  sedinientology, 
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paleontology, zoology, and ecology. Also, the trace fossil 
nomenclature has been, and still remains, in a state of con- 
fusion; only recently Hantzschel (1962, 1965) attempted to 
clarify the situation at the generic level. However, re- 
studies of specimens, as well as the literature, are required 
before Hiintzschel's work can be tested in full. In addition 
to the lack of a stable classification, the absence of an 
established descriptive terminology has led to many con- 
flicting terms. It is hopeful to note that recent reattention 
to traces has partly alleviated some of these problems. 

STRATIGRAPHY OF THE CINCINN.^TION SECTION 

The strata of the North American standard section for 
the Upper Ordovician crop out on the axis and along the 
flanks of the Cincinnati Arch in Ohio, Indiana, and Ken- 
tucky. Basically, the section is composed of a more or less 
monotonous interstratification of lutites, calcisiltites, and 
calcarenites, whose aggregate thickness is some 270 meters.- 
The individual beds are thin (1 cm-2 meters), and the con- 
tacts between various Hthologies are normally sharp. Most 
of the beds pinch and swell, and only rarely can they be 
traced for more than a few hundred meters. 

The blue-gray Cincinnatian lutites ("shales") lack 
prominent fissility and probably are better termed mud- 
stones. According to Scotford (1965, p. 219), "the mean 
size distribution is clay 38 per cent, silt 59 per cent and sand 
3 per cent. The mean mineral composition is quartz 24 per 
cent, calcite 6 per cent, dolomite 9 per cent, illite 47 per 
cent, mixed-layer illite 4.4 per cent, chlorite 7.7 per cent 
[and] mixed-layer chlorite 2 per cent." Trace amounts of 
feldspar, kaolinite, and pyrite are also present. Scotford 
(1965, p. 219) also pointed out that the lutites ". . . show 
a persistent vertical and lateral textural, mineralogical, and 
chemical uniformity." However, his conclusions were based 
on a relatively small number of samples. Neither body fos- 
sils nor trace fossils are common in the lutites, although 
brachiopods, trilobites, trilobite tracks, and irregular struc- 
tureless burrows are sometimes encountered. 

The calcisiltites ("siltstones") are normally thin (1-10 
cm) and frequently exhibit cross-lamination. They are 
primarily composed of fine-grained fossil fragments, al- 
though according to Weiss and Norman (1960) the in- 
soluble residue content may be as high as SO per cent. The 
calcisiltites are well sorted and individual laminae stand 
out in polished sections. Although well-preserved body fos- 

r- 

1^1 

-As used herein lutite refers to rocks having grains less than 1/256 
mm in diameter, siltitcs to rocks having grains whose diameter is 
between 1/256-1/16 mm, and arenites to rocks the grains of which 
have a  diameter in excess of 1/16 mm. 

sils are not common, trace fossils and inorganic sole mark- 
mgs are abundant. 

Cincinnatian calcarenites ("limestones") are composed 
dominantly of whole fossils or fossil fragments. According 
to Weiss and Norman (1960) they make up some 70 perjj 
cent of the volume of the rock. The fine-grained calcare-Hl 
nites may show cross-laminations; sortmg is good. As with 
the calcisiltites, trace fossils are common, and the upper sur- 
face may show oscillation or interference ripple marks. Thej 
coarse-grained calcarenites, commonly used for buildingj 
stone, are composed almost entirely of fossils and fossil frag-i 
ments. Sorting and stratification generally are poor, al- 
though shells may exhibit a parallel arrangement. Many of 
these beds are marked by large pararipples ( Bucher, 1919). 
Owing to the grain size, any trace fossils found lack detail 
and are difficult to diagnose. Weiss and Norman (1960) 
studied the Cincinnatian calcisiltites and calcarenites in 
some detail, and Scotford analyzed the mineralogical com- 
position of Cincinnatian lutites. Recently Weiss, et al. 
(1965) gave an excellent analysis of the lithology of the 
Eden rocks. The reader is referred to the above works for 
more detailed lithologic descriptions. 

Most of the original work on Cincinnatian stratigraphy 
was done by Orton (1873), Nickles (1902, 1903), Foerste 
(1903), and Cumings (1908). Because of the apparent dif- 
ficulties involved in delimiting homogeneous lithologic units, 
most boundaries were drawn primarily on the basis of fos- 
sils. According to the North American Code of Stratigraphic 
Nomenclature (1961), such designations do not constitute 
valid rock-stratigraphic units. For this reason several in- 
dividual workers, as well as the federal and state geological 
surveys, are currently in the process of re-evaluating the 
Cincinnation section. 

Weiss and Sweet (1964) proposed the name Kope 
Formation for rocks formerly included in the Eden or 
Latonia "Group" (from Kope Hollow, Levanna, Brown 
County, Ohio). According to Ford (1967) and Dr. Hof- 
mann of Cincinnati (1964, personal communication), the 
name Kope can be applied to Eden rocks in the Cincinnati 
area. However, the upper 2.5 meters of the traditional 
Eden "Formation," as seen at the reference section on 
Clifton Avenue in Cincinnati, are now included in the re- 
defined Fairview Formation. Neither Ford nor Hofmann 
recognized the traditional members of the Eden and Mays- 
ville "groups" as being valid rock-stratigraphic units. Like- 
wise, Weiss, et al. (1965) rejected the "members" of the 
Eden. 

The Richmond "Group" of southeastern Indiana was 
restudied by Fox (1962). Employing mainly lithologic cri- 
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Text-figure 1. — Columnar section of the 
Upper Ordovician strata exposed near Cin- 
rinnati, Ohio. This section portrays the "tra- 
ditional" nomenclature applied in the Cin- 
cinnati area. It is acknowledged that the 
members are not recognized as valid litho- 
stratigraphic by the most recent North 
American Code of Stratigraphic Nomencla- 
ture. (From Caster, Dalve, and Pope, 1955, 
fig.  3.) 
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teria, he established the Tanner's Creek Formation to em- 
brace the Arnheim "Formation" of Foerste (1903) and the 
Waynesville and Liberty "Formations" of Nickles (1903). 
He did not accept the traditional members of the three 
fomations as rock-stratigraphic units. 

While recognizing its contemporary inadequacies, the 
author has chosen to employ the traditional section as given 
by Caster, Dalve, and Pope (1955), (see Text-fig. 1). This 
course was followed for two reasons. First, many of the 
specimens included in this study bear labels of the tradi- 
tional formations and members, and it would be both awk- 
ward and confusing to fit them into the new terminology 
at this time. Second, and more important, the nomenclature 
of the Cincinnatian is currently in a state of flux. Until the 
works of the various survey groups have been published 
and evaluated it would be premature to employ their 
terminology. Nevertheless, it is acknowledged that the rock- 
stratigraphic units used herein are not valid according to 
the most recent Stratigraphic Code. 

I. HISTORY OF INVERTEBRATE PALICHNOLOGY 

Fhe history of invertebrate palichnology has never 
been adequately covered. This is especially true of the con- 
troversy which raged during the 1880's over the nature of 
"fucoids." No attempt will be made to present a complete 
survey, as this would require a volume in itself. 

For convenience this account is divided into three 
parts. It is acknowledged that the divisional boundaries 
are somewhat arbitrary, because it is difficult to subdivide 
the continuium of history into artifactual bundles. The first 
period extends from 1828 to 1881 and covers the "Age of 
Fucoids;" it was during this period that dozens of genera 
and hundreds of species of fossils, supposedly marine algae 
("fucoids"), were described. The second period, the "Period 
of Reaction," extends from 1881 to the 1920's; 1881 was the 
year of the classic work of Alfred Nathorst, who was the 
first to question the "fucoid" myth. Although establishment 
of "fucoid" genera and species continued at a rapid rate, 
this 40-year interval marks the time when several authors 
of varying backgrounds began to question the algal nature 
of these forms. The 1920's saw the birth of invertebrate 
palichnology. It was during this decade that Rudolf Richter 
initiated his important studies at Senckenberg am Meer. 
This final period, spanning the last 45 years, is entitled 
"The Development of the Ethological and Paleoecological 
Approaches." 

A)  THE AGE OF "FUCOIDS" 

Perhaps as Maillard (1887) said, the "Age of Fucoids" 
began in 1828 when Brongniart erected the genus Fucoides 

and placed it within the algae. As the years passed, this 
genus became the receptacle for many species until it 
rivaled "Orthoceras" in its nomenclatoral complexity. Cer- 
tainly one of the highpoints of the period was the work of 
James Hall on the Paleozoic section of New York State. He 
proposed several new genera (e.g., Palaeophycus, Rusophy- 
cus) which later authors (e.g., Billings, Miller) extended to 
other parts of North America. However, it was in Europe 
where most of the work was done by Schimper, Hear, 
Saporta, and Delgado. The results of these 50 years of labor 
can best be seen in Schimper in Zittel (1889), where the 
"Algae Incertae sedis" cover 25 pages and are subdivided 
into 16 groups. The brief discussions of the different genera 
are accompanied by elaborate reconstructions which il- 
lustrate the supposed resemblance to modern seaweeds. It 
should be pointed out that there were some contemporary 
authors who attacked the overzealous taxonomy of the 
"paleobotanists." For example, Dawson (1865) correctly 
exposed Rusophycus, one of the most sacred of all "fucoids," 
as a product of the burrowing activity of trilobites; however, 
his work was largely ignored until years later. 

Several factors seem to have contributed to the pro- 
liferation of "fucoids" in the latter part of the 19th Century, 
but none more than the spirit of the times which was over- 
whelmingly descriptive. The broad outlines of the taxonomy 
of hard-part fossils (moUusks, brachiopods, trilobites) 
were already described, and the problematic fringe still re- 
mained for naming. Both professionals and publishing 
amateurs (especially of the "Cincinnati school") zealously 
engaged m wholesale description of these supposed seaweed 
traces. The orientation of most fossil-students (mainly 
geologists) was nonbiologic (even largely nonevolutionary, 
e.g., James Hall, Joaquim Barrande, and Louis Agassiz) and 
nonecologic. Paleontology was a study of thanatocoenoses, 
and paleobiology was yet a generation in the future. More- 
over, sedimentology and allied aspects of stratigraphic 
geology were in their infancy. Thus many purely physical 
phenomena of sedimentary rocks (e.g., rill marks, ripple 
marks, as well as dendrites), which create "pseudofossils," 
were misinterpreted, and the most obvious interpretation 
became first choice—with a binomial name to tie it down! 
In the later phase of the "fucoid" period, the impact of 
Darwin's evolutionary works may have served as a stimu- 
lus; some of the "fucoids" seemed to be links in the evolu- 
tionary chain. By the 1880's there was a great body of 
"fucoid" species arranged with varying confidence into 
higher taxa. Only today are we beginning to emerge from the 
nomenclatoral snarl which resulted from this misdirected 
energy. 

However, not all forms, which are recognized today as 

I 
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trace fossils, were once described as "fucoids." One of the 
most enigmatic of all trace fossils, Climactichnites, from the 
Upper Cambrian Potsdam Sandstone of New York State 
and Quebec, was described by Logan in 1860 and recognized 
as non-aigai. Likewise, Owen established Protichfiites in 
1852 for trilobite tracks occurring in the Potsdam. Other 
works, such as Miller's ( 1880) study on "Silurian Ichnolites" 
of the Cincinnatian, can be mentioned as examples of early 
trace fossil studies, but these works were in the minority. 

B)  THE PERIOD OF REACTION 

The first comprehensive attack against "fucoids," and 
in the final analysis the most devastating, was delivered 
by the Swedish paleobotanist, A. G. Nathorst, in 1881. His 
long article, published first in Swedish and then somewhat 
abridged and translated into French, was accompanied by 
several plates based on neoichnological studies on the coast 
of Sweden. He made plaster-of-Paris molds of Recent traces 
which were illustrated in the plates and by line drawings. 
Therefrom he proceeded systematically to demolish many 
"fucoids." 

Nathorst pointed out that "fucoids" almost always are 
found on the surface of beds, usually on the under surface 
of a layer, but never in their interior, where genuine plant 
remains commonly occur. Certainly for the kinds of 
"fucoids" with which Nathorst was concerned this observa- 
tion was valid. He also found it puzzling that "fucoids," in 
contrast to genuine plant fossils, never show carbonaceous 
or other normal organic substances. 

Two of the most famous and controversial "fucoids" 
are the traces known as Cruziana (Seilacher, 1959, fig. 5D) 
and Rusophycus (PI. 58). Nathorst chose them as a special 
focus of his reanalysis. He noted that both forms occur as 
casts on the under surface of a stratum or as depressions 
originally made in the subjacent bed. These original depres- 
sions may be several centimeters deep, and he questioned 
the mechanism by which such a small object sinking to the 
bottom could impress itself so deeply in the underlying mud. 
He said (1881, p. 62) that this ". . . would necessitate a 
weight and consistency . . . which is found in no present-day 
plants." Nathorst also mentioned that Cruziana is never 
composed of a substance which differs from the host rock. 
Likewise, when two cruziamds come m contact, one eradi- 
cates the other. If they represented branches of plants, this 
certainly would not be the case. 

Following Nathorst's challenge there shortly appeared 
several attempts at rebuttal, especially centering on the 
proper assignments of Cruziana. Lebesconte (188.^) in an 
appendix to Oeuvres Pasthumes de Marie Rouault at- 
tempted  to re-establish  Cruziana as  an  alga.   I he  Marquis 

de Saporta (1884) presented a 100-page attempt at free- 
wheeling rebuttal in his monograph "Les Organismes Prob- 
Icmatiques des Anciennes Mers." Lebesconte (1886) re- 
newed his argument, and in the same year Delgado, work- 
ing with the beautifully preserved cruzianids of the Silurian 
of Portugal, argued for the plant nature of Cruziana. In 
1886 Nathorst answered all three authors in a monograph 
in which he described how he was able to reproduce many 
of the "fucoids" by mechanical means. In 1886 and 1887 
Saporta published two long articles, mostly concerned with 
Cruziana and conceding nothing. Thus the years 1881-1887 
marked the period of the great controversy. 

Because most of the arguments employed by the 
"algal" proponents (Saporta, Lebesconte, Delgado) are the 
same, little would be gained by discussing each of the papers 
in turn; rather the major points of the controversy are 
synthesized below. While this is concerned mainly with 
Cruziana, many of the arguments hold for other "fucoids." 

1 ) Nathorst ( 1881 ) claimed that "fucoids" were almost 
invariably preserved only on the soles of beds. Lebesconte 
(188.S, 1886) remarked that he possessed specimens which 
gave the appearance of arching up into the host rock. 
Nathorst replied that such examples could be produced by 
trilobites burrowing along the sand-mud interface. Likewise, 
a false impression of postdepositional origin could be given 
by a trilobite which changed from crawling to swimming. 

2) Saporta (1881, 1882, 1884) recognized that most 
"fucoids" are preserved as casts on the bottom surface of 
sandstones or siltstones which overlie shales. To explain this 
unusual mode of preservation, he postulated a special pro- 
cess of fossilization entitled "fossilization in demirelicf." In 
cssense, Saporta's theory holds that a plant falls to the bot- 
tom and when covered by overlying sand is driven down 
into the mud. Decay is initiated on the upper surface of the 
plant and proceeds downward with the sand filling in be- 
hind it. The final portion to decompose is that in contact 
with the mud; thus only the lower surface of the plant is 
faithfully preserved. 

Nathorst (1886) attacked this hypothesis on several 
fronts. Why, he reasoned, should decomposition always be- 
gin on the upper surface and proceed downward.'' It is not 
more natural to assume that those organs most sensitive to 
decay and most accessible to bacteria would be the first to 
undergo putrifaction.? As mentioned above, he also ques- 
tioned the source of the great amount of pressure required to 
force the object in some cases several centimeters into the 
underlying mud. Because Cruziana is always convex down- 
ward, there must have been a pressure differential. Why 
was the greatest amount of pressure always exerted on the 
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central portion? A highly damaging point of Nathorst's 
argument is that if this process works for supposedly soft- 
bodied plants, why does it not operate for the preservation 
of soft-bodied animals as well? Why are not similarly orig- 
inating casts of hoiothuroids and worms found in the geo- 
logic record? Nathorst rejected Saporta's explanation of the 
process of fossilization of "fucoids" and maintained that 
^^jossilization in demi-relief occurred only on rare occasions. 

3) Just as Lebesconte claimed to have forms which were 
found within the interior of the host rock, Saporta asserted 
that he possessed specimens which occurred on the upper 
surface as well as on the lower. Nathorst (1886) referred 
to these as "false cruzianids" and explained them as bur- 
rows which were formed slightly below the surface and 
caused a bulging up of the overlying send. 

4) The presence or absence of organic matter in 
"fucoids" was long a subject of dispute. Although this argu- 
ment was more critical in other genera {e.g., Chondrites), 
it also found its way into the Rusophycus controversy. 
Whereas Nathorst (1881) maintained that Rusophycus and 
Cruziana contain not the slightest vestige of organic struc- 
tures or organic material, both Saporta (1884) and Lebes- 
conte (1883, 1886) believed that the subparalle] striae on 
the lobes of Cruziana represented a network of fibrous ma- 
terial of plant origin. Moreover, Lebesconte (1886) claimed 
to have seen a meshwork of unknown composition and 
origin lying below the striae. This so impressed him that he 
altered his opinion and considered Rusophycus and Cruziana 
to be sponges rather than plants. Nathorst rejected Lebes- 
conte's network and declared that it represented the sagging 
of the bedding within the Cruziana cast (see Nathorst, 
1886, fig. 23). 

5) Lebesconte (1883) stated that some bilobed traces 
gradually converted into unilobed forms. Nathorst (1886, 
fig. 12) explained that this could be due to a simple lateral 
tilting of the trilobite's body. 

6) Not infrequently cruzianids appear to branch. 
Whereas the algal adherents believed this to be a case of 
simple vegetable branching, Nathorst maintained that it 
was truncation. A study of Delgado's (1910) illustrations 
of the Portuguese cruzianids confirms Nathorst's explana- 
tion. 

7) Many of Nathorst's cruzianid examples were from 
the Cambrian beds of Lugnas, Sweden. Here cruzianids are 
found throughout the section, while trilobites occur only in 
the upper part. Lebesconte (1886) was quick to point this 
out, although Nathorst had offered an explanation in 1881, 
remarking that trilobites were active throughout the entire 
section  but  did   not   possess  hard   exoskeletons  until   they 

actually appear preserved as fossils. Delgado (1886) went 
one step farther and argued that trilobites were never found 
m the beds containing Cruziana but, instead, were found 
in the immediate adjacent beds. Nathorst (1886) replied 
that the lithology of the Cruziana beds did not provide 
optimum conditions for trilobite preservation. More recent 
work certainly upholds Nathorst's view; one of the main 
values of trace fossils is that they commonly occur where 
body fossils do not. 

8) Saporta (1884) argued that Cruziana is frequently 
preserved as short, disconnected fragments which appear to 
represent parts of plants broken up and scattered about by 
storms. Nathorst (1886) explained that such forms were 
created by trilobites which settled down, crawled along the 
bottom for a short distance, and then proceeded to swim, 
thus losing contact with the substrate. 

9) A common "argument" offered by many "fucoid" 
workers expresses their skepticism as to how such surface 
traces could possibly have been preserved. This was one of 
the major reasons for their reluctance even to consider an 
animal origin for the many "fucoids." The problem is still 
with us and is considered at greater length below. 

Nathorst was fighting the entire corps of "fucoid" 
adherents pretty much alone. The arguments became ex- 
tremely heated, and at one point Albert Gaudry (1883) 
in essence accused Nathorst of not believmg m Darwinian 
evolution, as the latter was unwilling to accept "fucoids" 
as the documentation of algal life which assuredly must have 
been present from very early times. 

In answering Gaudry, Nathorst (1883) delivered a 
stinging reply to Saporta (1882), who had accused Nathorst 
of discarding all of the forms placed by Schimper (1879) in 
the algae. Nathorst retorted that he too was a strong ad- 
herent of the Darwinian theory and believed that there 
were definite examples of true marine algae in the fossil 
record. He was attacking only those forms placed by 
Schimper (1879) in the "Algae Incertae sedis." He could 
not understand why Saporta did not realize this, and he 
mused, "On pourrait presque croire que c'est seulement par 
suite de son ignorance de la langue suedoise" (Nathorst, 
1883, p. 453). 

Despite these concentrated attacks, other workers be- 
gan  to accept Nathorst's  arguments.'' J.  F. James   (1884, 

'Later work on Rusophycus and Cruziana have vindicated Nathorst's 
views on these two forms. Numerous examples (many from the Cin- 
cinnation) show the impressions of the genal spines and pleurae. In 
Cincinnati alone three specimens are known which show the trilohite 
in place, thus "caught in the act" of forming the Rusophycus burrow. 
These discoveries, now not uncommon from many ages and areas, 
are "proof positive" of the animal origin of this long-debated trace 
fossil. 
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1885), working independently and in ignorance of Nathorst 
and certainly much less ambitiously, used many of the same 
criteria as Nathorst had to criticize Miller and Dyer's 
(1878) Cincinnatian "fucoids." As Hantzschel (1962) re- 
marked, James' work has long been ignored by more recent 
authors on the subject. Likewise, Maillard in 1887 agreed 
with Nathorst's conclusions on the majority of "fucoids" 
but still considered the chondritids to be "true fucoids." In 
1895 Fuchs published a lengthy treatment of "fucoids 
which is second in importance only to Nathorst's works of 
this period. This was the first major paper in German at- 
tackmg "fucoids." Fuch's covered several genera and largely 
echoed Nathorst's beliefs. 

By 19(X) the arguments died down, and most "fucoids" 
were generally accepted as being inorganic or traces of ani- 
mal activity. Understandably few new forms were named 
during the next two or three decades, and the general disil- 
lusionment with respect to "fucoids" militated against their 
study or discussion. 

C)   THE   DEVELOPMENT   OF   THE   ETHOLOGIC.A.L   AND 
PALEOECOLOGICAL APPROACHES 

By 1900 the "fucoid" ranks had been badly depleted, 
and most of the organic forms were recognized as trace 
fossils. However, the realization that they might be useful, 
meaningful fossils was slow to gain acceptance; no doubt 
the nomenclatoral problems discouraged many. Moreover, 
paleontology was still in the descriptive stage and these 
"works" of organisms lent themselves less conveniently to 
morphology-based analysis. Nathorst had stressed the Uni- 
formitarian principles in his 1881 paper. He demonstrated 
that Recent traces, both physical and organic, are the key 
to most "fucoid" forms; but it was not until the 1920's 
that Rudolf Richter broadened and refined Nathorst's tech- 
niques. Actually Nathorst's objective was not so much the 
interpretation of fossil forms in the light of present pheno- 
mena as an endeavor to prove the nonalgal nature of 
"fucoids." Thus there was a slightly greater "destructive"' 
element in his studies than a "constructive" one. In 1925 
Richter and his associates established the Forschungsanstalt 
fiir Meeresgeologie unci Meerespalaontologie der Sencken- 
bergischen Naturjorschenden Geselbchaft zu Frankfurt am 
Main, better known as Senckenberg am Meer. The purpose 
was to exploit the vast Wattenmeer mudflats of the North 
Sea for what they might teach with respect to geologic 
phenomena. This was the first careful systematic study of 
Recent ecology, with the principal emphasis on invertebrate 
traces. Much of Richter's work is contained in three articles 
which were issued in sections over a period of years: Flach- 
seebeobachtungen  zur  Paldontologie  und  Geologie   (1922- 

1926), Marken und Sfurcn aus alien 7,eiten (1937-1939), 
and Marken und Spvren ini Hunsriickschiefer (1931- 
1941). The last stands as the single most important contri- 
bution of trace fossil study to the general field of paleoecol- 
ogy. The black Lower Devonian Hunsriick Shale of the 
Rhineland has long been noted for its beautifully preserved 
echinoderms and other organisms of great delicacy. It had 
long been assumed that the Hunsriick represented a classic 
euxinic environment and that all the fossils had been washed 
in. The bottom of the Hunsriick basin itself was thought to 
have been barren of life. Through careful studies, Richter 
(1931, 1935, 1936, 1941) was able to show a well-developed 
suite of trace fossils. The most significant form was Chond- 
rites, whose branching pattern extended down several centi- 
meters into the substrate. This genus had survived longer 
than any other "fucoid." Richter (1927) was able to demon- 
strate that it is the mining record of a feeding animal, and, 
as Simpson (1957) said, its correct interpretation was the 
final death knell of the "fucoids." The discovery of Chond- 
rites and other trace fossils in the Hunsruck proved the 
presence of an amount of oxygen sufficient to sustain life 
at the depositional interface, and Richter was able to show 
that reduction took place a few centimeters below the sur- 
face. This of course means that the pyritized fauna was 
more biocoenosic than had been realized. 

Richter did not confine his labors to general paleoeco- 
logic studies, for he contributed much to the understanding 
of individual genera. His studies (1924, 1926) of "Spreite- 
bau" are the most comprehensive treatment of these forms. 
Likewise, he was able to demonstrate that the regularly 
meandering traces in the European Flysch were Weide- 
spuren or browsing traces of benthonic vermiform organ- 
isms. Richter's work stimulated others {e.g., Schindewolf, 
Hantzschel); and Senckenberg am Meer became, and still 
remains, the headquarters for research in fossil and Recent 
traces. (See, for example, Schafer's (1962) Aktuo-Palaon- 
tologie which is the most detailed study of the traces of a 
Recent environment to date.) 

In 1935 Othenio Abel summarized the scattered litera- 
ture on trace fossils, together with many astute observations 
of his own, in his Vorzeitliche Lebensspuren. Until Hantz- 
schel's recent (1962, 1965) work on The Treatise on In- 
vertebrate Paleontology, this was the standard reference 
for all trace fossil studies. 

By 1950 a large number of trace fossils had been re- 
described and redefined by a variety of workers. Many 
authors were utilizing the terms defined by Krejci-Graf 
(1932), and therefore there was introduced a measure of 
stability and universality. However, the study of trace fos- 
sils was still considered largely as  an  avocational  pursuit. 
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Text-figure 2. — Ethologic classification of organic 
traces proposed by Seilacher (1953). The outside circle 
contains the five major ethologic catagories (Cubichnia, 
J'ascichnia) which are based primarily on the type of be- 
havior exhibited by the organism. This behavior is in 
turn reflected in the geometry of the trace. However, in 
practice it is difficult to place some traces in this classi- 
fication. (See the discussion of Palaeophycus). The term 
"Body Fossils" in the center of the diagram detnonstrates 
that trace fossils can not be separated from molds, casts, 
and other hard part remains of organisms. (Translated 
from Seilacher, 1953, fig. 6.) 

T  R   '^ 

Text-figure 3. — Ethologic classification of organic 
traces proposed by Miiller (1962). The classification is 
basically similar to that of Seilacher's but is more com- 
prehensive. Like Seilacher's this classification can be 
applied to both fossil and Recent traces. (Translated from 
Miillcr, 1962, pi. 21.) 
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There was too little in the way of a unifying force, and 
the nomenclatoral problem was a pressing one. In the last 
15 years two workers, Walter Hiintzschel and Adolf Seii- 
acher, have made great contributions to unity and nomen- 
clature. The former has almost single-handedly put the 
nomenclature in a workable condition at the generic level 
in his publication in Part W, Miscellanea, of the Treatise on 
Invertebrate Paleontology. Even more significant is his 
volume of Fossilium Catalogus (1965) which attempts com- 
plete indices of each ichnogenus and contains the most 
comprehensive bibliography to date. 

Through numerous publications Seilacher contributed 
greatly to the interpretation of trace fossils and demonstrated 
their broad geologic value. His works established a pattern 
for future analyses. In 1953 he initiated his Stndien zur 
Palichnologic and proposed an ecological classification for 
trace fossils which has found acceptance among many 
workers. He subdivided traces into five groups: grazing, 
resting, dwelling, movement, and feeding.^ Although supra- 
generic classifications had been proposed before, Seilacher's 
proved to be the most workable. In the same year he pub- 
lished Part II of the same study which contained an analysis 
of Cubichnia or resting traces. The remainder of the series 
has yet to be published, but when complete it will presum- 
ably consist of a comprehensive analysis of all five ecologic 
groups. Seilacher (1955) was the first to systematically 
study trilobite tracks. His work on the redlichiid tracks of 
the Pakistan Salt Range serves as a strong foundation for 
others to build on. What may prove to be his greatest con- 
tribution has yet to be fully realized. In 1955 he began a 
study of comparative palichnology through an examination 
of the trace fossil suites of the Lower Cambrian of the Salt 
Range, the Lower Paleozoic of Portugal, the Schilf Sand- 
stone of Wiirttemberg, the Lias and Dogger of Wiirttem- 
berg, the Miocene marine Molasse of Europe, and the Creta- 
ceous and Tertiary Alpine Elysch. The results of the com- 
parison indicate that broad ecologic correlations are in- 
volved. Seilacher found that grazing traces (Pascichnia) 
dominate the Lower Paleozoic of Portugal and the Euro- 
pean Flysch, while resting traces (Cubichnia) are almost 
totally lacking. The reverse is true for the other three locali- 
ties, where Cubichnia are numerous and the intricate grazing 
traces virtually nonexistant. Seilacher concluded that the 
suite dominated by Cubichnia is indicative of shallow, well- 
lighted water, whereas the Pascichnia suites formed below 
the euphoric zone. Since 1964 Seilacher has expanded this 
study  to  include  several   more   localities.   Seilacher   placed 

'See topic III  fur a niiire drtailcil analysis iif Seilacher's classificalioii. 

invertebrate palichnology on a firm foundation by carrying 
on the work of Rudolf Richter; he showed that the greatest 
value of trace fossils is in paleoecological work. The mere 
correlation of organism with trace fo.ssil is but the first stage 
in research of considerable scope. 

The reader should not be left with the impression that 
all recent work on trace fossils is of German origin. As 
mentioned previously. Caster (1938) produced what is still 
today the most detailed analysis of a single trace fossil genus 
{Paramphibius Willard). This work was the first modern 
study on arthropod tracks. Lessertisseur (1955) published 
a comprehensive monograph covering both invertebrate and 
vertebrate traces. Because of its scope it is understandably 
superficial in places but is still the most extensive work in 
the French language. It is hopeful to note that Ager's 
(1963) text on paleoecology and Approaches to Pale- 
oecology (ed., Imbrie and Newell, 1964) contain chapters 
on trace fossils. 

Thus the study of trace fossils is gradually being 
recognized as a valid and productive field of scientific in- 
quiry. Yet in a sense it is still in its infancy, for Recent 
traces have been virtually untouched. Such work as has 
been done has centered mostly on tidal flats, for we have 
little knowledge of the neritic, let alone the bathyl and 
abyssal zones. However, with the current impetus in ocean- 
ographic science, this void is about to be filled. Underwater 
photography is proving to be a great boon, but what is 
really required is a method of sampling that will allow for 
study of nonsurface traces. Cores are helpful but provide 
only a small sample. Several means of impregnating un- 
consolidated materials have been devised, and these should 
be utilized in trace fossil studies. The more that is learned 
of Recent traces, the more meaningful becomes the in- 
terpretation of fossil forms. 

II. PRESERVATION OF TRACE FOSSILS 

.\) TYPES OF PRESERVATION 

Terminology employed in the preservation of trace fos- 
sils has been discussed by Seilacher (1953a, 1964a, 1964b) 
and more recently by Martinsson (1965). Although Mar- 
tinsson introduced what appears to be a workable term- 
inology the author prefers to employ Seilacher's terms with 
some minor modifications. As shown by Seilacher (1964a, 
fig. 1) and illustrated in Text-figure 4, there are two prin- 
cipal varieties of preservation. The first of these is full re- 
lief ( Vollform of Seilacher, 1953a), where the entire struc- 
ture is preserved. These arise when an animal burrows at 
some depth below the surface through a homogeneous sedi- 
ment. The burrow may then be packed with fecal material 
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or passively filled by overlying sediment or by sediment 
sifting into the burrow. Generally, forms preserved in this 
manner do not exhibit delicate morphological details, e.g., 
scratch marks of appendages. Two such examples of full 
relief preservation are the U-tube Corophioides (PI. 60, 
figs. 5, 8), and Chondrites (PI. 79, fig. 5). 

The second and more important type of preservation 
is semirelief {Halbjorm of Seilacher, 1953a; demi-reliej of 
Saporta, 1882). Records of this type are incomplete, only 
the top half or bottom half being preserved. Semirelief pre- 
servation is further subdivided into cleavage relief (Spalt- 
reliej of Seilacher, 1953a) and boundary relief (Grenzreliej 
of Seilacher, 1953a). 

In the first, Seilacher recognized the fact that the walk- 
ing or crawling action is reflected in the bedding planes 
beneath the surface—on the sedimentary cleavage planes— 
of thinly laminated sediments. He also noted that these 
subsurface records progressively deviate from the surface 
semirelief expression with depth and can be quite mislead- 
ing if misconstrued as surface records (Text-fig. 19). 
Cleavage relief preservation is a common expression of 
arthropod tracks. The great majority of Cincinnatian trilo- 
bite tracks commonly encountered are of the cleavage re- 
lief type, and both nomenclatoral and interpretational 
confusion has resulted from failure to recognize the multi- 
form subsurface expressions of the same track. 

The most common trace expression is the form which 
Seilacher called boundary relief. By this he referred to the 
record on a stratum (usually clastic, e.g., silt, fine sand) 
surface, either superior or inferior, and where the adjacent 
stratum is of different lithology {e.g., lutite). These two 
expressions of a trace are essentially like conventional molds 
(superior surface imprints) and casts (inferior surface 
fillings) of traces originally made on the surface of the sub- 
jacent stratum. When they were preserved on the upper 
surface of a stratum, Seilacher termed them epircliefs; when 
on the bottom, kyporeliefs. These are purely descriptive 
terms. Although the most common expression of epireliefs is 
concave imprints and of hyporeliefs, convex fillings, either 
may occur as bas-reliefs or intaglios on the stratum surface. 
So far the discussion has dealt with e.xogene boundary re- 
liefs originating on the depositional interface. However, 
they may also originate as endpgene reliefs made below the 
depositional interface. 

Seilacher's usage (1953a, 1964a, 1964b) of the dynamic 
terms endogene and exogene is somewhat confusing, be- 
sause the reader forgets that Seilacher is employing endo- 
gene only in reference to the track, not the organism. As- 
sume, for example, that a 10 cm bed of mud is overlain by 

2 mm of silt. According to Seilacher a trilobite walking on 
the silt surface would exert enough force to penetrate into 
the underlying mud. As the foot is withdrawn the thin silt 
layer immediately fills in the depression, and the resulting 
trilobite track is preserved as a convex hyporelief of endo- 
genous origin. To avoid this ambiguity it seems best to 
adopt the neoecologic terms epifaunal and injaunal [John- 
son (1964), Petersen (1913), and Thorson (1957)]. 
Seilacher's original meaning of endogene and exogene are 
retained, and the two ecologic terms refer to the epistratal 
or endostratal position of the organism while making the 
track or trace. Epifaunal applies to an organism which was 
moving on the surface, infaunal to an animal moving below 
the surface. In the example of the trilobite track given 
above, the track is of both endogenous and epifaunal 
origin. It may appear at first that this is mere duplication 
of terminology, but if it is remembered that one set of terms 
refers to the organism and the other to the track, the dif- 
ference becomes apparent. 

Although it has not yet been seen in the Cincinnatian 
rocks, an additional type of preservation, termed pseudo- 
exogene, has been described by Seilacher (1962; 1964b, 
p. 297) from the Eocene Flysch deposits of Spain. Here an 
endogenous fecal-filled burrow has been exposed by erosion 
so that the roof of the burrow and fecal filling were removed. 
When the remainder of the burrow was filled and covered 
by subsequent deposition, the resultant spoor resembles an 
exogenous trace. 

When the terminology discussed above is combined 
with Seilacher's ecological classification of trace fossils, it 
is possible to give an accurate, concise definition of any 
form. 

B)   MECHANICS  OF  PRESERVATION   OF  BOUNDARY 
RELIEF  TRACES 

The mechanics of trace fossil preservation has long 
troubled students in this field. As mentioned previously, it 
was just this that prevented many early workers from even 
considering "fucoids" as representing the work of animals. 
The problem centers mainly around exogenous imprints; 
why were they not destroyed in the normal processes of 
sedimentation.? Since endogenous traces are already covered 
by sediment, they present less of a problem. 

Both Kuenen (1957, p. 251) and Dzulinski and 
Sanders (1962, pp. 84, 85) agreed that the condition of the 
bottom is a most important factor in preserving either sedi- 
mentary markings or traces of organic origin. Sand and silt 
lack the cohesiveness of mud, and the grains move inde- 
pendently, while mud acts as a unit. It is obvious that the 
mud presented just the right degree of consistency for track- 
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PRIMARY CAST OF 
SURFACE TRAIL mm 

SAND SEDIMENTATION 

PRIMARY CAST OF 
BURROW ALONG 

INTERFACE 
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OF MUD BURROW 

SAND SEDIMENTATION 
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IN  MUD 

Text-figure 4. — Various types of preservation of trace fossils. The dark stippling indicates mud; the light stippling sand. The most 
common type of preservation encountered is convex hyporelief. Secondary casts are unknown in the Cincinnatian section. (From Seilacher, 1964, 
fig. 1; reproduced with the permission of John Wiley and Sons, New York.) 
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making. Had it been too firm, faint records would be left; 
if too soft, flowage would have obliterated the finer details. 
The grain size of the overlying sediment is also critical. It 
must be coarser than the substrate in order to present a 
contrast in grain si/.c and a sharp parting plane; yet it it 
is too coarse, the fine detail of the trace may be lost. I his 
explains why the best preserved trace fossils generally occur 
as convex hyporeliefs in sediment of silt size which is under- 
lain by a lutite. Ibis is the usual condition in the Cincin- 
natian rocks where traces are abundant. These are generally 
accepted facts; the great question is how can delicate im- 
prints escape erosion from the currents and scouring in- 
herent in the transportation of the supradjacent coarser 
stratum? 

Nathorst recognized this problem and attempted to 
answer it in 1881 and 1886. While discussing CnrJana from 
the Swedish Amoricain Sandstone, he (1881, p. 35) postu- 
lated that these traces were formed "at the bottom of the 
sea" (deep water.?) and later covered by sand. Delgado 
(1886) countered by pointing out that the Amoricain 
Sandstone was a shallow water deposit. The currents, indi- 
cated by the presence of ripple marks, should certainly have 
eradicated such traces. In 1886 Nathorst presented a more 
elaborate hypothesis, suggesting that the traces originated 
in the intertidal zone. They were formed below water; and 
then as the tide ebbed, the mud, by exposure to the air, was 
to a certain degree indurated. The imprints were then 
covered by both wind-blown sand and by the sand driven 
forward by the rising tide. While this explanation may hold 
for certain isolated examples of trace fossils, it is too 
specialized to serve as a general method of preservation. 

Little interest was exhibited in this problem until the 
publication of Kuenen and Migliorini's studies of turbidite 
flows in 1950. Following this, many sedimentologists took 
an interest in the origin and preservation of the numerous 
primary sedimentary features and trace fossils found in 
turbidite sequences. Dzufinski and Sanders (1959, 1962) 
devised an ingenius hypothesis to explain preservation of 
sedimentary markings and trace fossils under such circum- 
stances. Utilizing observations of Gilbert (1914) and Bag- 
nold (1956), they pointed out that in traction carpets'' 
grains expend their energy laterally, and as a result there 
is no turbulence and hence no scouring (Dzufinski and 
Sanders, 1962, fig. 7). Instead, several varieties of tool 
marks (i.e., markings caused by the gouging of the bottom 
by shell fragments, and the like) are produced.  These mark- 

''I)/i])inski and Sanders (1962, p. 88) defined a traction carpet as the 
zone ". . . uliicli is not invaded hv Inrlnilent eddies of any size from 
the   overlvins  turlndent   flow." 

ings are almost immediately covered by gravity settling and 
thus preserved from future scouring. In contrast, when the 
entire load is carried in suspension and no traction carpet 
is present, scouring occurs and all surface markings are 
obliterated. This hypothesis was proposed to explain the 
method of preservation of surface markings in sequence 
characterized by graded-bedding. As yet unexplained is how 
similar markings can be preserved in other environments. 
The clarity of detail present in Cincinnatian tool marks 
certainly rivals that found in the finest turbidite sequences. 

Seilacher (1962a) sidestepped the problem of preserva- 
tion by maintaining that most arthropod traces, as well as 
some others, are of endogenous origin. He envisioned the 
thin layer of silt mentioned previously in the example of the 
trllobite track. However, it is difficult to picture such a 
thin blanket consistently covering wide areas. Likewise, it 
must be explained how light objects such as crinoid stems 
could penetrate through this layer to leave such clear im- 
prints and why there is never any mixing of the silt and 
mud, especially where large tool marks are concerned. 
Seilacher's hypothesis may hold in rare instances; however, 
it would seem that there is some other, more common 
mechanism. Cincinnatian materials were examined in the 
hope of shedding some light on the problem. First, an at- 
tempt was made to determine if the traction carpet anti 
graded-bedding of Dzulinski and Sanders could be extended 
to cover nonturbidite sequences. It was thought that 
graded-bedding on a much smaller scale might be found 
directly overlying the sole markings. However, thin-section- 
ing of a dozen or so of the best preserved specimens revealed 
no trace of graded-bedding. It is now believed that cross- 
bedding provides the key, for approximately 75 per cent of 
all specimens bearing traces or inorganic sole markings show 
cross-lamination. Such currents possibly could deposit the 
silt without scouring the mud surface. This theory has not 
been tested experimentally, but it is proposed here as a 
working hypothesis. The shape and angle of the cross- 
laminations should be studied in detail and experimental 
stream table investigations might also prove fruitful. 

III. NOMENCLATURE OF TRACE FOSSILS 

A)   CL.\SSlFICATION  AT THE GENERIC AND 
SPECIFIC LEVEL 

Until recently the nomenclatural complexity of trace 
fossils was sufficient to frustrate even the most conscientious 
worker. Due in large part to the efforts of Hrintzschel ( 1962, 
1965), some degree of order has been attained at the 
generic level. Unraveling the great number of species, of 
course, will require more time. 
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The reason for the complexity of the nomenclature is 
due in large part to two factors: 1) the early history of 
trace fossils when nearly all forms were thought to be 
plants—hence a great number of taxa were based on minute 
morphologic details; and 2) the International Code of 
Zoological Nomenclature {ICZN) provided no clear guide 
lines — thus, different workers have employed different 
methods and philosophies of taxonomy. These methods have 
ranged from strict adherence to the rules governing zoo- 
logical taxa to the opposite extreme of not formally naming 
the forms. 

The most recent Code (1961) is inconsistent with re- 
gard to the legality of trace fossils. Article 24b states that 
the Law of Priority applies "when, before 1931, a name 
is founded on the work of an animal before one is founded 
on the animal itself." This implies that trace fossil taxa 
proposed prior to 1931 are valid, whereas subseipicnt names 
are not. This is an unacceptable situation. 

It has been accepted by most modern workers in 
palichnology that a form must be named if it is not to be 
"lost" in the literature. Such an example is found among 
Cincinnatian trace fossils. In a penetrating and well thought 
out discussion. Flower (1955) described what he considered 
to be tentacle imprints and resting traces of nautiloids. 
Ihese were described in some detail but never named. 
Neither Flower's paper nor the described forms appear in 
the section dealing with trace fossils in the Treatise on In- 
vertebrate Paleontology or in Hantzschel's (1965) volume 
of Fossiliwm Catalogus. Although Flower's conclusions are 
not accepted by the present writer, there is certainly no 
reason why the paper should be lost to posterity, but such 
is generally the price of failing to name the described forms." 

Thus, it can be declared at the outset of this discussion 
that, regardless of the individual worker's taxonomic 
philosophy, trace fossils must be named to survive. Also 
eliminated are informal names such as "crawling traces of 
a gastropod" or "U-tube of an annelid,"" for such designa- 
tions are awkward to deal with in faunal lists. Witness that 
neither James Hall's (1852) nor Charles Walcott's (1918) 
arthropod tracks appear in the body of the text of Hantz- 
schel's two compilative works. Likewise, it is not sufficient 
to consider a trace fossil as a junior synonym of the body 
fossil it represents, if indeed the latter can be ascertained at 
:ill. The two should bear separate generic and specific 
names. For example, the Cincinnatian representatives of 
Rusi)ph\'cus pudiciim Hall can be coiisidiTcd with cert;iinty 

This, of course, if not Ui \m\A\ ilial fven tlu- m()^t |i(iorly preserved 
trace fossils sliiiiikl he naniecl. Only those forms which are well 
preserved and which ha\i- distinct inorpholo^y arc deserving of 
names. 

to represent the burrow of Flcxicalymene meeki (Foerste), 
because the maker of the trace fossil has been found in situ 
(PI. 58, figs. 4, 5). Technically R. pudicum is regarded as 
the junior synonym, but, for reasons which will be justified 
below, the two are retained as separate taxa. 

While there is little disagreement today that trace fos- 
sils must be named, there is a diversity "f (i|iiniciii on the 
actual system to be employed. 

Rudolf Richter (1941, p. 86; 1948, p. Ko ) used 
"nomcnclatura describens," such as Ichnia catciuiria and 
Ichnia discrta, latinized but not proposed as "formal" 
zoological taxa. Many workers have employed what Seil- 
acher (1953a, p. 444) referred to as "semizoological nomen- 
clature." The name appears to conform to zoological nomen- 
clature, but it may have affixed to it such a designation as 
"new form;" thus, according to Seilacher, losing the protec- 
tion of the ICZN. The latter procedure has been followed by 
Schmidtgen (1927), Desio (1940), and Caster (1944). 
Other similar methods would be placing the name itself or 
the word "genus" in quotes or using the terms "ichnogenus" 
and "ichnospecies." 

A more elaborate and even more unorthodox methotl 
of nomenclature was employed by Faul (1951) for tetrapod 
traces. His "species" is designated by a capital letter, fol- 
lowed by a numeral indicating the "greatest number of feet 
clearly impressed." The last numeral indicates the number 
of toe imprints in each track. For exaniiile, a four-toed 
bipedal track would be A 2.4. If the same author erected 
another similar species, it would be B 2.4. Such a designa- 
tion may suffice for one's personal use, but it would be im- 
possible to handle large numbers of such keys, and, as 
Seilacher ( 19S3a, p. 444) noted, most invertebrate traces 
would be "A 0.0." 

Desio (1950) went so far as to suggest giving unmomlal 
names to inorganic sedimentary markings, such as flow casts 
and ripple marks and binomial names to trace fossils. The 
main problem here is that this system removes trace fossils 
from the biologic domain and considers them as sedimentary 
markings instead of traces of life. 

Because it appears that trace fossils are not recognized 
as formal zoological taxa, and thus not protected by the 
rules, one may employ any system of nomenclature one 
desires. However, for the sake of stability it is best to follow 
some set pattern, and the best possible choice seems to be 
the rules of zoological nomenclature. There are two reasons 
for this choice. First, most trace fossil workers are paleon- 
tologists and are familiar to varying degrees with the rules. 
Second, at some future date the ICZN may accept trace 
fossils as valid zoological taxa or possibly even as valid 
parataxa. If until then diverse schemes of nomenclature are 
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followed, a massive reshuffling will be necessary. This docs 
not mean that the suggestions of Seilacher (1953a) and 
Hiintzschel (1962) of adding the suffix "ichnus" or "ich- 
num" to generic names may not be followed. This is an 
excellent proposal, for it allows the reader to quickly realize 
that he is dealing with a trace fossil. 

What has been discussed above is in essence a practical 
problem. The deeper and more complex problem is of a 
philosophical nature and deals with the principals of 
taxonomy to be employed in the study of trace fossils. At 
present there are two opposing schools. One holds the more 
traditional zoologically oriented view that we are dealing 
with the remains of an organism as shown by its activity, 
and we are naming the organism as mirrored by the trace 
rather than the trace itself. The latter has no intrinsic value. 
Howell (1957) probably provided the best example, for 
even his title, "New Cretaceous Scoleciform Annelid from 
Colorado," belies his philosophy. He discussed an annelid 
rather than the U-tube. Within the text he placed his form 
(Polyiipsilon coloradoense) in proper taxonomic order from 
phylum through the specific level. However, there is no 
vestige of the remains of the maker, only its tube. 

A number of workers would agree with Howell's pro- 
cedure. There is excellent reason for this; paleontologists 
have long been aware of the heterogenous nature of their 
material. Introductory paleontology texts list several dif- 
ferent kinds of fossils grading from the finest, such as a 
mammoth preserved in Pleistocene ice, to the most poorly 
preserved mold. It is realized that the fossil record is highly 
incomplete both in regard to numbers and preservation, yet 
work must be done with what is available. Trace fossils 
are not merely a side branch of fossils, for there is an im- 
perceptible gradation between body fossils and trace fos- 
sils. Plate 57, figure 1 illustrates a specimen of Rusophycus 
carleyi J. F. James, which combines the features of the 
mold of a body fossil with the attributes of a trace fossil. 
It is the ventral mold of a trilobite in that the imprints of 
the hypostome, genal spines, cephalic doublure, and walk- 
ing legs are present, yet the lateral lobes of a typical Ruso- 
phycus are also visible. By our definition this is a trace 
fossil because it shows a trace of voluntary movement; 
however, it could just as easily be considered the ventral 
mold of an isotelid. If one recognizes this intergradation 
between molds and trace fossils, it is reasonable to follow 
the zoological philosophy embodied by Howell. It may also 
be argued that many trace fossils have resulted from the 
activity of soft-bodied forms of which there is only a minute 
statistical chance of discovering. In this sense the main value 
of trace fossils would be their contribution to our knowledge 
of body fossils; all else would be secondary. 

Recently an opposing point of view has arisen, cham- 
pioned mainly by Seilacher but having its roots in the 
studies of Rudolf Richter. This school considers that the 
main value of trace fossils is ecological rather than morpho- 
logic. Seilacher, Richter, and Hiintzschel all pointed out that 
it is a mistake to place the major emphasis on the biologic 
systematics of the originator of the trace. The reason that 
palichnology is still considered by some today as an avoca- 
tion rather than a valid scientific pursuit is undoubtedly 
due at least in part to this overemphasis. Seilacher (1953a, 
p. 445) remarked, "we name the trace fossil as an inde- 
pendent manifestation, i.e. not as a proxy for the originator." 
To Seilacher the trace fossil does possess intrinsic value. If 
one is to orient trace fossils toward paleoecology, the pro- 
cedure of taxonomy must change correspondingly. Tradi- 
tionally genera and species have been based primarily on 
morphological not ecological interpretation; yet where the 
ecologic difference between two trace fossils is marked, 
taxonomic separation is justified to emphasize this differ- 
ence. For example, Seilacher (1955) separated Rusophycus 
from Cruziana because the former was interpreted as a 
trilobite resting trace, the latter a feeding trace. However, 
it is entirely possible that the two traces were made by the 
same species of trilobite. A similar example can be given 
from Cincinnatian trace fossils. While it is probable that 
both Asaphoidichnus trifidum Miller (PI. 71, fig. 6) and 
Allocotichnus dyeri, n. gen. (PI. 72, fig. 1) are trails of 
Isotelus, they exhibit two different forms of movement. A. 
trij'idum (Text-fig. 20-1) is indicative of straight-ahead 
movement, while in A. dyeri (Text-fig. 21-B) the body axis 
was oriented to the right of the direction of movement, and 
only the first four or five pairs of walking legs were used. 
This difference of behavior is judged sufficient to justify 
separate generic designations. 

One might believe that such a procedure would lead 
to a vast proliferation of names. In actuality the opposite 
is true, for modern palichnologists realize that slight changes 
in behavior and preservation can lead to an apparent dif- 
ference in morphology. Miller ( 1880) established Petalich- 
nus multipartitum (PI. 75, fig. 4), Trachomatichnus perinul- 
tum (PI. 73, fig. 5), and Trachomatichnus cincinnatiensis 
(PI. 74, fig. 2) for trails of cephalopods. As will be shown, 
these are trilobite tracks, and there is no evidence to in- 
dicate that the trails were made by different species. The 
difference in morphology between P. multipartitum and T. 
permultum is due solely to the orientation of the body dur- 
ing movement (see Text-fig. 22). In the former the body 
was oriented to the right of the axis of movement, while the 
latter shows a conversion from straight-ahead to oblique 
movement. T. cincinnatiensis differs because it is preserved 
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as a cleavage relief and the body was parallel to the axis 
of movement. Because none of these variations are judged 
to be as significant as those separating A. trijidum from A. 
dyerl, Miller's three species are combined under P. multi- 
partitum. At the same time care must be taken to avoid 
excessive "lumping." The results of such action are genera 
which contain such a wide range of variation as to render 
them virtually meaningless. 

It has been clearU' indicated by several studies, e.g., 
Seilacher (1957), that trace fossils vary more with ecologic 
setting than with age. There is no reason, a priori, why a 
Cambrian form should not be combined in the same genus 
with one from the Tertiary if the two are morphologically 
identical. In traditional taxonomy such practice is frowned 
upon; in palichnological studies it is the rule rather than 
the exception. However, "identity" here, as in all taxonomy, 
is a matter of "expert opinion." 

We thus have two apparently irreconcilable schools, 
but it is believed that a middle ground exists which combines 
the best of both views. It recognizes the fact that trace fos- 
sils grade imperceptibly into body fossils, and there is a 
philosophical basis for treating them as valid zoological 
taxa. However, it also recognizes that an important value 
of trace fossils lies in what they can contribute to the paleo- 
ecologic setting, and the taxonomy must be geared to it. In 
this paper trace fossils are recognized as the manifestation 
of organisms (thus contributing to the knowledge of mor- 
phology), but they also are recognized as possessing in- 
trinsic value (thus contributing to the knowledge of paleo- 
ethology and paleoecology in a way that a body fossil can 
not). Usually, morphologic criteria are employed in dif- 
ferentiating forms and constitute the underlying philoso- 
phical nomenclatural basis. However, in certain cases the 
activities of the once living creature are taken into con- 
sideration and used as a taxobase. The study of trace fos- 
sils requires this kind of treatment, for if the paleoecological 
importance of trace fossils is not acknowledged and accepted 
as a basis for taxonomic treatment of them, the science will 
not progress as it should. 

B)  SUPRAGENERIC CLASSIFICATION OF TRACE FOSSILS 

Although there may be room for argument as to 
whether trace fossils constitute valid zoological taxa, it is 
obvious that they do not fit easily into the zoological 
heirarchy. Some authors, e.g., Rudolf Richter (1926) and 
Martinsson (1965), have erected "families;" however, there 
was never a pretext that these constituted valid taxa in 
the zoological sense. Several authors have attempted other 
means of classification. 

Hundt (1931) separated trace fossils into two major 
groups — those which originated on the surface and those 
which formed at depth. These two categories were further 
subdivided according to the geometric pattern of the trace 
(e.g., stellate, pocket-like, ramified). 

Krejci-Graf (1932) presented a much more elaborate 
classification based mainly on the various life activities of 
organisms. He proposed three major headings: traces of 
existence (coprolites), traces of repose, and traces of move- 
ment. Minor categories were based on life activities such as 
crawling, swimming, eating. This classification, although 
more comprehensive, is so elaborate that it tends to be 
cumbersome. 

Seilacher (1953a) proposed a classification similar in 
essence to Krejci-Graf's but greatly simplified. His scheme 
is shown diagramatically in Text-figure 2. By employing a 
"pie" diagram, he stressed the inseparability of trace fossils 
from body fossils. The traces are subdivided into five etho- 
logical categories, and for each he coined a new latin name 
with the -ichnia suffix. Seilacher's categories are as follows: 

1) Pascichnia (grazing trace). Normally two dimen- 
sional, these traces are usually tightly coiled or appear as 
closely packed meanders which are only rarely branched. 
In a sense they follow the principals of strip-mining, i.e., 
systematically covering the greatest area with the least pos- 
sible expenditure of energy. Rudolf Richter (1928) was the 
first to conclude that such traces are the feeding trails of 
vagile benthos. While Seilacher (1962a) maintained that 
Pascichnia are of infaunal origin, there is no strong neo- 
ichnological evidence to support his conclusion. The present 
author has observed Recent examples in photographs taken 
in 4000 meters of water on the Mid-Atlantic Ridge by ves- 
sels of the Woods Hole Oceanographic Institution. More- 
over, Seilacher (1967b, pi. 2, fig. c) illustrated a Pascichnia 
of what appears to be an enteropneust in the process of 
of formation. The photograph was taken by the Lamont 
Laboratories at a depth of 4700 meters. Additional Recent 
forms can be found in Schiifer (1962, figs. 155, 171). With 
one possible exception (Paleodictyon) Pascichnia are not 
present in the Cincinnatian strata. 

2) Fodinichnia (feeding structures). Traces of this form 
are the three dimensional analogues of Pascichnia, for they 
too show maximum space utilization. Whereas Pascichnia 
exhibit the characteristics of strip-mining, Fodinichnia, 
which are infaunal, embody the principles of mining at 
depth. They commonly follow nutrient-rich layers of sedi- 
ment. They may be branched and illustrate phobotaxis as 
in Chondrites (PI. 79, fig. 6), bundled as in Phycodes (PI. 
69,   fig.   4),   or   possibly   U-shaped   as   in   Rhizocorallium. 
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Fociiiiichnla differ liccausc clicy also sti\t' as a pcnnaiunt 
or semi-permanent dwelling structure for the organism pro- 
ducing them. The U-tube of Arenicola marina (Wells, 1945) 
is a Recent example, as are the burrows of Hcteromastus 
filiformis illustrated by Schafer ( 1962, fig. 215). Fodinichnia 
are abundant in the Cincinnatian, both in kind and numbers 
(Text-fig. 29). 

3) Repichnia {crawling trace^Kreicbspur of Seilacher, 
19S3a). Repichnia are simple, branched or unbranched trails, 
burrows, or tunnels of vagile benthos which originate cither 
on the surface or at depth. This category also includes 
tracks of arthropods. These are simple traces of movement 
made as the organism moved from one location to another, 
and thus thejr lack the characteristic morphologic patterns 
of Pascichnia. To use Seilacher's comparison, Repichnia are 
similar to modern highway systems, for they lack numerous 
sharp curves and instead are linear or gently arcuate. Recent 
examples are easily seen in a variety of settings — ponds, 
streams, seafloors. Repichnia are common in the Cincinna- 
tian and consist of arthropod tracks and gently arcuate 
trails and burrows. 

4) Domichnia (dwelling structure). Domichnia serve 
as dwelling structures for sessile or hemisessile benthos. 
Generally they are simple unbranched vertical tubes, U- 
tubes, or in some cases W-tubes. The inhabitants are filter 
feeders, scavengers, or predators; and since the structure is 
utilized as a more or less permanent domicile, the walls 
may be coated with mucus to prevent collapse. Recent 
counterparts are the straight, unbranched tubes of phoro- 
nids, as well as the U-tubes of numerous polychaetes. Cin- 
cinnatian representatives consist primarily of U-tubes. 

5) Cubichnia (resting trace). Cubichnia are shallow 
burrows which mirror the outline of the producer in varying 
degrees of clarity (PI. 58). They are unbranched but may 
show some signs of rotary movement and are epifaunal m 
origin. The purpose of such burrows, e.g., Rusophycus (PI. 
58) and Asteriacites (PI. 62, fig. 5), in the fossil record is 
not entirely clear. Based on experimental observations on 
Recent materials, Seilacher (1953b) surmised that these 
might well have provided temporary shelter and safety for 
vagile benthos. In contrast Fenton and Fenton (1937a) 
suggested that some Cubichnia, e.g., Rusophycus, may 
represent egg depositories, while Caster (1938) proposed 
that such burrows could be employed as a device to keep 
the gills moist when the organism was exposed. The latter's 
hypothesis was based on studies of the Recent I.imulus. Re- 
cent examples are difficult to recognize unless the producer 
is "caught in the act," for once the organism has departed 
or is buried, only a disturbed area remauis as evidence, 
llliistiations of Recent  asteroid  and  xiphosiiran  Cubichnia 

ale gi\en by Seilacher (19531), pi. 11, fig. d) and Caster 
( 193S, pi. 12, fig. 2). Cubichnia constitute one of the more 
common forms of Cnicinnatian traces. 

I he boundaries between Seilacher's categories are not 
sharp. For example, both Domichnia and Fodinichnia serve 
as dwellings, and it is difficult in practice to separate linear 
l^epichnia from the burrows of vagile selective feeders or 
|iredators. To this extent the classification is somewhat sub- 
jective but is still workable, especially when combined with 
his "classification" of the preservation of trace fossils. 

I>essertisseur (1955) utilized a modified form of Seil- 
acher's classification combined with the general configura- 
tion of the trace. He subdivided traces into endogenous and 
exogenous, and each of these in turn is subdivided into 
traces of locomotion, nutrition, and repose, with the endo- 
genous forms having the additional category of dwelling 
trace. Each of these is again separated into units based on 
shape, e.g., spiral, helminthoid. 

In a more recent classification, Miillcr (1962, Text- 
fig. 3 ) greatly expanded Seilacher's scheme. He recognized 
four major categories; traces of movement, bioreaction 
(sickness, parasitism, death struggles), resting, and eating. 
These are divided into the groups employed by Seilacher 
with the additon of such categories as swimming, flying, 
gnawing and biting, and running. This is a much more 
comprehensive classification which follows the general 
format used by Abel ( 1935) in treating Vorzeitliche Lebens- 
s pure II. 

All of the attempts at classification of traces recognize 
geometry or ethology as fundamental criteria. There seems 
little point in classifying trace fossils merely according to 
general shape. As Seilacher (1953a) showed the same 
morphology is created in many instances by different 
creatures, and at the same time dissimilar traces can be 
made by the same organism. An ethological classification is 
judged to be the most workable and also the most meaning- 
ful. Seilacher's (1953a) scheme best serves current needs. 
It is possible to fit all but the most unusual traces into his 
groups, and his units also provide an excellent framework 
for comparison of suites of ichnofossils as are discussed in 
topic XIII. 

IV. HISTORY OF THE STUDY OF CINCINNATIAN 
"FUCOIDS" AND TRACE FOSSILS 

The first reference to "fucoids" in the Cincinnatian sec- 
tion was made by Orton (1873) in a report on the geology 
of southern Ohio. He briefly referred to the "plants of the 
Blue Limestone" and the "dumb-bell tiicoid" (Curophioides 
biclavata (Miller)  (PI. 61, fig. 1), and also reported (1873, 
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p. 268) that "stems and roots apparently referable to the 
genera Palaeophycus and Buthotrephis of Hall are com- 
mon." At the same time Orton described one new form 
which he provisionally named Palaeophycus radiata. It is 
evident from his short discussion that "fucoids" had been 
known to local collectors for many years. It is also apparent 
that Hall's work (1847, 1852) on the "fucoids" of New York 
State was regarded as the general reference on North Ameri- 
can forms. Nearly all workers on Cincinnatian material re- 
ferred to this study at one time or another. 

In 1874 Leo Lesquereux, who is better known for his 
work on the Pennsylvanian coal flora of Ohio, made what 
he thought was the momentous discovery of the oldest re- 
mams of land plants in North America. From a section six 
miles east of Lebanon, Ohio, he described two specmiens 
which he believed represented small stems of branches of 
Sigillaria. Such a find could not long escape notice or further 
study; and in the same year Newberry (1874, p. Ill) cast 
doubt on Lesquereux's interpretation, reasoning that if these 
were indeed land plants, they would show ". . . more dis- 
tinctness and regularity of surface markmgs, some coating 
of carbonaceous matter and some traces of organic struc- 
ture." He also reminded Lesquereux that the Cincinnati 
area, during Silurian (Ordovician) time, was so far from 
land that it would be difficult to explain the presence of 
land plants even by floating. Lesquereux was apparently 
not convinced, for in 1878 he formally erected three new 
species of Cincinnatian "land plants" based on the discovery 
of new material. These were sent to Dana, Eaton, and Ver- 
nll and he reported that they concurred with his opinion. 
The only subsequent reference to these forms in the local 
literature was by Miller (1889) and J. F. James (1891), 
who both questioned Lesquereux's interpretation. 

The description of Cincinnatian "fucoids" began in 
earnest in 1878. In a three year period (1878-1881), U. P. 
James, a Cincinnati bookdealer and printer, described seven 
species in his own short-lived journal. The Paleontologist. 
Most of these species were referred to Hall's Clinton genera 
and none were figured. Also in 1878 the most extensive work 
on local "fucoids" was published by Miller and Dyer, who, 
in two papers, proposed 15 new species distributed among 
eight new genera. In reading these papers, one gets the 
idea that the work was mostly Miller's and that Dyer's con- 
tribution was to supply the specimens. In contrast to the 
work of U. P. James, most of the forms described by Miller 
and Dyer were accompanied by excellent lithographic re- 
productions. 

It is ironic that Miller, who adhered so strongly to the 
"fiicoid" notion, was the first to describe tracks as such 
from the local rocks.  In  1880 he created four new genera 

and seven new track species. Because of associated body 
fossils, most of the forms were assigned to cephalopods and 
the remainder to trilobites. 

Up to this point no one had ciuestioned the vegetable 
nature of the many "fucoid" forms described, and the Cin- 
cinnatian strata had become second only to the New York 
State section in the number of North American species. In 
1884 and 1885 J. F. James, another Cincinnati amateur and 
the son of U. P. James, attacked all of Miller and Dyer's 
forms as well as those of his father. He made no mention of 
Miller's paper on the tracks and trails. James concluded 
that all Cincinnation "fucoids" were either inorganic sedi- 
mentary markings or tracks, trails, and burrows. It is inter- 
esting to note that James used the same tools as Nathorst 
( 1881), although he clearly stated that he had no knowledge 
of Nathorst's work until his own paper was near comple- 
tion. In fact, James' paper closely resembles Nathorst's, 
though on a much smaller scale. Whereas Nathorst made 
extensive observations in intertidal areas, employing plaster- 
of-Paris molds and photographs to support his conclusions, 
James confined himself to the local ponds and streams. The 
main deficiency of his work is that all the illustrations are 
highly schematic. This, however, is not to detract from the 
importance or quality of his paper, for he was laboring 
under most difficult conditions. Although he probably 
studied some of his father's types, it is apparent that he 
never saw any of Miller's specimens. As an amateur he was 
writing in an age when the plant nature of "fucoids" was 
still widely accepted by professionals. James was to North 
America what Nathorst and Fuchs were to Europe, although 
regrettably his work has been commonly overlooked or 
ignored. 

Miller's North American Geology and Paleontology 
for the Use of Amateurs, Students and Scientists (1889) 
showed that James' publications had little effect on him, 
for he still persisted in listing all but two of his forms as 
"fucoids." Nevertheless, it is true that in both his 1877 com- 
pilation and his work of 1889, he made no effort to arrange 
the "fucoids" in families. He specifically indicated in the 
prologue to Plantae in the first work (1877, p. 21) that 
because of the controversial nature of "fucoids," he was 
making no attempt at suprageneric classification. It is ap- 
parent that there was little love lost between Miller and 
James, for the latter's writings show only contempt for 
Miller's work. In rejecting the "fucoid" assignment of 
Miller's Walcottia, James (1885, p. 162) said, "it is safe to 
consign the genus with its species to the limbo of the im- 
probable and wipe from the catalogues three more useless 
names." 

James' works of 1S84 and 1S85 represent the last major 
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publication on Cincinnatian trace fossils. From the period 
1891-1897 James undertook an extensive summary of Cin- 
cinnatian paleontology, and in the preface to this work he 
listed all those forms which he believed to represent the 
activity of annelids, trilobites. Unfortunately the body of 
the text which he promised was never completed due to 
his untimely death. The only other mention of Cincinnatian 
traces was by Caster (1938), who made a brief reference to 
some arthropod tracks but gave them no extended treat- 
ment, and by Flower (1955), who discussed what he in- 
terpreted as tentacle imprints and resting traces of nautil- 
oids. Hantzschel (1962) included Cincinnatian "fucoid" 
genera in the Miscellanea volume of the Treatise on Inverte- 
brate Paleontology, but, lacking the type specimens and 
without a first-hand knowledge of the forms, he could add 
little except for limited first-hand observations of Seilacher 
which were made available to him. 

TRACE  FOSSILS AND  "FUCOIDS"  REPORTED  FROM  THE  CINCINNATION 

The following chart portrays the synoptic history of 
"fucoids" and trace fossils reported to be present in the 
local Cincinnatian section. Column "1" represents the inter- 
pretation of the original author, column "2" the interpreta- 
tion of J. F. James (1884, 1885, 1891, 1892), column "3" 
the interpretation of Hantzschel (1962, 1965), column "4" 
the interpretation given in the present work. With regard 
to the taxonomic treatment of individual forms, the first 
name given is the valid name. Names placed in parentheses 
represent the assignments of the original author. A key to 
the symbols employed in the chart is given below. 

A—alga 
B—body fossil 
C—Cubichnia 
D—Domichnia 
F—Fodinichnia 
I ■—inorganic 
L—land  plant 
P—Pascichnia 
R—Repichnia 
T—trace  fossil 
.' —Incertae sedis 
 author did not discuss species 

Name 12        3+    Comments 
AHocoticlinus (Asaphoidichnus)      R        R       R        R    n. gen. 

dycri  (Miller), 1880 
Aristophycus ramosum Miller .\        I I ?       .' 

and Dyer, 1878 
Aristophycus ramosum  var. 

germanum  Miller  and 
Dyer, 1878 =A. ramosum 

Asaphoidichnus trifiJum R        R       R        R 
Miller,  1880 

Asteriacitcs (Hcliophycus) A       B        C        C 
slellijorme Miller and 
Dyer. 1878 

Blastophycus dinJcinatum A       T        T        I 
Miller  and   Dyer,   1878 

Name 
Buthotrcphis fdcijormis 

U. P. James,  1878 
Chlorphycus plumosum Miller 

and Dyer, 1878 
Chondrites (Buthotrcphis) 

gracilis  Hall,   1843 
Chondrites (Buthotrcphis) 

gracilis var.  crassa 
Hall,  1852 

Chondrites (Buthotrcphis) 
ramulosa Miller, 1874 

Chondrites (Buthotrcphis) 
succulosa  Hall,  1847 

Chondrites, type-A 
Chondrites, type-B 
Chondrites, type-C 
Conostichnus truncatum 

Ulrich,  1880 
Corophioidcs  (Arthraria) 

biclavata   (Miller), 1875 
Corophioidcs ctncinnaticnsis, 

n. sp. 
Corophioidcs cf. luniformis 
Cyathophycus silurianum 

J. F. James,  1891 
Cyclophycus latcralc Ulrich, 

1880 
Dactylophycus tridigitatum 

Miller and Dyer, 1878 
Dactylophycus quadripartitum 

Miller and Dyer, 1878 
Dystactophycus mamillanum 

Miller and Dyer, 1878 
Fascifodina floweri, n. gen., 

n. sp. 

Fucusopsis (Trichophycus) 
sulcatum Miller and 
Dyer, 1878 

Locheia siliquaria U. P. 
James, 1879 

Mastigograptus (Psilophytum) 
firacillimum Lesquereux, 
1878 

1 3        4    Comments 
I      =:Chloephy- A I 

A I I I 

A B D/F F    not present 

A B D/F F    not present 

A T - F? no specimens 
seen 

A T D/F F not present 

_ _ _ F 
_ - _ F 
_ _ _ F 
A - - - nomen nudum 

A I r D 

- - - D new report 

- - - new report 
r - - = Trichophy- 

cus venosum 
A _ _ nomen  nudum 

A    T/I  T/I      F 

A     T/I   T/I      F    probabIy=D. 
tridigitatum 

A       B        ?        I 

-        -        -        F    interpreted 
by Flower, 
1955,  as cep- 
halopod ten- 
tacle imprint 

A       I        T       R 

A       B       C       C 

L       L       -        B 

Ormathichnus moniliformis 
Miller, 1880 

R I R R one syntype 
specimen in- 

Palaeophycus flexuosum 
U. P. James, 1879 

A I - I 
organic 

Palaeophycus ornatum 
Ulrich, 1880 

A - - - nomen nudum 

Palaeophycus radiata 
Orton, 1873 

A T - T y^Phycodes or 
Dactylophycus 

Palaeophycus rugosum Hall, 
1847 

A T T R not present 

Palaeophycus sculptum Ulrich, 
1880 

A - - - nomen nudum 

Palaeophycus tuhularc Hall, 
1847 

A T T R not present 

Palaeophycus 'virgatum Hall 
1847 

A B F/D Cincinnatian 
forms= Tricho- 
phycus veno- 

Palaeophycus, type-A - - - R new report 
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Name 1 2 3 4 Comments 

Palacophycus, type-B - - - R new report 

Palacophynts, type-C - - - R new report 

Palacnscia jtoiucri Caster, 
1942 

B - - T/I 

}Palcodiclyo)i sp. Savi and 
Meneghini,   1850 

A - T I/P new report 

Pi'talichnus multipartilum 
Miller,  1880 

R - R R 

P/iycodrs (Licrophytus) 
flabrllum   (Miller and 
Dyer), 1878 

A B F F/D 

Piotostigma sigillarouii'S 
Lesquereux, 1878 

L L - ? not seen 

Rhabdoglyphus sp. Vassoe- 
vich,  1952 

T - T R new report 

Rusop/iycus hilohalum 
(Vanuxum),  1842 

A T C C not present 

Rusophycus   (Cruzianaj 
carlcyi   (J.  F. James), 
1885 

T 

" 
C C 

Rusophycus cryptolil/ii, n. sp. - - - C new report 

Rusophycus pudicum Hall, 
1852 

A T C C 

Rusophycus suhouiiulalum 
Hall, 1852 

A T c C/R not present 

Saccophycus inlortum U. P. 
James, 1879 

A T? ? > not seen 

Skolilhos (Scolllhus) dcli- 
catulus U. P. James, 1881 

A T - D 

Skolilhos (Scolithus) dispar 
J.  F. James,  1892 

I - - I 

Skolilhos (Scolilhus) tuhcr- 
osus Miller and Dyer, 1878 

T T - F? 

Sphenophyllum primarvum 
Lesquereux, 1878 

L L - 7 not seen 

Tcralichnus cotifcrlum 
Miller, 1880 

R - R R 

Trachomalichnus cincinnalicii- 
sis Miller,  1880 

=zPrlalichnus 
multipartilum 

Trachomalichnus permullum 
Miller, 1880 

^Pctalichnus 
multipartilum 

Trachomalichnus numcrosum 
Miller, 1880 

R - R R 

Trichophycus laiiosum Miller 
and Dyer, 1878 

A T T R 

Trichophycus veuosum Miller, 
1879 

A 1 T F/D 

Tylichnus (Rusophycus) 
aspcrum   (Miller and Dyer), 
1878 

A T ~ R n. gen. 

tf'alcoltia ruqosa Miller and 
Dyer, 1878 

A/T B ■> R 

'Hi'alcotlia cookana Miller 
and  Dyer,  1878 

T I/T ? ? not seen 

IValcollia sulcata U. P. 
James,  1881 

- T ? ? not seen 

V. CUBICHNIA 

RUSOPHYCUS Hall, 1852 

Plate 57, figures 1, 5, 6; Plate 58, figures 1-10; Plate 59, figures 4-6; 
Plate 60, figure 3; Plate 66, figure 3; Plate 71, figure 1; Plate 82, 
figure 9; Text-figure  5, 29-a,b,c. 

1823.   Non   Fucoidcs   Brongniart,   Soc.   Nat.   Hist.   Paris,   Mem.   1,   p. 
308, pi.  19, fig. 2. 

1831.   A'on  Bilohitcs  Rafinesque,  Enumeration   and   Account  of  Some 
Remarkable Natural Objects in the Cabinet of Prof. Rafinesque 
in  Philadelphia,  p. 2. 

1839.   Non  Bilohitcs  d'Orbignv,   Voyage  dans  I'Amerique  meridional. 
Atlas, pi. 1. 

1842.   A'on  Cruziana  d'Orbignv,  Vovage  dans  I'Amerique  meridional, 
vols.  3-4,  p.  30. 

1842.   Partim   Fucoidcs   Brongniart,  Vanuxem,  Nat.   Hist.  New  York, 
Geol. New York, pt. 3, p. 79, fig. 11-1. 

1852.   Partim Rusophycus Hall, Nat. Hist. New York,  Palacont.  New 
York, vol. 2, p. 23, pi. 9, figs. 1-3 ;  pi. 8, figs. 6a,b. 

1864.   Rusichnitps Dawson, Canadian Natur., n.s., vol.  1, p. 367. 
1879.   Rhysophycus   Schimper,   in   Zittel,   Handbuch   der   Palaont.,   2d 

ed.,  p.  54. 
1885.   Cruziana   d'Orbigny,  James,  J.  F.,   Cincinnati   Soc.  Nat.   Hist., 

Jour., vol. 7, pp.  153-157,  pi. 8, fig.  1. 
193 5.   Cruziana d'Orbignj',  Abel,  Vorzeitliche  Lebensspuren,  pp.  253- 

255, fig. 224. 
1953.   Cruziana    d'Orbignv,    Seilafher,    Ncues    Jahrb.    Geologie    u. 

Palaont., Abh., Bd. 98,  pp.  107-115,  figs. 4-5. 
1955.   Rusophycus    Hall,    Seilacher,    in    Schindewolf,    and    Seilacher, 

Akad.  Wiss.  Lit.  Mainz,  Math.-nat.  Kl ,  Abh.,  No.  10,  p.  368, 
pi. 20, figs.  1, 3. 4;  pi. 19, fig. 1;  pi.  16, fig. 2. 

1955.   Partim   Cruziana   d'Orbigny,   Seilacher,   in   Schindewolf,   and 
Seilacher, Akad. "Wiss. Lit. Mainz, Math.-nat. Kl., Abh., No. 10, 
p. 368, pi. 16, fig. 2;  pi. 19, fig. 1; pi. 20. 

1955.   Rhysophycus   Schimper,   Lessertisseur,    Soc.   Geol.   de   France, 
Mem., n.s., vol. 74, pp. 44-47, figs. 25-27, 39;  pi. 6, fig. 4. 

1959.   Rusophycus    Hall,    Seilacher,    Die    Naturwissenschaften,    vol. 
12,  pp. 292-293,  fig. 4. 

1962.   Rusophycus   Hall,   Hiintzschel,   Trace-Fossils   and   Problematica 
in   Treatise   on   Invertebrate   Paleont.,   Moore    (ed.),   pt.   W, 
Miscellanea,   p.  W212,  figs.   131-3,   5. 

Type Species — Fucoidcs b'doba Vaniixcm (1842) from 
the Silurian (Clinton) of New York State. 

Diagnosis—Short biiobate Cubichnia of trilobites. 
The lobes are commonly covered by anterolaterally directed 
striae. Imprints of cephalic and pygidial doublures or pygi- 
dial doublures, genal spines, and thoracic pleurae may be 
present. 

Discussion — Probably the most famous of all the 
"fucoids," Rusophycus served as the principal example in 
the "fucoid-" trace fossil controversy of the 1880's and has 
been the subject of numerous nomenclatural arguments. 

Rusophycus, which is typically preserved as a convex 
hyporelief in silt or sand-sized material, is a common 
Paleozoic genus with a widespread geographical representa- 
tion. Broadly speaking the body consists of two parallel 
lobes separated by a median furrow. Beyond this it is dif- 
ficult to generalize, for the genus shows a wide range of 
morphologic variation. The length varies from 1 cm in the 
Cambrian R. didyma Salter to over 25 cm in some Cincin- 
natian forms. In most specimens the width is equal to one- 
h:ilf the len^jth. Tlu' height of Rusophycus is independent 
of width and length; while most forms are only moderately 
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Text-figure 5. — Diverse Cambrian examples of Rusophycus. A. 
Reconstruction of a trilobite exca\ ating a shallow liurrow. B. Dia- 
gram showing the direction of movement of the legs in the formation 
of the burrow illustrated in fig. A above. C. Shallow burrow where 
the lobes are separate throughout their entire length; X 1.5. D. Bur- 
row with a V-shaped outline; X 1.5. E. Deeper, more typical, cordate 
burrow; X 0.5. F. Interpretation of R. jniiiingsi (Fenton and Fenton, 
1937) showing that the cephalon was used as a shovel. G. R. 
jniningsi showing delicate striae. H. Lateral vie\v of fig. 6 above 
showing the imprints made by the cephalon (right) and the walking 
legs (left) ; X 0.5. I. Reconstruction of a burrow from the Lower 
Cambrian rocks of Lugnas, Sweden. K. Diagram of fig. I above 
showing that some of the walking legs moved the excavated material 
anteriorly whereas the remaining legs moved it posteriorly. L. Lateral 
view of fig. I, K above; X 0.5.  (From Seilacher,  1959, fig. 4.) 

convex (PI. .SS, fig. 8), in some specimens (Text-fig. SI-L) 
the height is nearly equal to the length. In contrast some 
forms (PI. 57, fig. 1), which may be as much as 20 cm long, 
have a height of only 2-3 cm. Although the general outline 
is elliptical, it may vary considerably. The lobes may part 
slightly at one end to give a cordate appearance (Text-fig. 
SE), or they may be so deeply notched that the resulting 
outline resembles a "V" (Text-fig. SD). On rare occasions 
the lobes may be separate throughout their entire length 
(Text-fig. 5C). Even in ellipsoid specimens the median fin- 
row can take on various expressions. In most forms it is a 
simple V-shaped cleft, but occasionally the lobes may part 
to expose two rows of nodelike bodies ( PI. .S8, fig. 8). A more- 
extreme case  is where  the  lobes  are  poorly  developed   :ind 

the metlian area has become higlily complex. Specnnens of 
Rusophyciu with such well-developed median areas are thus 
far known only from the Upper Cambrian of Poland and 
the Cincinnatian. 

One of the most diagnostic features of Rusophycus are 
the striae which cover the lobes. As shown in Text-figure SB 
the striae are normally directed anterolaterally, although in 
some forms, e.g., R. hilobatum Hall (1852, pi. 9, fig. 3), 
they may be nearly normal to the longitudinal axis. 

Striae vary in size from extremely coarse, as in R. bUo- 
hatum Hall and R. grenvillensis Dawson, to fine as in R. 
(lidyma Salter. Although Seilacher (1960) generalized that 
the larger the specimen, the better developed are the striae, 
Cincinn;iriaii   forms   do  not  confirm   this  statement.   Some 
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large forms (PI. 71, fig. 1) may Ii:i\c almost smooth lobes, 
while much smaller specimens iia\e well-developed striae 
(PI. 60, fig. 2). 

There has been considerable disagreement regarding 
the nomenclatural status of these buckle-like burrows. The 
problem revolves mainly around the usage of four names: 
BUobites Rafinesque (1831), Riisophycus Hall (1852), 
Crossochorda Schimper (1879), and Cruziana d'Orbigny 
(1842). D'Orbigny (1839) proposed the name BUobites for 
a "fucoid" which was illustrated in the plates of his South 
American work. By the time the text was published (1842), 
he realized that this name was apparently preoccupied by 
BUobites DeKay (1824), a pelecypod; in its stead he pro- 
posed Cruziana. Unaware of D'Orbigny's work. Hall (1852) 
erected the genus Riisophycus for a form from the Chnton 
(Silurian) beds of New York State, figured by Vanuxem 
( 1842) under the name Fucoid,es biloba. At the same tune 
Hall described several new Clinton species. For the next 
100 years confusion reigned and BUobites, Rusophycus. anil 
Cruziana were used interchangeably. To add to the confu- 
sion several authors altered (illegally) the spelling of Ruso- 
phycus, e.g., Rusichnites Dawson (1864), Rhysophycus 
Schimper (1879). Sinclair (1951) summarized the problems 
surrounding the usage of BUobites, finding that the name 
has been employed at various times for a pelecypod, trace 
fossil, brachiopod, and trilobite. He concluded that BUobites 
Rafinesque (1831), for an imrecognizable trilobite, has 
priority. The reader is referred to Sinclair for n more com- 
plete discussion of the BUobites problem. 

Seilacher (1953b) restricted Cruziana to the short bilo- 
hate buckle-like imprints, i.e., Rusophycus in the usage of 
Hall. The longer bandlike bilobate forms, such as those 
described by Delgado (1886), he referred to Crossochorda 
Schimper (1879). At the same tmie he placed Isopodichnus 
Bornemann (1889) in synonymy with Cruziana. Isopodich- 
nus is morphologically similar to Cruziana (in the sense of 
Seilacher, 19S3b) but has been employed mainly for Trias- 
sic and later forms. In 1955 Seilacher reversed his opinion. 
He now considered Rusophycus as the short, buckle-imprints 
and in part restricted the longer bands to Cruziana. He 
likewise separated Cruziana' from Crossochorda. The reason 
for this sudden shift was his ethological interpretation of 
the various forms. Rusophycus was thought to represent a 
resting trace (Cubichnia), while Cruziana was interpreted 
as a grazing trace (Pascichnia). Crossochorda, which he 
interpreted as a crawling trace (Repichnia), was considered 
to be an intermediate stage between Rusophycus and 
Cniz'iana. 1 liiiit/.schel (1962) largely agreed with Seilacher's 
treatment of 1955, although he separated Isopodichnus 
from   Rusophycus.    I'o   further   confuse   matters,   Seilacher 

(1964) did not employ the generic designation Crosso- 
chorda. Forms which had been included under this name in 
1955 now came under Cruziana. 

It seems best in this case to keep paleoethological in- 
terpretation apart from nomenclatural philosophy and base 
the names strictly on morphology. The following usage will 
be employed in this work: Rusophycus is restricted to the 
short bilobate coffee-bean-like imprints of trilobite origin. 
This includes all forms described by Seilacher (1953b) under 
the name Cruziana, as well as what Seilacher (1955, fig. 5, 
nos. 7-8) referred to as Cruziana. Cruziana is restricted to 
the longer bilobate forms also of trilobite origin, such as 
those described by Delgado (1886). It is obvious that it 
is difficult to draw a dividing line between these two genera. 
Forms such as those on Plate 66, figure 3 illustrate this 
point. However, the situation is not clarified by establishing 
an intermediate genus, i.e., Crossochorda, for this only com- 
pounds the problem. A complete study of Crossochorda has 
not been undertaken, but it apparently lies within the limits 
of Cruziana as defined herein. In this work Isopodichnus is 
restricted to short Rusophycus-\\ke imprints of nontrilobite 
origin. Both Seilacher (1960) and Glaessner (1957) agreed 
that Isopodichnus is most probably of phyllopod origin. 

interpretation.— Because Rusophycus was used as an 
illustration for the "fucoid-"trace fossil controversy, there 
is no need to give an extensive treatment of the history of 
the genus here. For many years it was interpreted as a 
"fucoid" possessing a wrinkled bilobate stem, and Hall 
(1852, pi. 9, fig. 1) even illustrated one form with a "stipe" 
attached. As early as 1864 Dawson challenged the "fucoid" 
assignment, regarding the genus as a trace fossil represent- 
ing the burrowing activity of trilobites. His arguments were 
similar to those used later by Nathorst, but in addition he 
appointed out the similarity of Rusophycus to the Recent 
burrows of Limtdus. Dawson's writings made little impres- 
sion, and not until after Nathorst's work of the 1880's was 
it generally accepted that Rusophycus was the cast of a 
trilobite burrow. 

However, studies of Recent burrows have demonstrated 
that not all short, bilobate, Rusophycus-Wke bodies were 
produced by trilobites. Seilacher (1960 fig. 1) maintained 
that there are at least three other groups of organisms cap- 
able of excavating burrows similar to those of trilobites. He 
illustrated the shallow burrow of the marine polychaete 
Aphrodite. Although no fossil representatives are known, 
Seilacher ( 1960) observed Recent examples on the tidal 
flats at Wilhelmshaven. 

According to Seilacher (1960) several fossil bilobitids 
can be assigned to gastropods {e.g., those described by 
Barrois  ( 1882 )  from  the Upper Cretaceous of the  Arden- 
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lies). Recent counterparts produced by Biillia have been 
studied by Abel (1935) and Giitzinger and Becker (1932). 
The actual mechanics of burrow excavation are unknown. 
Seilacher (1960, p. 42) stated that these may be differen- 
tiated from trilobite-produced burrows by the orientation of 
the striae. In gastropod burrows the striae are directed 
posterolaterally from the midline; in Riuophycus they are 
directed anteroiateraliy. Although a generic designation has 
not been established for short bilobed burrows of supposed 
gastropod origin, longer bandlikc forms have been placed in 
Scolicia Quatrefages (1849) by Seilacher (1955) and 
Hantzschel (1962). 

As mentioned previously, the genus Isapoilichnns 
Bornemann (1889) has been used for bilobate forms of pre- 
sumed phyllopod origin. Isofodichnus has been applied to 
many post-Paleozoic specimens, especially those from the 
Triassic of Germany, but Glaessner (1957, p. 1G6) men- 
tioned several possible Paleozoic representatives. Some 
forms are from marine environments, others from brackish 
and fresh water settings. Recent examples have not been 
extensively studied. The only mention of such phyllopod 
activity is by Krejci-Graf (1932, p. 31), who made a brief 
reference to the bilobed burrows of Artemisia salina observed 
in brine pools in Romania. According to Seilacher (1960) 
phyllopod burrows can be distinguished by their extremely 
small width (± 1 mm). 

Several authors, e.g., Dawson (1864), Caster (1938), 
have mentioned bilobate burrows of Recent Limidus. Caster 
found that by sprinkling stranded young limuloids with 
water, they could be induced to burrow vertically (Caster, 
1938, pi. 12, fig. 2). It should be possible to distinguish 
well-developed deep limuloid burrows by their general out- 
line; however, initially the excavation is reminiscent of 
Rusophycus. 

As illustrated, several organisms can produce Ruso- 
phycus-Wke. burrows, and great care must be taken in inter- 
preting them. Unfortunately with a few exceptions, e.g., 
Limulus, Recent perpetrators have not received extensive 
study, and more work is required before positive identifica- 
tion of fossil forms can be confidently made. This is especial- 
ly true in attempting to distinquish between alleged phyl- 
lopod and trilobite burrows. The only apparent difference is 
size, and this is no sure criterion (e.g., see Ormathichnus 
herein). 

Nevertheless many times it is possible to assign such 
burrows to specific trilobites. Imprints of the cephalic and 
pygidial doublures (PI. 57, fig. 1), genal spines (PI. 58, fig. 
1), and thoracic pleurae (PI. 59, fig. 6) are not uncommon. 
Moreover, three specimens are known where the trilobite 
has been found in situ (PI. 58, figs. 4-5; PI. 57, fig. 6). All 

three forms are Flexicalymene vieeki and were collected 
from the Corryville section at Stonelick Creek, Clermont 
County, Ohio. Such specimens are important, not only be- 
cause they offer proof of trilobite origin, but also because 
they provide a guide for anterior-posterior orientation. They 
confirm that the striae are directed anteroiateraliy from the 
midline. 

Seilacher (1955) noted that there is never a trace of 
the excavated sediment. Rusophycus is not found with the 
raised rims one would expect if the sediment were pushed 
out to the sides of the burrow. He theorized that the legs 
dug toward the median line and to the rear (Text-fig. 5B) 
and that the comb-shaped pre-epipodites might have set up 
currents which would aid in swirling away excavated ma- 
terial. On the other hand. Caster (1938) noted that the 
simple up and down digging movement was sufficient to 
carry away the sediment. 

Seilacher (1955, 1959) discussed two additional varia- 
tions of burrow excavation. He described one specimen from 
the Lower Cambrian of Sweden where the striae are directed 
anteroiateraliy as well as posterolaterally. Seilacher en- 
visioned a trilobite with a strongly arched back in which 
the first few pairs of appendages pushed the sediment to the 
median line and forward. The remaining pairs behaved in 
the more conventional manner, moving the material pos- 
terolaterally to the midline. 

Normally the cephalon and genal spines took no active 
part in the digging process. However, Fenton and Fenton 
(1937a) described a burrow (Text-fig. 5F-H), R. jenningsi 
from the Lower Cambrian of Alberta in which the cephalon 
played more than a passive role. Both the Fentons (1937a) 
and Seilacher (1955, 1959) believed that the trilobite (most 
likely an olenellid) used the cephalon as a shovel and 
scooped the sediment from the anterior portion of the bur- 
row. Three distinct impressions of the cephalon may be seen 
on the sides of the specimen. 

Opinions on the ethological significance of Rusophycus 
have differed. Seilacher (1953b, 1955, 1959) believed that 
the majority of specimens represent Cubichnia, where the 
originator burrowed for concealment. Glaessner (1957) main- 
tained that all Rusophycus, as well as the longer cruzianids, 
were feeding structures where the movement of the legs set 
up a "feeding current." Finally, Fenton and Fenton (1937a) 
suggested that Rusophycus might represent an egg deposi- 
tory. While all three explanations are possible, the Cubichnia 
assignment appears the most logical, for trilobites are known 
to have bad vulnerable ventral surfaces. One defense 
nurluiiiism developed by many species was that of enroll- 
ment, ami it is not illogical to assume that Rusophycus 
represents another. In most cases the trilobite burrowed just 
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deep enough to cover the dorsum with a thin layer of sedi- 
ment; and, based on observation of Recent arthropods, e.g., 
the sand crab Emerita, it is probable that the organism 
could completely conceal itself in a few seconds. 

CINCINNATIAN    REPRESENTATIVES 

Most of the work on Cincinnatian representatives of 
Rusophycus was done by J. F. James (1885), who under- 
took a general survey of all North American species and 
correctly interpreted them as trilobite burrows. James con- 
cluded that two of Hall's (1852) Clinton species, R. bilo- 
batum and R. pudictcm, were present in the Cincinnatian 
strata; and in addition he erected one new species, Cruziana 
carleyi.' At the same time he stated that R. subangulatuni 
Hall (1852), which he considered to be the senior synonym 
of R. clavatinn Hall (1852), was not of trilobite origin, 
representing instead the trail of a gastropod similar to that 
produced by the Recent Melania. According to James such 
trails are present in the Cincinnatian, but since there was 
no accompanying figure, it is difficult to visualize what he 
had 111 mind. Observation of the types of R. subangulatum 
(PI. 59, fig. 3) and R. clavatum (PI. 67, fig. 5) shows that 
they are almost certainly of arthropod origin. James also 
dismissed R. asperum Miller and Dyer (1878) as the trail 
of an annelid. Although it is not clear what this latter form 
represents, it is certainly not a Rusophycus and is discussed 
under Tylichnus. 

A restudy of Hall's types necessitates some rearrange- 
ment of James' nomenclatural assignments. Although the 
type specimen of R. bilobatutn has not been located, topo- 
t3'pe material and the original description indicate that this 
species is not present in the Cincinnatian. R. bilohatum is 
a large (15 cm long) form with extremely coarse striae 
which actually are better termed rugae. Here again it is 
difficult to determine what James envisioned when he dis- 
cussed Cincinnatian forms of R. bilabatum. He may have 
been thinking either of large isotelid-produced specimens or 
perhaps of much smaller nomsotehd forms in which the 
median furrow extends nearly the entire length of the 
specimen. Hall had mentioned this latter feature in his 
original description. In R. bilobatum the median furrow ex- 
tends the length of the specimen, while in R. pudicum it is 
confined to the central area. 

It is concluded that there are three species of Ruso- 
phycus present in the local section. These are R. pudicum 
Hall (1852), R. cadeyi J. F. James (1885), and R. crypto- 

James was of the opinion that C.rulzituia d'Orbigny had priority over 
Rusophycus Vanuxem  and  eniplo>ed  the  former  name. 

Uthi, n. sp. Justification for these assignments will be given 
below. 

Rusophycus pudicum Hall 

Plate 57, figure 6; Plate 58, figures 3-5, 7, 9, 10; Plate 59, figure 5; 
Plate 60, figure 2; Plate 66, figure 3; Plate 81, figure 9, Text-figure 
29-a. 

1853.   Rusophycus pudicus Hall, Nat. Hist. New York, Palaeont. New 
York, vol. 2, p. 24,  pi. 8, figs. 6a,b. 

1885.    ?Cruziaria biloba James, J. F., Cincinnati Soc. Nat. Hist., Jour., 
vol. 7, pp. 15+-157. 

1885.    ?Cruzliiria   pudica   (Hall),   James,   J.   F.,   Cincinnati   Soc.   Nat. 
Hist.,  Jour.,  vol.   7,   pp.   154-157. 

Type loccdity — Clinton (Silurian) beds of New York 
State. Type specimens: PI. 58, fig. 7; USNM 41113; latex 
mold UCM 37581; PI. 59, fig. 5, USNM 41115. 

Diagnosis — Medium-sized bilobed Cubichnia of trilo- 
bitcs (probably calymenids). The median furrow is only 
moderately expanded and the striae may be weak or well 
defined. 

Discussion — Hall figured two specimens of R. pudi- 
cum. The first (PI. 58, fig. 7), measuring 3.2 cm by 2.0 cm, 
is strongly bilobate, and the median burrow runs nearly the 
entire length of the specimen. Striae are present on the 
lobes but are only weakly developed. The second specimen 
(PI. 59, fig. 5) is similar to the first in dimensions (3.9 cm 
by 1.8 cm) but differs in that the median furrow is less 
well developed and is confined to the central portion of the 
specimen. Both specimens are preserved as convex hypo- 
reliefs on a coarse-grained quartz arenite, the bottom of 
which is covered by a thin micaceous film, apparently in- 
dicating that the burrow was excavated in mud. 

All Cincinnation representatives of R. pudicum occur 
as convex hyporeliefs in sediments ranging from fine silt 
to coarse sand. The species is relatively common and ranges 
throughout the section. Although it does not normally occur 
in association with other trace fossils, it is not unusual to 
find more than one specimen of R. pudicum on a given 
slab, and occasionally it may occur in great numbers (PI. 
58, fig. 9). Morphologically it is difficult to distinguish 
Hall's specimens from the majority of those found in the 
Cincinnatian. Measurements of 33 Cincinnatian specimens 
reveal that the dimensions (mean length of 3.46 cm, mean 
width of 1.65 cm) compare favorably with those of Hall's 
types. Although the lobes vary in their development, nor- 
mally they are widest anteriorly and taper gently to the 
rear. This is in contrast to some forms of Rusophycus, e.g., 
Seilacher (1955, fig. 5, nos. 4, 5), where the lobes are con- 
stant in width or may even taper slightly anteriorly. The 
median furrow extends the entire length of the lobes and 
does not show any marked expansion. The striae covering 
the lobes are normally poorly developed just as they are in 
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the syntypes. In some forms (PI. 60, fig. 2) they appear to 
be unevenly concentrated over the lobes, thus giving the 
lobes an almost annulate appearance. 

Interpretation-—-There can be little doubt that the 
producer of the Cincinnatian R. pudicum was Flexicaly- 
tnene. The general size and shape of the trilobite conform to 
the morphology of the burrow, and impressions of the 
cephalic doublure and thoracic pleurae are sometimes en- 
countered (PL 81, fig. 9). As mentioned previously, three 
specimens of R. pudicum have been found with the speci- 
men of Flexicalymene meeki still in place. It is indeed rare 
when a trace fossil is found in direct association with the 
organism that produced it, and these are the first confirmed 
occurrences of a trilobite found with a Rusnphycus-Cruziana 

trace.** 
As is true of many Cubichnia, R. pudicum not infre- 

quently exhibits horizontal repetition (i.e., repetition of the 
burrow in a horizontal plane). In the example seen on 
Plate 66, figure 3, the trilobite burrowed, moved forward a 
short distance, and then burrowed again. Specimens such 
as this are similar to Cruziana but there is a basic behavioral 
difference. The surface of the long bandiike furrows of 
Cruziana is always even, demonstrating that the organism 
was moving horizontally across the substrate. In contrast 
the specimen of Rusophycus under discussion shows an 
alternation of vertical and horizontal movement. 

R. pudicum, as well as other Cincinnatian representa- 
tives of the genus, appear to confirm Seilacher's statement 
(1955) that tracks are rarely associated with Rusophycus. 
The reason for this is not clear. Although Seilacher believed 
that most Rusophycus were of endogenous origin, no such 
examples have been found in the local section. The lack of 
tracks is probably due to a variety of factors. Some speci- 
mens of Rusophycus may well be of endogenous origin; 
however, it is also likely that the currents sweeping the 
bottom were of sufficient velocity to eradicate the tracks, 
yet were not strong enough to obliterate the burrow. It is 
possible that some examples of Rusophycus are the bur- 
rows of nektonic trilobites, where the organism settled to 
the bottom, burrowed, and then swam out of the excavation. 

It is probable that Hall's syntypes were made by caly- 
menids, for Fisher (1960) listed both Calymene niagarensis 
Hall and C. clintoni (Vanuxem) as index fossils for the 
New York Clinton. Presumably I^uropean calymenids, ct^., 
C. biumenbachii Green, would leave similar traces. 

" Aliel (1935, fig. 224) illustrated a form from the Upper Devonian 
sandstones of South Africa in which the striae are faithfully pre- 
served. He believed that removal of the matrix would reveal the 
producer in  silii. 

Rusophycus carleyi (J. F. James) 

Plate 57, fi;4;ure 1; Plate 58, figures 6, 8; Plate 59, figure 6; Plate 71, 
figure  1 ;  Text-figure  29-h. 

1885.   Cruziana carleyi James, J. F., Cincinnati Soc. Nat. Hist., Jour., 
vol. 7, p. 155, pi. 8, fig. 1. 

Type locality — "Cincinnatian Group near Bantam. 
Clermont County, Ohio" (James, 1885, p. 155). Presumed 
type specimen: PI. 71, fig. 1; UCM 37604. 

Diagnosis — Large bilobate Cubichnia of tnlobites. In 
some specimens the lobes part mesially to reveal two longi- 
tiidmal series of nodes. 

Discussion — James (1885, p. 155) proposed R. carleyi 
for specimens which differ from all other Rusophycus "in 
being entire at one end and separated into two lobes at the 
other; and also, and especially, in having seven or more 
pairs of elevations and depressions arranged in an oval in 
the center of the longitudinal groove." He interpreted it as 
an isotelid burrow. 

What is most likely the holotype is now in the Univer- 
sity of Cincinnati collections (PI. 71, fig. 1). Although the 
specimen bears no label, the dimensions are similar to those 
given by James. He also mentioned a sudden "flaring out" 
just anterior to the median furrow. This is clearly shown in 
his figine (James, 1885, pi. 8, fig. 1) and is present on the 
specimen in question. The presumed holotype measures 13 
cm by 7.5 cm and the depth is approximately 3.5 cm. The 
median furrow is 2.0 cm wide in R. carleyi, and within this 
area are the small ridges or nodes mentioned by James. 
Close observation reveals that there are nine such pairs. 
James neglected to mention one additional feature which 
differentiates this species from all others — the over-all 
shape. R. caileyi is ellipsoidal, while most other species have 
a cordate or slightly lacrimal outline. Normally such an 
outline would make orientation difficult, but the cast of 
one of the genal spines eliminates this problem. With the 
exception of the extreme anterior area, the lobes are re- 
markably free of striations. 

Additional specimens of the same species are even 
more revealing. One form ( PI. 57, fig. 1) from the rich trace 
fossil locality at Stonelick Creek (Corryville beds) shows 
the cast of 11 pairs of walking legs, the hypostome, genal 
spines, and cephalic and pygidial doublures! Were it not 
for the presence of the poorly developed lateral lobes, this 
specimen could easily be mistaken for an actual cast, i.e., 
a body fossil. (Compare this form with I sot el us ma.ximus 
(Locke) (PI. 57, fig. 5; USNM 33458) from the Richmond 
beds near Oxford, Ohio, where the actual appendages are 
present.) 

The m(irph()l()o\   of tiu- Corryville specimens is similar 
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to Rusophycus sp. illustrated by Radwanski and Ronievvicz 
(1963) from the Upper Cambrian of the Holy Cross Moun- 
tains of Poland. Although the Polish forms are smaller (3-7 
cm long), the lobes are weakly developed, and the series of 
nodes are present in the median area. Since Isotelus is un- 
known in the Upper Cambrian of Poland, the producer most 
likely was a different genus. 

Also included in R. carleyi are a few large specimens 
from unknown localities where the lobes do not part mesial- 
ly. Plate 59, figure 6 illustrates one form which has a length 
of 25 cm. This is the largest Rusophycus ever reported and 
approaches the upper limits of isotelid dimensions. In con- 
trast to the other members of the species, the lobes bear 
extremely' strong striae. The casts of one of the genal spines 
and the thoracic pleurae are also preserved. 

Interpretation—Because of their large size it is ap- 
parent that the Cincinnatian representatives of R. carleyi 
are the products of the burrowing activity of Isotelus, the 
only local trilobite large enough to produce such a burrow. 
The series of nodes seen in the specimens represent casts of 
the proximal portions of the walking legs, probably the 
coxae or coxal gnathobasic extensions. It is interesting to 
note that these impressions on the Stonelick specimen (PI. 
57, fig. 1) differ somewhat from the coxae of the Oxford 
specimen of /. inaxiiniis. Both the specimen and Raymond's 
(1920, fig. 9) reconstruction of it show exceptionally long 
coxae. The coxae of the Stonelick specimen are much 
shorter, and in the posterior portion of the specimen, there 
is a V-shaped joint. Although these impressions are dis- 
torted by the movement of the legs, the joint which moved 
was shorter than the gnathobasic appendages shown by 
Raymond. Because the Oxford specimen is composed of 
coarse crystalline calcite (there is no original skeletal ma- 
terial remaining), it is entirely possible that a joint could 
have been masked during replacement. 

Those forms bearing the nodes appear to illustrate 
a type of digging which differs from that found in most 
Rusophycus (e.g., R. pudicum) where nodes are not 
present. Excavation of the burrow might have been achieved 
by a broad sweeping motion of the appendages much like 
a swimmer doing the breaststroke. This would account for 
the weak development of the lobes and striae and would 
also make possible preservation of some of the features of 
the ventral surface. It is equally possible that the digging 
movement was similar to that in R. pu-ciictim but that some 
of the sediment became clogged along the mid-ventral axis. 

Rusophycus cryptolithi, n. sp. 

Plate 58, figures 1, 2;  Plate 59, figure 4; Text-figure 29-c. 

Type   locality — The   specimen   figured   on   Plate   58, 

figure 2; UCM 37587 is designated as the type specimen. 
The type locality is the Economy beds of Humphrey's 
Branch of Twelve Mile Creek on Washington Trace Road, 
350 meters southeast of the intersection with Twelve Mile 
Creek Road, Campbell County, Kentucky. 

Diagfwsis—Small, ovoid, button-like Rusophycus. The 
striated lobes are subdivided into a coarser outer zone and 
cordate more finely striated inner zone. Imprints of genal 
spines are commonly present. This species differs from all 
others in the genus by having a width which is equal to or 
slightly greater than the length. 

Discussion — To date 15 specimens of the species are 
known, 11 are from the type locality, three are from the 
Economy strata of Duck Creek, 1,000 meters southwest of 
the intersection of Duck Creek Road and Kentucky Route 
8, Campbell County, Kentucky. The remaining specimen is 
from the McMicken beds of West Fork Creek, approximate- 
ly 30 meters upstream from the .^nollusk trails locality. All 
are preserved as convex hyporeliefs in a 2 cm thick cross- 
laminated calcisiltite which overlies a thick calcilutite. In 
contrast to other Cincinnatian Rusophycus, R. cryptolithi 
shows positive  rhcotaxic orientation. 

These button-like specimens average 17 mm in width 
and 15 mm in length. A slightly raised rim commonly sub- 
scribing an arc of 180° is preserved on some forms. A 
median furrow is present in all forms but is less well de- 
veloped than in the other two species. The morphology 
varies with the depth of the burrow. The deeper forms, 
such as those seen in Plate 58, figures 1, 2, exhibit the great- 
est detail. In these two forms the anterior wall of the bur- 
row is slightly undercut, and the genal spines are plainly 
evident. In contrast shallower "incipient" burrows, such 
as that on the right in Plate 59, figure 4, show only the two 
lobes. 

As the specific name implies R. cryptolithi represents 
the burrowing activities of Cryptolithus. The ovoid shape, 
size range, and the imprints of the genal spines all point to 
this genus. The rocks in which the specimens were found 
abound in Cryptolithus fragments, while other trilobites 
are comparatively rare. Only two small specimens of R. 
pudicum [probably made by Flexicalymene callicephala 
(Green)] were found at the first two localities mentioned 
above. 

Traditionally the blind Cryptolithus has been considered 
a burrower, yet it appears that it was not so successful in 
excavating resting traces as other trilobites were. The oval 
burrow would serve only to conceal the cephalic area, for 
in some of the burrows where the anterior wall is much 
deeper than the posterior, the thorax and genal spines must 
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certainly have been exposed. Likewise, the undercut an- 
terior wall must have presented some problems when the 
organism desired to leave the burrow. Perhaps the cordate 
inner area of the lobes was made as the animal backed out 
of the burrow, for it is best developed on those forms in 
which the wall is undercut. 

LOCKEIA U. P. James, 1879 

Plate  57, figure  7;  Plate  58, figure  10;  Plate  59, figures  1,  7;  Plate 
63, figure 6; Text-figures 6, 29-d. 

1873.   Noil  Dtill:soIIid  Nicholson,  Monograph  of British  Graptolititlae, 
p.  70. 

1879.   Lockeia James,  U.  P.,  The  Paleontologist,  vol.   1,   p.   17. 
1885.   Dawsdiiia  Nicholson,   James,  J.   F.,   Cincinnati  Soc.   Nat.   Hist., 

Jour., vol. 7, pp.  161,  162, pi. 9, fig. 7. 
1892.   Dtiivsoiiia   Nicholson,  James,  J.   F.,   Cincinnati   Soc.   Nat.   Hist., 

Jour.,  vol.   14,  pp.   162,   163,  fig.  7. 
1953.   Pi'lreypoJic/iiius   Seilacher,   Neues  Jahrb.   Geologie   u.   Palaont., 

Abh., Bd. 98, pp. 105-107, pi. 10, fig. 1;  pi. 12, figs. 1, 2. 
1962.   Pelfcypodichiius Seilacher, Hantzschel, Trace-Fossils and Prob- 

lematica in Treatise on Invertebrate  Palcont., Moore   (ed.),  pt. 
W, Miscellanea, p. W208, fig. 130-4. 

Type species — Lockeia siliquaria U. P. James (1879) 
from the bank of the Ohio River "halfway between high 
and low water" at Ludlow, Kentucky (most probably Up- 
per Trenton). 

Diagnosis — Small oblong bodies pointed at both ends, 
which resemble the end of an almond projecting above a 
surface. Preservation as convex hyporelief. Surface of speci- 
mens normally smooth, although a longitudinal crest or 
furrow may be present in some. Vertical sectioning reveals 
a shaft of disturbed bedding conforming to the measure- 
ments of the specimen overlying most forms. 

Discussion — U. P. James (1879, p. 17) proposed 
Lockeia siliquaria for "elongated, convex fossil sea-plants, 
rounding and tapering to sharp or obtuse points, seed-like 
in appearance, with or without slight longitudinal depres- 
sions, attached to the surface of rocks." 

Regretably the type locality is now permanently 
covered by damming of the Ohio River, and recollecting is 
no longer possible. Fortunately, several slabs of topotype 
material (PI. 57, fig. 7; UCM 37597) are present in the 
University of Cincinnati collections. Additional material in- 
cludes a single slab bearing about 15 specimens from the 
Economy beds of Twelve Mile Creek, Kentucky (PI. 59, fig. 
7), and a single slab with three specimens (PI. 58, fig. 10) 
from the Corryville strata of Stonelick Creek. 

As shown by the association with Rusophycus and as- 
sorted tool marks (PI. 58, fig. 10), Lockeia is preserved as 
a convex hyporelief on calcisiltites. Specimens from the topo- 
type locality show a high "population density" as many as 

215 individuals occur on a surface of 150 square cm! In- 
dividuals may occur singly or in groups of three or four, and 
truncation is not uncommon. There is no preferred orienta- 
tion, although up to six individuals may be aligned one 
behind the other, thus presenting a sort of pseudo-preferred 
orientation. Usually a faint ridge connects the aligned forms, 
although it is not always present. Plate 57, figure 7 shows 
a variation of the above, where several specimens are ar- 
ranged in an en-echelon pattern. 

The individual specimens occur as oblong bodies which 
are pointed at both ends. Forms from the topotype locality 
occurring on the same slab show a wide size variation. The 
length may vary from 2-9 mm, while the height ranges from 
a fraction of a millimeter up to 4 mm; the width is 1-2 mm. 
The surface of most specimens is smooth, although some 
may bear a faint longitudinal ridge or furrow. While the 
majority of the forms are symmetrical, a few are tilted 
to one side or are slightly irregular in outline. 

The Twelve Mile Creek specimens (PI. 59, fig. 7) are 
larger than the topotype forms, as they average 1.2 cm in 
length and 3 mm in width and height. Some of these are 
irregular in outline, and many appear to have been broken 
off, possibly by Recent stream erosion. The Stonelick Creek 
specimens (PI. 58, fig. 10) resemble the topotype material in 
their regular outline but are somewhat plumper. 

Both longitudinal and cross-sections were prepared of 
specimens from Twelve Mile Creek and the topotype local- 
ity. These sections clearly reveal that there is a disturbance 
of the bedding directly above the markings in the material 
from the first locality. This disturbed area conforms to the 
dimensions of the fossil and extends to the top of the bed. 
It is noteworthy that the contiguous bedding is bent as if 
something had been forced down through the sediment. One 
section (PI. 63, fig. 6) shows what appears to be the outline 
of a rounded object near the base of the bed. That the dis- 
tiubed bedding overlying the hyporeliefs is arranged in an 
arcuate pattern is noteworthy. 

Sectioning of the topotype material presents a more 
complex picture. Of the 32 specimens of Lockeia that were 
studied in this manner, 27 showed no disturbed bedding over 
the specimen such as was found in those from Twelve Mile 
Creek. The remaining five did show the disturbance. Where 
there was no disturbed bedding, it was found that the silt 
forming the almond-shaped bodies was both darker and 
more coarse-grained than that of the overlying bed, and 
the line of contact was exactly flush with the base of the 
calcisiltite bed. This is best seen in vertical section (PI. 59, 
fig. 1) but is also apparent from close observation on the 
surface of the slab itself. 
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J. F. James (1885, 1892) compared Lockeia to certain 
forms from the Llandeilo beds (Ordovician) of Scotland 
w inch were described by Nicholson (1873) under the name 
Dawsonia. Because James' comparison rested more on in- 
terpretation than on a similarity of morphology, it will be 
discussed later. 

Lockeia is judged to be synonymous with Pelecypodich- 
nus Seilacher (1953b) from the Braun-Jura Beta beds of 
Wiirttemberg (Seilacher, 1953b, pi. 10, fig. 1 and pi. 12, fig. 
1; plastotype UCM 37688). Seilacher's forms are preserved 
as convex hyporeliefs and are associated with Asteriacites 
quinquejolias. Although their length is close to that of the 
Cincinnatian topotype specimens, their width is consistently 
greater (4 mm). In this sense they are more like the Corry- 
ville specimens. As in the Cincinnatian topotype material, 
individuals may occur in groups, and truncation is not in- 
frequent. It is not known whether disturbed bedding is 
found overlj'ing the forms, as apparently Seilacher did not 
have a sufficient number of specimens to permit sectioning. 

Lastly, Lockeia resembles Linck's (1949, pi. 8, figs. 1, 
2) ''Reihcnhocker-Spiir" from the Schilf Sandstone (Trias- 
sic; Keuper) of Wiirttemberg. The most striking feature of 
Linck's forms is the degree of alignment found. The longest 
observed specimen was 26 cm in length and consisted of 14 
individuals connected by low ridges. Occasionally one form 
will protrude out of line to break the symmetry. These too 
are preserved as convex hyporeliefs and their size range 
compares  favorably  with  Lockeia. 

Interpretation—J. F. James (1885) discarded his 
father's algal hypothesis and instead compared Lockeia to 
"reproductive bodies" or "ovarian capsules" of graptolites 
similar to those described by Nicholson (1866, 1873). 
Nicholson ( 1873, p. 139) characterized Dazcsonia as "horny 
or chitinous capsules . . . furnished in most cases with a 
small spine or mucro, and having a marginal filament exact- 
ly resembling the solid axis of a graptolite." James admitted 
that local workers had questioned his interpretation because 
Lockeia is not associated with graptolites. However, because 
he erroneously believed that "Buthotrephis" gracilis Hall 
represented a graptolite and because it occurs with Lockeia, 
this seemed to him convincing. Although Dawsonia'' is a 
problematicum ( Bulman (1955) in his graptolite mono- 
graph, placed it under "unrecognizable genera"), Nicholson's 
description indicates that it is really different from Lockeia. 
None of the Cincinnatian specimens possess an organic 
covering, a "mucro," or a "marginal filament." Likewise, 
there is no evidence to support James' conclusion that one is 

dealing with "ovarian capsules" or graptolites. As shown 
elsewhere in this paper, "Buthotrephis" gracilis is not a 
graptolite but a chondritid burrow. Moreover, James was 
reasoning from the philosophy that graptolites were hydro- 
zoans and thus would possess large reproductive bodies. 
There is no evidence that they did. The disturbed bedding 
overlying the specimens and the truncation of some forms 
by others indicates that Lockeia is a trace fossil. 

Neoichnological studies conducted by Seilacher ( 19S3b) 
and used by him to explain the origin of Pelecypodichnus 
provide insight into the origin of Lockeia. Seilacher's in- 
terpretation is based on experiments conducted with Tivela 
ponderosa (Koch), a burrowing marine pelecypod of the 
Pakistan sand flats. Seilacher (1953b, pi. 12, fig. 3a) showed 
a vertical section in which the anterior portion of the shell 
is imbedded in mud, while the bulk of it is encased in the 
overlying silt bed. His plate 12, figure 3b is a plaster cast of 
the impression left in the mud after the pelecypod and the 
overlying silt bed have been removed. This cast is morpho- 
logically similar to both Pelecypodichnus and Lockeia. 
Seilacher classified the former among the Cubichnia, as he 
believed that the organism burrowed for protection and 
then extended its siphons to the surface to feed. Although 
he did not elaborate, he considered Linck's forms as Pele- 
cypodichnus and regarded them both to be Repichnia. 

It is probable that Lockeia too was made by burrowing 
pelecypods. Dalve (1948) listed nine bivalves as being 
present in the Fulton strata.'" Four of these, Byssonchia 
vera (Ulrich), Modiolopsis sp., Pterinea dernissa (Conrad), 
and Pterinea mucronata (Ulrich), are byssate pelecypods 
and need not be considered here. Of the remaining five, two 
forms, Cleidophora fabula (Hall) and Ctenodpnta obliquata 
(Hall), measure only a few millimeters in length and thus 
are too small to have produced the burrow. The other three, 
Orthodesma nasutum (Conrad), Cleidophorus planidatus 
(Conrad), and Psiloconcha tenuistriata Ulrich, are larger 
and have the relatively smooth elongated body indicative 
of burrowers. Although the local representatives of Ortho- 
desma nasutum (Conrad) have never been described, 
Foerste (1914, pi. 3, fig. 5A, B) discussed coeval forms from 
the Cincinnatian of New York State. One described speci- 
men has a length of 44 cm, while the greatest height is 
1.55 cm and the convexity is 4 mm. Foerste (1914, p. 287) 
mentioned that "the most striking feature of the shell . . . 

" Diiii'soiiia   Nicliolson    (1873)    is   preoccupied   by   Da-usniiia   llartt   /// 
Dawson   (1868),  an  annostiil trilohlte. 

"Even though the type locality of Lockeia is most probably Trenton 
in age, it is not invalid to include Lower Cincinnatian fossils in a 
discussion of the probable originators of the topotype burrows. As 
Weiss, cl at. (1965, p. 17) pointed out, the Cynthiana and Lower 
Eden  faunas  intergrade. 
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is the distinct dropping of tlie cardinal margin anterior to 
the beak." Cleidophorus planulatus (Conrad) is listed by 
Bassier (1915) and Shimer and Shrock (1944) as being 
present in the local strata, but, like 0. nasutimi, the Cin- 
cinnati specimens are undescribed. Shimer and Shrock (1944, 
p. 377; pi. 146, fig. 17) said that the species is "charac- 
terized by prominent umbonal ridge extending from beak to 
posterior extremity, and by conspicuous flattening of shell 
hingeward from this ridge." Foerste (1914, p. 302) men- 
tioned that forms from New York State attained a length 
of 2.0 cm. The greatest height is 9 mm and the convexity 
1.6 mm. The third form, Psiloconcha tenuistrata, was 
established by Ulrich (1893, p. 668; pi. 52, fig. 10) for 
forms "near the low water mark of the Ohio River at 
Covington, Kentucky." The specmiens are small, having a 
length of about 1.1 cm and a height of 4.5 mm. The dis- 
tmguishmg features are the "narrowly rounded anterior end, 
and the exceedmg fmeness of the concentric surface mark- 
ings" (Ulrich, 1893, p. 668). 

While it must be admitted that there is no conclusive 
proof that Lockeia represents the burrowing activity of 
clams, the evidence is suggestive. Seilacher showed that 
burrowing pelecypods such as Tivela can produce Lockeia- 
like bodies, and there are three pelecypods present in the 
Fulton strata which appear, from their shell configuration, 
to have been burrowers. Moreover, the consistent symmetry 
of most specmiens of Lockeia indicates that they were made 
by some rigid or semirigid body. [Several ostracods are 
present in the Fulton rocks, but the ornamentation found 
on most forms demonstrates that they were surface dwellers. 
Those species with smooth carapaces are far too small to 
have produced the structure. The only other known bur- 
rowmg form in the Fulton beds is Lingula, but as seen in 
Moore, Lalicker, and Fischer (1952, fig. 6-1), the structure 
of the burrow is different.] Thus it is concluded that 
Lockeia most likely represents the burrowing activity of 
pelecypods. Based on the different size of the specimens 
from the three Cincinnatian localities, it is unlikely that all 
the forms were made by one species. While Seilacher's Pele- 
cypodichnus is believed synonymous with Lockeia, not 
enough is known about Linck's forms to make an interpreta- 
tion meaningful. Linck thought that they might be casts of 
imprints of amphibian or fish pectoral appendages. Vertical 
sectioning should be sufficient to test his theory. 

It is unusual that the remains of the maker of Lockeia 
are not found at the bottom of some of the structures, for 
such a covering of silt greatly increases the changes of fos- 
silization. However, the fact that Lockeia occurs in small 
clusters and shows horizontal repetition indicates that the 
organism probably changed the location of its burrow from 

time to time. Also, changes in the salinity or in the oxygen 
content of the water will cause hemi-sessile forms to move 
to the surface (personal observation made at Pacific Marine 
Station, Dillon Beach, California, during the summer of 
1962). Moreover, the fact that the Fulton pelecypods do 
not have a well-developed pallial sinus indicates that they 
did not possess long retractile siphons. This means that the 
posterior end of the shell was probably located at or just 
below the depositional interface. In time of rapid sedimen- 
tation the organism would be forced to elevate its burrow 
in order to maintain this relationship. The arcuate nature 
of the disturbed bedding in some of the Twelve Mile Creek 
specimens does suggest that the animal moved up in the 
burrow. 

Most probably some of the almond-shaped bodies 
represent casts of the foot, while others are casts of the 
shell itself. Normally when a pelecypod burrows, the foot 
is out ahead of the shell, but the longitudinal ridges and 
depressions found on some specimens lead one to believe 
that these specimens are casts of the shell. 

A more complete analysis of the topotype material is 
now possible. As mentioned above, 27 of the 32 forms 
studied do not penetrate up into the silt bed bearing them. 
The remaining five show clear evidence of extending from 
the base of the bed to the top. The following sequence of 
events is hypothesized to explain these facts and is illus- 
trated in Text-figure 6. First, several pelecypods burrowed 
through the silt until they encountered the underlying mud" 
(Text fig. 6A). At this point the organism withdrew, and 
the overlying silt filled in the depression. The silt bed was 
then completely stripped off by current action down to 
(but not into) the surface of the mud (Text-fig. 6B). This 
IS not as implausible as it may seem at first, for once deposi- 
tion has taken place, a great deal more energy is required to 
move mud than is necessary for the erosion of silt (Hjul- 
strom, 1939). If there were no increase in current velocity, a 
given current might be able to move silt yet be incapable 
of eroding mud. Because the molds of the original burrows 
were already filled with silt and were below the surface of 
the mud, they were not obliterated. Following this erosive 
period, another silt bed, slightly finer grained and lighter in 
color than the previous one, was deposited over the mud. 
Finally, a few pelecypods burrowed through this silt and 
nicked the surface of the mud (Text-fig. 6C). They then 
withdrew, the overlying silt filled in the depression, and the 
disturbed bedding remained as evidence of their activity. 
During diagenesis the silt bed underwent cementation, and 

"Many specimens liave trapped  hitilc fragments along their margins 
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Text-figure 6. — Interpretation of Lorkria siliquaria. Recon- 
struction showing the origin of specimens from the type locality. A. 
Tliree pelecvpods burrow through silt (dark pattern) and just nick the 
subjacent mud (dashed lines) with their foot or the anterior portion 
of the vahes. B. Subaqueous erosion strips away the silt down to the 
silt-mud interface. The dark ovoid imprints of the valves and foot or 
foot have been filled with silt and are protected. C. Following de- 
position of more silt (dark pattern) the sequence of events described 
in A above is repeated. Observation of the mud surface now reveals 
six ovoid imprints, however, cross-sections show that only three are 
overlain by a disturbed column of silt. 

i 
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the casts of the first group of burrowing pelecypods were 
cemented to the bottom of the new silt bed. However, there 
is a difference in the strength of bonding, for J. F. James 
(1885, p. 162) remariced that many of the Lnckeia speci- 
mens could be easily removed from the rock, much like 
grains of wheat. This indicates that the bonding of the 
original casts to the siltstone was weak. On the other hand, 
the later casts, which from an integral part of the new silt- 
stone bed, are not so easily removed; here cementation was 

more perfect. 

ASTERIACITES Schlotheim, 1820 

Plate 57, figure 2; Plate 58, figure 2;  Plate 62, figure 5; Text-figure 
29-e. 

1820.   Aslcrlacites  Schlotheim,  Die  Petrefactenkunde  auf  ihrem  jetzi- 
gen    Standpunkte    durch    die   Bcschreibung   seiner    Sammlung 
versteinerter  und  fossiler  Uberreste  des  Thier—und  Pflanzen- 
reichs  der  Vorwelt  eriautert,   p.   324. 

1878.   Hcliophycus   Miller   and   Dyer,   Contributions  to   Palaeontology 
No. 2 (Cincinnati, Ohio, private publication), p. 2, pi. 3. fig. 3. 

1885.   Heliophycus Miller and Dyer, James, J. F., Cincinnati Soc. Nat. 
Hist., Jour., vol. 7, p. 163. 

1953.   Aslcriackis   Schlotheim,   Seilacher,   Neucs   Jahrb.   Geologie   u. 
Palaont., Abh., Bd. 98,  pp. 93-105,  pis.  7-10. 

1962.   Asteriacites   Schlotheim,   Hantzschel,   Trace   Fossils   and   Prob- 
lematica /';; Treatise on Invertebrate Paleont.,  Moore   (ed.), pt. 
W,  Miscellanea,  p.  W184,  figs.  110-2,  130-4. 

Type species — Asteriacites lumbricalis Schlotheim 
(1820) from Lias of Coburg, Germany. Lectotype, Seilacher 
(19S3b). 

Diagnosis — Stellate Cubichnia of starfish which may 
be preserved as both concave epireliefs and convex hypo- 
reliefs. Vertical repetition is not uncommon and some evi- 
dence of the activity of tube feet may be present. 

Discussion — Seilacher (19S3b), who monographed the 
genus, recognized two species of Asteriacites: A. lumbricalis 
Schlotheim (1820) and A. quinquefolius Quenstedt (1876). 
The former is known from several localities, ranging in age 
from Upper Silurian through the Dogger. When preserved 
as a convex hyporelief, it consists of a small well-defined 
central disc and five long thin arms which may be striate. 
In some examples (Seilacher, 1953b, fig. 2-2b) the disc may 
be poorly defined and the proximal portion of the arms 
greatly expanded. When A. lumbricalis is found as a concave 
epirelief, the morphology is far different (Seilacher, 1953b, 
fig. 2-lb) — the central disc is indistinct and the arms 
taper gradually. The delicate striae which mark the arms in 
the convex hyporeliefs are not evident. 

A. quinquefolius Quenstedt (1876) is known only from 
two specimens, both from the Dogger Beta Sandstone near 
Zurich. One form is preserved as both a concave epirelief 
and a convex hyporelief, the other only as a concave epi- 

relief. The convex hyporelief differs from A. lumbricalis in 
being somewhat larger and having a shaggy appearance. 
Likewise, the central disc is not as well defined. The con- 
cave epireliefs have the same stellate outline as the convex 
hyporelief, but the details are blurred. As Seilacher noted, it 
is difficult to distinquish the two species solely from the 
concave epireliefs (compare Seilacher, 1953b, fig. 2-la, b 
with pi. 10, fig. 2 and pi. 11, fig. 3). 

Seilacher has undertaken an extensive study of the 
literature and has worked out a detailed synonymy, especial- 
ly for A. lumbricalis. No attempt will be made here to judge 
his conclusions on this matter. 

Interpretation — Asteriacites has most frequently been 
regarded as a cast of the ventral surface of asteroids. This 
was the interpretation of Schlotheim (1820), and many 
workers have since echoed this belief. Although Richter 
(1927, pi. 1, fig. 3) concluded that asteriacitid-like forms 
from the Ordovician of Bohemia were the fillings of non- 
echinoderm stellate burrows, it is not possible to support his 
interpretation on the basis of his illustration. 

The major problem is to determine whether a given 
form is a trace fossil or body fossil. Seilacher listed several 
criteria in support of his trace fossils. In the specimens he 
studied there was never a vestige of organic material and 
neighboring individuals may intersect. Moreover, the striae 
marking the arms do not resemble a plate pattern but 
instead show the imprints made by the tube feet during 
digging. The most convincing evidence is provided by 
vertical repetition. Seilacher (1953b, fig. 3; 1964, fig. 3) 
illustrated a slab from the Lower Triassic of the Tyrol 
which demonstrates the reaction of eight individuals to 
rapid sedimentation. As sand washed over the organisms, 
they struggled to reach the surface, and their upward path 
may be traced on the cleavage planes (hence the origin of 
the term vertical repetition). Another type of vertical repe- 
tition involves a rotation of the body during digging (Seil- 
acher, 1953b, pi. 7, fig. 2). Such behavior results in several 
partial imprints. 

Aquarium studies conducted by Seilacher employing 
an asteroid and ophiuroid have been most illuminating. A 
mud surface was covered with sand and the organisms were 
allowed to burrow. The results show that ophiuroids or 
ophiuroid-like forms may leave imprints which closely re- 
semble those of asteroids (see Seilacher, 1953b, fig. 2). Like- 
wise, by moving the distal portion of the arms, an ophiuroid 
with unbranched arms can leave an impression which could 
erroneously lead one to select a form with branching arms 
{e.g., Euryale) as the probable originator of the trace. 

Seilacher  reserved  A.  lumbricalis  for  traces  made  by 
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ophiuroids or ophiiiroid-like stelleroids and A. quinqvefolius 
for traces of asteroids. However, based on the results of 
his aquarium studies, it is apparent that one must exercise 
extreme caution in making specific assignments. 

He placed Asteriacites within the Cubichnia, basing 
his conclusion on the known fact that many Recent stel- 
leroids burrow just deep enough to cover the body with a 
thin layer of sediment. The most obvious explanation for 
this behavior is that the shallow burrow serves as a tem- 
porary place of refuge. 

CINCINNATIAN    REPRESENTATIVES 

Asteriacites stelliforme (Miller and Dyer) 

Plate 57, figure 1;  Plate 59, figure 2;  Plate 62, figure 5. 

1878. Hi'liop/iycus strlliforme Miller and Dyer, Contributions lo 
Palaeontology No. 2 (Cincinnati, Ohio, private pulilication), 
p. 2, pi. 2, fig. 3. 

1885. Hi'liophycus strlliforme Miller and Dyer, James, J. F., Cincin- 
nati  Soc. Nat. Hist., Jour., vol. 7,  p.  163. 

1953. Partim Asteriacites lumhricalis Schlotheini, Seilacher, Neues 
Jahrb. Geologei u. Palaont., Ahh., Bd. 98, p. 95. 

Type locality — ... "about the middle of the Cincinnati 
Group" (probably Fairview.?), Cincinnati, Ohio. 

Diagnosis — Cubichnia of moderate-sized stelleroids, 
the radii of which bear fine chevron-shaped striae. 

Discussion. — Only three specimens are available for 
study — the type (PI. 59, fig. 3; HBM 3175), a specimen 
from the Corryville of Stonelick Creek (PI. 57, fig. 2), and 
a third form from an unknown locality and horizon (PI. 
62, fig. 5). All are preserved as convex hyporeliefs in calci- 
siltites. There is no trace of the associated concave epirelief 
preservation found in Seilacher's forms. The dimensions of 
the forms are identical; the length of each arm is 2.0 cm, 
while the greatest width is 8 mm. The most noteworthy 
feature is the presence of the "rugosites" on the arms men- 
tioned by Miller and Dyer. In the type specimen (PI. 59, 
fig. 2) and the Corryville specimen (PI. 57, fig. 2), these 
striae form a "V," the apex of which is directed proximally. 
In the other specimen (PI. 62, fig. 5) there is no well- 
developed "V," and instead the striae are nearly normal 
to the main axis of the arm. Such sculpturing is also present 
in some of Seilacher's forms and the orientation of the "V 
is the same in both cases. The Corryville specimen shows 
clear evidence of the vertical repetition noted by Seilacher 
in some of the European forms. The other two specimens 
have  a  simple stellate outline. 

Although Seilacher (1953b) placed A. stelliforme in 
synonymy with A. lumhricalis, it is believed that there is 
sufficient   basis   for   retaining   Miller   and   Dyer's   specific 

designation. A. stelliforme differs from A. liimbricalis in 
having wider arms and chevron-shaped striae and from A. 
quinquefolius in having thinner arms and lacking the shaggy 
appearance. 

Interpretation —MiWer and Dyer (1878b, p. 2) be- 
lieved that A. stelliforme was a ". . . starlike plant without 
any stem," while J. F. James (1885, p. 163) interpreted the 
form as the mold of an asteroid, possibly Palaeaster. He ex- 
plained the "rugosities" on the arms as "caused by arrange- 
ment of the plates on the underside of the body, but the 
surface of the mud not taking the impression perfectly and 
the plates were not preserved." 

Both Seilacher (1953b) and Hantzschel (1962) con- 
sidered Heliophycus to be the junior synonym of Asteriacites 
and considered it a trace fossil. 

Although sometimes it may be difficult to distinguish 
Asteriacites from bona fide ventral casts of body fossils, 
such is not the case here. All three specimens clearly show 
the activity of the tube feet. The striae are analogous but 
not directly comparable to the V-shaped striae found on the 
lobes of Rusophyciis. In the latter the digging motion was 
directed toward the median line and to the rear. It is prob- 
able that in A. stelliforme digging was directed away from 
the median line. If the opposite were true, it is difficult to 
visualize how the organism could burrow at all, for the sedi- 
ment would soon become clogged in the proximal region of 
the arms. The imprints seen on the specimen most likely 
reflect the final movement of the tube feet as the animal 
left the burrow. Further support for the trace fossil assign- 
ment of A. stelliforme is offered by the vertical repetition 
seen in the Corryville specimen. 

In conclusion, A. stelliforme is interpreted as the resting 
trace of an asteroid, possibly Promopalaeaster Schuchert 
(1914), which is a Maysville and Richmond form and is of 
the same general size and shape as A. stelliforme. As 
Seilacher surmised, it is most probable that Asteriacites falls 
within the Cubichnia and is the stelleroid analogue of 
Rusophycus. 

VI. DOMICHNIA 

INTRODUCTION   lO SPREITE-BEARING U-TUBES 

One of the more common marine burrows (domiciles) 
frtjiii the Cambrian to Recent has a U-shape in profile. 
Some show a transverse zone of disturbed sediment (the 
Spreite) between the limbs of the "U," whereas others do 
not. The makers of the Spreite-he:inng U-tubes here under 
discussion are probably responsible for most, if not all, of 
the enigmatic "dumbbell" markings of ancient sediments. 
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Before undertaking a discussion of U-tubes, it is neces- 
sary to define certain terms, for although U-tubes have 
received a great deal of study, there has been little uni- 
formity of terminology. Most of the terms discussed below 

are illustrated in Text-figure 7. 

arms — the lateral cylindrical portions or limbs of the "U." 
aperture —the openings of the "U" on the depositional  interface. 
V-plane section — a vertical section which passes through the 

"U"   (Text-fig. 7A). 
median section —3 vertical section taken at right angles to a U- 

plane section at a point midway between the apertures (Text-fig. 
7B-C). 

transverse section —a section taken parallel to the bedding (Text- 
fig. 7D), i.e., normal to the U-planc and median section. 

depth — in complete forms, the distance from the depositional 
interface to the base of the "U." In incomplete forms, where the 
upper part of the tube is missing, the depth is the distance from 
the highest point of the "U" (as seen in U-plane section) to the base 
of the  "IT." 

length — the distance as measured from the outside of one arm 
to the  outside of the other  arm. 

IneaJth — a measurement taken across the Spreite normal to the 
length. In some European forms the breadth increases with depth 
(see Text-fig.  7D). 

Spreite—arcuate relics of U-tube excavation. As seen in U-planc 
section Spreite appear as a series of arcs connecting the arms of 
the "U ' and generally parallel to the base of the "U." 

protrusive Spreite (Goldring, 1962)—a series of arcs indicating 
a deepening of the tube. As viewed in a median section (Text-fig. 
7B), the breadth of the Spreite may increase with depth and the 
arcs are convex upioard. As viewed in a transverse section (Text- 
fig. 7D1-3), the arcs have their convex face directed away from the 
arms of the "U." As seen in U-plane section (Text-fig. 7A), the 
arcs extend only to the inner margin of the arms. 

retrusive Spreite (Goldring, 1962)—a series of arcs which in- 
dicate an elevation of the bottom of the "U." As viewed in a median 
section (Text-fig. 7C, dashed lines), the arcs are convex down- 
ivard. As viewed in a transverse section (Text-fig. 7D-4), the arcs 
have their convex face directed toward the arms of the "U." As 
seen in U-plane section, the arcs extend to the outer margin of the 
arms. Text-figure 7A,C shows retrusive Spreite superimposed over 
protrusive Spreite. 

free tube — the portion of the arm as measured from the aperture 
to the first evidence of a Spreite. 

COROPHIOIDES John Smith, 1893 

Plate 60, figures 1-6, 8; Plate 61, figures 1-8; Plate 62, figures 1-4, 6; 
Plate  66,  figure  5;   Plate  69,  figure  3;   Plate  70,  figure   5;   Plate  71. 

figure  5;  Plate  77, figure 8;  Text-figures  8, 9, 29-o,p,g. 

1874. f.irthraria Billings, Canadian Natur., n.s., vol. 6, p. 467, fig. 2. 
1875. Arthraria Billings, Miller,  Cincinnati Quart. Jour.  Sci.,  vol.  2, 

p. 354, fig. 26. 
1893.   Corophioides Smith, Geol. Soc. Glasgow, Trans., vol. 9, pp. 289- 

292, pi. 10. 
1916.   Arenicoloides Blanckenhorn, Ges. z. Beforderg. ges. Naturwiss. 

Marburg, 1916, Sitz. Ber. pp. 21-43. 
1921.   Arenicoloides   Blanckenhorn,   Kolesch,   Preussen   Geol.   Landes. 

Anst., Jb., Bd. 40, Teil III  (for 1919), pp. 356-366, figs. 8-15. 
1924.   Corophioides    Smith,    Blanckenhorn,    Preussen    Geol.    Landes. 

Anst., Jb., Bd. 44  (for 1923), p. 31. 
1924.   Corophioides  Smith,  Richter  Rud.,  Senckenbergiana,  Bd.  6,  pp. 

119-165. 
1924.   Arenicoloides   Blanckenhorn,   Siirgcl,   Neues   Jalirb.   Cieohjgie   u. 

PaliJont., Beil-Bl. 44, pp.  510-549, figs. 1-7,  pis. 19-20. 

1926. Corophioides Smith, Richter, Rud., Senckenbergiana, Bd. S, pp. 
185-219,  pi. 3. 

1927. Arenicoloides Blanckenhorn, Andree, Palaontol. Zeitschr., Bd. 
8, pp. 120-128. 

1929.   Corophioides Smith, Opik, Acta  Comment.  Univers. Tartuensis, 
A.,  XV,  2  pp.  31-38,  figs.  3,4. 

1931.   Corophioides   Smith,   Westergard,   Sverige   geol.   Unders.,   Ser. 
C, Arh. och Upps., No. 372   ( = Arshok 25, No. 5),  pp. 3-9. 

1935.   Corophioides   Smith,  Abel,   Vorzeitliche   I.ebensspuren,   pp.  452- 
456,   figs.  378-379. 

1940.    tBifungites Desio, Museo. Libico Storia  Naturelc,  vol. 2, p. 78, 
pi.  8,  fig.  3. 

1955.   Corophioides   Smith,   Seilacher,   in   Schindewolf,   and   Seilacher, 
.Akad. Wiss. Lit. Mainz, Math.-nat. Kl., Abh., No. 10, p. 377. 

1962.   Partim .^rthraria Billings, Hantzschel, Trace-Fossils and Prob- 
lematica tn Treatise on Invertebrate Paleont., Moore   (ed.), pt. 
W,  Miscellanea,  p. W184. 

1962. Corophioides Smith, Hantzschel, Trace-Fossils and Problematica 
m Treatise on Invertebrate Paleont., Moore (ed.), pt. W, 
Miscellanea, p. W189,  figs.  117-1,2. 

1963. Corophioides Smith, Seilacher, Forlschr. Rheinland und West- 
falia, Bd.  10, pp. 86,  87, fig. 3. 

1964. ?Bifungites Desio, Dubois and Lessertisseur, Soc. Geol. de 
France, Bull.,  (7)  vol. VI, pp. 626-634, figs. 1-3, 6, 7, pi. 1. 

Type species — Corophioides polyupsilon John Smith 
( lcS93) from the Upper Carboniferous sandstones of the 
Gowkha Quarrry near Kilwinning, Scotland. 

Diagnosis — Vertical U-tubes with Spreite. The arms 
of the "U" are parallel or diverge with depth. Sprciten are 
mainly of the protrusive variety, although forms with re- 
trusive Spreitefi have been reported. The walls of the arms 
are without striations; the apertures of the tube are not 
flared into funnels. 

Discussion—The genus Corophioides was established 
by John Smith (1893, p. 291) for structures which begin "as 
a simple U-shaped tube of about lj<2 inches wide by the 
same in height, the animal appears to have enlarged its 
tube or habitation to accommodate its increasing circum- 
stances till it reached as much as 4 inches wide and five 
inches high, these being the largest measurements I have 
taken. Between these extremes they are to be met with all 
sizes. . . . They resemble a lot of distorted and crushed up 
U's of different sizes, placed one within the other." Smith's 
figure of the form (pi. 10, top) indeed shows that he visual- 
ized Corophioides to be a series of several complete "U's" 
placed one inside the other. Smith noted that some of the 
sandstone beds contain several such forms. Judging from 
his diagram (Smith, 1893, pi. 10, bottom), they occur in the 
.'basal sands associated with cyclothems. Through the kind- 
ness of Dr. W. D. I. Rolfe of the Hunterian Museum in 
Glasgow, the type specimen (PI. 60, fig. 6; HM X.59) was 
made available for study. The host rock is a poorly sorted, 
coarse-grained micaceous quartz arenite. There is no well- 
defined bedding, although carbonaceous stringers give an 
inci|)ieiu    stratification.     Ihe    U-tiibe,    which    is    vertical 
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Text-figure 7. — (Jeneralized U-tube Morphology. A. U-plane 
section of a Sfirri/r-hear'ing tube with a combination of protrusive and 
retrusive Sprrifcn. The protrusive Sprriten (solid lines) extend only to 
the inner margin of the arm of the U whereas the retrusive Sprcitrn 
(dashed lines) extend to the outer margin. B. Median section taken 
through points a-b fig. A showing protrusi\'e Sprcitcn only. The arcs 
are convex upward. If the Sprriten reflect the organism's attempt to 
lengthen the tube to compensate for an increase in body size one might 
expect the diameter of the tube to increase accordingly, as illustrated 
herein. However, the diameter of the Cincinnatian tubes remains 
constant. C. Median section taken through points a-b on fig. A show- 
ing the superposition of retrusive Spreitcn over protrusive Sprriten. 
Specimens with retrusive Sprritrn are unknown in the Cincinnatian 
section. D. Four trans\'erse sections taken at corresponding points on 
fig. A. The arcs of the protrusive Sprritrn (2-3) are convex inward 
whereas the retrusive Sprritrn are convex outward. A transverse sec- 
tion taken at the mouth of the "U" (1) reveals no trace of the 
Sprritrn. 

throughout its length, has a depth of 8 cm and a length of 
6.5-7 cm. The tube is slightly longer at the base than near 
the top. The breadth is not clearly shown, but the diameter 
of the arms of the "U" is  1-1.2  cm.   The specimen shows 

that what Smith interpreted as a "U in U" structure is 
actually a Spreite, where the arcs abut agamst the arms of 
the "U." Although the Spreiten are slightly irregular, they 
are plamly visible. The dark carbonaceous material filling 
the "U" and incorporated into the Spreite makes the fossil 
stand out against the lighter gray of the host rock. 

Although Corophioid.es has been reported from the 
Devonian of Scandinavia (Richter, 1926) and Germany 
(Dahmer, 19.i7) and from the Lower Cambrian of Estonia 
((")pik, 1929) and Pakistan (Seilacher, 1955), it is best 
developed in the Triassic Bunter Sandstone of southern 
Germany. It occurs in large numbers in the middle and up- 
per members and has also been reported from the lower 
Bunter by Schindewolf (1928). Although U-tubes had been 
noted as early as 1869 by Platz, not until several years 
later were they named Arenicoloidcs lunijormis by Blanck- 
enhorn   (1916).   Richter   (1924)   placed   Arenicoloidcs   in 
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synonymy with Coruphioides in spite of the fact that he 
had had no opportunity to study the type specimen and 
realized that Smith had described a "U in U" structure. Al- 
though some authors, e.g., Andree (1927), Bather (1925), 
Westergard (1931), have reserved opinion because of the 
uncertainty regarding the morphology of Corophioides 
polyupsilon, most workers, e.g., Schindewolf (1928), Abel 
(1935), Hantzschel (1962) have followed Richter. Even 
Blanckenhorn (1924) admitted that Richter was correct in 
reducing Arenicoloid.es to synonymy. As will be explained 
below, Richter's conclusion is accepted herein.'- 

C. Iiiniformis are found in such large numbers in the 
Banter that Blanckenhorn (1916) was able to count 36 in- 
dividuals in an area of 90 square cm. According to him the 
tubes occur in a strong, medium-grained, quartz sandstone 
which has a "siliceous mud cement." C Itinifonnis has 
several expression in the Bunter. As described by Blancken- 
horn (1916, 1924) and Sorgel (1924), some may occur as 
shallow, vertical, semilunar depression (see Sorgel, 1924, 
pi. 19, fig. 1); while others appear as dumbbells. There is 
no preferred orientation and the forms frequently inter- 
penetrate; occasionally three will converge to form a 
Hiihnertrappe-\'\ke (chicken tracks) imprint. The forms arc 
best seen in U-plane section (Sorgel, 1924, pi. 20, figs. 2, 3 
and Abel, 1935, fig. 379). The specimens are normal to the 
bedding plane and appear as gently rounded "U's." There 
is no increase in length as the tube deepens as there is m 
C. polyupsilon. Even though the coarse grain size obscures 
the finer details, the Spreite is plainly visible. Richter (1924, 
p. 211) described the Spreite as being slightly irregular in 
a U-plane section, and Sorgel (1924, fig. 2) mentioned that 
the breadth of the Spreite may widen with depth, as shown 
herein in fig. 7B. Although no specific mention is made as 
to whether the Spreite is of the protrusive or retrusive 
variety, judging from the interpretations of the various 
workers, the Spreite is protrusive.^''' There is no mention of 
of scratch marks on the arms or the presence of an apertural 
funnel. As will be shown below, both these features serve to 
differentiate Corophioides from other U-tube genera. Meas- 
urements on the dimensions of the Bunter forms vary and 
are in part given in tabular form by Sorgel (1924, p. 545). 
The length varies from 1-5 cm, the depth from 1-130 mm., 

'"Sorgel (1924), who conducted extensive studies on the Bunter forms, 
recognized .In-nicoloiJcs as valid; however, his conclusion was liaseil 
on his ethological  interpretation  and not on morphology. 

"However, Seilacher tentatively placed the Salt Range forms in C. 
russcl instead of C. Iiiniformis, hecause the latter ". . . offenbar 
einen abweichenden (retrusive) Bauplan verkiirpert" (Seilacher, 
1955, p. 377). 

and the breadth from 1-5 mm. Large and small individuals 
can occur on the same slab. Although Sorgel believed that 
many forms were incomplete and once extended into the 
overlying muds, he was imable to confirm this by direct 
observation. 

Several other examples of U-tubes are known in the 
fossil record, and in 1926 Rudolf Richter established two 
"families." The "Rhizocorallidae" was reserved for forms 
with a Spreite and the "Arenicolitidae" for genera lacking a 
Spreite. Three of the better known genera, Diplocraterion 
Torell (1870), Rhizocorallium Zenker (1836), and Areni- 
colites Salter (1857), will be briefly compared and contrasted 
with Corophioides. The problematic dumbbell genera, Ar- 
thraria Billings (1874) and Bifungites Desio (1940), will 
be discussed later. 

Diplocraterion was erected by Torell ( 1870) for 
forms from the Cambrian sandstones at Lugnas, Sweden. 
Torell's description was vague and the genus was not figured. 
The one key point he mentioned was that the apertures of 
the tube were funnel-like. Richter (1926), working solely 
from the literature, believed that Diplocraterion lacked 
Spreite and placed it in the "Arenicolitidae." The true 
nature of the genus was revealed by Westergard (1931), 
who was able to locate what he believed to be three speci- 
mens of Torell's original material. Combining this with addi- 
tional material from the Swedish section, he was able to give 
an accurate diagnosis of Diplocraterion. Westergard found 
that the tubes are vertical and the arms normally parallel, 
although some may diverge or converge slightly with in- 
creasing depth. Tubes of all sizes occur together, and the 
depth and length are mutually independent. Occasionally 
the base of the tube is straight instead of U-shaped. The 
breadth varies from 2-15 mm, the length from 2-7 cm, and 
the depth from 2-32 cm. Funnels are present as is shown 
in Westergard (1931, pis. 4-7), albeit Westergard remarked 
that weathering tends to exaggerate them and most un- 
weathered specimens did not possess funnels. Westergard 
was also able to clearly illustrate the presence of Spreiten 
in Diplocraterion, thereby correcting Richter's earlier error. 

A more recent work on Diplocraterion is by Goldring 
(1962), who described D. yoyo as it occurred in the Upper 
Devonian Baggy Beds of Great Britain. The depth of the 
tubes ranges from 1-10.5 cm, although most have been trun- 
cated by subaqueous erosion. By studying the various levels 
of the tubes, Goldring was able to work out several stages of 
erosion. His uneroded forms show a remarkable development 
of the funnels (see Goldring, 1962, pi. 3, fin. 3 and text fig. 
2 ). A transverse section through the funiuls reveals "a series 
t)f concentric  laminae  composed  of tecal   pellets,  iiuulstone 
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:ind sandstone surrounding each core. The distance across 
tlie rings may be 3-8 times the diameter [of the arm] ..." 
(Goldring, 1962, p. 240). Goidring was also able to illus- 
trate the presence of protrusive and retrusive Spreiten m 
D. yoyo. In one case both varieties of Spreiten were found 
//( the same specimen (Goldring, 1962, p. 240). 

In summary, the only major difference between Diplo- 
craterinn and Corophioides is the presence of funnels in the 
former. Although these are not especially well developed 
in man\' of the Swedish forms, they were present in two of 
TorelTs specimens located by Westergard, and they are 
well developed in Goldring's material. Although Seilacher 
(1963) discounted funnels and placed Corophioides in syn- 
onymy with Diplocraterion, it is believed herein that they 
are of sufficient importance to permit maintaining the two 
as separate genera. 

Rhizocorallium Zenker (1836), originally described 
from the Muschelkalk (Triassic) of Germany, is a common 
form and is known from the Cambrian, .''Devonian, Per- 
mian, Triassic, Jurassic, Cretaceous, and Tertiary and has 
been reported from Europe, North America, Asia, and 
Australia. Rhizocorallium differs from the genera discussed 
above, as the greater portion of the "U" may be oblique or 
even parallel to the bedding plane. The burrow is initially 
vertical but it then undergoes a 90° bend. Rhizocorallium 
may be large; Abel (1935, figs. 375,376) illustrated two 
forms which have a depth of nearly 12 cm. Moreover, the 
breadth of the arms may exceed 1 cm. The genus also differs 
from all other U-tu.bes in that both the Spreiten and the 
arms are marked by numerous short striae (see Abel, 1935, 
fig. 376). According to Goldring (1962) no forms with re- 
trusive Spreite are known. The striated arms and the curva- 
ture of the "U" suffice to separate Rhizocorallium from all 
other U-tubes. The reader is referred to Abel (1935) and 
Himtzschel (1962) for a more complete discussion of the 
morphology and relationships of Rhizocorallium. 

Arenicolites Salter (1857) was first described from the 
Carboniferous sandstones of Lancashire, England. More 
recently it has been described from the Upper Jurassic 
of the Juras (Rieth, 1931), Jurassic of England (Bather, 
1925), Ordovician of Thuringia (Zimmerman, 1914), and 
Lower Cretaceous of Colorado (MacKenzie, 1963). Areni- 
colites differs from other U-tube genera, because it clearly 
lacks Spreite and thus is a simple U-tube. There have been 
no reports of striae or apertural funnels. The forms described 
by Bather had a depth of 20-30 cm and a length of 4-6 cm. 
It is worthy of note that even though there is no Spreite in 
Ari-iiiriilitrs, the iipertures, when N'iewcd on the bedding 
plane, nia\' hi; eoniiected by a bar. Tins is a leature which 
is iiormallv restricted to the Spreitc-bearlng genera. Bather 

(1925, p. 188) was able to show that this was due to a 
sagging of the bedding between the arms of the "U" 
following the death or departure of the inhabitant. He was 
able to trace the bedding across the entire structure and 
this interpretation was confirmed by Richter (1926). Bather 
(1927) attempted to extend this explanation to the Spreite 
of "Arenicoloides," but in an appendix to the paper he ad- 
mitted that direct field observations of "Arenicoloides" failed 
to confirm his hypothesis and that the Spreite of "Areni- 
coloides" formed an integral part of the "U." 

It should be mentioned that Arenicolites may be more 
common than is supposed. Spreite-he2ir\ng U-tubes are 
usually easy to recognize on bedding plane surface because 
of their dumbbell shape. Unless sagging had occurred, 
Arenicolites (as well as Spreitebau with long free tubes — 
see Text-fig. 7D) would appear only as two circular open- 
ings and might well be overlooked. Moreover, the Spreiten 
tend to form vertical planes of weakness, and thus jointing 
commonly reveals the U-plane section. This would not be so 
likely to occur in Arenicolites. Nevertheless, it must be ad- 
mitted that this realization has not yet led to the discovery 
of arenicolitid structures in the Cincinnatian section. 

Interpretation—Smith (1893) believed that Coro- 
phioides was made by an animal similar to the Recent filter- 
feeding amphipod, Corophium. which is a common member 
of the infauna of tidal flats in many parts of the world. 
He maintained that the organism enlarged its burrow to 
compensate for an increase in body size by breaking 
"through the outer and under sides of its tube and [re- 
forming] its habitation, in some cases as many as eight 
times. It is, therefore, only the last dwelling-place or the 
largest outer U that is preserved in an entire state . . ." 
(Smith, 1893, p. 291). The U-tubes of the Recent Coro- 
phium volutator (Pallas) have been studied by Hantzschel 
(1939, 1955), Seilacher (1953a, 1957), and Schafer (1962). 
These amphipods construct a U-shaped burrow in sand or 
mud which may attain a depth of 4 cm. The arms of the 
"U" are close together but may diverge slightly with depth. 
The walls of the "U" are smooth. Hantzschel (1955, fig. If) 
illustrated an occurrence of Corophium U-tubes where the 
upper portion of the tubes had been eroded away and only 
the base remained. As he pointed out, this closely re- 
sembles Corophioides luniformis, as it frequently occurs in 
the Bunter as well as in some Cincinnatian specimens (PI. 
61, fig. 5 ). In well-aerated sand the animal may construct a 
single vertical shaft instead of a "U" (compare Seilacher, 
1953a, fig. 4, left with fig. 4, right). The aperture of the 
shaft is marked by a characteristic stellate pattern of 
markings which are apparently a result of feeding. Originally 
Hantzschel ( 1939) described the burrow of C. volutator as 
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a simple "U" lacking Spreite. However, Seilacher (1957, pi. 
22, figs. 1-2) was able to show that, although difficult to see, 
protrusive Spreiten are definitely present. This observation 
was confirmed by Schafer (1962, figs. 178-180). Schafer 
remarked that the Spreiten were easiest to see where there 
is an interbedding of sand and mud. He also pointed out 
that the Spreiten are not closely packed and that the "U" 
is not always vertical. His figure 180 shows one form which 
is initially vertical but then undergoes several "zig-zags" as 
the depth of the tube increases. The reason behmd the con- 
struction of the protrusive Spreite is not clear. The animals 
are small, and it is doubtful that the sole purpose was to 
compensate for an increase in body length. 

The only other organism known which constructs a 
Spreitebaii is a small polychaete, Polydora ciliata. The 
burrows are most commonly made in pelecypod shells, and 
the Spreite is not destructional but constructional. As shown 
by Schafer (1962, fig. 177), the organism first excavates a 
pocket-shaped burrow (not a U-tube!) (Schafer, 1962, 
fig. 177, left). It then proceeds to construct a U-tube by 
filling in the center of the pocket with agglutinated sand 
grains. The resulting structure closely resembles a U-tube 
with protrusive Spreiten (see Schafer, 1962, fig. 177, right). 
As will be shown below, all fossil Spreitebauten are believed 
to be of the destructional form. 

In marked contrast to Smith's interpretation of Coro- 
phioides polyiipsilon, Blanckenhorn ( 1902, 1916) originally 
regarded the shallow U-shaped depressions of Corophioides 
luniformis as the tracks of a three-toed dinosaur, probably 
Cheirotherium, which occurs in the Bunter beds. Later 
Blanckenhorn (1916) studied U-plane sections and recog- 
nized his mistake. As his choice of a generic name indicates, 
he believed that the genus was the U-tubes of a polychaete 
similar to that of the Recent lug worm Arenicola marina 
(Lamarck), which occurs in large numbers on tidal flats. 
Sorgel (1924) echoed this opinion. However, Richter (1924, 
1926) was quick to point out that for the most part Areni- 
cola does not construct a well-defined U-tube.'* As Wells 
(1945) illustrated, in loose sand Arenicola marina excavates 
a J-shaped burrow which is strengthened by a coating of 
mucus. The animal lies with its anterior end at the closed 
end of the "J" and moves upwards, disturbing the overlying 
sand. The worm then withdraws into the closed portion of 
the "J," and gravity causes subsidence of the disturbed 
sand which the organism then ingests. The sediment is 
passed  through  the gut where  the  nutrients  are  removed. 

"'I'lic tul)c uf llic liiR vvonn lias recrivcd consitlcr alilc sliiilv; and tlic 
reader is referred to Richter (1924), Wells (1945), and SdiSfer 
(1962)   for  a complete discussion. 

and the undigested sediment is passed out of the open end of 
the "J," where it forms long ropelike fecal strings. The re- 
sulting structure, which is well illustrated by Schafer 
(1962, fig. 174), thus resembles a U-tube with a conical 
column of disturbed sand lying above the closed end of the 
"|." As viewed on the depositional interface, the burrow 
appears as a small circular opening surrounded by fecal 
strings and a much larger saucer-shaped depression mark- 
ing the location of the column of disturbed sand. This is 
probably what led earlier workers to believe that it was a 
simple U-tube. In hard-packed sand it is necessary for the 
animal to lengthen the closed portion of the burrow, with 
the result that the conelike column of disturbed sand is 
much smaller (see Schafer, 1962, fig. 175). In neither of the 
above-discussed examples is there a Spreite developed. In 
contrast, when dwelling in highly cohesive mud, Arenicola 
does construct a Spreite-Wke structure. Schafer (1962, figs. 
216,217) showed that the worm forms a U-shaped burrow, 
then withdraws to the base of the "U" and excavates a new 
shaft, feeding on some of the removed mud and plastering 
the remainder in the old shaft. This process may be re- 
peated several times, with the result being one permanent 
shaft and several bundled feeding shafts. It is interesting to 
note that this explanation is similar to the one given by 
Sorgel (1924, fig. 4) as an explanation for the Spreiten of 
Corophioides luniformis. While this may be a valid explana- 
tion for some of the Bunter forms, it was completely re- 
jected by Richter (1924). In most of the Bunter specimens 
the Spreiten are not asymmetric or crowded against one 
arm, and there is no mention of multiple openings on the 
depositional interface. Instead there are only two openings 
to the burrow, and the Spreiten are parallel to the last- 
formed base of the "U." In other words, the deepest part of 
the Spreite (see Text-fig. 7A) lies midway between the 
arms. Moreover, the Bunter forms occur in a sandstone; 
and, as shown by Wells (1945) and Schafer (1962), Areni- 
cola builds J-tubes in sand. It is more likely that Richter 
( 1924, 1926) was correct when he concluded that Coro- 
phioides was the Domichnia of a filter-feeding organism ami 
that the protrusive Spreiten represent movements by the 
organism to lengthen its burrow to compensate for an in- 
crease in body size. The sediment removed from the floor of 
the burrow was packed on the roof probably with the aid 
of a mucus cement. This is not offered as a general ex- 
planation for all Spreitebauten but applies only to C. 
polyupsilon, C. luniformis, and the Swedish examples of 
Diplocraterion. Goldring's study of D. yoyo showed that 
some Spreiten are a response to sedimentation or erosion. 
Moreover, the fact that a major part of the Rhizocorallium 
structure lies parallel to the bedding suggests that these are 
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feeding structures where the organism has mined a particu- 
larly rich area. 

Opik (1929) believed that the irregular Spreiten of 
C. helmerseni might represent the fillings of a pocket-like 
burrow [i.e.. similar to the burrow of Polydora illustrated 
by Schiifer (1962, fig. 177, left)] which was filled by sedi- 
ment following the departure of the inhabitant. More will be 
said regarding the origin of the Spreite in the discussion of 
the Cincinnatian forms. 

It IS impossible to assign Corophioid,es or fossil U- 
tubes in general to a given group of organisms. As already 
shown, both amphipods and polychaetes construct Spreiten- 
like structures, and simple U-tubes lacking Spreiten are 
formed by the echiuroid Ureckis caupo, freshwater insect 
larvae, several polychaetes, and the hemichordate Balano- 
glossus. With the possible exception of Balanoglossus, the 
animals are filter-feeders which remain stationary in their 
burrows. By movement of parapodia or other mechanisms 
they set up currents which draw organic detritus into the 
burrow. (See Barnes, 1963, pp. 184-186, for a discussion of 
the feeding habits of Chaetopterus and Rickets and Calvin, 
1962, pp. 304-306, for Urechis caupo.) 

Richter ( 1926) concluded that fossil Spreitebauten 
occurring in large numbers are indicative of marine environ- 
ments. Although he believed that this is the only environ- 
ment which could supply a sufficient amount of plankton, 
the theory has not been adequately tested. 

CINCINNATIAN   REPRESENTATIVES 

Over the past 70 years of Corophioides there has ac- 
cumulated from over the world a total of seven species, rang- 
ing in age from Cambrian through Triassic. Without a de- 
tailed re-study their validity can not be assured. There 
does not appear to be any significant difference between C. 
polyupsilon Smith (Scotland: Upper Carboniferous) and 
C. lunijormis ( Blanckenhorn) (Germany: Lower Triassic) 
as restudied by Sorgel (1924). The only apparent morpho- 
logic difference is that in the former the transverse section 
lengthens slightly with the depth of the "U," whereas the 
arms of C. lunijormis remain parallel. 

Rudolf Richter (1926) proposed C. erraticus for a 
single specimen occurring in a glacial erratic boulder found 
in Prussia but apparently originally derived from the Cam- 
brian sandstones of Sweden. He differentiated it from C. 
luniformis because the Spreiten of C. erraticus are crowded 
against one of the arms. Yet, one of Sorgel's (1924, pi. 20, 
fig. 3) illustrations of C. luniformis appears to show this 
same plieiKirmiKin. Richter separated C. erraticus from C. 
polyupsil'in because the former lacked the "U in U" struc- 

ture of the Spreite in Smith's species. It has been shown 
above that Smith's description was a misinterpretation. 
Aside from the fact that C. erraticus was based on a single 
specimen, both of Richter's differentia appear to rest on 
shaky ground. Westergard (1931) placed Richter's species 
in synonymy with Diplocraterion paralleium Torell (1870) 
(Sweden:  Lower Cambrian). 

Opik (1929) proposed C. helmerseni for a form from 
the Lower Cambrian of Estonia. This differs from other 
species in being slightly expanded (transverse section 
lengthens) at the base and in having a few irregularly 
spaced Spreiten. Nevertheless, Westergard (1931) con- 
sidered it synonymy with the Swedish Dipolcraterion par- 
alleium. 

In 1930 Hecker erected Rliizocorallium devonicus for a 
U-tube from the Devonian of Russia. Without explanation 
Abel (1935) placed the species in Corophioides. Judging 
from Abel's (1935, fig. 381) illustration, the arms have the 
distinctive deflection of the U-plane of RhizocoralUum; 
and there appears to be no basis for placing it in Coro- 
phioides. 

The morphologic distinctiveness of C. balticus Andree 
(1927), from the Devonian of Prussia, and C. rosei Dahmer 
(1937), from the Taunus Quartzite (Lower Devonian) of 
the Rhineland is questionable. The former was never figured 
nor diagnosed, and the latter was figured but only briefly 
discussed. One gets the impression that the sole reason for 
proposing the species was because they were found in areas 
where U-tubes had not previously been reported. 

Kolesch (1922) described one U-tube species from the 
Middle Bunter Sandstone (Upper Triassic) of Germany 
under the name of Arenicolites zimmervianni. However, as 
Andree (1927) and Hiintzschel (1965) pointed out, the 
species possesses Spreiten and belongs in Corophioides. 
Kolesch (1922, fig. 7) differentiated it from C. lunijormis 
because the Spreiten are bowed out to one side, and thus 
the transverse section takes on an arcuate shape. The species 
has never been restudied, and it is not known how consistent 
this pattern is. 

Three forms of U-tube traces are present in the Cin- 
cinnatian section, and their relationship to the forms in the 
world literature is necessarily somewhat doubtful. One of 
the Cincinnatian kinds closely resembles most of the forms 
discussed above, i.e., it is a simple U-tube with Spreiten, 
but without any marked characteristics which would set it 
apart from the other "species." It is the least common of the 
three forms and will be discussed as Corophioides cf. luni- 
jormis. The (itlur t\\(i kinds differ sufficiently from each 
otliL-r and from al! other species of Corophioides seemingly 
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to nifiit specific designations. C. cincinnatiensis, n. sp. is 
characterized by a bilateral expansion of the base of the 
"U." It is somewhat similar to C. helmerseni (')pik (Lower 
Cambrian: Estonia) but differs in that the Sprcite is more 
regular and the basal expansion more abrupt in the Cincin- 
natian form. C. bidavata (Miller) (1875) was originally 
described as Arthraria bidavata, the "dumbbell fucoid.'' It 
can now he shown that this type of dumbbell represents 
a modification of the base of C. cincinnatiensis, where the 
arms of the "U" have been extended below the arcuate base 
of the "U." 

Median sections reveal that the Spreiten of all three 
types of Corophioides of the Cincinnatian are of the pro- 
trusive form and are composed of reworked host rock. In 
contrast to the Bunter specimens described by Sorgel 
(1924), the Cincinnatian Spreiten do not broaden with 
depth but remain constant. The arms and the base of the 
"U" are filled with a finer grained material which readily 
weathers out or is easily removed. Presumably it represents 
sediment washed into the tube after the inhabitant had 

departed. 

Corophioides is one of the most common Cincinnatian 
trace fossils. It ranges throughout the entire section and, 
when found, normally occurs in large numbers. The in- 
dividual U-tubes commonly intersect one another, and there 
is no preferred orientation other than vertical to the 
bedding. The genus is most frequently encountered in hard, 
cross-laminated, fine-grained calcarenites but has also been 
found in platy calcisiltites. As will be shown below, there is 
indirect evidence to show that it occurs in lutites as well. 
It has never been found in the extremely coarse-grained 
calcarenites. 

It is noteworthy that at one locality all three species 
have been found in the same bed, while in another locality 
C. cincinnatiensis and C. cf. lunijormis have been found to- 
gether. This suggests the possibility that these three "ichno- 
species" represent different expressions of the burrow of the 
same organism. 

Corophioides cf. luniformis (Blanckenhorn) 

rlatc 61, figure 5; Plate 62, figure 1,2; I'late 69, figure 3; Text-figure 
29-0 

The forms included under C. cf. lunijormis are Spreite- 
bearing U-tubes which have a gently rounded base and 
thus lack the marked basal expansion of C. cincinnatiensis. 
As nearly as can be determined from the literature (no 
specimens were available for study), these tubes are mor- 
phologically similar to many of the Kiu-opean "species." 
However, since C. lunijormis is the best known of the Eu- 

ropean forms, the Cincinnatian specimens are tentatively 
allied with it. Nevertheless, it should be pointed out that 
a direct detailed comparison of the Bunter forms with those 
from the Cincinnatian might well reveal characteristics 
that would set them apart, for it is possible that they were 
made by unrelated organisms. 

Ihree specimens of C. cf. lunijormis showing U-plane 
sections are known. Two of these (PI. 69, fig. 3) were found 
only a few centimeters apart in the McMicken beds in West 
Fork Creek (Cincinnati, Ohio) at the type locality of C. 
cincinnatiensis. The host rock is a fine-grained, cross- 
laminated calcarenite which has a thickness of 7.5-12 cm. 
The overlying and subjacent lutites are barren of U-tubes. 
The two specimens are nearly identical in measurements, as 
both have a depth of 2.3 cm and a breadth of 5 mm. The 
transverse length of one specimen is 3.3 cm, that of the 
other 3.2 cm. No free tubes are visible, as the Spreiten 
extend to the upper limit of the calcarenite, and attempts to 
trace the tubes into the overlying lutite were unsuccessful. 
Also available for study was a slab from an unknown 
locality bearing a single specimen of C. cf. lunijormis (PI. 
62, fig. 1), as well as several examples of C. cincinnatiensis. 
The tube has a transverse length of 4 cm, a breadth of 2.5 
cm, and a depth of 3.8 cm. The Spreiten are evenly spaced 
and extend to the top of the bed. 

Broad arcuate impressions, which are believed to repre- 
sent "molds" of the base of C. cf. lunijormis, have been 
found in the Corryville and Richmond rocks. The Corry- 
ville specimen has a breadth of 8 mm and a depth of 1 cm; 
the transverse length is 10 cm. The Richmond specimen, 
which has an area of 91 square cm, contains 55 individuals, 
many of which intersect. The breadth (2 mm) is the only 
consistent measurement, for the transverse length varies, 
from 6-15 mm and the depth ranges from 1 to 3 mm. These 
impressions closely resemble Blanckenhorn's (1902, fig. 1) 
illustrations and discussion (1924) of the lower portions of 
some of the Bunter specimens of C. lunijormis. While 
admittedly there is no direct proof, the Cincinnatian speci- 
mens are believed to represent the bases of C. cf. lunijormis 
where the upper portions of the tube have been stripped 
away by erosion. The fact that no Spreiten are found 
suggests that the main body of the tube lay within a lutite 
and that the tubes bottomed in the calcarenite. Unfortun- 
ately this can not be confirmed, as some of the specimens 
were found in place. 

Interpretation — Based on the discussion of Recent 
U-tube dwellers given elsewhere, the specimens grouped 
under C cf. lunijormis are thought to represent the Domich- 
nia of sessile filter-feeding organisms. .Although it has never 



TRACE FOSSILS CINCINNATI ARHA: OSGOOD 321 

been demonstrated, there may well be an optimum set of 
tube dimensions for maximum efficiency in filter feeding. 
If the tube is too long (as measured along the "U"), it 
might be difficult for the organism to set up a sufficient 
current. On the other hand, if the tube is too short, the in- 
habitant might be too close to the apertures. The protrusive 
Spreite might represent an attempt by the organism pro- 
portionately to lengthen the tube as the body length in- 
creases with age. In addition, erosion of the upper part of 
the U-arms could force the inhabitant to deepen the tube. 
The fact that the Spreite extends to the top of the bed sug- 
gests that erosion was operative. A third possibility would 
be a combination of these two factors. 

The zoological affinities of the producer of C. cf. luni- 
fonnis are unknown. U-tubes are constructed by represen- 
tatives of so many different phyla that it is unwise to specu- 
late too extensively. While the lack of striae on the arms and 
Sprcitcn would seem to rule out arthropods, C. cf. luniformis 
could be the tube of any one of a number of soft-bodied 
organisms. Of course, the annelids are a favorite in such 
speculation. 

Corophioides cincinnatiensis, n.sp. 

Plate 60, figures 1,5,8;  Plate 61, figures 4,6,8;  Plate 62, figures 3,4,6; 
Plate 63, figure 4; Text-figure 8,29p 

Type locality — The specimen illustrated on Plate 61, 
figure 4 (UCM 37590) from the McMicken beds of West 
Fork Creek, Cincinnati, Ohio, is designated as the type 
specimen for C. cincitmatiensis. The type locality is 303 
meters east of the intersection of Shepherds Road and 
West Fork Road, Mt. Airy Forest, Hamilton County, Ohio. 
The bed containing the specimen crops out on the south 
bank some SO cm above the water level and 2-3 meters 
downstream from a dam. 

Diagnosis — Vertical Spreite-heanl^g U-tubes which in- 
crease in transverse length with depth. Most specimens are 
marked by an abrupt flaring of the base of the "U." The 
upper part of the arms is approximately parallel but in 
many cases exhibits numerous minor irregularities. Free 
tubes unknown. The Sprcitcn are regular and parallel in 
most cases but may show some overlapping. 

Discussion — C. ctncmnatiensis is more common than 
C. cf. luniformis and is especially abundant in the upper 
part of the McMicken, where it is associated with Chon- 
drites and Trichophycus venosum. Two of the best expos- 
ures are the type locality and a long outcrop on U.S. Route 
27, 1.4 miles south of Newport Shopping Center, Newport, 
Kentucky. At the latter locality the species is best seen on 
the east side of the road at the tf)p of the talus slope. 

At the type locality the tubes occur in the well-bedded 
calcisiltite which contains C. cf. luniformis. The basal 1-2 
cm of the bed is composed of a more coarse-grained fossil 
hash. While a few of the tubes penetrate to the base of 
the bed (Text-fig. 8), the majority terminate at the upper 
limit of the fossil hash. The contact between the host rock 
and the subjacent lutite is sharp, but the upper calcisiltite- 
lutite contact is more gradational, the distance of transi- 
tion being 2-3 cm. 

The type specimen (PI. 61, fig. 4) has a depth of 6.8 
cm and a breadth of 3 mm. The arms are approximately 
parallel throughout most of their length, although irregu- 
larities do exist, especially in the upper portion of the right 
arm. The transverse length of the specimen down to the ex- 
panded base varies between 2.3-2.8 cm, and the Sprcitcn, 
which extend to the upper limit of the tube, are parallel 
and regular. At a depth of 5.1 cm both arms diverge out- 
ward at an angle of 40° off the vertical axis to produce the 
flared base so characteristic of the species. The transverse 
length of the tube then increases to a maximum of 3.9 cm 
before terminating in a gently rounded base 1 cm above the 
bottom of the bed. Although the Sprcitcn are evenly spaced, 
those of the expanded portion of the tube are more strongly 
bowed (/.('., more strongly convex downward) than the 
Sprcitcn ot  the unexpanded portion. 

Text-figure 8 illustrates three additional topotype speci- 
mens which, owing to the size of the slab, could not be re- 
moved from the outcrop. Text-figure 8-1 shows a tube which 
extends through the shell hash to the base of the bed. It 
differs from the type specimen in that the arms gradually 
diverge with depth, the basal expansion is not so pro- 
nounced, and the base of the tube is slightly flattened. 
Forms similar to this were seen to extend as much as 1 cm 
into the subjacent lutite. Another variation of C cincin- 
natiensis is shown in Text-figure 8-2. Here the arms con- 
tinue to diverge with depth, and although the base of the 
tube is flattened, there is no sudden expansion. The speci- 
men shown in Text-figure 8-3 closely resembles the type 
specimen, except that the upper portion of the arms is more 
regular. Several other forms similar to the three discussed 
above occur in the same bed, along with representatives of 
C. cf. luniformis and C. biclaz'ata. 

At the Kentucky locality mentioned above, C. cin- 
ci)matiensis occurs in large numbers in two cross-laminated 
calcisiltites separated by some 60 cm of barren lutite. The 
specimens do not differ greatly from those just discussed, 
except that in all observed cases the U-tubes reach to the 
base of the calcisiltites and many times extend up to 5 
mm  into  the  subjacent  lutite.  None  of  the  specimens  in 
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either bed could be traced Into the overlying lutite, yet 
in all cases the Spreiten extended to the upper limit of the 
calcisiltite. Most of the tubes are characterized by a marked 
basal expansion. The most extreme example is seen on Plate 
61, figure 6, where the length as measured across the upper 
part of the specimens is 2.4 cm, while the length at the 
base of the calcisiltite is 6.2 cm. As in the specimens from 
the type locality, the transverse length of the tubes varies 
considerably. In some (PI. 61, fig. 3) the average length is 
only one-third the depth, while in others (PI. 60, fig. 5) 
the length may exceed the depth. Several specimens show- 
ing intermediate stages have been observed. 

Although the arms of most of the tubes from both 
localities are smooth or covered with secondary calcite 
encrustations, two specimens are known where the last- 
formed "U" bears annulations. Plate 62, figure 4 shows 
the base of a "U" from the Kentucky locality which has 
12 annulations per centimeter. The other specimens (PI. 
60, fig. 1), from the type locality, shows an unweathered 
filling of one of the arms where the annuli are larger, av- 
eraging 8 cm. This latter specimen also shows the angular 
irregularity of the arms which is encountered in many 
forms. 

Interpretation — As mentioned elsewhere, C. cincin- 
natiensis may well be a behavioral variant of C. cf. luni- 
formis, where the major deviations are the irregularity of 
the arms and the basal expansion of the tube. As in C. 
cf. luniformis the Spreiten are thought to represent older 
relics of the base of the "U" where the organism deepened 
the tube: a) to compensate for an increase in body length, 
b) to compensate for erosion of the upper part of the tube, 
or c) a combination of the above. If the inhabitant of the 
tube were a filter-feeder, a steady even flow of water 
through the tube was a necessity. Since neither the irregu- 
larity of the arms nor the angular expansion of the base 
would seem to increase the efficiency of the tube, they must 
represent a reaction of the organism to some obstacle en- 
countered in burrowing. In fine-grained material irregulari- 
ties in the symmetry of the tube could arise through un- 
even compaction or slippage, but in the forms under con- 
sideration here only the arms are distorted. The Spreiten 
are even and show no trace of any disturbance. Perhaps 
the organism was forced to detour around slightly indur- 
ated or more compact  patches of sediment. 

The basal expansion of the "U" is thought to repre- 
sent the reaction of the organism to a physical or chemical 
change in the sediment. Note that at both localities the 
tubes terminate either at a silt-mud or silt-fossil hash in- 
terface. At the type locality only a few of the individiialN 

Text-figure 8. — CoropliioiJcs cincinnalirnsis, n. sp. Three speci- 
mens from the type locality, West Fork Creek, Mt. Airy Forest, Cin- 
cinnati, Ohio, showing various types of basal expansions. Tubes 2 
and 3 terminate at the upper limit of a coarse-grained fossil hash; 
X 0.4. 

(Text-fig. 8-1) were able to penetrate through the fossil 
hash and into the underlying mud. Instead most forms were 
forced to lengthen the tube by moving laterally. At the 
Kentucky locality the organism apparently had an aversion 
to mud. Perhaps it was too hard, tended to clog the res- 
piratory   apparatus,   or   was   chemically   distasteful.*^ 

However, it must be admitted that a change in the 
texture of the sediment does not provide the answer for 
all such expanded U-tubes. U-plane sections of C. biclavata 
(see PL 77, fig. 8) occur with C. cincinnatiensis at the West 
Fork Creek locality and alone in the Mt. Hope in a creek 
adjacent to Sheed Road, 200 meters northeast of the inter- 
section with Gaines Road, Hamilton County, Ohio. As will 
be shown, C. biclavata also expands at the base, and the 
only apparent difference between it and C. cincinnatiensis 
is that the arms extend below the level of the Spreite. Speci- 
mens of C. biclavata have been found at these two locali- 
ties where the tube ends well within  the silt bed  and  not 

'■'It is interesting ti) note that the animal could lengthen the tube by 
either expanding the length, as the Cincinnatian forms did, or by 
directing the "U" either oblique or parallel to the bedding. It is un- 
usual that the latter \ariant is not found in at least a few Cin- 
cinnatian specimens. It would also be worthwhile to re-evaluate 
R/iizfu orti/lium in this lighl. Perhaps the curvature of some forms 
assigned to this genus is a response to a change in lithology and not 
a feeding structure as Seilacher (1955) and others postulated. Like- 
wise, C.urophioidcs hftmrrsrtii ()pik should be restudied to see if the 
flared base can be explained in the same manner. Opik (1929) attrib- 
uted   it solely to the  growth  of the   animal. 
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at a lithologic contact. Perhaps here the animal encoun- 
tered a chemical change which is not reflected in the sedi- 
ment. 

At noted in the discussion of C. cf. lioiiformis, it is 
difficult to assign U-tubes to a given group of organisms. 
However, annuli found in two specimens of C. cincinnatien- 
sis suggest a segmented vermiform body. If C. cf. lunijorinis 
is only a behavioral variant, this means that it too was 
inhabited by a  nietameric vermiform organism. 

Corophioides biclavata (Miller) 

Plate 60, figures 3,+ ; Plate 61, figures 1,3,7; Plate 65, figure 6; Plate 
66, figure 5; Plate 70, figure 5; Plate 77, figure 8; Text-figures 9,29i|. 

1872.    }Aithraria atitiquata Billings,  Canadian  Natur., n.s., vol.  6,  p. 
+67, fig. 2. 

1875.   .Iithraiia hiila-vala Miller,  Cincinnati Quart.   |our. Sci.,  vol. 2, 
p. 354, fig. 26. 

1879.   Arthraria   bielavata   Miller,   James,   U.   P.,   Supplement   to   a 
Catalogue of Lower  Silurian   Fossils  of  the  Cincinnati   Group, 
Cincinnati,  Ohio,  p. 29. 

1884.   Arlhiiiriu  biclavata  Miller,   lames,  J.   F.,  Cincinnati   Soc.   Nat. 
Hist.,  Jour.,  vol.  7,  p.  8,9;   pj.  6,  fig.  6. 

1940.    fBijungitcs jrzzanensh Desio, Museo Lihico Sloria. Nat., .\nn., 
vol. 2, pp. 78,79, pi. 8, fig. 3. 

1940.    IBifungitfs  halli  Desio,  Museo  Libico   Storia.   Nat..   .\nn.,   vol. 
2,  pp. 78,79. 

1964.    yBifun/jilfs   frzzaiir'isis   Desio,   Dubois   and   Lesscrtisseur,   Soc. 
geol. France, Bull.,   (7)   vol. VI,  pp.  626-634,  figs.  1,3,6,7,  pi.  1. 

Type locality — Miller's figured specimen was from 
"one of the numerous impressions in the slabs that make 
up the sidewalk, on Torrence Road near Forest Avenue" 
(Miller, 1875, p. 374). The genus is relatively common 
throughout the Cincinnatian section. The "type sidewalk" 
has long since been replaced by concrete. 

Diagnosis — Vertical Spreite-he^nng U-tubes in which 
the arms are extended below the base of the deepest "U" 
to form blind pouchs. The species is most frequently pre- 
served as concave spireliefs with a dumbbell shape, i.e., 
two kettle-like depressions connected by a bar. The connect- 
ing bar resembles a shallow vertical "U," and it may or 
may not be directly connected to the kettles. 

Discussion — The Cincinnatian dumbbells were placed 
in Billings' (1872) genus, Arthraria, first described from 
the Upper Cambrian rocks of Newfoundland. As will be 
shown later, there is some doubt as to whether the New- 
foundland forms are the same as those from the Cincin- 
natian. Miller (1875, p. 354) established Arthraria biclavata 
for a "fucoid [which] consists of a straight cylindrical stem, 
with an enlargement at each end, nearly as round as a ball. 
It has some resemblance in shape to dumb-bells. It shows 
no structure. It usually consists of the impression, only . . . 
sometimes, the cylindrical stem, between the balls, is found 
in  tolerably  good  condition,   but   it   is   ([uite   rare  to   find 

even part of a ball in the matrix, and I have never seen a 
specimen free from a slab." His highly schematic figure 
moved U. P. James (1879, p. 29) to remark that "the pub- 
lished figure of this species appears much as if copied from 
a specimen just from the turning lathe — a reniarkaiile 
growth for a sea plant." 

The dumbbell impiessions referred to by Miller are 
common in the local section and occur as concave epireliefs 
in calcisiltites or calcarenites. Forms of varying size may 
be found on the same slab and the}' frequently intersect. 
The length (the greatest distance as measured along the 
bar) varies from 5-14.5 cm. The kettle-like depressions at 
either end may be round (PI. 66, fig. 5), reniform (PI. 61, 
fig 3), or cordate (PI. 61, fig. 1). In addition, J. F. James 
(1884, fig. 6c) figured one form shaped like an arrowhead. 
Although the kettle-like depressions on a given specimen 
are normally similar in size and shape, one may be smaller 
than the other or even missing entirely ( PI. 65, fig. 6). The 
diameter of the depressions ranges from 1-3 cm, and they 
are invariably deeper than the bar connecting them. For 
example, in a specimen from the Corryville of Stonelick 
Creek (PI. 61, fig. 1), the cordate depressions have a depth 
of 1.4 cm, while the deepest point of the connecting bar is 
only 6 mm below the surface of the slab. Although the bot- 
tom of most depressions is gently rounded, in some the 
center of the depression is not the deepest point. In the 
specimen seen in Plate 61, figure 3, the floor of the de- 
pressions slope toward the connecting bar and the inner 
wall is undercut. 

Likewise, the morphology of the connecting bar may 
vary. The bar may actually connect the two depressions 
or it may terminate some 5 mm from the depressions (PI. 
61, figs. 1,3 ). The width of the bar averages 4-7 mm and is 
independent of the diameter of the depressions. In cross- 
section the base of the bar is gently rounded. In almost 
all cases the bar resembles a shallow vertical "U," where 
the greatest depth is attained at the midpoint, while in 
some examples the bar may be filled with sediment and 
rise above the surface of the slab as seen in Plate 60, fig- 
ure 3. This filling is most significant in the interpretation 
of the species. Sectioning of several specimens shows that 
neither the depression nor the connecting bar extend down 
into the host rock. The entire structure is visible as a con- 
cave epirelief. 

Similar dumbbell-shaped forms have been described 
from other geological horizons, but a discussion of them is 
withheld until an interpretation of C. biclavata is given. 
I'he difficulties of a direct comparison will then be appar- 
ent. 
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Interpretation—Miller (1875) interpreted the species 
as a "fucoid," while J. F. James (1884) believed that it may 
be a concretion. There were no further attempts to inter- 
pret the species until Fenton and Fenton (1934a, pi. 28, 
fig. 2) studied the movements of the gastropod Illyanassa 
obsoleta (Say) on the tidal fiats of San Francisco Bay. 
They observed that the snail plows along the surface leav- 
ing a trail which resembles a gently rounded trough; then, 
for no apparent reason, it twists and digs a shallow hemi- 
cylindrical pit. The organism may remain in the pit for 
several hours before again proceeding on its way. This 
same behavior may be repeated several times, and the final 
result is several pitlike depressions connected by rounded 
troughs. However, several features of the Cincinnatian 
dumbbells fail to support this conclusion. The connecting 
bar is straight and does not show the irregularities seen 
in the Fentons' illustration of the trail of /. obsoleta. More- 
over, the bar is U-shaped, and in many cases does not ac- 
tually connect the depressions. As already noted and shown 
in Plate 60, figure 3, the bar may be filled and stand above 
the surface of the host rock. 

Several lines of evidence indicate that what Miller 
described as A. biclavata represents the base of a Spreite- 
bearing U-tube, where the arms have been secondarily deep- 
ened below the base of the Spreite (see Text-fig. 9). The 
connecting bar is U-shaped, and the filling of the bar seen 
in Plate 60, figure 3 is the remnants of a descending Spreite 
(compare PI. 60, fig. 3 with Text-fig. 7D-4). Moreover, 
some specimens of Corophioides with expanded bases show 
that one or both of the arms have been extended. One 
speciniLii (PI. 61, fig. 7) from the Fulton beds of Union 
Levee, Cincinnati, Ohio, is most significant. It is preserved 
as a hyporelief in calcisiltite and shows the Spreite and the 
filling of the expanded arm. A latex mold of this specimen 
is similar to the specimen seen in Plate 60, figure 3. U-plane 
sections of tubes with modified bases have been found both 
at the type locality for C. cincinnatiensis and also at the 
Sheed Road locality'. Note that a transverse section taken 
2 mm above the base of the specimen seen on Plate 77, 
figure 8 would resemble the reconstruction given in Text- 
figure 9. 

As already noted, the dumbbells occur in calcisiltites 
or fine-grained calcarenites which are overlain by lutites. 
No examples have yet been located where a U-tube has 
been found overlying the dumbbell, and apparently in all 
observed examples the upper parts of the tube have been 
stripped away. It is believed that the organism burrowed 
down through the lutite and halted excavation when the 
subjacent silt or sand was encountered. This would be the 
opposite   of   the   Newport   examples   of   C.   cincinnatiensis, 

s5i^^ 

Text-figure 9. — Reconstruction of Coruphioidcs biclavata (Mil- 
ler). The major portion of the tulie lies within the lutite (light 
shading) and only the hase of the "U" and the extended arm lie in 
the calcisiltite (dark shading). When the lutite is stripped away by 
erosion  only  a   diunhliell-shaped   depression   remains;   X   0.75. 

where the subjacent mud was apparently in some way dis- 
tasteful to the burrower. This might suggest that the maker 
of C. biclavata and C. cincinnatiensis were different organ- 
isms, the former being primarily a mud-dweller, the latter 
an inhabitant of silts and sands. Unfortunately this can not 
be accepted as a firm conclusion, since both variants have 
been found together in the silts of West Fork Creek. 

Why the arms were extended below the Spreite is not 
at all clear; perhaps another organism used the arms as 
a domicile after the death or departure of the original in- 
habitant. In this case two animals could live in the tube, 
one in one arm, one in the other. Also several U-tube 
dwellers are known to have commensals living with them. 
For example, the tube of the polychaete Chaetopterus pro- 
vides refuge for the small crab Pinnixa, and, according to 
Ricketts and Calvin (1962), the large tube of the echiuroid 
Urechis caupo is also inhabited by the scale worm Hesper- 
onoc adventor, a small crab, Scleroplax granulata, and a 
fish, Clevclandia ins. These organisms feed on detritus 
piniiped   into   the   niln-   In'   the   echinoid.   Althoiifih   these 
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Recent commensals do not modify the architecture of the 
tube, it IS possible that the extended arms of C. biclavata are 
outpocketings inhabited  by Ordovician commensals. 

Other dumbbell-shaped bodies have been found in 
the Cmcinnatian rocks. All are preserved as convex hypo- 
reliefs and none extend up into the host rock. In some the 
terminal enlargements are rounded (PI. 61, fig. 2), in others 
they are shaped like arrowheads (PL 71, fig. 5). The total 
length of the specimens ranges from 2.7-4.8 cm. Since they 
do not extend up into the host rock, they can not be the 
actual bases of C. biclavata. Transverse sections of the Cin- 
cinnatian Corophioides taken at any depth reveal a dumb- 
bell outline. As mentioned, the Spreiten do not broaden 
with depth, indicating that while the animal may have 
grown in length, the diameter of the body did not corre- 
spondingly expand. However, the arms of the "U" were 
used throughout the life of the tube, and constant move- 
ment of the inhabitant would lead to an increase in their 
diameter. For this reason the dumbbells preserved as con- 
vex hyporeliefs could be the casts of the base of C. biclavata 
or casts of any portion of the tube of any of the three 
Cincinnatian species. 

This uncertainty makes it difficult to compare C. bi- 
clavata with Arthraria antiquata Billings, the holotype of 
the genus Arthraria. Billings' (1872, fig. 2) illustration of 
the type specimen shows that it is a convex body, not a de- 
pression as is normally the case with C. biclavata. While 
there is no direct proof, A. antiqvata is probably the cast 
of some portion of a U-tube, but it is not known whether 
the tube is a Corophioides, Rhizocoralliuvt, or Diplocra- 
terion. It may even be a tube similar to Arenicolites in 
which sagging of the bedding has produced a connecting 
arch. Unfortunately the type specimen of A. antiquata has 
been lost and no topotype material is available. Until such 
material can be studied, the species will have to remain 
Incertae sedis. 

The same is true for Bijungites jezzanensis Desio 
(1940) from the Devonian of North Africa and B. halli 
Desio (1940) from the Clinton (Silurian) beds of New 
York State. B. jezzanensis, which apparently is preserved as 
a convex hyporelief in a quartz sandstone, bears a close 
resemblance to the convex dumbbells discussed above. 
While it may be similar to C. biclavata, Desio makes no 
mention of U-tubes associated with Bijungites. He believed 
that it was a "fucoid" or "colonial animal." Dubois and 
Lessertisseur ( 1964) restudied Desio's material and con- 
cluded that the genus represented a filling of the top of a 
U-tube. They postulated that the inhabitant may have 
been a small trilobite. B. halli is based on a specimen fig- 
ured but not named by James Hall  (1852, pi.  10, fig. 6) 

from the Clinton of New York. Hall believed that this was 
a "fucoid" or possibly even a bone. Without a study of 
the topotype locality, a meaningful conclusion can not be 
given at the present time. 

Finally Ruedemann (1925) established Arthraria 
magna for dumbbells from the Upper Ordovician strata of 
Pulaski, New York. They are preserved "by the hundreds" 
as concave epireliefs in "dark-gray mud" which forms a 
film over the subjacent sandstone. U-plane sections (Ruede- 
mann, 1925, fig. 65) reveal that these are the upper ex- 
pressions of U-tubes and thus are not familiar to C. biclav- 
ata. Ruedemann maintained that settling of the Spreite 
led to the origin of a connecting bar between the two aper- 
tures. In contrast, Richter (1926) said that the connecting 
bar of A. magna was entirely straight and thus could not 
be due to sagging. He believed that the bar marked the 
path of the organism as it slid across the surface from one 
aperture to the other. Examination of U-plane sections of 
Ruedemann's material should provide the answer. 

7SKOLITHOS Halclemann, 1840 

Plate 62, figures 7,8; Text-figure 29r 

1840. ?Skatil/ws Haldemann, A Monograph of the Limniades, or 
freshwater univalve shells of North America, containing de- 
scriptions of apparently new animals in different classes, and 
the names and characters of the subgenera in Paludina and 
Anculosa, No. 1, suppl., p. 3. 

1847. yScolithos Hall, Nat. Hist, New York, Palaeont. Ncui York, 
vol.   1,  p.  2,  pi.   I,  figs.   la-c. 

1881. Parlim Scolithus "Hall", James, U. P., The Paleontologist, No. 
5, p. 33. 

1892. Piirtim Scolithus "Hall", James, J. F., Geol, Soc. America, Bull., 
vol. 3, pp. 32-44, figs. 1-15. 

1920. ?Partiin Sabi-llaritcs Richter, Rud., Senckenbergiana, Bd. 2, p. 
226,  pis.  1,3,4. 

1921. yPartim Sabellarifrx Richter, Rud., Senckenbergiana, Bd. 3, 
p. 50. 

1931.    ''Siolithus  "Hall,"  Westergard,  Sverige  geol.,   Unders.,   ser.  C, 
.■\vh. och  upps,.  No.  372   {=Arsbok,  vol.  25,  no.  5),  pp.  14-16, 
pis.  7-11. 

1943.    ySkollthos Haldemann, Howell, Wagner Free Inst. Sci., Public, 
vol. 3,  pp. 6-16. 

1962.   Sholilhos    Haldemann,    Hantzschel,   Trace-Fossils    and     Prob- 
lematica in Treatise on Invertebrate Paleont., Moore   (ed.),  pt. 
W,  Miscellanea,  p.  W215,   fig.   134-4. 

Type species — Skolilhos linearis Haldemann (1840) 
from the Lower Cambrian Chickies Quartzite between 
Reading and  Columbia,  Pennsylvania. 

Diagnosis — Closeh' packed, unbranched, vertical tubu- 
lar penetrations which occur most frequently in arenaceous 
sediments. The diameter varies from 1-10 mm; the length 
from a few centimeters up to 30 cm. 

Discussion — Because these tubular forms are rare in 
the Cincinnatian  and can only tentatively  be assigned  to 
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Skolithos, the genus will not be covered in detail here. For 
a complete treatment the reader is referred to J. F. James 
(1892), Rudolf Richter (1920, 1921), and Howell (1943). 
Skolithos has received extensive coverage and is fairly com- 
mon in the Lower Paleozoic rocks of eastern North America 
and Europe. Specimens have been described from nearly 
every continent; and it is so numerous in some localities, 
e.g., Lower Cambrian of northwest Scotland, that the beds 
have been called "pipe rocks." 

Skolithos was propcsed by Haldemann (1840, p. 3), 
who characterized it as "stem simple (never branched), 
rectilinear, surface nearly even, diameter !4 - y» inch, 
length several feet, cylindrical or compressed." The genus 
was not figured and the precise type locality is unknown. 
Howell (1943) reported that he searched in vain for a type 
specimen and that probably Haldemann never selected one. 
Therefore, Howell designated a neotype from Mt. Penn, a 
locality which is presumably close to that of Haldemann's 
original  find. 

At the Mt. Penn locality S. linearis occurs in a light- 
gray, poorly bedded quartz sandstone. The material filling 
the tubes is either lighter or darker than the host rock and 
tends to weather more rapidly, leaving pits up to 1 cm in 
depth on bedding plane surfaces. The individual tubes range 
from 3-7 mm in diameter and incomplete specimens attain 
a length of 9 cm. All forms are normal to the bedding plane 
and most are straight. Howell observed that the straight 
forms occur in a fine-grained sand and that as the grain 
size of the host rock increased, so did the irregularity of the 
tube. Occasionally specimens appeared to branch, but 
Howell believed that this was due to the intersection of 
two separate individuals. The fossils are extremely close- 
packed, sometimes being separated  by  as  little  as  5  mm. 

Skolithos has been studied by Hall (1847), Billings 
(1865), and Dawson (1890). Hall changed Haldemann's 
original spelling and described his New York forms ( Pots- 
dam Sandstone) as Scolithus linearis. Most subsequent 
authors erroneously believed that this is the correct spell- 
ing; some workers, e.g., U. P. James (1881), even credited 
the species S. linearis to Hall. However, as Howell (1943 ) 
and Hiintzschel (1962) pointed out, Haldemann's initial 
designation prevails. 

As with many fossils, the early descriptions of the 
genus were so vague that Skolithos rapidly accumulated 
several species; James (1892) listed 11 species from North 
America alone. Rudolf Richter (1920) undertook a re- 
vision and clarification of the genus. He restricted Skolithos 
to straight, closely packed vertical forms best typified by 
the specimens from the Cambrian of Sweden  (see Richter, 

1920, fig. 6). The irregular, loosely packed specimens, which 
included most forms previously described under Skolithos, 
were placed in a new genus, Sabellarites. The type species 
was S. eifliensis from the Lower Devonian Koblenz Quart- 
zite of Germany. In 1921 Richter changed the name to Sab- 
ellarife.x, when he realized that the earlier name was preoc- 
cupied by Sabellarites Dawson (1890), an annelid. Richter's 
treatment of the genus has not gained wide acceptance. 
Westergard (1931) pointed out that the Swedish specimens 
from the lower Cambrian "Scolithus" Sandstone fail to sup- 
port Richter's conclusions. He found that some scattered 
tubes were straight and some closely packed tubes were 
wavy. Westergard (1931, pp. 14, 15) said, "as these differ- 
ent Scolithus forms [Skolithos and Sabellarifex of Richter] 
are connected by intermediate forms and occur associated, 
they can hardly be distinguished ..." 

At present the genus remains in a state of confusio 
Like so many of the larger trace fossil genera, it is badly 
in need of a monographic study. 

Interpretation — Most early workers, such as Halde- 
mann (1840) and Hall (1847, 1852), believed that Skolithos 
represented the stems of marine plants preserved in situ. 
However, shortly after the genus was proposed some au- 
thors, e.g., MacCulloch (1848) and Logan (1852), suggest- 
ed an annelid origin, and it was not long before the "fucoid" 
theory was generally discarded. The tubes show neither 
rootlets nor any trace of organic matter. Nevertheless, 
over the years there have been several different hypotheses 
on the origin of the genus. Perry (1872) believed that the 
shorter tubes might represent brachiopod pedicle perfora- 
tions, while Billings (1865) claimed to have found sponge 
spicules in the filling of some tubes from the Potsdam 
Sandstone of eastern Canada. Billings' discovery has never 
been confirmed and Howell (1943) was inclined to dismiss 
it. Polychaetes have been frequently mentioned as pos- 
sible originators. Some authors, e.g., Richter (1920, 1921), 
believed that Skolithos was the tubes of filter-feeding an- 
nelids, such as Sabellaria, the fan worm. Others, such as 
McNair and Reid (1929), thought that the genus was a 
burrow similar to that of the Recent lug worm Arenicola. 
For many years the structure of the Arenicola burrow was 
not clearly understood, and not until the work of Rudolf 
Richter (1924) and Wells (1945) was it realized that 
Arenicola makes J- or L-shaped burrows, not simple vertical 
shafts. In a convincing piece of work, Fenton and Fenton 
(1934b) postulated that many Skolithos burrows could be 
the tubes of phoronids. They compared the fossil forms to 
the closely packed vertical tubes of Phoronopsis viridis ob- 
served on the tidal flats at Elkhorn Slough, California. The 

4 ivH 



TRACE FOSSILS CINCINNATI AREA: OSGOOD 327 

author has seen these same tubes in Tomales Bay, Cali- 
fornia, and can confirm the Fentons' observations. The thin, 
unbranched tubes are over 30 cm long and are so closely 
packed that they serve to bind the sediment, producing a 
topographic high. They closely resemble some illustrations 
of Skolithos (e.g., see Westergard, 1931. pi. 8. fig. 1). 

Some authors, for example, Hogbom (1915) and Gein- 
itz (1915), concluded that Skolithos is inorganic and that 
the vertical tubes mark the passage of air which was forced 
to the surface when the incoming tide covered a dry sand 
flat. Such phenomena are discussed at some length by 
Cloud (1960). 

Even though Skolithos-Wke forms probably have a 
variety of origins, there is general agreement that the Upper 
Cambrian, e.g., S. linearis, are organic. They are too straight 
and in many cases too closely packed to be otherwise. 
Nevertheless, some forms of inorganic origin have been as- 
signed to the genus. One of these is Skolithos linearis as 
described from the Cincinnatian by U. P. James (1881). 
As shown elsewhere, this is a groove cast. 

CINCINNATIAN   REPRESENTATIVES 

?Skolithos delicatulus U. P. James 

Plate 62, figures 7,8; Text-figure 29-r 

1881.   Scolitlius ilfluiitutus  James,   U.   P.,   The  Paleontologist,   No.   5, 
p.   33. 

1892.   Scoiithus delicatulus   James,   U.   P.,   James,   J.   F.,   Geol.   Soc. 
America, Bull.,  \ol.  3, p. 40, fig.  15. 

Type locality — Richmond strata of Dearborn County, 
Indiana. The only figure of the species is that given by J. F. 
James (1892, fig. 15). 

Diagnosis — Small, short vertical tubes occurring in 
medium-grained calcarenites which are seen on the bottom 
of the slab as raised "pimples." The "pimples," which are 
composed entirely of coarse crystalline calcite, are frequently 
surrounded by a circular depression. 

Discussion — U. P. James (1881, p. 33) described S. 
delicatidiis as "small cylindrical stems from half a line 
[1/24 inch] to one line in diameter, passing vertically 
through the strata irregularly arranged from y^ to ',4 of 
an inch apart . . ." The author remarked that these oc- 
curred in slabs which varied from 0.12 to over 0.5 inches 
in thickness. He went on to say that "on the underside the 
plants are broken off even with the surface, or leaving small, 
shallow pits; on the upper side they are elevated from half 
a line to over one line. Other markings on the upper sur- 
face, resemble Annelid trails" (U. P. James, 1881, p. 34). 
James never figured the species, but his son, J. F. James, 
1892, fig. 15) did in his paper on the nature of Skolithos. 

A specimen (Pi. 62, figs. 7-8; UCM 37673) is present 
in the University of Cincinnati collections which may well 
be the form illustrated by J. F. James. It is identified as 
"Scoiithus delicatulus James, Cincinnati Group, Indiana" 
and bears the label of the Cincinnati Society of Natural 
History. The number "IS" appears on one surface, and this 
corresponds to the figure number in J. F. James' paper. 
Although the specimen does not exacth^ match James' 
lithograph, it is so similar that it probably is the figured 
specimen. Judging from the associated markings, it appears 
that U. P. James oriented the slab incorrectly in his original 
description. The raised ridges, which are fillings of trails, 
show that the "pimple-"like elevations occur as convex 
hyporeliefs, not convex epireliefs as he believed. The op- 
posite surface represents a cleavage plane and bears the 
label, "Typical character not shown on this side. Specimen 
split." Thus the upper surface expression of S. delicatulus 
IS unknown. 

Viewed as a convex hyporelief, the specimen, which 
has a surface area of 72 square centimeters, consists of over 
190 raised "pimples." The "pimples" have a diameter of 
1.5 mm and are approximately 1 mm in height. They re- 
semble irregular or truncated cones surrounded by a shal- 
low doughnut-shaped depression which may be filled with 
a soft, fine-grained material. The "pimples" themselves 
are composed entirely of coarse calcite, and these same 
calcite blebs can be seen on the upper surface of the speci- 
men. Observation of the edge of the slab shows that the 
"pimples" are actually vertical rods of calcite which com- 
pletely pierce the specimen. 

Interpretation. — U. P. James (1881, p. 34) believed 
that S. delicatidus were plants and gave the appearance 
". . . as if soft mud, forming the strata, had deposited gently 
around the plants without disturbing their erect position." 
J. F. James (1892, p. 40) dismissed this with ". . . there 
can be no question about its being a worm burrow." 

With only two small incomplete specimens from an 
unknown locality to work with, it is difficult to reach a 
confident decision on the nature of S. delicatulus. It is 
unlikely that they represent the passageways of gas moving 
up through the calcisiltite. According to Shrock (1948, p. 
138) the diameter of S. delicatulus would be on the ex- 
treme lower range of gas passageways. Although Twenhofel 
(1921) found experimentally that gas continuously rising 
through mud could maintain open tubes which resemble 
those produced by worms, if is unlikely that they would 
remain open long enough to be filled by calcite. More- 
over, gas tubes illustrated by Cloud ( 1960, pi. 3 ) are some- 
what irregular in outline. 
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It is probable that S. ddicalulus is the filhng of a por- 
tion of a slender polychaete or phoronid tube. Many tubi- 
culous polychaetes either secrete parchment-like tubes or 
construct agglutinated tubes which are cemented by mucus. 
Phoronids employ the latter method. Such a tube would 
prevent collapse of the walls after the death or departure 
of the organism. If the opening of the tube were plugged 
with sediment, the void could later be filled by calcite. 
In ail probability the specimen at hand was underlain by 
mud and represents only a portion of a much longer tube. 
Because the base of the tube is missing, it is not possible 
to definitely assign the species to Skolithos. It is impossible 
to determine whether one is dealing with unbranched ver- 
tical tubes, U-tubes, or even a portion of Chondrites. The 
latter appears to be unlikely, for as shown in Plate 64, 
figure 6, Chondrites tunnels many times occur in groups 
and are never filled with calcite. 

VII. FODINICHNI.V 

CHONDRITES Sternberg, 1833 

Plate 63   figures 2-5;  Plate 64, figures 2-8;  Plate  65,  figure  8;  Plate 
67    figure 4;   Plate  69,  figures   1,8;   Plate   79,  figures   5-6;   Plate   82, 

figure 4; Plate 83, figure 2; Text-figures 10,1 l,29s,l,u 

1823. Partim Fucoidcs Brongniart, Soc. Hist. Nal. Paris, Mem., vol. 1, 
p. 308, pi. 19, fig. 2. 

1833. Chondriles Sternberg, Versuch einer geognostisch-botanischen 
Darstellung der Flora  der Vorwelt,  Bd.  7-8,  p. 25. 

1833. Partim Sphacrococcitrs Sternberg, Versuch einer geognostisch- 
botanischen Darstellung der Flora der Vorwelt, Bd. 7-8, p. 28, 
pi. 4, fig   1. 

1833. Partim Caulrrpitcs Sternberg, Versuch einer geognostisch- bot- 
anischen Darstellung der Flora der Vorwelt, Bd.  7-8,  p. 20. 

1840. Non Sliolit/ios Haldemann, .\ Monograph of the Limniades, or 
freshwater univalve shells of North .America, containing de- 
scriptions of apparently new animals in different classes, and 
the names and characters of the subgenera in Paludina and 
Anculosa,  vol.   1,  supp.,  p.  3. 

1847. P'irlim Rulholrcphis Hall, Nat. Hist. New York, Paleont. New 
York,  vol.  1,  p.  8,  pi. 2,  fig. 6. 

1849.    tPhymatodcnna Brongniart, Vegetaux fossiles, p.  59. 
1852. Partim Buthotrepliis Hall, Nat. Hist. New York, Palaeont. New 

York,  vol. 2,  p.  18,  pi.  5,  figs.  la-d. 
1858. Non Dnidrograplus Hall, Geol. Sur. for Canada 1857, Report 

Progr.,  1858,  p.  143;  Report figs.  a-c. 
1873. No7i Planolitrs Nicholson, Roy. Soc. London, Proc, vol. 21, p. 

289. 
1874. But/iolrip/iis Hall, Miller, Cincinnati Quart. Jour. Sci., vol. 1. 

p. 23 5, fig. 29. 
1878. ?Scolithus Hall, Miller and Dyer, Contributions to Palaeontol- 

ogy, No. 2 (Cincinnati, Ohio, private publication), p. 4, pi. 4, 
fig. +• 

1885. Partim IJiiidroi/raplus Hall, James, J. F. Cincinnati Soc. Nat. 
Hist., Jour., vof. 7, pp. 159-161. 

1891. Partim Plaiiolilis Nicholson, James, J. F., Cincinnati Soc. Nat. 
Hist., Jour., vol. 14, p. 17. 

1895 Cliondrilis Sternberg, Fuchs, Akad. Wiss. Wien, math.-nat. KI., 
Denkschr., Bd. 62, pp. 407-410, figs. 10-12, pi. 9, fig. 3. 

1910.   Clwndrites   Sternberg,   Reis,   K.   K.   geol.   Reichsanst.,   Jahrb., 
Bd. 59, pp. 615-638, pi. 17. 

1948. Clrmatischnia   Wilson,   Canada   Dept.   Mines   Resourc,   Geol. 
Sur. Bull., vol.  11,  p.  10. 

1949. Choudritis   Sternberg,   Tauber,   Geol.   Bundesanst.,   Jahrb.,  Bd. 
93,   pp.   141-154,   3   figs. 

1951.   Chondritis  Sternberg,  Seilacher,  "Zur  Einteilung  und   Deutung 
fossilen  Lebensspuren"   (unpublished  Ph.D.  dissertation  Tiibin- 
gen  University, West Germany). 

1957.   Cliondrilcs     Sternberg,    Simpson,    Geol.    Soc.    London,    Quart. 
Jour.,  vol.  112, pp. 475-500,  pis. 21-24. 

1962.   Chondritis   Sternberg,   Hantzschel,  Trace-Fossils   and   Problem- 
atica   in   Treatise   on   Invertebrate   Paleont.,   Moore    (ed.),   pt. 
W, Miscellanea,  p. W187, fig.  115-1. 

Type species.—Fucoides targionii Brongniart (1828) 
from the Eocene Flysch of Switzerland. Lectotype, Andrews 
(1955). 

Diagnosis — Tunnel systems possessing a small number 
of master shafts open to the surface which ramify with 
depth to form a dendritic network. The individual branches 
may or may not cross over and interpenetrate. 

Discussion — Chondrites is one of the most common 
and notable of ail the "fucoids." It ranges from the Ordo- 
vician through the Tertiary and has been found at numer- 
ous localities in North America, Europe, and Asia. The 
genus is probably best developed in the Devonian and 
Jurassic of western Germany and the Tertiary Flysch of 
the Alps, and several forms have been described by Hall 
(1847, 1852) from the Lower Paleozoic of New York State. 
Although Chondrites has received extensive coverage by a 
number of authors, most notably Richter (1927, 1931), 
Tauber (1949), and Simpson (1957), unanswered questions 
still remain. At present the genus contains such a wide 
variety of morphologic expressions that a detailed analysis 
would probably result in the establishment of several gen- 
era. 

Chondrites occurs in sediments ranging from fine- 
grained lutites to medium-grained arenites, and, as Seil- 
acher (1964, fig. 7) showed it is a fossil which is common 
to several different environments. It has been found in 
such diverse settings as the black Hunsriick Shale of the 
Rhineland Devonian and the Carboniferous calcarenites of 
Great Britain. Although Chondrites can occur individually, 
more frequently it is encountered in great numbers where 
it forms dendritic patterns on bedding plane surfaces or 
riddles the sediment at depth with a large number of tunnels 
(Simpson, 1957, pi. 21, figs. 1, 2). 

The tunnel system is normally either oblique or paral- 
lel to planes of stratification. Simpson (1957) mentioned 
that a system may proceed obliquely for a distance and 
then flatten out along a bedding plane. He added that 
even  in   forms  which   are  oblique  throughout  their  entire 
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length, the distal portions tend to be more nearly parallel 
to the bedding planes. 

The diameter of the tunnels varies from 0.5 mm in 
C. intracatus (Brongniart) (Austria: Eocene) to nearly 5 
mm in C. gracilis var. crassa (Hall) (New York: Silurian). 
As illustrated by forms occurring in medium-grained sedi- 
ments, the original cross-section of the tunnels was circular. 
However, specimens which are found in finer grained ma- 
terials are often depressed and present an ellipsoidal out- 
line. The most extreme examples are to be seen in C. bollen- 
sis (Zieten) (Wiirttemberg: Jurassic) (PI. 79, fig. 6), 
where the tunnels are almost paper thin. In nearly all forms 
the diameter tends to remain constant throughout the en- 
tire length of the tunnel system; however, unconnected sys- 
tems of differing diameters can occur in close proximity 
(see Rothpletz, 1896). 

The branching pattern of Chondrites could best be 
termed random or alternating. Regular patterns, e.g., sym- 
podial, dichotomous, are unknown. Normally branching 
proceeds to the second or third order, although Rudolf 
Richter (1927, fig. 7) showed a form with fifth or sixth 
order branching. As seen in the specimen of C. bollensis 
illustrated on Plate 79, figure 6, the branching tends to be 
alternating, and the angle of bifurcation varies from 25- 
40°. Based on a study of several European species, Simpson 
(1957) found that the angle was consistently 35-45°. Al- 
though Simpson (1957, p. 483) reported that the "tunnels 
are straight [giving] a characteristic rigid appearance to 
the pattern" (as seen in PI. 65, fig. 8 and noted by Simpson, 
1957, pi. 23, fig. 3), some of the tunnels are gently arcuate. 
A remarkable fact and one most significant in the interpre- 
tation of the genus is that in many forms the branches 
rarely interpenetrate. This was first demonstrated by 
Richter (1927) and later confirmed by Derichs (1928) and 
Simpson (1957). If two branches are headed on a "collision 
course," one will terminate before contact is made.** In ad- 
dition, the authors mentioned above have shown that the 
proximal branches of the system consistently abut against 
the distal branches. This kind of phobotaxis is best devel- 
oped in specimens preserved on bedding planes in the Lias 
of southwestern Germany (PI. 79, fig. 6) and the Devonian 
Hunsriick Shale (see Richter, 1931, figs. 2-5). The kind of 
phobotaxis described above refers to forms occurring on one 
plane only. Another type of phobotaxis is present in three 
dimensional forms, where two branches cross over but do 

not interpenetrate. However, when Chondrites occurs in 
fine-grained sediments, compaction might well close the 
small gap separating the two tunnels and give the impres- 
sion of "pseudopenetration." Thus in practice it is difficult 
to distinguish between crossing over and actual interpene- 
tration. 

Phobotaxis is not found in all representatives of the 
genus. Some forms, described by Hall (1852, pi. 5a, fig. 1; 
pi. 5, figs. 2B, 3C) under the name Btithotrephis from the 
Silurian of New York State and observed by the present 
author, exhibit interpenetration. Simpson (1957, p. 492) 
mentioned that in specimens from the Lias of Great Brit- 
ain, "separate systems may intersect one another but when 
this happens the two systems are never of the same colour." 
As will be shown, Cincinnatian forms exhibit only an incip- 
ient phobotaxis, and interpenetration is relatively common. 
A search of the literature was undertaken to determine if 
the two forms of phobotaxis were somehow restricted by 
time or geography. While the possibility of "pseudopenetra- 
tion" and the highly schematic diagrams of the earlier work- 
ers makes such a determination difficult, there does not 
appear to be any pattern. The phenomenon of phobotaxis is 
not restricted to a certain horizon or location. 

The controversy regarding the origin of Chondrites 
has in large part revolved around the nature of the ma- 
terial filling the tunnels. In some forms, e.g., those from the 
Holzmaden Jurassic section (PI. 76, fig. 6), the filling is 
much lighter than the host rock, whereas in others, e.g., C. 
paleozoicus Richter from the Hunsriick (see Rudolf Richter, 
1931, figs. 2-5), the filling is darker and stands out in 
bold relief against the lighter color of the host. In Cincin- 
natian forms the filling is normally lighter than the rock 
enclosing it. For many years it was assumed that the black 
material filling the tunnels of many European species was 
carbonaceous in nature as simple tests for carbon gave posi- 
tive results. Some early authors even claimed to be able 
to distinguish "cells" or "traces of parenchymal tissue."'" 
Several workers, e.g., Rothpletz (1897) and Giimbel (1897), 
conducted more careful chemical analyses and found that 
only 2-4 per cent carbon was present, and most of this was 
bound up in silicates. The most detailed analysis is that of 
Tauber (1949), who analyzed the fillings of Chondrites 
furcatus (Brongniart) as it occurred in fine sands, lime- 
stones, and marls. His results are shown in Table I. 

As evident in Table I, Tauber found that the material 
filling the tunnels differed considerably from that compris- 

"Richter (1927) employed the term phobotaxis (fear of touching) to 
(lesci'ibe the avoidanre of contact in these chondritids. The meaning 
of the term as used in trace fossil studies is discussed in greater 
detail   hclow. 

'"The   quotes   are   those   of   I.csserlissuer   (1955,   p.   56),   who   did   not 
identify the  original   author of  the  statements. 
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ing the host rock. The tunnels were poor in calcium car- 
bonate and showed only a trace of carbon. Tauber attrib- 
uted the black color to an enrichment in iron sulfide. In 
contrast, Rothpletz (1896) found that specimens of C. jitr- 
catus from the Jurassic Posidion Shales would effervesce, 
whereas the host rock would not. 

The only species of Chondntes possessing a filling 
which shows any trace of structure is C. granulatus (Schlot- 
heim) (Wiirttemberg and Great Britain: Lias; Alps: Eocene 
Flysch), and even this is questioned by Simpson (1957). 
Because the argument is based largely on interpretation, 

ir will  be discussed below. 

T.\BLF. I 

Composition  or  Choiidr'ili-s jurciilus 

Carl)onate as CaCO:, 
Iron  sulfide   as   FeS 
Clay   minerals,   (|iiarlz,   mica 
Coal   flakes 

Carbonate  as  CaCO:, 
Iron  sulfide  as  FeS 
Clay  minerals,  (|uartz 
Coal  flakes 

Carbonate  as  CaCO, 
Iron  sulfide  as  FeS 
Clav  minerals,  quartz,  mica 
Coal   flakes 

Limestone 
Filling Host Rock 

2.50 83.03 
16.58 2.81 
80.92 14.16 
trace trace 

100.00 100.00 

Marl 
Filling Host Rock 

2.73 36.66 
14.5+ 4.83 
72.72 58.51 
trace trace 

99.99 100.00 

Fine Sandstone 
Filling Host Rock 

0.37 4.88 
18.63 5.90 
80.99 89.22 
trace trace 

100.00 100.00 
(from Tauber,  1949, Table  1) 

Reconstructions of the over-all pattern formed by the 
tunnel systems of Clumd.ntcs vary considerably. Simpson 
(1957, fig. 2) illustrated an idealized form of Chondrites 
in which he envisioned six or seven master shafts which 
are bundled together proximally. These diverge with depth 
and give rise to secondary', tertiary, and quaternary 
branches. The main branching pattern is slightly oblique 
to the bedding plane and as viewed from above, is radial 
in outline. In contrast, Tauber (1949, fig. 1) in a recon- 
struction of C. furcatus (Austria: Tertiary) portrayed a 
single master shaft which branches repeatedly to produce 
an antler-like pattern. Going one step further, Tauber (1949, 
fig. 3) showed a series of such patterns arranged in tiers. 
This latter configuration is similar to a figure of C. bollensis 
(West Germany: l-ias) given by Rudolf Richter (1931, 
fig.   1).   Richter   (1931,  fig.   10)   figured   one   specimen   of 

Chondrites sp.  from  the   Eocene  of Austria  which   shows 
14-16 such tiers, each separated bj' 1.5 mm. 

Fuchs (1895, fig. 11) illustrated an unnamed form 
from the Cretaceous Flysch of Rignano which is unusual 
in that it possesses a crude bilateral symmetry. When 
viewed from above, it resembles a lyre with numerous sec- 
ondary branches. Finally, Liberman (1900, pi. 2) and 
Papp ( 1941, fig. 2) showed figures of Chondrites which are 
arranged in a stellate pattern. 

Since the orientation of many specimens is oblique to 
the bedding planes, it is difficult to accurately establish the 
dimensions of an entire network. The longest branch found 
by Simpson (1957) was 15 cm, and he estimated that the 
ratio between the length of a branch and the diameter of 
a tunnel was 40:1. It would not be surprising to find single 
specimens which cover an area as great as one square meter. 

As shown above. Chondrites contains such a wide range 
of morphologic variations that at present it is a form genus 
in the widest possible sense. However, a complete restudy 
of the genus will be an undertaking of some magnitude, be- 
cause it contains more "species" than any other "fucoid." 
Bassler (1915) listed 29 for the North American Ordovician 
and Silurian alone, and the number of species described 
from Europe is much greater. As accepted by recent authors. 
Chondrites is in part synonymous with Fucoides Brong- 
niart (1823). In 1828 Brongniart described and figured 36 
species of Fucoides, 11 of which appear to be chondritids. 
The remaining 25 fall into several diverse groups, and to- 
day the "genus" Fucoides has little meaning. As nearly as 
can be determined from the schematic figures. Chondrites 
is also partly synonymous with Caulerpites Sternberg 
(1833) and Sphaerococcites Sternberg (1833). The former 
genus, as originally recognized by Sternberg, contains chon- 
dritids, various trails, and possibly even conifers (Hiintz- 
schel, 1962, p. 187). Likewise, Chondrites is partly synony- 
mous with Buthotrephis Hall (1843), originally described 
from the Clinton beds (Silurian) of New York State. Hall's 
type specimens are fragmentary and reveal only portions 
of what were undoubtedly much larger systems. However, 
a restudy of some of his types shows that Buthotrephis 
gracilis (PI. 69, fig. 8), as well as B. gracilis var. crassa 
(PI. 63, fig. 5; USNM 41134), are chondritids.i^ As dis- 
cussed herein under Phycodes, B. palmata (PI. 67, fig. 7; 
USNM 41079)  is not a chondritid  but a  bundled  burrow 

'-Over a period of nine years Hall proposed nine species and varieties 
of Hiit/iolirphls. With the exception of the forms mentioned above, 
these are not considered in the present study, because they were not 
listed as lieing present in the Cincinnatian. Judging from Hall's il- 
histrations,  many  of  them   appear  to  be  chondritids. 
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similar to a form described by Seilacher as Phycodes pal- 
mata (1955, p. 383) from the Cambrian of the Salt Range. 
Buthotrephis is discussed more completely below. 

Interpretation — More than any other genus Chon- 
drites is the embodiment of the term "fucoid." Its dendritic 
pattern so closely resembles some Recent algae (e.g., Deles- 
seria) and higher plants that it is not surprising that it was 
the "last of the fucoids." As late as the middle of the pres- 
ent century, Wilson (1948) and Mauheuge (1950) still 
accepted an algal origin. 

Nathorst (1881) was one of the first authors to offer 
a non-algal hypothesis. Basing his conclusion mainly on 
forms from the Alpine Flysch, he reasoned that it was un- 
likely that plants would grow in such deep water where 
even body fossils are rare. In addition he remarked that 
there was no vestige of organic material, and the genus 
occurred in rock types which could offer no firm founda- 
tion for attachment. Nathorst (1881, p. 96) interpreted the 
genus as the "casts of the ramified conduits of worms" but 
did not elaborate. Likewise, Fuchs (1895) believed that all 
chondritids are non-algal. He interpreted them as brood 
chambers which were later filled by sediment sifting into 
the tunnel system from above. One of his strongest argu- 
ments was that the fillings lack the high carbon content 
which one would expect to find in plant fossils. According 
to Fuchs the black color of the fillings was caused by coal 
particles washed in from above. Rothpletz (1896) criti- 
cized Fuchs' views and, after conducting chemical analyses 
on some forms, concluded that the Flysch specimens were 
true algae, while the Jurassic forms from Wiirttemberg 
were sponges. A sponge origin was also postulated by Mail- 
lard (1884) and Walther (1904). Reis (1910), working 
with Cretaceous forms from the Appenine Flysch, for the 
most part confirmed Fuchs' observations. He pointed out 
the lithologic similarity between the fillings and the beds 
overlying the host rock and concluded that Chondrites was 
a burrow. The coup de grace was delivered by Richter 
(1927), who was able to demonstrate the presence of phobo- 
taxis in C. bollensis (PI. 79, fig. 6) as it occurs on bedding 
planes in the Wiirttemberg Lias. As mentioned above, 
phobotaxis was later confirmed by Derichs (1928) and 
Simpson  (1957). 

Although Chondrites is now generally accepted as a 
trace fossil, there is still considerable disagreement concern- 
ing its ethoiogical interpretation. Rudolf Richter (1927, 
1931) concluded that it was the burrow system of a Sedi- 
mentfresser which was later filled by sediment sifting in 
from above. Phohotuxis, presumably due to some variety of 
thcniorcceptor, enabJLiI the animal to achieve maximum 
efficiency    by   avoiding   areas    which    liad    already    been 

worked. To Richter the fact that some networks were ar- 
ranged in tiers demonstrated that the nutrients were con- 
centrated in thin layers rather than spread evenly through- 
out the host rock. 

In contrast to Richter's theory, Tauber (1949) main- 
tained that Chondrites was the burrow of a filter-feeding 
annelid and that the fillings represented a combination of 
fecal packings and collapse of the lining of the tube. He 
believed that the tierlike arrangement was a response to 
increased sedimentation which forced the organism to ele- 
vate the entire system. He cited the branched burrows of 
the Recent annelids Pygospio and Nereis as evidence for 
his interpretation. Both these organisms employ iron oxides 
to cement the slime covered walls of the burrow. Tauber 
concluded that the iron was extracted from plankton in- 
gested by the organism. However, Tauber's explanation 
fails to explain several facts. If, as Tauber maintained. 
Chondrites was the Domichnia of a filter-feeder, why was 
it necessary for the organism to construct such an elabo- 
rate system which in many specimens follows the bedding 
planes and exhibits phobotaxis.? Moreover, Tauber's ex- 
planation of the tierlike arrangement of some chondritids 
is not convincing. The burrows of neither Nereis nor Pygo- 
spio appear to resemble Chondrites. According to Schafer 
(1962), Nereis normally lies in a long (up to 40 cm) un- 
branched burrow with its head near the depositional inter- 
face. Only if the water is low in oxygen does the worm con- 
struct several accessory shafts which open on the surface 
to increase free circulation of water through the burrow. 
As illustrated by Schafer (1962, fig. 166), this does not 
have the organization of the Chondrites network. Pygospio 
is an annelid which feeds either by extending its tentacles 
over the substrate or by constructing a slime net to catch 
plankton. Schafer (1962, p. 388) reported that the organism 
dwells in a small tube which may reach a depth of 9 cm. 
According to Linck (1939), the burrow is branched only 
when it has been partly plucked out by current action and 
is torn. The animal then constructs a secondary branch 
at the site of the tear and, depending on the location of 
the tear, the auxiliary branch may either be a blind shaft 
or open to the surface. This certainly is not homologous 
with Chondrites. 

Simpson (1957) took issue with the belief that Chon- 
drites represented a stuffed burrow. In the British ex- 
amples (Lias) of C. granulatus he was able to demon- 
strate that the pellets found in the burrow were derived 
from the overlying beds. Simpson's interpretation of the 
meaning of Chondrites was similar to that of Richter (1927, 
1931), the major difference i)eing the meaning of phobo- 
taxis.  Simpson   (1957,  p.  485)   believed   that  "the  key  to 
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the problem lies in the fact that the animal was working 
from a fixed point on the surface. By first exploring out- 
wards to the maximum distance permitted to it, and then 
working sideways and backwards, the animal was able to 
ensure that the unexploited territory lay always on the near 
side of the last sideways exploration. Thus the phobotaxic 
reaction was not employed so much in preventing the ani- 
mal [from] penetrating into already exploited territory 
as in enabling it to keep contact with the near limit of 
such territory." Simpson was the first to suggest that Chon- 
drites might be the burrows of sipunculids, although he 
admitted that his belief could not be confirmed by Recent 
examples. While such a hypothesis requires an organism of 
considerable length, Hyman (1959) reported that some 
sipunculids attain lengths of 30 cm and enteropneusts range 
from 10-50 cm. Barnes (1963) stated that most annelids 
are 5-10 cm long, although forms up to 3 meters in length 
are known. 

Recent examples which resemble Chondrites are un- 
known. As mentioned above, the burrows of Pygospio and 
Nereis are different, as are those of other Sedimentjressers 
such as Heteromastus (see Schiifer, 1962, fig. 159) and 
Balanoglossus. This seems unusual since Chondrites is so 
abundant in the fossil record and occurs in such a wide 
range of depositional environments. It is unlikely that our 
lack of knowledge concerning Recent environments provides 
the entire answer. Seilacher's (1957) belief that many trace 
fossils become clearly visible only after they have under- 
gone diagenetic alteration may provide a clue to the prob- 

lem. 

CINCINNATIAN   REPRESENTATIVES 

There are at least three types of Chondrites present 
in the Cincinnatian. Unfortunately, none of the three can 
be confidently placed in the trace fossil or "fucoid" taxa 
discussed by any of the local authors. A search of the 
literature reveals that the local strata contain two genera 
and five species which either resemble chondritids or were 
actually assigned to taxa today considered synonymous 
with Chondrites. J. F. James (1885) maintained that three 
of Hall's species of "Buthotrephis," originally described from 
the Lower Paleozoic of New York State, could be identi- 
fied in the Cincinnatian. These were "B." gracilis Hall 
(1843), "B." gracilis var. crassa Hall (1852), and "B." 

succxdensyiM (1852). 

Although it was not possible to locate the type speci- 
men of "B." gracilis Hall (1843, p. 69, fig. 14), four hypo- 
types (Hall, 1852, pi. 5, figs, la-d) from the Clinton beds 
of New Hartford, Oneida County, New York, were avail- 

able for study. The specimens are so similar that only one^i 
form is illustrated herein (PI. 69, fig. 8; USNM 41125; latex^ 
mold UCM 37676).^'' "B." gracilis is preserved as an epi- 
relief on a fine-grained, iron-stained micaceous quartz aren- 
ite. The most striking feature of the species is its small 
size; the branches have a diameter of only 0.5 mm and the 
length of the longest branch is but 4 cm. Branching pro- 
ceeds to the fourth order and the angle of bifurcation varies 
between 40-55°. Interpenetration of the branches is pres- 
ent but is not common, and contrary to Hall's illustrations, 
the branches do not taper distally. The species agrees with 
Simpson's observation of European chondritids as the 
branches are straight and give the arborescent pattern a 
rigid appearance. The material filling the tunnels is both 
darker and finer grained than the host rock. There is no 
evidence of fecal pellets or other internal structures. As in 
all chondritids the contact between the filling and the host 
rock is sharply defined. 

"B." gracilis "var." crassa Hall (1852), also from the 
Clinton beds of New Hartford, New York, is poorly known. 
Although Hall (1852, pi. 5, figs. 3a-d) figured what appear 
to be complete forms, the actual specimens (PI. 63, fig. 5; 
USNM 41134) are incomplete. The specimens of "B." 
gracilis "var." crassa observed by the present author are 
preserved as epireliefs on a platy, micaceous, fine-grained 
quartz arenite. The irregular main branch has a diameter 
of 5 mm and the angle of bifurcation varies from 35-60°. 
In some cases the secondary branches have a diameter which 
is slightly less (4 mm) than that of the main branch. The 
filling is slightly darker and finer grained than the host 
rock, and although Hall described the surface of the 
branches as nodose, the surface of all observed forms was 
smooth. There is no trace of granules or pellets similar to 
those described in Chondrites granulatus by Simpson 
(1957). The type specimens are so fragmentary that the 
over-all pattern of "B." gracilis "var." crassa. can not be de- 
determined. Hall (1852, p. 19) remarked that ". . . it varies 
in form so much that scarcely two specimens are precisely 
alike." 

Hall (1852, pp. 18, 19) believed that "B." gracilis and 
"5." gracilis "var." crassa represented the end members of 
a completely intergraded series of Clinton "fucoids." Based 
solely on a study of the type material, it is impossible to 

'"Hall first used the specific name "gracilis" in 18+3 for Fucoides gra- 
cilis from the Clinton strata of New York. In 1847 (pi. 21, fig. 1) 
he employed the same species name for "Bulliatrephis" gracilis from 
the TrcntciEi licds of Herkimer County, New York. However, in 
1852 he changed the specific name of the Trenton specimens to "B." 
tenuis  and   retained  "li." gracilis  for  the  Clinton   forms  only. 
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support his conclusion. "B." gracilis is small and has a rigid 
arborescent pattern, while "B." gracilis "var." crassa is 
much larger and more irregular. The former closely re- 
sembles on a smaller scale the pattern of the "typical" 
European chondritids. The latter has the general appear- 
ance of a chondritid, but its over-all pattern can be re- 
vealed only through a study of topotype material. As will 
become evident later, neither of these two "species" closely 
resembles  the Cincinnatian  chondritids. 

It is apparent from J. F. James' (1885, p. 159) discus- 
sion that he never saw Hall's specimens of "5." gracilis or 
"B." gracilis "var." crassa. He concluded that the two forms 
were conspecific with Psilophyton gracillimum Lesquereux 
which he placed in Dendrograptiis Hall, believing them to be 
graptolites. James was misled by Hall's figures of "B." gra- 
cilis which do resemble Lesquereux's (1878, pi. 1, fig. 2) 
illustration of P. gracillimum. As the above discussion of 
"B." gracilis and "B." gracilis "var." crassa shows, there is 
nothing to support a graptolite assignment for the species. 
On the other hand, P. gracillimiivi is judged to be a grapto- 
lite and is discussed herein under Mastigograptus Ruede- 
mann. 

Whereas J. F. James (1885) believed that "B." suc- 
culens Hall (1847, pi. 22, figs. 2a, b) could be identified 
in the local Cincinnatian section, an examination of the 
more complete of the two syntypes shows that it can not 
be. The specimen (PI. 69, fig. 1; USNM 41133; latex mold 
UCM 37639) from the Trenton Lim.estone of Glens Falls, 
New York, is preserved as an epirelief on a black litho- 
graphic limestone. The basal portion of the host rock is a 
coarse-grained calcarenite. The specimen is large and sub- 
scribes an arc of almost 180°; the length of the longest ob- 
served branch is 12 cm. The nearly cylindrical individual 
branches are slightly sinuous and have a diameter of 4-5 
mm. Fourth order branching was observed and the angle 
of bifurcation is between 30-45^. Interpenetration of the 
branches is not common. Although the fillings are also com- 
posed of dark, fine-grained lithographic limestone, the con- 
tact between the fossil and the host rock is well defined. 
Where the filling has been removed, a thin sheath of limon- 
ite is exposed. "B." succtdens is best characterized by peri- 
odic swellings which occur at 2-4 mm intervals and give 
the branches an irregular nodose appearance. Because the 
filling reveals no trace of spherical bodies, the swellings are 
thought to be of prior origin. 

Wilson (1948) selected "B." succulens as the type 
species for her monotypic genus Clematischnia. She rede- 
scribed Hall's figured specimens as well as additional ma- 
terial from the Cobourg  (Middle Ordovician )  beds of On- 

tario. She concluded that the genus was a "fucoid" and 
cited the ". . . solid, slender stems and . . . undulating 
ridges" as the diagnostic features (Wilson, 1948, p. 11). 
Other than the arborescent pattern, the present author sees 
no evidence to support a vegetable origin. Instead the form 
is thought to be chondritid-like burrows, and the limonite 
sheath probably represents the vestiges of a mucus-coated 
wall. The origin of the nodular wall structure is problematic, 
for the swellings would seem to be too widely spaced and 
irregular to be attributed to peristaltic movements of a 
vermiform body. In general appearance the species lies 
midway between "Buthotrephis" gracilis Hall and "B." 
palmata Hall.-" Whether the nodose walls of "B." succulens 
are of generic or specific importance can only be determined 
through a monographic study of Chondrites. In its present 
state Chondrites has sufficient latitude to permit inclusion 
of "B." succulens within the genus. In any event the form 
IS unknown in the Cincinnatian, for the walls of Cincin- 
natian chondritids are either smooth or bear faint longi- 
tudinal striae. 

Miller (1874, pp. 235, 236, fig. 29) proposed "Butho- 
trephis" ramulosus for a form which he described as "fossil 
ramose; stems branching; branches bifurcating, with very 
little change in size. Diameter of stems and branches from 
l/16th to 1,/lOth inch. Structure not distinct, but has a 
granular appearance, as if from some change in its charac- 
ter." The specimens occurred in "clay nodules, or indurat- 
ed marl stones, [and] form entire layers of strata for hun- 
dreds of feet in length, between six and twelve feet above 
low watermark, under the bank of the Ohio River." He in- 
terpreted it as a "fucoid." 

J. F. James (1885) believed that the species was a 
burrow, but from the manner of his discussion, it is appar- 
ent that he never saw an identified specimen. 

Both Fuchs (1895) and Reis (1910) discussed "B." 
ramulosus and compared it to the tubes of the Recent an- 
nelid Lanice conchilega. Reis remarked that "B." ramulosus 
had a tunic of pelecypod shell fragments, and Seilacher 
(1955) has shown that L. conchilega does construct a U- or 
W-tube composed of mucus-cemented shell fragments. 

Unfortunately the three localities mentioned by Miller, 
which are probably Lower Eden and Upper Cynthiana, are 
now permanently covered by a rise in the level of the Ohio 
River due to the installation of navigation dams. Identified 
specimens are not present in Miller's collections at Harvard 
or the Field Museum, nor could they be found in the Uni- 
versity of Cincinnati collections. His description and figure 

"See PhyioJcs lierein for a  discUNsion of "H." patmala. 
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do resemble Cincinnatian chondritids with the exception 
that none of the local chondritids possesses a "granular ap- 
pearance." Moreover, Miller remarked that the species is 
restricted to the one horizon. Each of the Cincinnatian 
chondritids here discussed is known from various localities 
and horizons. It is probable that Reis (1910) based his 
interpretation on Miller's figures. No burrows with a lining 
of shell fragments have yet been discovered in the local 
rocks. In conclusion, while it is possible that "B." ravui- 
losus is a chondritid which is restricted to basal Cincin- 
natian, it is also possible that it is a chondritid similar 
to those discussed below, except that it is filled with a 
coarse-grained sediment. 

Scolithus tuberosus Miller and Dyer (1878b) is also 
possibly a chondritid. They described the species as "the 
holes (sometimes called stems) are curved or winding, 
and pass through the rock, in an irregular course, sometimes 
uniting or branching, but never passing vertically through 
the strata as in S. linearis from the Potsdam Group [Upper 
Cambrian]. Upon the upper surface of the rock, the tubes 
are prolonged into crateriform elevations which are rarely 
at right angles to the surface of the rock" (Miller and 
Dyer, 1878b, p. 5). They went on to say that the diameter 
of the holes varies from 4-7 mm but remains constant in a 
given form. According to the authors, while the form is 
more abundant in the lower part of the Cincinnatian, it 
occurs throughout the section. They interpreted it as a bur- 
row and stated that any comparison with Scolithus linearis 
was fallacious. J. F. James (1892, pp. 38, 39), in his mono- 
graphic study of Sknlithos, pointed out that S. tuberosus 
differed considerably from the accepted concept of the 
genus. He suggested that it be proposed as the basis of a 
new genus. 

Identified material of .S. tuberosus has not been locat- 
ed, and Miller and Dyer's illustration shows only the 
"crateriform elevations" which they likened to "the mud 
elevations, thrown up around the holes, made by the com- 
mon crawfish [sic] [Cambarus diogenes] on our fresh- 
water streams" (Miller and Dyer, 1878b, p. S). While their 
description of the species resembles what will be discussed 
below as Chondrites, type-B, the diameter of the branches 
of S. tuberosus is nearly twice as great, and no "crateriform 
elevations" have ever been found associated with Cincin- 
nation chondritids. Thus, while it is possible that S. tubero- 
sus is a chondritid, it is just as likely some variation of 
Palaeophycus. (See discussion of Palaeophycus.) Little 
more can be said until  identified material is located. 

U. I', lanu-s ( lS7iS, p. ')) propf)sed Buthotrephis filci- 
Uinnis   lor  spccinuns   Ironi   "near   Lebanon,   Ohio,   middle 

beds of Cincinnati Group." The species was never figured, 
but it is clear from his description that this is not a chondri- 
tid. Instead it is thought to be synonymous with "Chloe- 
phycus plumosum" Miller and Dyer (1978b) and is dis- 
cussed thereunder. 

The above discussion indicates that earlier authors did 
recognize the presence of Chondrites in the local section. 
However, tKe original descriptions and illustrations are in- 
adequate and prohibit a meaningful comparison with the 
material at hand. It is equally as difficult to place the Cin- 
cinnatian specimens studied by the author in any of the 
myriad European species. It is concluded that under the 
present circumstances little would be gained from establish- 
ing yet additional species of Chondrites. Therefore, the 
three Cincinnatian "varieties" are considered below as 
Chondrites, types A, B, and C. Of these three. Chondrites, 
tj'pe-A appears the most likely to stand up under a detailed 
comparison  with  other chondritids. 

Chondrites, type-A 

Plate 64, figure 6;  Plate 67, figure +;  Plate 83, figure 2;  Text-figure 
10,29-a 

Discussion—The forms included in Chondrites, type- 
A are abundant in the fine-grained calcarenites of the upper 
part of the McMicken member on U.S. Route 27, 1.4 miles 
south of Newport Shopping Center, in Taylor Creek where 
crossed by Wesselman Road, Hamilton County, Ohio, and 
also of the type locality of Corophioides cincinnatiensis.-^ 
They have also been recovered from the platy, fine-grained 
calcisiltites in the Southgate beds at Newport Shopping Cen- 
ter. Chondrites, type-A, has not been encountered elsewhere 
in the Cincinnatian section. At the three McMicken locali- 
ties mentioned above, the specimens are associated with 
Trichophycus venosum, Corophioides cincinnatiensis, C. cf. 
luniformis, and Chondrites, type-B. Chondrites, type-A, dif- 
fers from all other Cincinnatian chondritids in that the 
entire system is small and compact, having its greatest di- 
mension directed vertically rather than horizontally. As 
seen in vertical section (PI. 67, fig. 4; PI. 83, fig. 2), the 
system resembles a series of rootlets. Frequently the speci- 
mens extend through the entire thickness of the bed and 
into the subjacent lutite, although others terminate before 
reaching the base of the host rock. The longest (7 cm) form 
encountered was incomplete. The individual branches, which 
are only slightly depressed, have an average diameter of 
0.8 mm. As in the chondritids studied by Simpson (1957), 

"Sec the iliMUssicin of CuiufJiiiiuIci  ,iiiiiiiiiiiliiiui)  fur  ilclailril   lucal- 
itv  data  on  these occurrences. 
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the diameter of the branches does not change within a sys- 
tem. As seen in vertical sections the tunnels vary consid- 
erably in their attitude. The angle formed by the branches 
and the ill-defined central axis ranges from 20-50°. While 
some branches continue at this attitude for their entire 
length, others flatten out and proceed parallel to the bed- 
ding planes. In contrast other branches (PI. 83, fig. 2) are 
deflected even more strongly downwards. The highest order 
of branches observed was secondary. There is no evidence 
of phobotaxis and the tunnels occasionally interpenetrate. 

Text-figure   10. — Chotidritrs,  type-A.   Reconstruction   showing   a 
complete network. There is no well-defined central  axis;  X 2. 

When viewed on bedding plane surfaces, Chondrites, 
type-A, appears as a series of numerous, closely spaced holes 
arranged in a circular pattern. Plate 64, figure 6 illustrates 
one slab from the Southgate strata of Newport Shopping 
Center which bears seven separate systems on an area of 
105 square cm. These can be readily distinguished from the 
other chondritids which occur in the same bed by the close 
spacing and small size of the tunnels. Serial sections taken 
parallel to the bedding plane demonstrate that there is no 
marked increase in the over-all diameter of the system with 
depth as is found in most chondritids. The over-all diameter 
of one representative form measured 8 mm at the top of the 
bed and had expanded to only 1.5 cm at a depth of 4.5 cm. 
Serial sections also show that there is no well-defined central 
axis, although the perforations may be more closely spaced 

m this area. As seen in Text-figure 10 it appears that first 
one branch then another served as the axis. 

The sediment filling the tunnels is both finer grained 
and lighter in color than that of the host rock. As can be 
seen in Plate 67, figure 4, the fillings frequently weather 
out when exposed to the elements; the contact between the 
tunnel wall and the host rock is always sharply defined. 
X-ray defraction analysis of fresh samples of host rock and 
filling shows significant mineralogical differences discussed 
in detail below. 

The nature of the upper limit of the burrow are un- 
known, for in all observed cases the surface of the host rock 
bore patterns similar to that seen in Plate 64, figure 6, and 
the tunnels could not be traced into the overlying lutite. 
The fact that both Corophioides and Trichophycus venosum 
are also incomplete strongly suggests that the upper portion 
of the host rock was stripped away before the deposition of 
the lutite. Presumably, as shown in the reconstruction in 
Text-figure 10, Chondrites, type-A, had one central opening. 

Interpretation — As noted in the generic discussion, the 
ethological interpretation of Chondrites is still an open ques- 
tion. The most critical feature is the origin of the tunnel 
fillings. Richter (1931) and Simpson (1957) considered it 
to be sediment which sifted into the galleries; while Tauber 
(1949) interpreted it as a combination of fecal material and 
collapsed lining of the burrow. 

It has been pointed out that there are obvious physical 
differences between the fillings and the host rock that con- 
tains them. In order to ascertain if these physical differences 
reflected a mineralogical variation. X-ray defraction analyses 
were conducted on the filling, host rock, and overlying lutite 
from the Route 27 locality. The results reveal that the filling 
is composed of 75-80 per cent quartz, 10 per cent illite, 
and minor amounts of chlorite, calcite, and mixed-layer clays 
in decreasing order of abundance. In contrast, the host rock 
contains 60 per cent calcite, 30 per cent quartz, and minor 
amounts of illite, chlorite, and mixed-layer clays. The min- 
eralogical composition of the overlying lutite is nearly iden- 
tical with that of the filling, the only difference being that 
the lutite contains even less calcite. Moreover, the data 
indicate that the clay minerals of the filling and overlying 
lutite are well crystallized, whereas those of the host rock 
are not. 

These facts would seem to indicate that Tauber's in- 
terpretation of the European chondritids does not apply 
to this Cincinnatian form. While it is true that the organic 
acids of the digestive system of an annelid or annelid-like 
form might account for the low calcite coiuent of the filling, 

it is difticult to explain the increase in the (]ii:irtz content 
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in this manner. Also digestive enzymes would tend to reduce 
rather than increase the degree of crystallinity of the clay 
minerals [Warren Huff (1965) personal communication]. 
This indicates that Chondrites, type-A, is not a stuffed bur- 
row. It is also difficult to reconcile the texture and min- 
eralogical composition of the filling with Tauber's hypo- 
thesis regarding C. furcatus. In addition, agglutinated tubes 
are normally composed of relatively large particles (see Sell- 
acher's 1951 discussion of tube formation in Lanicc conchi- 
lega). 

Chondrites, type-A, would sfcm to be the i)urrovv of 
an organism which fed by ingesting the sediment of the host 
rock, extracting the nutrients, and excreting the waste prod- 
ucts at the burrow's aperture, where they were swept away 
by currents. No trace of fecal pellets has been found in 
the overlying lutite. The animal probably lay with its anus 
near the burrow aperture and extended the body and pro- 
boscis or proboscis into the substrate. When the limit of 
reach was attained, the organism partly contracted and 
excavated a new tunnel. The same process was repeated 
several times until the entire network was formed. Due to 
the lack of phobotaxis in the burrow, it has not been pos- 
sible to determine the exact mode of burrow formation as 
Simpson has done for some chondritids. If, however, the 
burrow was inhabited throughout the life of the dweller, 
it is likely that the upper branches were excavated first, 
and as the body increased in length, the animal burrowed 
progressively deeper. After the death or departure of the 
inhabitant, the open system was filled by the same mud 
which now forms the overlying lutite. The sharp contact 
between the fillings and the tunnel walls probably indicates 
that the walls were coated with mucus which inhibited col- 
lapse. 

The major unanswered question is how could sediment 
completely fill such a large system without leaving voids 
which would later be filled by calcite or other minerals? 
Simpson (1957, p. 497) was questioned on this point and 
was unable to offer an explanation. This problem is con- 
sidered in detail below. 

Chondrites, type-B 

Plate 63, figure 3; Plate 54, figures 3,7,8; Plate 65, figure 8; Plate 
79, figure  5;  Text-figures  11,29-s 

Discussion—The forms grouped under Chnnd/ites, 
type-B constitute the most common, yet the most poorly 
understood of the Cincinnatian chondritids. They occur 
throughout the Cincinnatian section in rocks ranging from 
fine-grained calcisiitites to medium-grained calcarcnites. 
They are frecjuently associated \\itii 'rrichaphycus venosum 

and Corophioides. The reason that the morphology of the 
form is poorly known is that most frequently the entire 
system is oriented obliquely to the bedding planes and is 
thus difficult to observe. Normally Chondrites, type-B, is 
seen only as a loose grouping of tunnels piercing the bedding 
planes (PI. 64, fig. 8). At some localities these tunnels are 
so numerous that they weaken the resistance of the host 
rock to erosion. 

In spite of the difficulties involved, it is possible to 
piece together a rough outline of the geometry of the net- 
work through fragments which are found on bedding and 
joint planes. However, a complete analysis can be made 
only by detailed serial section studies.-- When this is ac- 
complished, it may well be discovered that a number of 
valid species are contained in what is herein considered as 
Chondrites, type-B. 

As viewed in vertical section. Chondrites, type-B is 
seen as a series of tunnels intersecting the vertical plane at 
various attitudes. The diameter of the branches varies from 
1-4 mm, and, as in the smaller chondritid discussed above, 
the contact between the filling and the host rock is always 
clearly defined. The form is especially well developed at the 
type locality of Corophioides cincinnatiensis, where the chon- 
dritids occur in the same bed as the U-tubes (PI. 79, fig. 5). 
One vertical section from this locality, covering an area of 
171 square cm, revealed cross-sections of 239 tunnels which 
can be separated into two varieties. As seen in Plate 79, 
figure 5, the lower half of the host rock contains branches 
averaging 1.5-2.0 cm in diameter. These are filled with a 
sediment both lighter in color and finer grained than that 
of the host rock. The tunnels are loosely grouped and do 
not show any preferred arrangement. In contrast the 
branches in the upper half of the specimen have a smaller 
diameter (0.5-1 mm), are more closely crowded, and are 
darker than the host rock. While they do not show the 
well-developed stratification illustrated by Richter (1931, 
fig. 1), some degree of linear arrangement is present. Ob- 
servation of the upper surface of the host rock shows that 
only the lower portions of the systems are preserved in the 
calcisiltite. Either the upper part of the network lies con- 
cealed in the overlying friable lutites or has been stripped 
away by subaqueous erosion. 

■-'As a senior thesis project Miss Beverly Barrow (1965) of the 
Ocology department of the University of Cincinnati attempted to es- 

lalilish the most feasilile method for serial section study of Chottdrltes. 
She found that the tunnels of different systems are so numerous in 
some areas that \ertical sections taken at 7 mm intervals are not 
sufficient to rc\ eal the pattern of the burrows. It is prolialile that the 
liiiiipliin can lie determined only through serial grinding or X-radio- 
graphy. 
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A remarkable vertical section (PI. 64, fig. 3), from the 
uppermost Richmond beds of Blue Bank, Kentucky, on 
State Route 32, six miles southeast of Flemingsburg, pro- 
vides insight into what appears to be the main axis of a 
Chondrites, type-B, system. The host rock is a medium- 
grained, iron-stained calcarenite which bears large amplitude 
interference ripples on its upper surface. The fillings have 
been washed out and the walls of the branches can be seen 
to be perfectly smooth. This main axis is nearly vertical 
and has a diameter of 1-2 mm. As can be deduced from the 
truncated branches, bijth the upper and lower limits of the 

1  cm. 
Text-figure 11. — Cliniuirilis, lype-B. The most complete C, type- 

B system thus far found in the local Cincinnatian section. The overall 
pattern appears to exhibit radial symmetry. Corryyille beds. Stone- 
lick Creek. UCM 37623. 

axis are incomplete. The secondary branches measure 1.0- 
1.5 mm in diameter and bifurcate from the main axis at an 
angle which varies from 35-75° off a horizontal plane. While 
the axis is well defined throughout most of its length, it 
apparently loses its individuality in the lower portion of the 
illustration. Another side of the same slab (PI. 63, fig. 3) 
gives additional information on the nature of the secondary 
branches. While most of the secondary branches proceed 
obliquely downward, some are recurved toward the upper 
surface of the bed. Close observation shows that they are 
following the bedding planes of the host rock. Miss Barrow 
has noted the same phenomena in some of the specimens 
from West Fork Creek, although  the recurvature appears 

to be independent of the bedding. It is apparent from 
the discussion of these vertical sections that this variety of 
Chondrites differs markedly from Chondrites, type-A. The 
dimensions of the individual branches and the system as 
a whole greatly exceed those found in C, type-A. Moreover, 
the branches of the Blue Bank specimens are gently arcuate 
and do not show the sinuosity of the smaller chondritids. 

Thus far Chondrites, type-B, has been discussed only 
as seen in vertical sections. Bedding plane surfaces bearing 
small segments of C, type-B, branches are not uncommon. 
Occasionally exceptional specimens are found which reveal 
the nature of the branching as it occurs in the horizontal 
plane. The specimen from the Corryville strata of Stonelick 
Creek illustrated on Plate 65, figure 8 is similar to the 
representatives of Chondrites described by Simpson (1957), 
as the branches are rigid and the angle of bifurcation varies 
within a small range. The tunnels have a diameter of 2.5 
mm and the angle farmed by any two branches is be- 
tween 30-40°. While the branches do not cross over or inter- 
penetrate, neither do they demonstrate the well-developed 
phobotaxis seen in the Holzmaden specimens of C. bollensis. 

The largest and most complete specimen of a Chon- 
drites, type-B, network discovered to date in the Cincin- 
natian rocks is also from the Corryville beds at Stonelick 
Creek. It is preserved as a concave epirelief on a calcisiltite 
and is superimposed over interference ripples. The network 
covers an area of 289 square cm and as seen in Text-figure 
11 appears to be composed of five "main" branches ar- 
ranged in a radial pattern. The walls of the tunnels are 
smooth and their diameter varies from 2.5-4 mm. Bifurca- 
tion proceeds to the fifth order, and while it follows no set 
pattern, many of the branches are forked distally. The 
angle of branching ranges between 20-40°. As in the other 
Stonelick specimens the branches do not interpenetrate but 
only in a few isolated instances do they show anything 
\^■hlch approaches phobotaxis. 

In contrast to the above forms, specimens are known 
where interpenetration is the rule rather than the exception. 
Plate 64, figure 7 illustrates one such form from the Blue 
Bank which occurs as an epirelief on the same bed bearing 
the specimens shown on Plate 63, figure 3. The branches 
interpenetrate to such a degree that they form a bewilder- 
ing cross-hatched pattern. Generally the interpenetration 
appears to be between branches of different systems. The 
dimensions of the tunnels are similar to those seen in verti- 
cal section on the same slab. 

Interpretation — The origin of the Chondrites,  type- 
B, network is thought to be similar to that discussed for 
C, type-A,  i.e.,   the   empty   burrow   of  a  Sedimentfresser 
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which was later filled by sediment. None of the fillings 
contain fecal pellets nor is there anything that could be 
interpreted as the lining of an agglutinated tube. The con- 
sistently larger size of the C, type-B, system suggests that 
C, type-B, and C, type-A, were made by different organ- 
isms. The fact that some C, type-B, networks are oblique 
throughout their entire length, while others tend to flatten 
out on bedding planes, is probably indicative of the food 
distribution  in   the  substrate.   Planar  networks   indicate   a 

Text-figure 12. — Chondriirs "apparatus". The illustrated appar- 
atus was used to determine if sediment could passively fill a Chon- 
drites system. The system was constructed of glass tubing with an 
internal diameter of 4 mm. The tube endings, which lay on a hori- 
zontal plane, were plugged with corks or fiberglass wool packing and 
the network was filled with water. Sediment was introduced at the 
funnel  mouth. 

high concentration of nutrients in some beds, whereas the 
oblique forms show that the food was evenly distributed 
throughout  the  host  rock. 

As mentioned previously, a most critical factor is 
whether it is possible to fill such a large system solely with 
sediment sifting in from above. In order to test this hypo- 
thesis, a glass model of a portion of a Chondrites network 
was constructed (Text-fig. 12). Glass tubing with an inter- 
nal diameter of 4 mm was used, and the various sections 
were connected by plastic sleeves. The greatest length of 
the system (A-G) measured 51 cm, far in excess of the long- 
est known chondritid branch. The distal ends of the system 
(C-G) lay on a horizontal plane, and the vertical distance 
from the top of the funnel (A) to the plane on which the 
distal ends lay was 17 cm. 

Three types of sediment were used: 1) highly angular 
silt-sized quartz, 2) a fine silt composed of pumice, and 3) 
Pleistocene lake clays. Corks were placed in all the endings 
(B-G), and the system was completely filled with fresh 
water; care was taken to see that no air bubbles remained. 
The sediment was mixed with 200 ml of iresh water and 
stirred until it was in suspension. The suspension was placed 
in the mouth of the funnel with an eyedropper, the volume 
of suspended solution introduced at any given time varj'ing 
from 2-5 cc. In order to accelerate the process, the amount 
of sediment entering the system was in excess of that which 
might be expected to occur under normal geological pro- 
cesses.-^ It must be admitted that the above apparatus repre- 
sents a crude attempt to simulate actual conditions, and, 
therefore, the obtained results can be accepted only as 
suggestive rather than conclusive. 

It was found that the angular sand grains would fill 
a maximum of only 53 per cent of the volume of the net- 
work. The results achieved with the finer grained pumice 
were no better. The apparent reason for this is that we are 
dealing with a completely closed system and that a point 
was reached where the water pressure in the distal ends of 
the system prohibited further flow. It was found that once 
the sediment stopped moving, no amount of sediment added 
would start the process again. 

Even though the chondritid network was coated with 
mucus, it was probably not a closed system, and in order 
to better approximate actual conditions, the entire appara- 
tus was submerged in water, the corks being replaced by 
fiber-glass wool packings. It was found that under these 
conditions the angular sand would fill 62 per cent of the 
system, and the lake clays filled 74 per cent. One addi- 
tional experiment was attempted. In order to simulate bot- 
tom currents moving over the mouth of the burrow, an 
electric fan was allowed to blow across the tank. It was 
found that the clays filled 87 per cent of the entire system, 
and the sediment completely filled a segment of the tube 
44 cm in length. This is nearly three times the length of the 
longest chondritid branch noted by Simpson  (1957). 

Under actual geological processes it might be even 
easier to fill the burrow. The rate of sediment inflow into 
the burrow would almost certainly be less than that used 
in the experiment, and intermittent and continuous cur- 
rents moving across the mouth of the burrow could alter 
the currents sufficiently to allow the sediment to move to 

"'It was noted that when a large volume of sediment was introduced 
at one time, the result was prominent graded bedding. It might be 
fruitful to check some of the more coarse chondritid fillings for 
graded  bedding which  would  be  proof of  passive  filling. 
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the ends of the system before more sediment was intro- 
duced. Likewise, wave shock or similar phenomena might 
be sufficient to jar loose any sediment which had become 
clogged. Possibly most important of ail is the role that 
diagenetic compaction could play. Most of the Cincinnatian 
chondritids are generally overlain by lutites. During com- 
paction the host rock, being a silt or sand, would remain 
relatively unchanged, but the finer grained lutites, which 
would be greatly affected, could literally be intruded into 
the open network. This would explain how arcuate chondri- 
tids, such as those seen on Plate 63, figure 3, could be filled 
by such a process. Thus, while it is not possible to prove 
that Cincinnatian chondritids are open burrows which are 
later filled by sediment, there may well be sufficient mech- 
anisms by which such a process could be achieved. Addi- 
tional studies should be conducted employing a more re- 
fined model of Chondrites. Moreover, X-ray analysis of the 
larger C, type-B networks would be worthwhile. This is 
especially true for the forms from West Fork Creek which 
show two different types of fillings. 

Because the above hypothesis requires inspection of 
the overlying beds, host rock, and fillings, the author is 
not in a position to extend this hypothesis to cover chon- 
dritids in general. The thesis can be tested only by direct 
field observations and laboratory analysis of the actual 
materials in question. 

Chondrites, type-C 

Plate 63, figure 2; Plate 64, figures 2,4,5; Plate 81, figure 4; 
Text-figure 29-t 

Discussions — Chondrites, type-C, appears to differ 
from all other Cincinnatian chondritids because the branches 
of the system form a dense interwoven network, the sur- 
face of which is marked by delicate longitudinal striae. 
Because all specimens at hand are preserved as concave 
epireliefs on fine- and medium-grained calcarenites, the 
composition of the filling and the nature of the upper limits 
of the network are unknown. All of the specimens are from 
Richmond age rocks, and most are from the Whitewater 
beds of Short Creek where crossed by Indiana Route 227, 
three miles southeast of Richmond, Indiana. The locality 
was recollected without success, as the bed containing the 
specimens could not be located. 

The most striking feature of these forms is the density 
of the network. Some areas have been so thoroughly mined 
that the interburrow areas occur as isolated knife-like 
ridges  (PI. 63, fig. 2.~* The density of the system  is best 

"'It was found that the network can best be seen in latex molds, and 
with the exception of Plate 63, figure 2 and Plate 81, figure 4, all 
illustrations are of latex molds rather than the actual specimen. 

shown by the form illustrated on Plate 63, figure 7, where 
the burrows in the lower half of the specimen cover an area 
of 49 square cm. However, this is accomplished at the ex- 
pense of considerable interpenetration, and one set of 
branches appears to be superimposed over another. Sixth 
order branching can be observed in at least one segment of 
the system illustrated on Plate 64, figure 2, and while the 
angle of bifurcation varies, it tends to be acute (20-30°). 
The branches irregularly pinch and swell, and the diameter 
varies from 1.5-3 mm. 

Based solely on the specimens discussed above, one 
would have great difficulty in justifying a chondritid assign- 
ment for the Short Creek material. Yet, other specimens 
from the same locality reveal a more typical chondritid 
pattern. One specimen (PI. 64, fig. 4) possesses a bilateral 
symmetry slightly reminiscent of the form illustrated by 
Fuchs (189S, fig. 11). However, this may only be a for- 
tuitous arrangement of two branches from different systems. 
Note that the branches do not show the extremely close 
packing of those discussed previously. Another slab (PI. 
64, fig. 5) bears two specimens, one of which (lower left) 
shows five tunnels which are bundled proximally but branch 
distally to form the characteristic anastomosing network. 
The diameter of the branches is slightly in excess of 1 mm. 
The other specimen on the slab differs as it is obliquely 
oriented and only portions of the system are visible. It 
gives the impression of possessing a radial outline. What is 
perhaps the most significant specimen is illustrated on 
Plate 64, figure 2. At the proximal end of the large flabel- 
late branch are nine holes arrayed in a circular pattern. 
This indicates that the master plan of C, type-C, might 
be a relatively small number of vertically directed shafts 
which flatten out with depth and bifurcate repeatedly. If 
this is the case, the specimens seen on Plate 64, figures 
2, 4, 5 represent small segments of a much larger pattern. 

The branches of all specimens are marked by faint 
longitudinal striae which do not form a well-defined pat- 
tern. Usually the larger the diameter of the branches, the 
more apparent are the striae. 

Interpretation — The origin of the Chondrites, type-C 
network is thought to be similar to that of the two types 
of chondritids discussed previously. The fact that the 
branches are oriented horizontally indicates a high concen- 
tration of organic material in thin layers. Presumably the 
host rock was overlain but a lutite, and the tunnels were 
filled with fine-grained material which has since been re- 
moved by erosion. The presence of striae suggests that the 
originator of the burrow may have been different from those 
that excavated the other Cincinnatian chondritids. Although 
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the striae recall arthropods, it is equally possible that they 
are the impressions of setae borne by a vermiform organ- 
ism. 

FASCIFODINA, n. gen. 

Plate 66, figure 6; Plate SI, figure 8;   I'ext-fiKures 13,29-\- 

Type Species — The specmien illustrated on Plate 66, 
figure 6 (UCM 37632), from the Corryville beds of Second 
Creek where crossed by Cozzadale Road, Warren County, 
Ohio, is designated as the type specimen for the monotypic 
genus Fascifodina jloweri, n. sp. 

Diagnosis — Vertical bundled tunnel systems of in- 
faunal origin which are arranged in a semi-elliptical pat- 
tern and are preserved principally as short vermiform con- 
cave epireliefs on calcisiltites. 

Discussion — The genus was first described by Flower 
(1955) from the Corryville beds at Stonelick Creek. He 
characterized it as ". . . short curved or vermicular markings 
. . . arranged consistently in groups, each group showing a 
crescentic or horseshoe-shaped pattern" ( Flower, 1955, p. 
862). Flower remarked that although the markings occur 
as shallow concave epireliefs on only one bed, they are so 
numerous that they frequently overlap.-^ In nearly all cases 
the crescentic markings are oriented with their concave 
face to the median line of the horseshoe. He maintained 
that there is a definite bilateral symmetry, although the 
total number of individual markings comprising the horse- 
shoe varies from 6-13. Two forms (Flower, 1955, figs. 3A,B) 
were figured.-" One is nearly equidimensional, measuring 
6.0 cm by 6.5 cm, while the other is shorter (4.0 cm) and 
broader (7.0 cm). Both forms show a faintly defined raised 
area in the center of each horseshoe, and in one (Flower, 
1955, fig. 4A) a series of linear markings leads from the 
vicinity of the vermiform imprints to the raised central 
area. 

Additional specimens were collected from the Corryville 
beds of Second Creek, which is 10.4 miles north of the 
Stonelick Creek occurrence. For the most part these have 
the same horseshoe pattern described by Flower, although 
some are irregular and poorly developed. The Second Creek 
specimens provide a clearer insight into the morphology of 
the genus in that the raised area between the open ends of 
the horseshoe is much better developed. Upon close exam- 
ination this structure appears as a group of eight or nine 

■'^Stream action has covered Flower's original locality which was some 
20 meters below the Ohio Route 131 bridge. At the same time a sec- 
ond, slightly higher exposure has been uncovered 50 meters above the 
bridge. 

"These  two  specimens  are  in   Dr.   Flower's  collection. 

curved cylinders, 2-3 mm in diameter, which are bundled 
together at their ape.x but radiate out in the direction of 
the imprints at the base. One of these cylinders (PI. 66, fig. 
6, center right) leads directly into one of the vermiform 
markings. Serial sections of these specimens reveal that 
the vermiform markings extend in a highly sinuous course 
to a depth of 2-3 cm and are filled with a sediment which 
is lighter in color and more fine grained than the host rock. 
In contrast, vertical section of the  Stonelick  Creek speci- 

-i-i-i-£:-ieoc-i-Hf:-:-_-_-^ 
-----J---------J ^---^-^yf/AVAV^ 

/////////f,/.^~ •*-: /////// y/,< r^ 

/^./-i'-^.^jrif^.'^ 

'A. 

--^^j=yzrzkv//4in 

Text-figure 13. — Interpretation of Fastifojiiiii jlowcii, n. gen., 
n. sp. Block diagram showing that the major volume of the burrow- 
lies within the sill (dark pattern). Only the upper part of the bundled 
structure and the ?master shaft lies within the lutite (dashed pat- 
tern). In all Cincinnatian specimens the master shaft has been 
stripped away bv penecontemporaneous erosion;  \ 0.25. 

mens show that  they  extend  only  a  few  millimeters  into 
the substrate. 

Interpretation — Flower (1955) believed that the 
markings were made by the appendages of some animal 
grasping the bottom. He maintained that the pattern is 
consistently too regular to be a "chance arrangement of 
individual vermicular markings made by individual worm- 
like animals" (Flower, 1955, p. 862). He mentioned holo- 
thuroids as a possibility but doubted that they would be 
able to produce such a regular pattern. Instead he selected 
an orthoconic nautiloid, Orthonybyoceras Shimizu and 
Obata, whose remains are common in the Corryville. 
Flower went on to describe in some detail how the tentacles 
might have produced such markings (Flower, 1955, fig. 
4C-F). Although  parallel  alignment  and other current  in- 
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dicators are lacking, he believed that the animals grasped 
the bottom \n order to temporarily anchor themselves 
against wave-produced turbidity. 

Flower's interpretation fails to explain both the bundled 
cylinders and the fillings found beneath the markings. Even 
if the tentacles probed to a depth of 2-3 cm, how could 
the holes remain open long enough to be filled with the 
finer grained material? The Second Creek specimens occur 
in a calcarenite, and any opening would certainly collapse 
as soon as the tentacles were withdrawn. 

Instead it is concluded that the structure represents 
a portion of a bundled feedmg burrow. Unfortunately the 
morphology of the entire burrow is unknown. At the Stone- 
lick Creek locality' the surface bearing the markings is 
overlain by a 2.5 cm bed of lutite which bears no trace of 
any allied structure. It is probable that the upper portions 
of the original burrow were stripped away prior to the 
lutitic deposition. The specimens from Second Creek were 
found in Corryville float, and it was not possible to locate 
material in place. As shown in the reconstruction (Text-fig. 
13), it is believed that the organism burrowed down 
through-out an unknown thickness of lutite and laced the 
subjacent calcarenite with a series of bundled burrows ar- 
ranged in a semi-elliptical pattern. This differs from Phy- 
codes and other bundled burrows not only in the orienta- 
tion (vertical as compared to horizontal) but in the highly 
irregular nature of the portion of the tunnels found in the 
calcarenite bed. The vermiform markings seen on the sur- 
face are attributed partlj' to the actual mining activity of 
the organisms and partly to the collapse of the tunnel sys- 
tem. The material filling the tunnels is probably composed 
of a mixture of the overlying lutite and the sediment 
worked by the organism. There is no evidence of fecal pel- 
lets or strings. The raised bundles found between the open 
ends of the horseshoe in the Second Creek forms repre- 
sent material dragged up the tube, thus the bundles form 
a mold of that portion of the network. 

The walls of the burrow are not annulated as in Phy- 
codes or scratched as in Trichophycus venosum, hence there 
is no direct evidence which would point to the zoological 
affinities of the producer. 

PHYCODES Reinhard Richter, 1850 

Plate  57, figure 4;  Plate 65, figures  1-5;  Plate 66, figures 2,4;  Plate 
68, figure 9; Plate 69, figure 4; Plate 70, figure 6; Text-figures 

I4,I5,29-x 

1850. I'/iyiuJrs   Riclitcr,   Reinhard,   ncutsclie   GctA.   Gesell.,   Zeitsclir., 
Bd. 2, p. 205. 

1851. Non Ittocaulii   Hall, American Jovir.  Sci.  Arls, 2d  scr.,  vol.  II, 
p. 401. 

1862.   Licrophycus Billings, Palacazoir Fossils, vol.   1, Ceol.  Sur.  Can- 
ada, Puhlic, p. 99, fig, 87. 

1878.   Licrophycus   Billings,   Miller   and   Dyer,   Cincinnati   Soc.   Nat. 
Hist., Jour.,  vol.  1, pp. 2,3, pi. 2, fig. 4. 

1885.   Inocaulis  Hall,  James,  J.  F.,  Cincinnati  Soc.  Nat.  Hist.,  Jour., 
vol. 7, p. 164, fig. 8. 

1934.   P/iycoJrs   Richter,   Magdefrau,   Neues   Jahrb.   Mineral.,   Geol., 
u. Palaont., Beil.-Bd.  72,  op. 259-282,  figs.  1-6,  pis.  10-11. 

1955.   Partim   Phycodcs   Richter,   Seilacher,   Altad.   Wiss.   Lit.   Mainz 
math.-nat. Kl., .\hh.. No. 10, pp. 383-388, fig. 3. 

1962.   Phycodcs   Richter,   Hantzschel,   Trace-Fossils   and   Problematica 
in Treatise on Invertebrate Paleont., Moore   (ed.), pt. W, Mis; 
cellanca,   p.   W208,   fig.   128-1. 

Type Species — Phycodes circinatiuii Reinhard Richter 
(1850) from the Ordovician "Phycodes beds" of Thuringia. 

Diagnosis. — Horizontal bundled burrows of infaunal 
origin preserved outwardly as convex hyporeliefs. Over-all 
pattern flabellate, broomlike, or occasionally circular. Some 
forms consist of a few main branches showing a Spreite-Wke 
structure which distally gives rise to numerous free 
branches. In other forms the Spreiten are lacking and 
branching tends to be more random. Individual branches 
are terete and finely annulate or smooth. Length of entire 
burrow 2.5-15 cm; diameter of bundled branches of 1.5 cm. 

Discussion — Phycodes, or comparable forms, have 
been the subject of three excellent studies; Sarle (1906), 
Magdefrau (1934), and Seilacher (1955) all have added to 
the knowledge of these bundled structures, which are found 
in the lower Paleozoic of North America, Europe, and 
Asia. 

Magdefrau ( 1934) restudied topotype material (PI. 65, 
fig. 5) and found that Phycodes circinatutn is preserved as 
convex hyporeliefs in quartzites. Most specimens are 10-15 
cm long, although individuals as small as 2-4 cm long are 
known. The depth (taken from deepest branch to base of 
quartzite bed) is 2.5 cm (see Text-fig. 14b). Although 
branching occurs at acute angles, the branches first proceed 
parallel for a distance and then fan out, some doubling 
back so that they again run parallel to the main axis. 
Specimens exhibit no apparent preferred orientation, as the 
main axes of the various forms proceed in every conceivable 
direction. The free branches, which have an average dia- 
meter of 1.3 mm, are marked by delicate annulations which 
were originally noted by Richter. These average 20-25/cm, 
the greatest number being 38/cm. According to Magdefrau 
(1934, fig. 4), the annulations are exposed only when a 
smooth, thin  (0.25-0.5  mm)  outer covering is eroded. 

Serial sectioning undertaken by Seilacher (1955) re- 
vealed the Bauplan of P. cincinatum (Text-fig. 14b). The 
proximal portion of the structure consists of a few main 
tunnels with retrusive Spreiten. Distally each tunnel di- 
vides into numerous free branches which angle back up into 
the host rock. Beyond this there is no set pattern, as the 
free branches mav swing first one way then another. 
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There is some disagreement regarding the morpho- 
logical limits of Phycodes. Seilacher (1955) expanded the 
genus, while Hantzschel (1962) has been more conservative. 
Seilacher (1955) considered Arthrophycus Hall (1852) to 
be a junior synonym of Phycodes and also placed Butho- 
trephis palmata Hall (1852) (PI. 67, figs. 3, 7) within the 
genus. At the same time he proposed a new species, P. 
pedum, from the Lower Cambrian of the Salt Range. 

Text-figure 14. — Seilacher's reconstruction of Buthotrcphis pal- 
mata Hall. The reconstruction is based on specimens from the Lower 
Cambrian of the Salt Range, Pakistan. A relatively small number of 
master shafts (left) branch to give a broomlike pattern. The master 
shafts show a crude Sprilin-Vike arrangement; X 0;75. b. Seilacher's 
reconstruction of Phycodes circinalum Reinhard Richter. The inter- 
pretation is based on material from the Salt Range. The master 
shafts (left) have a well-developed Sprnlcii-Wke arrangement aiid 
that the free branches are smaller and more numerous than in 
Bulholrcphis palmata; X 1.5.  (From Seilacher, 1955, fig. 3.) 

Although there is an apparent similarity in general 
pattern from Arthrophycus and Phycodes, the former dif- 
fers in that it is large (branches up to 60 cm long, accord- 
ing to Hantzschel, 1962), bears prominent annulations, and 
has bilobate branches which can be as much as 1 cm in 
diameter. Moreover, Sarle (1906, fig. 4) showed that the 
bundled structure of Arthrophycus, as it occurs in the Sil- 
urian Medina Sandstone of western New York, is a response 
to sedimentation. The organism was forced to raise the 
level of the burrow as sand repeatedly buried the aperture. 
Whether this explanation applies to Arthrophycus from 
other localities is not known. As will be shown below, the 
bundled structure of Phycodes is of different origin. Hantz- 
schel (1962) considered Arthrophycus a separate genus, and. 

based  on  the  differences  cited   above,  his  decision   is   ac- 
cepted here. 

Seilacher (1955) also considered Buthrotrephis palmata 
Hall (1852) (see PI. 67, figs. 3, 7) to be a species of PAy- 
codes. B. palviata Hall is not common. It was originally 
described from the Clinton (Silurian) beds of New York 
and has been identified by Seilacher (1955) in the Lower 
Cambrian of the Salt Range of Pakistan. While B. palmata 
is certainly not similar to the other species of Buthotrcphis 
figured by Hall (1847, 1852) (they are clearly chondritids; 
see PI. 69, fig. 8), it is highly doubtful that it should be as- 
signed to Phycodes. Seilacher's sectioning of his Salt Range 
forms (Text-fig. 14a) shows that the branching pattern is 
slightly different and that there is only an incipient Spreite 
developed. More important is the fact that Hall's forms 
have far fewer branches than P. circinatum, and these 
branches are smooth and much larger (up to 2 cm in dia- 
meter). Hall's material has never been sectioned or ade- 
quately studied. When such a study has been completed, it 
it will most likely be found that B. palmata merits a new 
generic designation. 

The specimens from the Lower Cambrian of the Salt 
Range described by Seilacher (1955, figs. 4a, b) as P. 
pedum differ considerably from all forms discussed above. 
A gently sloping master tunnel which is open to the outside 
bifurcates at depth to give rise to horizontal sickle-shaped 
galleries. In turn numerous short vertical shafts branch off 
the galleries. Although the form is known only from a 
few specimens, it should be established as a separate genus. 

Phycodes is judged to be the senior synonym of Licro- 
phycus Billings (1862). Although none of Billings' many 
species from the Middle Ordovician and Upper Ordovician 
of Ontario has ever been sectioned, Licrophycus is ex- 
ternally similar to Phycodes (compare Magdefrau, 1934, 
pis. 10, 11 with Billings, 1862, fig. 87 and Wilson, 1948, pi. 
4, fig. 1; pi. 5, fig. 4). Based on Billings' figures and de- 
scriptions, the only apparent differences are that Licro- 
phycus has smooth branches and these lack the recurvature 
seen in some of Magdefrau's material. The forms are simi- 
lar in the diameter of the branches and the size of the 
structure as a whole. 

Interpretation. — There have been several interpreta- 
tions as the origin of Phycodes-Wke structures.-^ Most early 
workers, e.g., Reinhard Richter (1850) and Billings (1862), 
held them to be "fucoids," and this notion persisted with 
at least two authors (Hundt, 19.^, and Wilson, 1948) well 

•■"The  reader  is  referred  to  Magdefrau   (193+)   for  a  more  complete 
discussion of the early history of the genus  and  its interpretation.     ; 
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into the present century. Others {e.g., Potonie 1899) 
thought Phycodes to be of inorganic origin (rill marks), 
while Abel (1935) considered Arthrophycus as the casts of 
worm tubes thrown together during a storm. Although Abel 
never mentioned Phycodes specifically, he may well have 
believed that the origins of the two were similar. However, 
more careful studies by later authors have shown conclu- 
sively that it is a branching burrow. As has proved true 
with so many "fucoides," sectioning of the specimens pro- 
vided the key. This reveals (Text-fig. 14b) that both ends 
of the hyporelief structure extend up into the bed bearing 
them. Magdefrau reflected that this concave-upward orien- 
tation is strange preservation  for algae. 

The most detailed ethological analysis of P. circinatum 
was given by Seilacher (1955). He considered it a Fodinich- 
nia where the organism systematically mined a nutrient-rich 
layer along a silt-mud interface. The animal first burrowed 
down through the silt, then moved horizontally along the 
mterface before once again angling up into the silt bed. 
The resulting structure resembles a "U" in which one limb 
is steeper than the other. Following this, the organism 
withdrew from the distal portion of the burrow and proceed- 
ed to excavate a new tunnel adjacent to the old one. 
Periodically the unbranched proximal portion of the bur- 
row was elevated by removing sediment from the ceiling 
and packing it, along with waste material, on the floor.-® 
This activity gave rise to the retrusive Spreite-lW^e. struc- 
ture seen in Text-figure 14b. When a given area was mined 
out, a new "master" tunnel was formed in another location, 
and the entire process repeated again. 

Although Seilacher (1955) drew an analogy between 
the bundled feeding shafts of Aretncola marina and those 
of Phycodes, directly comparable Recent structures are un- 
known. The annulate branches of P. circinatum suggest an 
organism with an annelid-like body, but the fact remains 
that we are dealing with a basic pattern which could have 
been made by any one of a number of organisms. 

CIN'CINNATIAN   REPRESENTATIVE.- 

Phycodes flabellum (Miller and Dyer) 

Plate 57, figure 4; Plate 65, figures 1-4; Plate 66, figures 2,4; Plate 
68, figure 9; Plate 69, figure 4; Plate 70, figure 6; Text-figure 15,29-x 

1878.   Licrophycus  jIahiUum   Miller   and   Dyer,   Cincinnati   Soc.   Nat. 
Hist., Jour., vol.  1, pp. 2-3, pi. 2, fig. 4. 

1885.   Iiiornulis fliilnlluin   (Milltr and l^yer), James, J. F., Cincinnati 
Si)C.  Nat.  Nat.   Hist.,  Jour.,   \u\.  7,   |i.   164. 

Type locality — Licrophycus flabellum Miller and Dyer 
(1878) from the "upper part of the Cincinnati Group" 
(Richmond) of Lebanon, Ohio. Type specimen: Plate 65, 
figure 1; HBM 3178. 

Diagnosis—Bundled burrows generally arranged in a 
flabellate pattern. Individual branches cylindrical and an- 
nulate. Sectioning reveals no evidence of Sprcite-Wke struc- 
ture or fecal material. 

Discussion — Although P. flabellum is known from sev- 
eral localities in the upper two-thirds of the Cincinnatian 
section (Maysville-Richmond), it is not a common form, 
and only 25 specimens have been available for study. How- 
ever, when the species is encountered, it is not unusual to 
find more than one specimen on a slab, e.g., an area in the 
Corryville beds of Stonelick Creek, measuring 45 cm by 27 
cm, contained five specimens. All Cincinnatian specimens 
are preserved outwardly as convex hyporeliefs in calcisiltites 
or fine-grained calcarenites. There is no marked difference 
between the lithology of the host rock and that of the 
branching structure. 

It is difficult to generalize on the over-all pattern of 
P. flabellum, because the species shows much variation. 
However, as Miller and Dyer indicated in their choice of a 
specific name, many Cincinnatian specimens are flabellate. 
This condition is best typified by a portion of the type 
specimen (PI. 65, fig. 1) and the specimen illustrated on 
Plate 70, figure 6. The latter form possesses 98 separate 
branches which cover an area of 41 square cm while in the 
flabellate portion of the type specimen, 23 branches cover 
an area of 3.75 square cm. This fanlike arrangement points 
up one difference between P. flabellum and P. circinatum. 
The European species is more fascicular, closely resembling 
a broom-shaped bundle, where the height-^ is nearly equal 
to the width. In many Cincinnatian forms the width of 
the structure greatly exceeds the height. A vertical section 
of the form seen on Plate 70, figure 6 reveals that only the 
basal 2 mm of the bed is disturbed. Thus this specimen has 
a width of 13 cm and a height of only 2-\- mm. A variation 
of the flabellate pattern (PI. 66, fig. 4) consists of five or 
six bundles which radiate out from a central point in such 
a manner that they nearly cover a complete circle. 

Not all Cincinnatian forms show such a definite Batt- 
plan. In such specimens (PI. 66, fig. 2) the branches are 
bundled together, but the over-all arrangement appears to 

""Neither   Magdefrau   (1934)   nor   Seilacher   (1955)    reported   finding 
fecal  pellets in the tunnel. 

""Height is here defined as the height of the entire structure. It is 
equal to the height as used by Magdefrau (lowest branch to base 
of bed) plus the added height shown by sectioning. As viewed in 
Text-figure 15C it would be the distance from the lowest branch to 
the dashed line. 
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be haphazard, and the \anous bundles cross over and inter- 
penetrate. 

The individual branches are terete in cross-section and 
range from 1-3 mm in diameter; the diameter remains 
constant throughout their length. Some branches give the 
appearance of possessing a median furrow, but if the 
branches are traced far enough, they are seen to bifurcate. 
All branches are marked by delicate annulations which av- 
erage 6-8/cm. There is no trace of a smooth outer sheath like 
that described by Magdefrau in P. circinatum. 

Text-figure 15. — Reconstruction of PhycoAes flabellum (Miller 
and Dyer) from the Cincinnatian, Block .\ shows the master shaft 
as seen in vertical section. Blocks B and C show that there is no 
Sprritrn structure in the Cincinnatian. Careful study has revealed 
only an area of disturlT-d sediment whose contacts are gradational 
with (he host rock; X 0.5. 

In hopes of presenting a reconstruction of P. flabellum 
as Seilacher did for P. circinatum and Buthotrephis palmata, 
serial sections of several specimens were prepared. When 
it became apparent that polished, etched, and stained sec- 
tions would not suffice, thin sections were cut. All these 
reveal that with one lone exception there is no Spreite-\\Ve 
structure present in P. flabellum. One encounters only a 
general area of disturbed bedding (PI. 65, fig. 3). Moreover, 
the contact between this area and the undisturbed bedding 
of the host rock is not sharp but gradational. The one ex- 
ception mentioned above is the presence of a protrusive 
Spreite in a small area of one form (PI. 65, fig. 2). As will 
be shown below, this lack of a definitive internal structure 
is significant in the ethological interpretation of the species. 

While the internal structure of most of the burrow is 
not known, it is possible for the first time to shed some 
light on the nature of the main shaft. Neither Seilacher nor 
Magdefrau made any mention of the extreme proximal (un- 
branched) ends of Phycodes. Two specimens of P. flabellum 
(PI. 57, fig. 4; PI. 65, fig. 4) show a wide (up to 1 cm) 
vertical shaft along which the bedding planes are bowed 
down. The original diameter of the shaft was undoubtedly 
smaller, for the dark L-shaped body seen in Plate 65, figure 
4 shows that collapse of the walls has led to some enlarge- 

ment. An interesting point is that the main shaft is vertical. 
In both specimens it extends nearly to the base of the cal- 
cisiltite bed, where it geniculates at 90° to run parallel 
to the base of the bed before fanning out in multiple bur- 
rows along the interface  (Text-fig.   15). 

In gross morphology P. flabellum is not unlike P. cir- 
cinatum or the many species described by Billings. How- 
lever, it differs sufficiently to justify the retention of 
Miller and Dyer's specific designation. The diagnostic 
features are the flabellate pattern, the lack of a smooth 
outer sheath, and the general absence of Spreiten. Billings' 
specimens have never been restudied, but it is likely that 
further work on them will reduce the number of Canadian 
species in the genus. 

Interpretation — Miller and Dyer (1878) followed the 
lead of earlier workers on Phycodes and assigned P. flabel- 
lum to the "fucoids." 

The species reminded J. F. James (1885, p. 164) 
". . . of the appearance that would be made in mud by the 
expanded tentacles of a crinoid." He believed, however, that 
it was a graptolite and placed it in Inocaulis Hall (1852), 
noting that it differed greatly from /. plumosum but was 
"quite similar" to /. walkeri Spencer  (1884). 

As Ruedemann (1908) showed, Inocaulis plumosum 
and /. walkeri (^Acanthograptus zvalkeri) are graptolites 
in which the usual graptolite integument is preserved. 
Clearly such forms have no genetic bearing on P. flabellwtn. 
Ruedemann (1908, p. 191) succinctly dismissed /. flabellum 
with "this is no graptolite." 

The serial sections confirm that neither Miller and 
Dyer nor James made a correct interpretation. The internal 
structure and the interpenetration of the branches leave no 
doubt that P. flabellum is a trace fossil. However, the.exact 
ethological meaning of P. flabellum is unclear and two alter- 
nate hypotheses will  be presented  below. 

As Seilacher suggested, the inhabitant of the burrow 
may have been a Sedimentfresser similar to the Recent 
Arenicola marina (L.). However, Schafer (1962) showed that 
Arenicola constructs bundled feeding shafts only in highly 
cohesive mud. In sand the burrow more closely resembles 
a J- or U-tube. Likewise, there is no trace of cone-shaped 
areas of disturbed sediment associated with the numerous 
branches. Moreover, if the organism has mined out the bur- 
row and the filling represents a collapse structure, one would 
expect to find slumping in the overlying beds of the host 
rock. The serial sections show little evidence of any slump- 
ing. 

It is also possible that tiie inhabitant was a selective 
feeder, i.e., a form which was able to selectively glean the 
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nutrients from the sediment without ingesting a large vol- 
ume of inorganic material. It may be that the organism lay 
with its anus near the mouth of the burrow and systematic- 
ally extended its anterior end through the sediment, selec- 
tively removing the nutrients. The animal was thus dis- 
turbing and displacing the sediment rather than removing 
it. After the animal had extended itself to the maximum 
length, it withdrew and the sediment filled in the cavity. 
Because there was little net loss of sediment, extensive 
slumping would not occur. As evidenced by the bundled 
nature of the burrow, this process was repeated several 
times. When a given area was mined out, the organism 
changed directions and again proceeded to feed. Since well- 
developed Spreiten are not present in Cincinnatian forms, 
there is little evidence that the animal made a practice of 
packing waste material on either the floor or the roof of the 
burrow. Following the demise or departure of the organism, 
a combination of collapse and sediment sifting in from out- 
side filled the proximal portion of the burrow (i.e., the main 
shaft). It must be admitted that the feeding habits of Re- 
cent organisms do not provide strong support for this argu- 
ment. All known selective feeders (e.g., terebellids) live 
in vertical shafts and extend their tentacles over the deposi- 
tional interface. It is somewhat difficult to visualize how 
this might be accomplished at depth. 

DACTYLOPHYCUS Miller and Dyer, 1878 

Plate  57,  figure  3;   Plate  63,  figure  7;   Plate  69,  figure  2;   Plate   74, 
figure  3;  Text-figure 29-y 

1847.   Non Palacophycus  Hall,  Nat.  Hist.  New  York,  Palaeont.  New 
York, Hall, vol. 1, p. 7, pi. 2, figs. 1,2,4,5. 

1873.    yPalai'op/iycus Hall, Orton,  Geol. Ohio,  vol.  1,  p.  387. 
1873.   Non Planolitcs Nicholson,  Rov.  Soc.  London,  Proc,  vol.  21,   p. 

289. 
1878.   Dactylophycus Miller and Dyer, Contributions to Palaeontologj', 

No.  2   (Cincinnati,   Ohio,   private   publication),   pp.   2,3,   pi.   3, 
figs. 1,2. 

1885.   Partim  Palacophycus   Hall,  James,   J.   F.,   Cincinnati   Soc.   Nat. 
Hist., Jour.,  vol.  7, p.  164. 

1891.   Partim Planolitrs Nicholson, James,  J.  F.,  Cincinnati  Soc.  Nat. 
Hist.,  Jour.,   vol.   14,   p.  47. 

1962.   Dactylophycus Miller  and Dyer,  Hantzschel, Trace-Fossils  and 
Problematica hi Treatise on Invertebrate Paleont., Moore  (ed.), 
pt. W, Miscellanea, p. W190. 

Type Species — Dactylophycus tridigitatum Miller and 
Dyer (1878) from the Eden beds of Cincinnati, Ohio. 

Diagnosis — Small, branching, annulate, bilobed bur- 
rows of infaunal origin which are preserved outwardly as 
convex hyporeliefs. Branching pattern may be radiate or 
random. 

Discussion Dactylophycus   was   proposed   for   forms 
with "a single stem, which divides, at one or both ends, into 
three or more buds or short branches, each  of which  ter- 

minates more or less abruptly in a point. The stem and 
branches may be smooth or rugose" (Miller and Dyer, 
1878b, p. 1). Two species, D. tridigitatum and D. quadri- 
partitum, were established with the former being designated 
the type species. Figured specimens of both species are list- 
ed in the catalogue of the paleobotanical collection of Har- 
vard University, but only D. quadripartitum was located. 
Therefore, judgment on the nature of D. tridigitatum must 
be based solely on Miller and Dyer's description and their 
highly schematic illustration. 

As James (1885) stated, it is possible that Palaeo- 
phycus radiata Orton (1873) belongs here. The species, 
from "Morris' Hill, Warren County, Ohio," was never fig- 
ured and Orton's description is vague. He characterized it 
as "five or six cylindrical stems radiating from a common 
center. The stems are from two to three inches long, and 
agree in form with some that Hall figured as Palaeophycus" 
(Orton, 1873, p. 387). While it is possible that P. radiata is 
synonymous with Dactylophycus, it is just as likely that 
it is a specimen of Phycodes flabellum. The only form de- 
scribed by Hall under Palaeophycus which resembles either 
of the above is ?Palaeophycus sp. Hall (1852, pi. 10, fig. 3). 

Miller (1889) pointed out the close similarity between 
Dactylophycus and Ichnophycus tridigitatum Hall (1852), 
pi. 10( figs. 7a, b), described from the Clinton (Silurian) 
beds of New York State. The present author has studied 
the type specimen of Ichnophycus and must disagree with 
Miller's conclusion. Ichnophycus is preserved as a concave 
epirelief in the thin micaceous bed which overlies a coarse- 
grained quartz sandstone. It possesses three completely 
smooth nonbilobate branches and closely resembles a "bird's 
foot" in outline. While it is probably a portion of a burrow, 
there is no real basis for comparison with Datcylophycus. 

DACTYLOPHYCUS QUADRIPARTITUM Miller and Dyer 

Plate  57,  figure  3;   Plate  63,  figure  7;   Plate  69,  figure  2;   Plate  75, 
figure  3;  Text-figure 29-y 

1873.    iPalacophycus radiata Orton, Geol. Ohio, \ol. 1, p. 387. 
1878.   Dactylophycus   quadripartitum   Miller   and   Dyer,   Contributions 

to Palaeontology, No. 2  (Cincinnati, Ohio, private  publication), 
pp. 2,3, pi. 3, fig. 1. 

1885.   Palacophycus radiata, Orton, James. J.  F., Cincinnati Soc. Nat. 
Hist., Jour., vol. 7, p. 164. 

1891.   Planolitcs   radiata,   Orton,   James,   J.   F.,   Cincinnati   Soc.   Nat. 
Hist.,  Jour.,   vol.   14,   p.  47. 

Type locality — Eden beds, Cincinnati, Ohio. Type 
specimens: Plate 57, figure 3 ( HBM 3174; latex mold UCM 
37600) and Plate 69, figure 2 (HBM 3174; latex mold UCM 
37608). 

Discussion—Miller and Dyer (18781), p. 2) character- 
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ized D. quadripartitum as a "plant [with] a stem, which 
is divided, at one end, into four finger-like prongs or 
branches, the other end is unknown . . . Each branch has a 
slight longitudinal depression, in the middle, and shows 
some evidence of rugose markings. The specimen illustrated, 
however, is nearly smooth." 

Only six specimens of D. quadripartitum are known, 
all are from the Eden and occur outwardly as convex hypo- 
reliefs in platy calcisiltites. The individual branches have a 
diameter of 2-4 mm and a length of 15 mm. The number 
of branches varies from specimen to specimen and is not 
a critical factor as Miller and Dyer believed. Each branch 
possesses a well-developed median furrow which in some 
specimens is more like a flat median trough, taking up one- 
third to one-half the width of the branch (PI. 18, fig. 3; 
USNM 4(X)27). Well-preserved specimens'*" possess delicate 
annulations which average 15/cm. In the specimens just 
mentioned the annuli are confined to the lateral ridges and 
are not found in the trough. 

The pattern of branching is variable. Two specimens 
show a flabellate pattern. One of these (PI. 63, fig. 7) pos- 
sesses 10 branches which subscribe an arc of nearly 180°; 
the other (PI. 57, fig. 3) has only four branches which do 
not overlap. One other specimen (PI. 74, fig. 3) is slightly 
flabellate, while in another the branching is random. 

D. quadripartitum differs from other bundled structures 
(e.g., Phycodes, Arthrophycus), in that it shows a marked 
relief off the sole of the host rock. The branches are not 
seen as hemicylinders but instead are exposed as almost 
complete cylinders. Many of the branches have trapped 
fragments of lutite along their lateral margins. In the three 
specimens discussed above what appears to have been the 
main shaft (i.e., the trunk which connects the numerous 
branches) has broken off, indicating that it once lay 
wholly within the lutite and has since been lost. Sectioning 
confirms that there are no "hidden" tunnels lying com- 
pletely within the calcisiltite, thus with the exception of 
the main shaft and the extreme distal portions of the 
branches, the entire network is visible as a convex hypo- 
relief. 

In appearance Dactylophycus is most closely related 
to Phycodes and Arthrophycus. It differs from Phycodes in 
possessing a smaller number of branches which are bilobate. 
The smaller diameter and less prominent annulations of the 
branches of Dactylophycus differentiate this genus from 
Arthrophycus. Moreover, it lacks the bundled structure de- 
scribed by Sarle (1906). 

Two species of Dactylophycus are probably not re- 
c]uired. The descriptions of D. tridigitatum and D. quadri- 
partitum are similar, the only difference (as the specific 
name indicates) being the mode of branching. However, 
authors did state the D. tridigitatum branched at both ends. 
If this is actually the case, D. tridigitatum may be some- 
thing different. For this reason it seems wise to retain the 
two species until the type specimen of D. tridigitatum can 
be located. 

Interpretation.—James (1885) considered Dactylo- 
phycus to be the fragments of burrows; the same conclu- 
sion is reached here. As mentioned previously, the ethologi- 
cal meaning of Phycodes is in doubt. Although the general 
Bauplan of Dactylophycus is similar to that of Phycodes, 
the ethological interpretation is more clear-cut. The fact 
that the greater volume of the burrow once lay within the 
subjacent lutite indicates that Dactylophycus is the excava- 
tion of a Sedimentjrcsser. 

Presumably the organism burrowed down through the 
calcisiltite into the subjacent calcilutite and then proceeded 
to feed along the interface. As the animal withdrew from 
the tunnels, the overlying calcisiltite sifted in to insure 
preservation of at least the distal portions of the burrow. 
The main shaft, i.e., master tunnel, is not present in any 
of the specimens at hand. It has either been broken off 
or was composed of lutite and thus not preserved. 

TRICHOPHYCUS Miller and Dyer, 1878 

Plate 60, figure 7; Plate 68, figures 1-8; Plate 70, figure 4; 
Text-figures 16,?,9u 

""Miller   and   Dyer   claimed   the   braiiilics 
However, llieir sinoo'.h branches are the 

ere   Miiuolh   or   annulate 
suits of Recent erosion. 

1847. 

1873. 

1878. 

1878. 

1879. 

1884. 

1885. 

1885. 

1891. 

1891. 

1962. 

I';64. 

}Partim   Palai-ofhytus   Hall,   Nat.   Hist.   New   York,   Palaeont. 
New York, vol. 1, p. 263, pi. 70, fig. 1. 
Non Planolitcs Nicholson, Roy. Soc. London, Proc, vol. 21, pp. 
288-290. 
Nnn Blastophycus Miller and  Dyer,  Cincinnati  Soc. Nat.  Hist., 
Jour., vol. 1, p. 24, pi. 1, figs.  1,2. 
Tiichophycus Miller and Dyer, Cincinnati Soc. Nat. Hist., Jour., 
vol. 1, pp. 1-3. 
Trichopliycus   Miller   and   Dyer,   Miller,   Cincinnati   Soc.   Nat. 
Hist., Jour.,  vol. 2,  p.  112, pi. 9, figs.  5,5a. 
Piirtim Biastophyitis Miller and  Dyer, James, J. F.,  Cincinnati 
Soc. Nat. Hist., Jour., vol. 8, pp. 158,159. 
Piirlim  Patacophycus   Hall,  James,  J.   F.,   Cincinnati  Soc.   Nat. 
Hist., Jour., vol. 7, p. 158. 
Partim  Trichophycus Miller and Dyer, James, J.  F., Cincinnati 
Soc. Nat. Hist., Jour., vol. 7, p. 131. 
Partim Planolitcs Nicholson, James,  J.  F.,  Cincinnati  Soc. Nat. 
Hist., Jour., vol. 14, p. 47. 
Cytilhophycus   James,   J.   F.,   Cincinnati   Soc.   Nat.   Hist.,   Jour., 
\ol,  14, p. 64, figs. 5a-c. 
Trifhophyrus  Miller  and  Dyer,   Hantzschel,  Trace-Fossils  and 
Prohlematica /;/ Treatise on Invertebrate Paleont., Moore,  (ed.), 
pi.  W,  Miscellanea,  p. W219. 
Tiuhuphynis Miller  and  Dver, Seihiclier and   Melschiier,  Geol. 
Rundschau, Bd.  54,  p. 6H, fig.  11. 
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Type species— Trichophycus lanosum Miller and Dyer 
(1878) from the "upper part of the Cincinnati Group" 
(Richmond) of Warren County, Ohio. 

Diagnosis. — Cylindrical, gently U-shaped Fodinichnia 
or Domichnia of moderate size. A small number of vertically 
directed secondary branches may be present. The ventral 
surface of the burrow is marked by a series of delicate striae. 

Disciussion. — The authors established Trichophyciis 
for "simple branches or stems having diagonal or longi- 
tudinal markings, as if made by the folding down of hair-like 
filaments" (Miller and Dyer, i878a, p. 3). 

Initially only a single species, T. lanosum, was pro- 
posed, although the same year and in Part 2 of the same 
paper, the authors proposed another species, T. sulcatum, 
and with some doubts placed it within the genus. In 1879 
Miller added a third species, T. venosum. 

J. F. James (1884, 1885) considered T. sulcatum and 
T. venosum to be synonymous, while he placed T. lanosum 
in synonymy with Blastophycus Miller and Dyer (1878). 
In 1891 James proposed Cyathophycus siluriana from the 
Corryville beds. As will be shown below this is believed to 
be synonj'mous with Trichophyciis venosum. 

It is unfortunate that T. lanosum was selected as the 
type species, as it does not best express the nature of the 
genus. It is known only from the syntypes and appears to 
be an aberrant variation of T. venosum- which is an ex- 
tremely common form. T. sulcatum is entirely different and 
IS discussed under Fucusopsis sp. 

Interpretatio7i. — Miller and Dyer interpreted all three 
species as "fucoids," while J. F. James (1884, 1885) con- 
sidered both T. sulcatum, and T. venosum to be casts of rill 
marks and T. lanosum, an annelid burrow. James (1891) be- 
lieved Cyathophycus siluriana to be a sponge and remarked 
that it resembled the specimens of Rauffellia Ulrich figured 
by Ulrich (1889, fig. 1,2,4) from the Ordovician of Minne- 
sota. Hantzschel (1962, p. 219) characterized the genus as 
"burrows with delicately scraped walls," noting that Sei- 
lacher too had reached this conclusion (Seilacher, 1955, 
personal communication to Hantzschel). 

As will be shown, 7". venosum is a branchmg burrow of 
mfaunal origin. Although T. lanosum, is not thoroughly un- 
derstood, it may be a behavioral variant of the same 
organism that produced T. venosum. 

TRICHOPHYCUS VENOSUM Miller 

Plate 60, figure 7; Plate 68, figures 1,3,4-7; Plate 70, figure 4; 
Text-figures  16,29w 

l)i47.    fl'ala.ophyius  I'ityiitin   Hall,   Nat.   Hist.   New   Vurk,   Palacoiit. 
New York, vol. 1, p. 263, pi. 70, fig. 1. 

1879.   Trichophyciis 'vrtiosum Miller, Cincinnati Soc. Nat. Hist., Jour., 
vol. 2,  pp. 9,10,  pi. 9,  figs.  5,5a. 

1884. Trichophycus   venosum   Miller,   James,   J.   F.,   Cincinnati   Soc. 
Nat. Hist., Jour., vol. 7, p. 131. 

1885. Palacophycus inrgatus Hall, James, J.  F.,  Cincinnati  Soc.  Nat. 
Hist., Jour., vol. 7, p. 158. 

1891.   Ptanolitcs •virgatum   (Hall),  James,  J.   F.,  Cincinnati   Soc.  Nat. 
Hist., Jour., vol. 14, p. 47. 

1891.    Trichophycus   venosum   Miller,   James,   J.   F.,   Cincinnati   Soc. 
Nat. Hist., Jour., vol. 14, p. 47. 

1891.   Cyathophycus siluriana James, J. F., Cincinnati Soc. Nat.  Hist., 
Jour., vol. 14, p. 64, figs. 5a-c. 

Type locality. — "Hudson River Group, Cincinnati, 
Ohio." The species is common throughout the Cincinnatian. 

Diagnosis. — Vertically branched, gently U-shaped 
structures of infaunal origin. Floor of burrow marked by 
numerous fine striae which radiate posterolaterally from 
midline. 

Discussion. —W\\\ev (1879, pp. 9,10) described T. 
venosum as a "half cylindrical stem, covered upon the cylin- 
drical surface with irregular and inconsistent elevated lines, 
varying in their course from longitudinal with the stem to 
diagonally radiating from a central line." He believed that 
the stem originally may have been cj'lindrical in shape but 
that half of it has been lost. 

Although it was not possible to locate the actual speci- 
mens figured by Miller, several similar ones are available for 
study. These are not strictly hemicylinders {i.e., "planocon- 
vex" to borrow from brachiopod terminology) as Miller 
described but instead are "concavo-convex." The convex 
face bears the delicate striae of the original description. 
Plate 64, figure 7 shows one such form in which the striae 
radiate back from at least two central points. These in turn 
are superimposed over other such markings. The shallow 
concave surface shows no sculpturing. 

J. F. James (1891, p. 64) established Cyathophycus 
siluriana for "rounded or flattened cylindrical bodies, varying 
from one to two and one-half inches in length, and about one 
inch in width; outer surface marked by longitudinal lines 
starting from a common point at one end, and radiating in 
the form of a cup; numerous transverse lines crossing the 
longitudinal ones and so forming an irregular net work. The 
internal structure seems to be entirely lacking, the center 
being filled with clay, and only a portion of the framework 
remains." His description was accompanied by three highly 
schematic drawings. It is doubtful if James ever designated 
a type but specimens labeled "Cyathophycus siluriana" were 
found in the James Collection at the Field Museum. They 
are identical with Trichophycus venosum, as described by 
Miller. Bassler (1915, p. 1289) reached the same conclusion. 
It is strange that James did not recognize the similarity be- 
cause Miller's (1879, pi. 9, figs. 5-5a) lithographs of Tricho- 
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phycus venosuin are accurate and James discussed T. veno- 
sum in his 1885 paper. 

Striated hemicylinders have been recovered from the 
Economy beds of Humphrey's Branch of Twelve Mile 
Creek, Kentucky (type locality of Rusophycus cryptolithi). 
Field studies carried out in this area reveal that the lamellae 
occur as fillings in what local collectors for many years have 
referred to as "turkey tracks." "Turkey tracks" are shallow 
hemicylindrical depressions with no apparent preferred 
orientation which are deepest in the middle and rounded at 
both ends (PI. 60, fig. 7). They are either straight or gently 
arcuate in outline, and although the surface may be slightly 
irregular, they are normally devoid of sculpturing. They 
have never been observed to branch laterally, yet trunca- 
tion is common. The width varies from 2.5-3.5 cm, and the 
length from 8.5-33 cm.-^' 

Although beds containing large numbers of "turkey 
tracks" occur throughout the Cincinnatian section, the form 
is especially well developed at the locality mentioned above 
and in the Corryville section at Stonelick Creek, some 90 
meters downstream from where State Route 131 crosses the 
creek. At these two localities approximately 25 per cent of 
the depressions are filled with the lamellae (PI. 70, fig. 4). 
When the fillings are carefully removed with a knife, the re- 
sulting depression exactly resembles the "turkey tracks." 
Because the lamellae are normally softer and finer grained 
than the host rock, it is apparent that most of them have 
been eroded out by Recent stream action. 

When the lamellae are either similar to or slightly finer 
grained than the enclosing rock (the usual case), there is 
no evidence of the sculpturing described by Miller. If, how- 
ever, the fillings are composed of a material which is more 
coarse than the host rock {e.g., coarse silt), striae are 
present. When the lamellae are found in place, they com- 
monly rise above the general level of the bedding plane. 
Closer investigation reveals that these are not just simple 
fillings but instead represent several packings stacked on 
top of each other (PI. 60, fig. 7; PI. 70, fig. 4). Sectioning 
confirms that they do have a definite Spreite-Vike form. This 

■"The earliest known reference to such "turkey track" depressions in 
the Cincinnati section was hv J. F. James (1885, p. 158) who placed 
the Cincinnatian forrris in Palarnphycus virijittum Hall. Indeed the 
shallow depressions do resemble Hall's (1847, pi. 70, fig. 1) figure 
of P. -virgatum from the Upper Ordovician (Utica) of Union Coun- 
ty, New York. However, until the type specimen of P. virgulum is 
studied, it is not possible to reach a conclusion regarding the nature 
of the New York form. If it is found that the Cincinnatian and the 
New York forms are conspecific, the trivial name •viri/nlum would 
have priority. -As shown elsewhere in this work. P. •virgatum is un- 
like the other species of Patarophyms  proposed  by   Hall. 

leads to the conclusion that Miller described only a small 
portion of a much larger and more complex structure. 

Attempts to follow the forms into overlying beds 
have met with little success. Normally the beds containing 
them are overlain by lutites which bear no vestige of any 
structure, and only at one locality (Twelve Mile Creek) 
was it possible to trace the lamellae into the lutites and 
then only for a few centimeters. At most localities T. veno- 
suni is associated with Chondrites and Corophioides, and al- 
most invariably none of the three can be followed across 
lithologic boundaries. The most obvious interpretation is 
that the upper portion of the silt and lutite has undergone 
sub-aqueous erosion. However, it is possible that in some 
instances structures are actually present in lutites but are 
masked by diagenetic compaction and Recent desiccation. 

Few unlabeled specimens in the University of Cin- 
cinnati collections indicate that T. venosum is a more com- 
plex structure than Miller's description would indicate. The 
specimens in question are in the form of long cylinders 
composed of calcisiltite. The length varies from 15-25 cm, 
the diameter from 1.5-3 cm. Because they show the same 
pattern of delicate striae on the ventral face, there can be no 
doubt that these are a more complete expression of 
Miller's hemicylinders. In contrast, the dorsal surface re- 
veals a series of long, parallel, discontinuous striae arranged 
in groups (PI. 68, fig. 4). Two of the cylinders possess 
short vertically directed secondary branches. A lateral view 
(PI. 68, fig. 1) shows that the secondary branches remain 
bundled to the main cylinder for some distance beyond the 
actual point of bifurcation. A cross-section of such a struc- 
ture somewhat resembles the retrusive Spreite of a U-tube. 

Interpretation. — The earlier interpretations have al- 
ready been noted and need not be repeated here. Flower 
(1955), unaware of the genetic relationship between T. 
venosum and "turkey tracks," described the latter as rest- 
ing traces of a nautiloid, probably Orthonybyoceras 
Shimizu and Obata. His conclusions were based on observa- 
tions at the Stonelick Creek locality. He found four or five 
examples where the aperture of the shell lies beyond the end 
of the depression (Flower, 1955, fig. lA). He felt that while 
one such specimen could be dismissed as accidental, four or 
five could not. He maintained that the organism came in 
contact with the bottom, made the imprint and then died. 
Another form (Flower, 1955, fig. IB) shows where a shell 
has swung laterally partly blurring the outlines of the trace. 
In addition. Flower found a number of "turkey tracks" 
grouped around a mass of shell debris. To him this indicated 
several nautiloids feeding on an unfortunate group of 
organisms concentrated by swirling currents. 
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It is difficult to refute the evidence cited above, but the 
fact remains that at least 25 per cent of the ''turkey tracks" 
at Stonelick Creek contain the lamellae described by Miller. 
When these lamellae are removed, the depression is an exact 
replica of the average "turkey track." For this reason 
Flower's hypothesis is not accepted as a general explanation 
for the origin of "turkey tracks."■'- 

Instead, it is concluded that T. venosum is a burrow, 
although, the exact nature of the entire structure is un- 
known. It is believed that the organism burrowed down 
through an unknown thickness of mud until it encountered 
a subjacent silt bed. At this point the tunnel angled back up 
into the mud. Since most of the "turkey tracks" have the 
same shallow depth, it is probable that the organism was a 
mud dweller; and when it encountered silt in its burrowing 
activity, it changed direction in order to remain in a pelitic 
environment. 

It appears then that the first-formed structure was in 
the shape of a gentle "U" or a flattened "U" lacking the 
upper portion of one of the arms. It is not known whether 
the tube was open to the surface at both ends (Text-fig. 
16A) or was a blind gallery (Text-fig. 16B). Following ex- 
cavation of this first tunnel, the organism backed up and 
initiated the construction of a second higher tunnel, partially 
truncating the upper portion of the first. The sediment re- 
moved from the roof of the second tunnel was packed on the 
floor of the first, giving rise to the retrusive Spreite. After 
following the course of the first-formed tunnel for some 
distance, the new tunnel lost contact and angled obliquely 
upwards. How far it proceeded is unknown, as the distal por- 
tions are truncated. None of the branches show the button- 
like endings so characteristic of T. lanosum. Presumably this 
process of excavating and filling could have been repeated 
several times, although the greatest number of secondary 
tunnels found thus far is two. 

Trichophycus has also been reported from the Ordo- 
vician of Newfoundland and the Oslo, Norway, area by Sei- 
lacher and Meischner (1964). It is worthy of note that at 
the time this manuscript was prepared the present author 
was unaware of Seilacher and Meischner's paper; thus the 
reconstructions of the Trichophycus Bauplan, which are 
nearly  identical,   were   arrived   at   independently.(compare 

'"Flower is most probably correct in assuming that nautiloid resting 
traces shoud be found more frequently in the geologic record. To 
date, however, only one possible example has been found by the au- 
thor in the Cincinnatian. The specimen is from the Eden beds, U.S. 
Route 50, 0.5 miles west of Aurora, Indiana, and is illustrated on 
Plate 83, figure 3. The surface of the depression is smooth, and the 
edges have raised rims as if something had pushed down into the 
silt. 

Seilacher and Meischner, 1964, text fig. 11 with Text-fig. 
16). The Newfoundland forms appear to be identical with 
the Cincinnati examples of Trichophycus. As Seilacher and 
Meischner pointed out, the Norwegian burrows differ in 
that they are deeper and the Spreite are better developed. 

The plan of T. venosum is similar to that of Teichichnus 
Seilacher (1955) and Pennatidites de Stefani (1885). Tei- 
chichnus was erected for Cambrian forms which resemble a 
stacking of very flat "U's." They are 1 cm wide and attain 
a height of 5 cm. In plan view (Seilacher, 1955, pi. XXIV, 

Text-figure 16. — Interpretation of Trichophyeus venosum, Mil- 
ler. A. Reconstruction showing a burrow with all branches open to 
the surface. The numbers (1-3) indicate the order of formation; X 0.5. 
B. Alternate interpretation showing a main shaft open to the surface 
and three blind-ending branches;  X 0.5. 

fig. 1 ), they closely resemble the truncated lamellae found 
in the Cincinnatian "turkey tracks," although there are 
significant differences. Teichichnus lacks the vertical 
branching and striae of T. venosum, and some examples 
exhibit a lateral branching which is unknown in T. venosum. 
Pennatidites, from the Cretaceous and Tertiary of Europe 
and Trinidad, could also be generally classified as a branch- 
ing Spreitebau. Its most diagnostic feature is the knobby 
prosopon found on the lower face of the lamellae (see 
Hantzschel, 1962, fig. 127, la,b). 

The branching and Spreite-\\\^n nature ot  Pcnnatulites 
and Teichichnus indicates that they are most likely feeding 
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Structures. This may be the case with T. venosum also, but 
on the other hand, it may be a Domichnia. The Spreite 
could be a reaction to sediment sifting in and partially 
filling the burrow. Perhaps the organism first constructed 
a simple shallow U-tube or blind "U" in mud. Silt then sifted 
in from above, forcing the animal to raise the general level 
of the burrow. This would result in Spreiten and possibly 
secondary branching. 

The peculiar striae found on both the upper and lower 
faces of the burrow could have been made by either the 
dactyls of arthropods or the chaetae of annelids. Seilacher 
and Meischner (1964) suggested a trilobite-like animal, but 
all known trilobite burrows possess a distinct bilobate pat- 
tern which is lacking here. Whatever the nature of the or- 
ganism, they must have been extremely abundant and 
gregarious. One rarely finds only a single or even a few 
examples of T. venosum. When this form occurs, it covers 
the bedding planes. A distant analogy may be drawn with 
the Recent decapod crustacean Callianassa, which excavates 
irregularly branching burrows. In these burrows, which may 
be as much as one meter below the depositional interface, 
the organism sifts through the sediment feeding on micro- 
scopic material. Weimer and Hoyt (1964) estimated that 
the density of individuals is as much as three per square 
foot, and this would be in line with the occurrence of T. 
venosum observed in the Cincinnatian. 

TRICHOPHYCUS LANOSUM Miller and Dyer 

Plate 68,  figures 2,8 

1878. Non Blastophyius Jiiijrmaliim Miller and Dver, Cincinnati Soc. 
Nat. Hist., Jour., vol.  1, p. 24, pi.  1,  figs.  1,2. 

1878. Trichophycus tanosus Miller and Dyer, Cincinnati Soc. Nat. 
Hist., Jour., vol. 1, p. 2, pi.  1, figs. 3,4. 

1884. Partiin Blastophycus diademalum Miller, James, J. F., Cincin- 
nati Soc. Nat. Hist., Jour., vol. 8, pp. 158-159. 

1891. Parlim Planoliirs diademalum (Miller), James, J. F., Cincin- 
nati  Soc. Nat.  Hist.,  Jour.,  vol.  14,  p. 47. 

Type locality. — "Upper part of Cincinnati Group" 
(Richmond), Warren County, Ohio. Type specimens: PI. 
68, fig. 2 (HBM 3185; latex mold UCM 37595) and PI. 
68, fig. 8 (HBM 3183; latex mold UCM 37594). 

Diagnosis. — Striate vermiform trails of moderate size 
with a button-like anterior(.?) end. 

Discussion. — The species is known only from the two 
specimens figured by Miller and Dyer. The larger of the two 
(PI. 68, fig. 8), which is shaped like a series of "S" curves, 
is preserved as a convex hyporelief. The hemicylindrical 
body is entirely covered by a series of striae which give it a 
shaggy appearance, and at one end there is a small button- 
like depression  from  which  the  striae  radiate.  Truncation 

prohibits observation of the entire form. The smaller speci- 
men (PI. 68, fig. 2), also a convex hyporelief, possesses the 
same button-like depression and radiating striae but ends 
abruptly in a hemispherical "bud." 

James (1885) considered T. lanosum. to be synonj-mous 
with Blastophycus. He based his decision on the button-like 
ending, which he homologized with the "bud" of Blastophy- 
cus. In 1891 he placed Blastophycus, along with several 
other genera, in synonymy with Planolites. Unfortunately 
his reasons for this action were never explained. 

Interpretation. — Miller and Dyer (1878) assigned T. 
lanosum to the "fucoids," while James (1885) explained it 
merely as an "annelid trail." James was correct in his inter- 
pretation that T. lanosum is a trail or burrow; however, it 
has nothing to do with Blastophycus. As shown elsewhere, 
Blastophycus is a cast of an enrolled trilobite with associ- 
ated scour marks. 

The exact nature of T. lanosum is not clear. The small 
depression with radiating striae is tentatively suggested as 
the anterior end. Perhaps the striae represent the impres- 
sions of a circlet of appendages or extensions surrounding 
the mouth. The sinuous nature of the trace suggests a highly 
flexible vermiform body. For the present these two features 
serve to separate T. lanosum from T. venosum. As men- 
tioned previously T. lanosum may only be a behavioral vari- 
ation of T. venosum,. The former is most likely a variety 
of Repichnia, the latter a Fodinichnia or Domichnia. On 
the other hand, T. lanosum may be something different. 
Until additional material of T. lanosum can be collected, the 
two are retained as separate species; however, it should be 
repeated that the genus Trichophycus is best typified by T. 
venosum, even though T. lanosum is technically the type 
species. 

VIII.    RKPICHNIA 

GENERAL INTRODUCTION TO ARTHROPOD TRACKS 

Arthropod tracks have been known for many years and 
are figured by several authors, most notably by Hall (1852, 
pis. 15-16) and Walcott (1912, 1918). Yet with the excep- 
tion of Caster's (1938) study on limuloid tracks, this group 
of trace fossils has not received serious notice until relatively 
recently. This is unfortunate because study of such tracks 
increases our knowledge of both arthropod anatomy and 
behavior. 

Naturally any investigation of trilobite tracks must be 
conducted indirectly. Seilacher (1955, 1959) suggested that 
triliibites walked employing a \\;i\e of motion which pro- 
ceeded from the rear end of the body toward the front. The 
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pygidial appendages were the first to make contact with the 
substrate, the wave moved forward along the body and as it 
reached the cephalic area, a new wave was initiated at the 
pygidium. The result of this would be a constant wave of 
motion not uniiice that seen in Recent milHpedes. The tracks 
produced by such movement resemble a series of "V's" in 
which the two limbs do not quite join (Text-figs. 17,18). 
1 here is reason to believe that the open end of the "V" is 
directed anteriorly. The general shape of the trilobite body 
(excluding agnostids and some bizarre forms) points to 
this, and studies of preserved appendages show, as one might 
expect, that in the pygidial area the distance between pairs 
IS not so great as in the thoracic region. This holds true 
even for such forms as Isotelus and Cryptoltthus, which 
have ovate or ellipsoidal body outlines. Seilacher (1955) 
also presented evidence to support his theory that the wave 
proceeded anteriorly. If the movement had been in the op- 
posite direction, the distance between the first and last im- 
pression in a wave measured along the axis of movement 
would be short, and the angle formed by the limbs of the 
"V" would be well over 90°. This is not supported by the 
fossil record, for the series are drawn out and the acute 
angle of the "V" is less than 90°. 

It should be stressed that while Seiiacher's hypothesis 
regarding trilobite movement is logical, it is nevertheless 
only a theory. Unfortunately trilobite remains have never 
been found at the end of a trail. This is in contrast to the 
xiphosurids at Solnhofen where several corpses have been 
preserved at the end of their "death march" (Walther, 
1904). 

It is noteworthy that in xiphosurid trails the point of 
the "V" is directed anteriorly as Caster (1938) showed. At 
first this is a disquieting discovery, because xiphosurids are 
presumably the triiobites' closest living relatives. However, 
even early limuloids were highlj? specialized, having under- 
gone fusion of the thoracic area and modification and re- 
duction of the walking legs which are restricted to the 
prosoma (cephalic shields). Moreover, unlike triiobites, 
xiphosurids possess differentiated walking legs. Just as their 
anatomy has become specialized, so has the method of walk- 
ing. Caster (1938, fig. 5) showed that by doubling up on the 
cephalic-buckler joint and alternating the placement of the 
last pair of walking legs (pushers) with the remaining pairs, 
the animal tends to move forward in a series of lurches. Even 
though it is conceded that xiphosurids and triiobites prob- 
ably walked in somewhat different ways, some of what has 
been learned from the study of xiphosurid movements can 
he ap|ilie(i rci the ;nialysis ol  tnl(ii)itc trails. 

Beh)re the iiKire detailed tliscussion  can  be attempted, 

it is necessary to define certain terms. Unfortunately this 
has not previously been done in English and Seiiacher's 
German terms def\r translation. For these reasons most of 
the terms illustrated in Text-figure 18 and discussed below 
are new. Because most trilobite tracks are preserved, or at 
least collected, as convex hyporeliefs and are best studied 
this way, all further discussions are given as if the viewer 
were looking up at a trilobite walking on a glass table top. 
Thus, when we speak of right-hand side or left-hand side, 
the reader must bear in mind that anatomically speaking 
these terms are reversed. The following terms are useful in 
the discussion: 

trail — the whole record of one walk. It is normally composed of many 
complete sets. 

complete set (^Trittsalz of Seilacher, 1955) —the tracks formed by a 
single wave of movement. A complete set is in the shape of an open- 
ended "V" directed posteriorly. 

series ( = Trittseries of Seilacher, 1955) —either the right- or left- 
hand limb of the "V" as seen by the viewer. These iio not 
conform to  right  and  left in  the  anatomical  sense. 

traek—an essentially undeformed mold (or cast) of a leg or foot, 
not a scratch or other ethologic expressions of an  appendage. 

imprint (:=Trittsiegcl of Seilacher, 1955)—a single leg record of 
any sort, deformed or undeformed. The proximal portion of an im- 
print is closest to the axis of movement; the distal portion farthest 
from the axis. Proximal and distal refer only to the imprint, not 
to the leg itself. 

pair — two imprints or tracks, one on each limb of the "V," which 
are judged to represent the trace of a pair of legs. 

length of set—the length of each set is measured along the axis of 
movement. 

iL-idth of set (^Trittabstand of Seilacher, 1955)—the width is the 
distance from the distal termination of one imprint of a pair to the 
distal end of the corresponding imprint. W^here the width \'aries in 
a set, two measurements, indicating the range of variability, are 
given. 

ivithdraival markings — semi-lunar welts (depressions on casts) 
marking the withdrawal of the legs from the sediment. These are 
normally found  at the proximal  end of the imprints. 

Trilobite tracks fall into three intergradational groups: 
A) those in which the direction of movement was coinci- 
dental to the body axis, B) those in which the direction of 
movement was slightly oblique (± 30°) to the body axis, 
and C) those in which the direction of movement was al- 
most at right angles to the body axis, which might be termed 
"crab-walking." 

A) Movement parallel to body axis 

As Seilacher (1955) remarked, it is indeed fortunate 
that triiobites did not choose to walk by this method all of 
the time, or we would know little about their tracks, for in 
this manner of locomotion the various sets become super- 
imposed; and it is nearly impossible to determine the num- 
ber of imprints in a series (see Text-fig. 17A and PI. 7?i, fig. 
3 ). Seilacher felt that this was particuhiiiy true when the 
triiobites were moving  rapidly,  apparently  using only  the 
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1^ ^J^ 

Text-figure   17. — Morphology   of  trilobite   tracks.   A.   The   order 
of emplacement of  the  legs  on  the  substrate  as  viewed  from   helow. 
B. A   trilobite   "crab-walking"   and   giving   rise   to   dimorphic   tracks. 
C. Strongly dimorphic tracks. Seilacher (195 5) believed that these were 
grazing or browsing trails {ll'e'uiespur). (A and B after Seilacher, 
1955,  figs.   la,e;   C  after  Seilacher,   1955,   fig.  2B.) 

Stronger anterior legs, while the rest of the body was 
dragged along with the possibility that the caudal cerci 
or pygidial spine(s) (when present) acted as skids. It is 
likely that straight-forward walking at any rate of speed 
gave a superimposed and indistinct record, no matter how 
few or how many legs were employed. At any rate, virtually 
no traces of straight-forward locomotion are known in 
which sets are clearly decipherable. 

Such tracks have been described from several horizons 
and under such a bewildering variety of names that a 
monographic study is necessary to sort them out. Two of 
the more frequently mentioned names are Diplichnites 
Dawson (1873)  and Protichnites Owen  (1852). 

Dawson's (1873, p. 20, fig. 3) illustration of the type 
species of Diplichnites is so schematic that it is impossible 
to determine if it is a trilobite track. Dawson suggested 
that the form might represent miprints of the pectoral 
spines of fish. Moreover, because the genus occurs in flag- 
stones associated with coals, there is some doubt that it is 
even of marine origin. Ignoring these uncertainties, Seil- 
acher (1955) used the name for trilobite trails from the 
Lower Cambrian of the Salt Range. 

Protichnites Owen (1852), originally described from 
the Upper Cambrian Potsdam Sandstone of eastern North 
America, has been used by both Seilacher (1955, pi. XVI, 
fig. 2) and Opik (1959, figs. 2-6) for trilobite tracks show- 
ing straight-forward movement. In both cases there is a 
median groove separating the right and left series. The 
nature of the Potsdam Protichnites is even more enigmatic 
than Diplichnites. Dawson (1873) suggested xiphosurids, 
while Billings ( 1870) questionably assigned the tracks to 
either trilobites or aglaspids.  Raymond   ( 1920)  accepted  a 

trilobite origin, but Burling (1917, p. 387) suggested a 
"short low-lj'ing, more or less heavy set, approximately 12- 
legged, crab-like animal." Caster (1938, p. 28) maintained 
that Protichnites is probably of gastropod origin. 

Finally, Walcott (1918, pi. 38, figs. 1, 2) illustrated 
tracks from the Tonto Shale of the Grand Canyon, Ari- 
zona, which show straight-forward movement. He neither 
named nor discussed them. 

The above discussion illustrates that while straight- 
forward tracks are known from various horizons and loca- 
tions, there is no uniformity of opinion as to the interpre- 
tation or the application of names. The above treatment is 
limited to tracks of probable trilobite origin. For a discus- 
sion of possible xiphosurid tracks, see Caster (1938, pp. 
26-36). 

B)    Movement slightly oblique  to body axis 
Generally, trilobites moved in a slightly oblique man- 

ner much as modern crabs, and frequently this variety 
of movement was combined in the same trail with that just 
discussed. A trilobite can be observed to have started with 
straight-ahead movement then switched to slightly oblique 
movement before changing back to straight-ahead move- 
ment, thus leaving an alternating record. This oblique 
locomotion produced a characteristic track morphology. 
Such a record is seen in Text-figure 17B where the body 
was angled slightly to the right. Note that the left-hand 
series forms a line of superimposed imprints, making it im- 
possible to sort them out into separate series. In contrast, 
the nine imprints of the right-hand series are plainly de- 
fined. If the number of imprints or tracks in a set are 
known, the chances of determinating the originator of the 
trail  are improved. 

Trilobite tracks showing oblique movement are known 
from at least three different localities. Rudolf Richter 
(1941, fig. 13) illustrated one such form from the Devonian 
Hunsriick Shale of Germany, and Abel (1935, fig. 222) 
figured another from the Silurian Clinton beds of New 
York State. Seilacher (1955) described tracks of this form 
from the Salt Range Cambrian under Diplichnites. 

There are additional explanations for dimorphic tracks 
than the one discussed above. Caster (1944)described a 
xiphosurid trail from the Newspaper Rock Member of the 
Chinle Formation (Triassic) of Arizona, where the right- 
hand series is more deeply impressed than the left. He 
theorized that the organism was struggling to keep its bal- 
ance on a sloping beach. In the same manner a slippery 
mud slope on the sea floor could affect a trilobite and lead 
to a dimorphism of the tracks. Likewise, a moderate cur- 
rent on  a  level  surface  could  drive  the trilobite  sideways 
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or momentarily upset Its balance so that it might lash 
out in an attempt to regain its equilibrium. Here again 
the result would be a dimorphism of the imprints. It is thus 
evident that not all dimorphic tracks were the result of 
simple voluntary oblique, movement. When current indicat- 
ors are present, they should be studied to see if they might 
have had some bearing on the morphology of the trail. 

C)    Movement strongly oblique to body axis 

Trilobite trails in which the direction of movement 
was nearly at right angles to the body axis are thus far 
known only from the Lower Cambrian of Pakistan and 
Sweden. In such specimens (Text-fig. 17C) there is a 
marked dimorphism in the configuration of the right- and 
left-hand series, which suggested to Seilacher (1955) the 
generic designation Dimorphichnus. In the track illustrated 
in Text-figure 17C, the body axis was oriented far to the 
right of the direction of movement. The imprints of the 
right-hand series indicate a long raking motion. If these 
are long enough, they resemble a sine curve, this type of 
curve being the result of two vectors, one directed in the 
line of movement, the other normal to the line of move- 
ment. Combining this information with the "rule of the 
V's" it is possible to determine the direction of movement, 
in this case from bottom to top. Markings such as those 
seen in the right-hand series may be called "raking im- 
prints," (=Harksiegel of Seilacher). Seilacher believed that 
raking imprints were the result of the legs being passively 
dragged over the substrate. If this were true, they would 
offer little support for the body, and it remained for the 
left-hand appendages to provide such support. This appears 
to be the case, as the imprints of the left-hand series show 
no such raking movement and instead are short and stumpy 
and commonly impressed more deeply than the raking im- 
prints. Such imprints are termed "support imprints" 
{=Stemmsiegel of Seilacher). Seilacher maintained that 
Dimorphichnus has definite paleoecologic significance. It 
was his thesis that this was not merely another form of 
Repichnia but instead represented a grazing (scavenging) 
trace and should be classified among the Pascichnia. This 
hypothesis was based on studies of a large slab from the 
Salt Range (Seilacher, 1955, fig. 3), which measured 165 
cm in length and bore 23 complete sets and over 360 in- 
dividual imprints. Two lines of evidence led Seilacher to 
his conclusion. First, as the trilobite was employing the 
strongly oblique movement, it encountered the tracks of 
a second redlichiid. At this point the organism turned 
around and proceeded back in the direction from which it 
came, being careful to avoid crossing over its own track. 
Eventually  it  reached  a   point  where   it  must  cross  over, 

but it did so without utilizing the raking motion. The 
raking motion ceased as it crossed the track and picked 
up again on the other side. Finally, near the edge of the 
slab the strong raking motion converted to moderate oblique 
movement. As Rudolf Richter (1938, 1941) showed, vermi- 
form grazing trails rarely cover the same area twice. The 
tightly packed meanders of Helminthoida and other such 
forms from the European Flysch never come in contact. 
This is a principle of economy; there is no point in "re- 
grazing" an area once it has already been picked clean. 
Seilacher felt that the same is true here. This would ex- 
plain why the "grazing" trilobite turned around when it 
encountered another track, and it also explains why the 
trilobite moved so quickly over its own track. The little 
that is known of trilobite feeding habits does nothing to 
discredit Seilacher's thesis, for the fossil record indicates 
that trilobites possessed neither strong mandibles nor gnat- 
hobases; apparently they were not predators. St0rmer 
(1951) mentioned that the flabellate pre-epipodites, whose 
main function was to serve as ctenidea, may have also acted 
as sieves on which food could be collected. Employing this 
idea, Seilacher pictured the nutrient-rich sediment moving 
up the leg, where, due to the curvature of the telopodite, 
it came in contact with the pre-epodite. From here it moved 
to the mouth. 

Although Seilacher's hypothesis is an ingenious one, 
he is perhaps reading too much into the record. The trail 
could just as easily have been caused by an oscillatory 
current (e.g., wave action) which first drove the trilobite 
one way and then carried him back again. Moreover, it is 
not clear how the food was carried from the legs to the 
mouth. If Seilacher's hypothesis is correct, the method 
he described must have been an early experiment in feed- 
ing which proved ineffective and was abandoned by later 
forms. As mentioned, Dimorphichnus is known only from 
a few specimens from the Lower Cambrian of Pakistan and 
Sweden. There is no evidence that Cincinnatian trilobites 
fed in  the manner described  by  Seilacher. 

While trilobite tracks tell us something about be- 
havioral patterns, they also contribute to our knowledge 
of the morphology of the walking legs, especially the distal 
portions. Due to the imperfections of the fossil record, we 
have relatively little direct evidence in this field. What is 
known has been summarized by Raymond (1920) and 
St0rmer  (1939). 

Even if It is possible to assign a set of tracks to a 
given trilobite, many times it is difficult to determine the 
exact nature of the dactyls. Some forms, such as that illus- 
trated in Plate 73, figure  1, present a bewildering variety 
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of imprints. Note that trifid, bifid, and unifid imprints are 
all present in the same trail. There are several possible ex- 
planations for such discrepancies. It is likely that the man- 
ner in which the leg was placed on the substrate could effect 
the morphology of the imprint. An appendage might strike 
the substrate in such a way that all three dactyls make 
contact, resulting in a trifid track, but if the leg is rotated 
slightly to one side or the other, only two dactyls may 
leave imprints. Conceivably unifid impressions could be ex- 
plained in the same manner. The curved outline of the 
imprints in Plate 7?i, figure 1 support this view. 

\.. 

\ 

Withdrawal markings 

Width   of  set 

SERIES 

Pair 

Imprint 

Text-figure 18. — Morphology of triloliite tracks. See the te.xt 
for definition  and  discussion  of  the  terms  employed. 

As shown in Text-figure 19 preservation may play a 
key role in the appearance of any arthropod track. Occa- 
sionally tracks are preserved as convex hyporeliefs in cal- 
cisiltites which overlie clay-sized material (PI. 74, fig. 1). 
This method of preservation usually provides us with the 
greatest clarity of detail. More frequently, however, the 
tracks are found as cleavage reliefs in fine-grained calcisil- 
tites. Here the fine details are lost and, depending on how 
far below the surface the imprint is found, the morphology 
may vary considerably. An imprmt found 2 mm below the 
surface may deviate greatly from that found 4 mm below 
the surface. Sometimes the vagaries of preservation make 
it difficult to recognize that apparently different forms are 
in reality the same  thing. 

S^ NOi'SIS Ol"   IHE VENTR.M. M()R1'H()I.()(,\   OF 
(-|NCINN.\'1I.\N   IRII-OBIIKS 

Something is known of the ventral surface of the more 
common Cincinnatian trilobite genera. Specimens recovered 

Text-figure 19 —Effect of preservation on arthropod track mor- 
phology. If the worker is not aware of the effects that preservation 
can have on track morphology misinterpretation will follow. The 
track illustrated is hypothetical; each block is 1 mm thick. 
Top. The imprint is impressed as a concave epirelief on the deposi- 
tional interface. The track is quadrifid and has an arcuate posterior 
fringe. 
Center. The  imprint  is  preserved  as  a  cleavage   relief  1   mm  below 
the depositional interface. The arcuate fringe is not preserved. 
Bottom.  The   imprint   is   preserved   as   cleavage   relief   2   mm   below 
the depositional interface. Only the two interior imprints are preserved. 

from the Middle Ordovician black shales of Trenton Falls, 
New York, have been the subject of studies by Walcott 
(1881, 1884, 1918), Beecher (1893-1902), Raymond (1920), 
and St0rmer (1939). Unfortunately with regard to the ter- 
minal digit and setae Walcott, Beecher, and Raymond em- 
ployed the artist's license; and their reconstructions must 
be used with extreme caution. In discussing the appendages 
of each of the genera, emphasis is placed on those structures 
which may have left their imprints on the substrate. 

1) Isot el us 
The best preserved specimen of Isotehis showing ap- 

pendages is from Oxford, Ohio (PI. 57, fig. 5), and has 
been discussed previously. Twenty-six pairs of appendages 
have been reported; 10 on the thorax and 16 on the pygi- 
dium. Judging from their size, the thoracic appendages 
must have been powerful. Nothing is known of the nature 
of either the pre-epipodite or the terminal segment of the 
walking legs. Walcott (1884) figured setiferous legs, but 
Raymond (1920) could find no evidence to support this 
conclusion. 

2) Cryptidtthits 
The exact number of appendages in Cryptnlithus is un- 

known. Raymond's (1920, fig. 20) reconstruction shows 22 
with the last 10 or so being small. St0rmer (1939, p. 211) 
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noted that "the telepodites are strongly curved in the distal 
portion and the position in preserved state indicates that 
this part was directed downwards and slightly backwards in 
the thorax and pygidium during life." Although the pre- 
epipodite is not well known, it appears to have resembled a 
large fan (St0rmer, 1939, p. 25). The morphology of the 
dactyls is clearly shown by Raymond (1920, pi. 7, figs. 3-4). 
They resemble a tuft of bristles, although Beecher's recon- 
struction (Raymond, 1920, fig. 45) shows a large terminal 
spine surrounded by slightly smaller spines. Although both 
Raymond (1920, fig. 20) and St0rmer (1939. fig. 25) show 
a grouping of pro.ximally directed spines on each segment of 
the telepodite, it is not possible to confirm this from Ray- 
mond's illustrations. 

3) Ceraurus 
Raymond's reconstruction of Ceraurus (fig. 16) shows 

26 pairs of appendages, 18 of which are large. The nature 
of the dactyls is problematic. Walcott (1881) illustrated 
a single long terminal spine. Raymond (1920) agreed that 
while there probably was a terminal spine, it was not as 
well developed as Walcott had shown. In a later paper 
(1918, pi. 34, figs. 1, 2), Walcott clearly showed three 
spines, and St0rmer (1939, pi. 11, fig. B) dotted in three 
spines, illustrating that the true nature of the dactyls is 
really not known. St0rmer (1939, pi. 11a) did extensive 
work on the pre-epipodites and found that the unicorn-like 
spirals of Walcott (1918) and Raymond (1920) are due 
to preservation. Instead he pictured a small fanlike mem- 
ber. 

4) Flexicalymcne 

St0rmer (1939) remarked that although he had not 
studied Ficxicalymene in detail, sections appear to reveal 
appendages similar to those of Ceraurus. Raymond (1920, 
p. 56) admitted that nothing is known of the telopodites 
and that any conclusion must be based on analogies with 
other forms. 

5) Triarthrus 
Raymond's (1920, fig. 10) reconstruction of Triarthrus 

indicates 24 pairs of appendages. He reported that one 
specimen possessed a terminal segment which consisted of 
two or three short hairlike spines with a ball and socket 
joint. In addition, Raymond illustrated the legs as possess- 
ing long setae and bearing a grouping of spines on the 
segments much like those of Cryptolithus. St0rmer (1939, 
pp. 204-205) stated that he had not studied the distal por- 
tion of the telopodite, but he believed that Raymond's 
conclusions appeared to be valid. In addition he pictured 
a large flabellate pre-epipodite similar to that of Crypto- 
lithus. 

CINCINNATIAN   REPRESENTATIVES 

Although arthropod tracks are not uncommon in the 
Cincinnatian section, they have never received adequate 
study, and this was the one field which J. F. James neglect- 
ed entirely. Miller (1880) established the genus Asaphoi- 
dichnus for two species of asaphid tracks, and Caster (1938) 
figured and briefly discussed four specimens, placing three 
of them in Asaphoidichnus, while referring to the other as 
Merostomchnites sp. In spite of this small amount of 
work, there is an abundance of names, for Miller (1880) un- 
wittingly erected three additional genera and five species 
of arthropod tracks. These were collected from the .?South- 
gate beds of "Walker Mill Road" (now State Avenue) in 
Cincinnati, and because of their association with molluscan 
body fossils. Miller considered them to be cephalopod 
tracks. However, as will be shown, these are clearly tracks 
of arthropods and most probably were made by trilobites. 

As pointed out previously, there is considerable doubt 
as to the true affinities of the two most commonly men- 
tioned genera of supposed trilobite tracks, Protichnites Owen 
and Diplichnites Dawson. Because of this uncertainty, the 
Cincinnatian tracks will be discussed within the framework 
of Cincinnatian nomenclature. 

Five genera, all monotypic, are recognized in this 
study. One of these, Asaphoidichnus trijidum Miller (1880), 
was correctly interpreted by Miller as the tracks of an 
isotelid. However, what Miller (1880) established as Asa- 
phoidichnus dyeri becomes the type species of a new genus, 
Allocotichnus. As Miller originally indicated, this too is 
probably an isotelid track, but it illustrates a type of move- 
ment not previously seen in trilobite tracks. Three other 
Miller species, Trachomatichnus permultum, T. cincinna- 
tiensis, and Petalichnus multipartittim, as well as what 
Caster (1938, pi. 10, fig. 1) described as "Merostomich- 
nites sp (cf. Petalichnus multipartitus),^^ are all considered 
to be Petalichnus multipartittim. These are most likely 
tracks of Flexicalymcne, but since the nature of the dactyls 
of most Cincinnatian trilobites is unknown, there is no way 
of corroborating this. Trachomatichnus numerosum. Miller 
( 1880) appears to be generically valid and may well repre- 
sent the tracks of the brushlike dactyls of Cryptolithus. 
Teratichnus conjertum Miller (1880) is retained; it shows 
what appears to be the impression of a terminal spine, a 
feature which sets it apart from all other Cincinnatian 
arthropod trails. 

In order to illustrate better the number of imprints 
in a series and to show the direction of movement, tracings 
were prepared of some of the specimens (see Text-fig. 
20-23).   In  some   areas   the  imprints  are  so  indistinct   or 
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crowded together that they tend to defeat the purpose of 
the illustrations, and they were, therefore, omitted. The 
overlays represent the author's interpretation of the trails. 
The different markings are used to differentiate the oppos- 
ing rows of the various series. The trilobite outlines super- 
imposed over the drawings indicate the orientation of the 
body  and  the  direction  of movement. 

ASAPHOIDICHNUS Miller, 1880 

Plate 65, figure 2; Plate 71, figure 6; Plate 72, figure 3; Plate 73, 
figures  1,2;  Text-figures 20-A,21-A,29-f 

1880. Parlim Asaphoidlchnus Miller, Cincinnati Soc. Nat. Hist., Jour., 
vol. 2, pp. 217-219 (refers to unnamed specimen figured by 
author in Cincinnati Quart. Jour. Sci.,  vol.  1,  p.  136,  fig.  11). 

1938.   Asaphuuiiihiius Miller,  Caster, Jour.  Paleont.,  pi.  10,  figs. 2-4. 
1962. Parlim Asaphoijichtius Miller, Hantzschel, Trace-Fossils and 

Prolilematica in Treatise on Invertebrate Paleont., Moore (ed.), 
pt.  W,  Miscellanea,   p.  W184. 

Type Species. — Asaphoidlchnus trijidimi Miller (1880) 
(PI. 11, fig. 6; MCZ 540; late.x mold UCM 37704) from 
"less than 100' above low water on Walker Mill Road, Cin- 
cinnati, Ohio" (.'Southgate of State Avenue, Cincmnati, 
Ohio). Monotypic. 

Diagnosis. — Large, trifid arthropod tracks, exhibiting 
both straight-ahead and oblique movement. Width of track 
varies from 6.0-lS.S cm; number of imprints per set aver- 
ages nine. 

Discvssion.~W\\\tr (1880, p. 217) said of Asaphoi- 
dichnus that "the tracks are separate and distinct, showing 
that the animal lifted its feet to advance, and appearing as 
if made by an articulated animal, but not by one holding 
its feet in an inflexible position." Two species, A. trifidum 
and A. dyeri were named; the latter was placed in the 
genus with some misgivings, which appear to be justified, 
as its morphology varies greatly from any known trilobite 
track. It is here removed from Asaphoidlchnus and is made 
the type species for the new genus Allocotichnus. 

Miller (1880, p. 218) erected A. trifidum for tracks 
where "the anterior third of each track is trifid, the outer 
toe usually branching from the main stem of the track 
first, and the middle being a little longer than either the 
outer or inner one." He also maintained that one paratype 
specimen shows "a small toe thrown off from the posterior 
elevation on the inner side of the track, having a length 
about equal to the inner anterior toe" (ibid). 

Although Miller remarked that several specimens of 
A. trifidum were in the Dyer collection, only the type could 
be located. The trail (PI. 71, fig. 6), 3.5 cm long and 6.0 cm 
wide, consists of 14 impressions on the right-hand side and 
six on  the  left.  The  individual  impressions   vary   in   their 

morphology; the best preserved ones show an oblong raised 
welt from which radiate three thin lines. At their point of 
termination the trifid imprints, whose length varies from 
1.5-2.0 cm, ma\' be separated from each other by as much 
as 3 mm (PI. 72, fig. 3). 

Examination of the right side of the trail reveals that 
not all the tracks belong to one series. As shown in Text- 
figure 20-A, six of the tracks are from one series, six from 
another. The left-hand side of the trail can likewise be dif- 
ferentiated into two series, although the imprints are not 
as clearly defined. None of these are judged to represent a 
complete set. 

Interpretation. — The width of the trail (6.0 cm) elim- 
inates all known Cincinnatian arthropods except Isotelus, 
eurypterids, and possibly aglaspids. The morphology of the 
best known Cincinnatian eurypterid, Megalograptus, has 
been studied in detail by Caster and Waering (1964). They 
have shown that the four pairs of "walking legs" are strong- 
ly differentiated. The first pair is short, bears numerous 
spines, and was probably used more for grasping than for 
walking. The second pair is greatly enlarged and armed 
with many long slender spines; it probably did not play 
an active role in walking. The third pair of "walking legs" 
is short and possesses a great number of spines, while the 
fourth pair is slightly longer than the third, and except for 
trifid dactyls, is devoid of spines. The fifth and final pair 
of legs is modified for swimming, as both the fourth and 
seventh joints are enlarged. Even though the fourth pair 
of "walking legs" is trifid, it is extremely difficult to im- 
agine the type specimen of A. trifidum as an eurypterid 
track. Other eurypterids were present in the Cincinnatian 
seas, for scraps of their integument are found scattered 
throughout the section. These fragments more closely re- 
semble Eurypterus than they do Megalograptus, but there 
is not sufficient material available to undertake a morpho- 

Text-figure 20.— NOTE: Text-Figures 20-23 repre- 
sent the authors interpretation of several arthropod 
trails. The organisms superimposed over the tracks 
indicate the direction and method of movement. In the 
acetate overlays different symbols are used to portray 
imprints in different series. In all cases the trails are 
viewed from below, i.r. as if the viewer were looking 
up at the trails through a glass table top. 
.\. AsuphuiJichnus IrifiJum Miller, 1880. Repichnia of 
Isolihu: interpretation of the trail illustrated on 
Plate 71, figure 6. Holotype. MCZ 540; latex mold 
UCM 37694, X 1.2. B. frachomal'dinus numrrosiim 
Miller, 1880. Repichnia of Cryplulithus: interpretation 
of the trail shown on Plate 73, figure 4. It is difficult 
to separate the imprints into series. MCZ 544; latex 
mold UCM 37671, X 3.2. 
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crowded together that they tend to defeat the purpose of 
the illustrations, and they were, therefore, omit^d. The 
overlays represent the author's interpretation o^the n"ails. 
The different markings are used to differentiafe the oppos- 
ing rows of the various series. The trilobite burlines super- 
imposed over the drawings indicate the (^rierWation of the 
body  and  the  direction  of movement.* ' 

V • 
ASAPHOIDICHNUS I^lle;, 1880 

Plate 65, figure 2; Plate 71, figure (Q Rdate 72, figure 3; Plate 73, 
figures 1,2;  Text-*^ures ^0-.^,21-A,29-f 

1880. Parlim Asaphoidichnus Miller, Cincinnati Soc. Nat. Hist., Jour., 
vol. 2, pp. 217-219 (ixf^/o unnamed specimen figured by 
author in Cincinnati J^uart. Jour.  Sci.,  vol.  1,  p.  136,  fig.  11). 

1938.   .Isaphoidichnus MiJler,^"aster, Jour.  Paleont.,  pi.  10, figs. 2-+. 
1962.   Parlim   .1 saphoiJicnnOs   Kliller,   Hantzschel,   Trace-Fossils   and 

Prohlematica iii Treatiy on Invertebrate Paleont., Moore  (ed.), 
pt.  W,  Miscellanaf,   p'W184. 

O 
>« o 

Type species.—^Asaphoidichnus tnjidum Miller (1880) 
(PI.  11, fig. 6;  MCZ 540;  latex mold UCM  37704)  from 
"less than 100' a"ftove low water on Walker Mill Road, Cin- 
cinnati,  Ohio"   (.''Southgate  of   State   Avenue,   Cincinnati,^* 
Ohio). Monotypic. w? 

Diagnosis. — Large, trifid arthropod tracks, exhibiting 5« 
both straight-ahead and oblique movement. Width of trp^. *» 
varies from 6.0-15.5 cm; number of imprints per set avsjflf " 
ages nine. <t 

Discvssi«n.~M\\\tr  (1880,  p.  217)   said  of Asapl^^^ 
dichnus that "the tracks are separate and distinct, showjnA    ' 
that the animal lifted its feet to advance, and appearin*»«as^ I 
if made by an articulated animal, but not by one hol^jf^g 
its feet in an inflexible position." Two species, A. trifiJuTg     J 
and  A.  dyeri were  named;   the  latter  was  placed   in   tjjic    / 
genus with some misgivings, which appear to be justifiML   . 
as its morphology varies greatly from anj' known trilobite 
track. It is here removed from Asaphoidichnus and is made/ 
the type species for the new genus Allocotichnus. i^ 

Miller (1880, p. 218) erected A. trifidum for tr^c*s 
where "the anterior third of each track is trifid, thejduter 
toe usually branching from the main stem of the'/jmck 
first, and the middle being a little longer than|eitlier the 
outer or inner one." He also maintained that onl paratype 
specimen shows "a small toe thrown off from trie posterior 
elevation on the inner side of the track, havi/jg a length 
about equal to the inner anterior toe" (ibici).r 

Although Miller remarked that se\ef^l iqjccimcns of 
A. trifidum were in the Dyer collection, oiviy t||e type could 
be located. The trail (PI. 71, fig. 6), 3.5 ciyi long and 6.0 cm 
wide, consists of 14 impressions on the riJjjt-hand side and 
six on  the left.  The  individual   impressjBlfs  vary   in   their 

n 
11 

morphology; the best preserved ones show an oblong raised 
welt from which radiate three thin lines. At their point of 
termination the trifid imprints, whose length varies from 
1.5-2.0 cm, may be separated from each other by as much 
as 3 mm (PI. 72, fig. 3). 

Examination of the right side of the trail reveals that 
not all the tracks belong to one series. As shown in Text- 
figure 20-A, six of the tracks are from one series, six from 
another. The left-hand side of the trail can likewise be dif- 
ferentiated into two series, although the imprints are not 
as clearly defined. None of these are judged to represent a 
complete set. 

Interpretation. — The width of the trail (6.0 cm) elim- 
inates all known Cincinnatian arthropods except Isotelus, 
eurypteridiv and possibly aglaspids. The morphologj' of the 
best know# Cincinnatian eurypterid, Megalograptus, has 
beemstudi^ in detail by Caster and Waering (1964). They 
hJjt'S shown that the four pairs of "walking legs" are strong- 
ly^ifferentiated. The first pair is short, bears numerous 
spi^, and was probably used more for grasping than for 
wall^ifg. The second pair is greatly enlarged and armed 
with many long slender spines; it probably did not play 
an active role in walking. The third pair of "walking legs" 
is short and possesses a great number of spines, while the 
fourth pair is slightly longer than the third, and except for 
trifid dactyls, is devoid of spines. The fifth and final pair 
of legs is modified for swimming, as both th^ourth and 
seventh joints are enlarged. Even though t;^ fourth pair 
of "walking legs" is trifid, it is extremelyTlifficult to im- 
agine the type specimen of A. trifidutn as an eurypterid 
track. Other eurypterids were present in the Cincinnatian 
seas, for scraps of their integument a^ Jgijnd scattered 
throughout the section. These fragmentSrt^ore closely re- 
semble Eurypterus than they do MfgalograMus, but there 
is not sufficient material available to untkffake a morpho- 

! V 

Text-figure 20.— NOTE: Text-Figures 20-23 repre- 
sent the authors interpretation of several arthropod 
trails. Thf organism^ superimposed over the tracks 
indicate the directionland method of movement. In the 
acetate overlays diff^rei^t symbols arc used to portray 
imprints in different/'ries. In all cases the trails are 
viewed from belo«,^.(\ as if the viewer were looking 
up at the trails through a glass table top. 
.\. .luiphoui'uhutd IrifiJum Miller, 1880. Repichnia of 
holilus: interpretation of the trail illustrated on 
Plate 71, figure 6. Holotype. MCZ 540; latex mold 
UCM 37694, X 1.2. B. frachomal'chnus numnonim 
Miller, 1880. Repichnia of Cryplolilhus; interpretation 
of the trail shown on Plate 73, figure 4. It is difficult 
to separate the imprints into series. MCZ 544; latex 
mold UCM 37671, X 3.2. 
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logical study. In any event it is likely that eurypterid tracks 
would more closely resemble the tracks of Recent scorpions 
(Seilacher, 1959, fig. 2C) than those now under considera- 
tion. 

Ncostrabops Caster and Macke (1952), the only 
known non-Cambrian American aglaspid, was described 
from the Corryville section at Stonelick Creek. Although 
the unique specimen is too small (3.5 cm x 2.8 cm) to have 
made the trail, Raasch (1939) described Upper Cambrian 
aglaspids from Wisconsin which attained a length of 18.6 
cm. Because the appendages of Neostrabops are unknown, 
their morphology must be inferred from Raasch's Cambrian 
forms. Aglaspis spinifer Raasch (1939) possesses 12 and 
possibly 14 pairs of "walking legs" which do not extend be- 
yond the body margins. Each leg has a single terminal 
dactyl, and Raasch was unable to find any evidence of 
setae. It seems improbable, therefore, that A. trifiduni rep- 
resents the tracks of an aglaspid. The Crustacea of the 
Cincinnatian are so inadequately known that no generaliza- 
tions are possible. 

This leaves Isotelus as the most likely candidate to have 
produced the track. Even though it can not be unequivocally 
stated that A. trifiduni is an isotelid track, it is probable 
that Isotelus possessed three long slender dactyls which, 
when the need arose, could spread to provide a flabellate 
"snowshoe-like" support. In this sense the dactyls may have 
been analogous to the blades of the fifth pair of "walking 
legs" of LimidusJ^'-^ 

Because there is no marked dimorphism in the right 
and left series, the track is indicative of straight-ahead 
movement. However, the morphology of this specimen dif- 
fers from many trilobite trails in showing vertical emplace- 
ment of the legs without any appreciable movement toward 
the median line. In most trails after initial contact with 
the substrate, the leg moved toward the median line, leaving 
a scar with a small raised pimple marking the point of 
withdrawal (Text-fig. 18). Thus, A. trijidum represents 
relatively undisturbed tracks. Moreover, the method of 
walking is probably responsible for the unusual type of 
preservation which was noted by Miller (1880). The pos- 
terior oblong welts mark the highest point of the track. 
Near the welt the trifid imprints are preserved as thin 
raised ridges (i.e., "convex"), but as they are followed dis- 
tally, the ridges grade into shallow depressions (i.e., "con- 
cave"). For this reason, the trail shows the characteristics 

™The meaning of "the small toe" mentioned by Miller is not clear. 
There is no trace of any such structure on the specimen under discus- 
sion. It most likely represents one track partially superimposed over 
another. 

of both convex hyporelief and concave epirelief preserva- 
tion. It is concluded that the trail is preserved as an epi- 
relief and that the mud was drawn up by the proximal 
portion of the dactyls as the weight was shifted distally. 
This would be analogous to a man drawing up mud with 
his heel as he shifted his weight to the ball of the foot. 

Miller (1880) also believed that the trail was preserved 
as an epirelief. However, he remarked that the feet might 
have been webbed to aid in swimming. While this might 
explain the peculiar preservation, there is no evidence that 
the organism was "web-footed." 

Caster (1938, pi. 10, figs. 2-4) figured portions of ad- 
ditional trails which, because of their size, were most prob- 
ably made by Isotelus. All are preserved as convex hypo- 
reliefs and are from the Fulton beds of the Union Levee, 
Cincinnati. One of these (PI. 73, fig. 2) shows marked 
dimorphism. The five right-hand series consist of long, 
slightly sigmoidal raking imprints, while the left-hand 
series are made up of superimposed support imprints. The 
trail width ranges from 2.2-4.0 cm. As noted elsewhere, the 
markings vary in their appearance; some are unifid, while 
others are bifid or trifid. Only nine imprints can be count- 
ed in any given series, but none of the series appear to be 
complete, and most likely the total answer was greater 
than this. 

Plate 75, figure 2 illustrates another specimen from 
the Fulton beds which, judging from the width (15.5 cm), 
is probably the trail of an isotelid. The right-hand series 
consist of eight to ten long sigmoidal raking imprints, and 
in contrast to the form just discussed, they show no evi- 
dence of being bifid or trifid. The support imprints of the 
left-hand series also show some slight sigmoidal develop- 
ment. A more detailed analysis of this form is given in 
Text-figure 21-A. 

Both of these dimorphic trails are indicative of oblique 
movement. In both cases movement was from bottom to 
top as viewed by the reader. Either the animal was volun- 
tarily "crab-walking" with the body angled slightly to the 
right of the axis of movement, or it was being swept to 
the left by current. The former appears the more likely as 
neither of the specimens  bear any  current  indicators. 

ALLOCOTICHNUS, n. gen. 

Plate 72 figures 1,2; Plate 73, figures 7; Plate 74, figures 6,7; Plate 
81, figure 7; Text-figures 21-B,C,29-h 

1880.   fiirlim   .1 siiphuul'uhnus   Miller,    S.   .\.,    Cincinnati    Soc.   Nat. 
Hist.,  Jour.,  vol.  2,  p. 219,  pi.   13,  fig.   I. 

1962.   Parlim   .-Isiip/ioijii/inus   Miller,   Hantzschel,   Trace-Fossils   and 
Problematica in Treatise on Invertebrate Paleont., Moore  (ed.), 
pt. W, Miscellanea,  p.  W184,  fig.  110-3. 
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Type species — Asapkoidichnus dyeri Miller (1880) 

(PI. 72, fig. 1; MCZ 543; latex mold UCM 37693) from 
.'Southgate beds of "Walker Hill Road," (State Avenue) 
Cmcmnati, Ohio. Monotypic. 

Diagnosis—Bifid, dimorphic trails of arthropod ori- 
gin. Each complete set apparently composed of four pairs 
of imprints, one side being preserved as long subparallel 
raking imprints, the other arranged as en-echelon support 
imprints. 

Discussion—MWkr (1880, p. 219) established A. dyeri 
for a trail with four toes ". . . which do not come together 
as in A. trifidus but spring from a wider foot." 

The type specimen (PI. 72, fig. 1), which has a length 
of 23 cm, consists of 10 separate groups of markings and 
is preserved as a convex hyporelief in a platy fine-grained 
calcisiltite. The five complete groups each possess four 
long subparallel imprints, as well as four shorter imprints 
which are arranged in an en-echelon pattern. For purposes 
of discussion the long imprints are labeled A, B, C, D; the 
shorter ones A', B', C, D' (see Plate 72, figure 1). As 
viewed in Plate 72, figure 1, the longer imprints fade out on 
the bottom but terminate abruptly on the top, and in some 
cases withdrawal markings can be seen. The length of 
these imprints decreases from left to right; the average 
length of A is 6.75 mm, while the length of D is 14 mm. 
In contrast, the shorter imprints increase in length from 
bottom to top. Whereas A' is small and may be preserved 
only as a wartlike body, D' has an average length of 7.2 
mm. The average length of the complete sets is 1.6 cm. 

Below and to the right of A' in many of the groups 
is a series of two to four rounded parallel markings which 
give the appearance of being slightly arcuate. These have 
a length of 6 mm and are not as sharply defined as the im- 
prints described above. 

Another specimen from the Dyer collection, evidently 
from the same locality as the type, clarifies some of the 
features mentioned above. As viewed in Plate 74, figure 7, all 
of the imprints end abruptlj' on the right but fade out 
gradually to the left. The most striking feature of the 
topotype specimen is the parallel markings above and to 
the left of each group of imprints. Whereas only three or 
four of these markings were present in the type specimen, 
as manj' as nine can be counted in this form. They gradually 
decrease in length and prominence away from the track. 
As in the type they are broad and not so sharply im- 
pressed as the other markings. Instead of being arcuate as 
in the type, they take somewhat of a cuneiform appearance, 
both the lower and right-hand slopes (as viewed in PI. 
74, fig. 7) being steeper than their counterparts. It is ap- 

parent that the markings form an integral part of the 
trail and that any hypothesis regarding the origin of the 
trail must somehow account for these markings. 

Through the kindness of George Walker of Cincinnati, 
several additional specimens are available for study. These 
were collected from the Eden beds of an intermittent tribu- 
tary of Mud Lick Creek where crossed by Kentucky Route 
14. The locality is 1,650 meters southeast of the intersec- 
tion of U.S. Route 42-127 and Kentucky Route 14, Boone 
County, Kentucky. Aside from being slightly smaller and 
lacking the cuneiform markings, they are similar to the 
specimens described above. They confirm the existence of 
eight imprints in each group, although, as in the type, 
A,A', and B' may be weakly impressed, and in a few speci- 
mens they are lacking entirely (PI. 73, fig. 7). One Mud 
Lick specimen (PI. 74, fig. 6) plainly shows that the longer 
imprints are bifid, a feature which is not present on the 
forms from the State Avenue locality. 

Examination of all the specimens discussed to this 
point indicates that they are preserved as cleavage reliefs. 
None of the specimens present the sharpness of detail that 
is characteristic of boundary relief. As shown in Text-figure 
19 cleavage relief preservation can mask details and lead 
to an erroneous interpretation of the track or trail. To some 
degree this is true here, for one specimen (PI. 74, fig. 1), 
associated with Trachomatichntts numerosum and preserved 
as a boundary relief, illustrates that the longer imprints 
(A,B,C,D) are not so simple as they appear. The trail is 
incomplete and contains only 13 imprints which are ar- 
ranged in four groups. One of the imprints shows a peculiar 
"feather-stitch" (zig-zag) pattern in which long spinelike 
projections on one side alternate with shorter projections 
on the other. The distance between each of the longer pro- 
jections is 2 mm. Another form (PI. 81, fig. 7) in a dif- 
ferent group lacks the "feather-stitch" pattern and instead 
possesses six long projections which are visible on only 
one side of the imprint. The other imprints are variations 
of the patterns described above. It is not surprising that 
the detailed morphology should vary; a slight rotation of 
the leg can greatly affect the over-all appearance of the 
resulting track or imprint. Miller also noticed the spur- 
like projections, remarking "some of the toe-tracks are more 
or less fringed, which I attribute to the action of the 
water, though Mr. Dyer is impressed with the idea that it 
may indicate hairy or spinous feet" (Miller, 1880, p. 219). 

Interpretation. — Allocotichnus dyeri is unlike any 
other known arthropod track, yet the fact that some 15-20 
specimens are known from two localities 30 miles apart 
indicates that it is a recurrent phenomenon, not an acci- 
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dental expression of some other common form. The most 
fundamental question is whether the specimens under con- 
sideration represent the entire track or only one side of 
it. Miller (1880) believed that each group of four long im- 
prints represented the essentially undisturbed track of a 
quadridigitate foot, while the shorter en-echelon imprints 
were the indistinct impressions of the opposite foot. How- 
ever, the track would appear to be much too narrow to sup- 
port such a conclusion. If the four imprints represent the 
marking of a quadridigitate foot, the organism must have 
been extremely large, and the trail should have a width of 
15-20 cm. Moreover, none of the manj' specimens found 
from Mud Lick Creek show two sets of quadridigitate im- 
prints. It seems more likely that Allocotichtius is a strongly 
dimorphic track where A,B,C,D represent raking imprints 
and A',B',C',D', support imprints. This impression is con- 
firmed by a specimen from Mud Lick Creek which shows 
a lesser degree of dimorphism. As viewed in Plate 72, fig- 
ure 2, the imprints on the right would seem to be homologous 
with B,C,D, while those on the left represent B',C',D'. Note 
that if all the imprints are rotated clockwise approximately 
45°, the resulting configuration resembles the other Mud 
Lick specimens of Allocotichnus. The direction of the "V" 
formed by the two series of imprints, as well as the with- 
drawal markings at the proximal end of each imprint, indi- 
cates that the direction of movement was from bottom to 
top (,-is viewed in Text-fig. 21-C). It follows that move- 
ment in both the type (PI. 72, fig. 1) and topotype speci- 
men (PI. 74, fig. 7) was from left to right, and the body 
axis was angled to the right of the direction of movement 
(see Text-fig. 21-B). If the above reasoning is correct, then 
each complete set consists of a maximum of four pairs of 
imprints. In many sets three and sometimes only two pairs 
of imprints are present. 

While the producer of the trail is unknown, the small 
number of imprints in each series leads one to search for 
an arthropod with a relatively small number of walking 
legs. The only known possibilities in the Cincinnatian rocks 
are Cryptolithus, Megalograptus, and Neostrabops. Of 
course, there is always the additional possibility that Alloco- 
tichnus represents the trail of some yet undescribed arthro- 
pod form. 

The appendages of Megalograptus have already been 
discussed, and it is difficult to homologize the morphology 
of the walking legs with that of the tracks. Moreover, the 
little that is known of eurypterid tracks in general (Sharpe, 
1912) gives reason to believe that Allocotichnus dyeri is 
not such a trail. It is equally as difficult to make a direct 
comparison between aglaspids and Allocotichnus dyeri. 
While  there  is  no evidence  to  indicate  that   it  is  not   an 

aglaspid trail, there is nothing to indicate that it is. The 
stratigraphic position of the specimens (Eden) and the 
small number of appendages involved in producing the 
track make Cryptolithus an attractive choice. Nevertheless, 
measurements show that Cryptolithus is too small to have 
made the trail. Because the trial is strongly dimorphic, the 
width varies. The least width, measured from the distal 
end of A to the distal end of A', ranges from 1.5-2.5 cm, while 
the greatest width, measured from the distal end of D to 
the distal end of D', is 4-5 cm. Raymond's (1920, pi. 7, 
fig. 4) illustration of a well-preserved Cryptolithus shows 
that the appendages even when spread-eagled, which is 
unlikely, cover only three-quarters the width of the cepha- 
lon. Thirty-five specimens of Cryptolithus were measured; 
it was found that the mean "three-quarters width" was 1.59 
cm, while the largest form observed had a width of only 
2.3 cm. These figures indicate that Cryptolithus must be 
eliminated as a possible originator of the trail. 

The only remaining arthropods capable of leaving such 
a wide trail are the multisegmented trilobites, such as 
Flexicalymene and Isotelus. However, it is doubtful that 
even the larger flexicalymenids would be able to produce 
the tracks, for they rarely attain a length over 6.0 cm or 
a width in access of 3.0-3.5 cm. This leaves Isotelus as 
the most likely producer. Nevertheless, it should be repeat- 
ed that Allocotichnus dyeri is unlike any known trilobite 
track, and the choice of Isotelus as the producer is by no 
means certain. Asaphoidichnus trijidiim, which is also at- 
tributed to Isotelus, bears little resemblance to Allocotich- 
nus. 

Judging from the Oxford specimen of the ventral side 
of Isotelus (PI. 57, fig. 5), the first 8-10 pairs of walking 
legs were probably strong, and it is possible that the first 
three or four pairs of legs could propel the animal fast 
enough to keep the pygidium off the substrate. While the 
smooth platter-like streamlined body of Isotelus would not 
produce as great a drag as the bodies of other trilobites, 
it is believed that the cuneiform markings of the State 
Avenue specimens (PI. 72, fig. 1; PI. 74, fig. 7) show where 
the pleurae occasionally nicked the bottom. In addition the 
imprints seen on Plate 74, figure 1 indicate that some- 
times nearly the entire leg was placed on the substrate, for 
the spurlike bodies associated with the markings most 
likely represent spines on the distal ends of each leg seg- 
ment. If three or four joints of the leg made contact with 
the substrate, it follows that the eight blunt pleurae of 
the right side of the body were extremely close to the 
bottom and could have gouged the sediment in the rhythm 
of movement. It is unlikely, however, that the leg was 
always placed flat on the substrate;  the bifid markings of 
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Text-figure 21. —A. Asaphoidichnus trijidum Miller, 1880. Re- 
pichnia' of Isotelus; interpretation of the trail illustrated on Plate 
75   figure  3.  UCM  37569, X  0.75. B,C. Allocntichnus dyer,   (Miller) 
IS80.  2.   Rcpiclinia   of  Isotelus:   intcrprelation   of   the   trail 
oil   Plate   72,   figure   1.   Holotypc.   MCZ   543;   latex   mold   IK 
X   1.  3.  Rcpichnia   of  Isolclus;   interpretation   of  the   trail 
on Plate 72, figure 2. The dimorphism of the series  is not ^ 
as it is in figure 2 above.  UCM  37627, X  1. 
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dental expression of some other common form. The most 
fundamental question is whether the specimens under con- 
sideration represent the entire tracl* or only one side of 
it. Miller (1880) believed that each group of four long im- 
prints represented the essentially undisturbed track of a 
quadridigitate foot, vyhflexthe shorter ^n-9chelon imprints 
were the indistmct.^mpi*ssions of the oppbsiie foot. How- 
ever, the track would appear to be much too n'arrow to sup- 
port such a conclusion. If^fr ^nif imprints r^resent the 
marking of a quadridigit'^te^ot.'the organism* rrfust have 
been extremely large, and the Jijratl sjiould have a" width of 
15-20 cm. Moreover, none of th^'lnany specinrfens jfound 
from Mud Lick Creek show two sets of quadridigitate lim- 
prints. It seems more likely that Allo^r^ltclfiuis is a strongly* 
dimorphic track where A,B,C,D repres^eht faking impVint^ 
and A',B',C',D', support imprints. This impression is con-' 
firmed by a specimen from Mud Lick Cr^dc \\/iiqh shows 
a lesser degree of dimorphism. As viewea in/?lat^ 72, fig- 
ure 2, the imprints on the right would seem to Tae homologous 
with B,C,D, while those on the left represent B',C',p^' ^te 
that if all the imprints are rotated clockwise appipxinjAely 
45°, the resulting configuration resembles the other Mud 
Lick specimens of AUocotichnus. The direction of the "V" _, 
formed by the two series of imprints, as well as the with- 
drawal markings at the proximal end of each imprint, indi- 
cates that the direction of movement was from bottom to 
top (as viewed in Text-/ig. 21-C),-It follows that move- 
ment in both the type"*^'Pl./72,,.ftg. 1) and topotype speci- 
men (PI. 74, fig. 7) Ava*« from lefj,-to rijght, and the body 
axis was angled to t^er VigTitrof _ithe direction of movement 
(see Text-fig. 21-B). •If.'tlj^''abo^-e reasqifing is correct, then 
each complete set conststj^ oj.'a mai\*irfium of four pairs of 
imprints. In many sets three'jand/sometimes only two pairs 
of imprints are present.       /   •'' / 

While the producer of the JfaiU'is .uiflcno^wn, the small 
number of imprints in each s^ies ii^(Li..(ltie to stf'arch for 
an arthropod with a relatively sga%H >fiunj^r of walking 
legs. The only known possibilities fti tU^ (^nciniuiirtan rocks 
are Cryptolithus, Megalograptus, anc],'^ Ne<jftrab(ips. Of 
course, there is always the additional poss'^biflry thaj^/Zorp- 
tichnus represents the trail of some yet undpsdrifejid aojlro- 
pod form. i      j   i 

The appendages of Megalograptus have alre4dM been 
discussed, and it is difficult to homologize the mo^|iology 
of the walking legs with that of the tracks. Moreover, the 
little that is known of eurypterid tracks in general (Sharpe, 
1912) gives reason to believe that AUocotichnus dyeri is 
not such a trail. It is equally as difficult to make a direct 
comparison between aglaspids and AUocotichnus dyeri. 
While  there  is  no evidence  to  indicate  that   it  is  not   an 

agiaspid /fail^ there is nothing to indicate that it is. The 
stratigraphi(* pj^iij^jn of the specimens (Eden) and the 
small number of_, appendages involved in producing the 
track make Cryfif6lithus an attractive choice. Nevertheless, 
measurements'sHow that Cryptolithus is too small to have 
made the trail. Because the trial is strongly dimorphic, the 
width varies. TKe' least width, measured from the distal 
end of A to the distal end of A', ranges from 1.5-2.5 cm, while 
the greatest width, measured igbm the distal end of D to 
the distal end of jy, is 4-5 can.jfRaymond's (1920, pi. 7, 
fig. 4) illustrati<^ of' a; well-preserved Cryptolithus shows 
that the appendag'es even whei* spread-eagled, which is 
unlikely, cover only three-quarters the width of the cepha- 
lon. Thirty-five specm•|^l^£ j^i ^ryp^tolithus were measured; 

V   it was found tha,» t^e meaff'>thre^-quarters width" was 1.59 
$ cm, while the fargest* forrti obsery^ed had a width of only 

2.3 (;m. These figures indicate t]»at Cryptolithus must be 
elimiiiated as a possible originai:or of the trail. 

^The only remainjHg ^I'thro^jods capable of leaving such 
a wide trail are fhe /mufti^egmented trilobites, such as 
Flexicalymene and Is'otelus. Ho.wever, it is doubtful that 
even the larger flexicalymenids ybuld be able to produce 

-''' the tracks, for they rarely attain a length over 6.0 cm or 
.'a width in access of 3.0-3.5 cfti. This leaves Isotelus as 

the most likely pro_d«t?*er. Nevef'theless, it should be repeat- 
ed that Allocoti(f'finuy''d!^'epi is unlike any known trilobite 
track, and the choice ai Isotelus as the producer is by no 
means certain. Asaphoidichniis trj.fidum, which is also at- 
tributed to Isotelus, bears little-'resemblance to AUocotich- 
nus. 

Judging from ^he Oxford specimen of the ventral side 
of Isotelus (PL-''5'7^iig,-'5'), thfe*'first 8-10 pairs of walking 
legs were probabjy S'rt'ong, aod it is possible that the first 
three or four pairs of legs* cc^uld propel the animal fast 
enough to keep the pygidiumi off the substrate. While the 
smooth platter-like streamli^Al body of Isotelus would not 
produce as great^^* drag, as the bodies of other trilobites, 
it is believea th^ t^e^cuneiform markings of the State 
Avenue specimefls (rl. 72, fig. 1; Pi. 74, fig. 7) show where 
the pleurae occasionally nickea^<he bottom. In addition the 
imprints seen on Plate 74, figure 1 indicate that some- 
times nearly the entire leg was placed on the substrate, for 
the spurlike bodi^i associate^ with the markings most 
likely represenj^Spyies on the distal ends of each leg seg- 
ment. If three oryl^our joints of the leg made contact with 
the substrate, it follows that the eight blunt pleurae of 
the right side of the body were extremely close to the 
bottom and could have gouged the sediment in the rhythm 
of movement. It is unlikely, however, that the leg was 
always placed flat on the substrate;  the bifid markings of 
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Text-figure 21. —A. Asaphoidichnus trlfidum Miller, 1880. Re- 

pichnia of Isotclm; interpretation of the trail illustrated on Plate 
75 fiKure 3. UCM 37569, X 0.75. B,C. Atlocotuhrms dyer, (Miller) 
1880. 2. Kepicl.nia of ls„l,Uu: interpretation of the ''^'l 'll;*'';^^';';' 
on Plate 72, figure 1. Holotvpe. MCZ 543; latex mold UCM 37693, 
.\ 1. 3. Rcpichnia of Isolrlus; interpretation of the trail illustrated 
on Plate 72, figure 2. The dimorphism of the series is not 
as it is in figure 2 above.  UCM  37627, X  1. 
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some specimens  (PI. 74, fig. 6)  show that sometimes only 
the dactyls made contact with the bottom. 

In summary then, It is beheved that Allocotichnus 
dyeri represents the strongly dimorphic trail of Isotelus in 
which only the stronger anterior appendages were employed. 
In some Instances nearly the entire length of the leg was 
placed on the substrate and the thoracic pleurae gouged 
the bottom. On the other hand, the bifid markings of 
some specimens (PI. 74, fig. 7_) Illustrate that in a few 
cases only the dactyls made contact with the substrate. 
The reason behind such movement is problematic. 

PETALICHNUS Miller, 1880 

Plate   73,   figures   5,6;   Plate   74,   figures   2,4,5;   Plate   75,   figure   4; 
Text-figures 22,29i,j 

1880.   Petalichnus   Miller,   Cincinnati   Soc.   Nat.   Hist.,   Jour.,   vol.   2, 
pp. 219-221,  pi.  13,  fig.  5;   pi.  14,  fig. 3. 

1880.   Partim    Trachomatichnus   Miller, . Cincinnati    Soc.   Nat.    Hist. 
Jour., vol. 2, pp. 219-221,  pi.  14, fig. 2. 

1938.   Merostomichnites Packard, Caster, Jour. Paleont., vol. 12, p. 34, 
pi. 10, fig. 1. 

1962.   Petalichnus Miller, Hantzschel, Trace-Fossils  and Problematica 
in   Treatise   on   Invertebrate   Paleont,   Moore    (ed.),   pt.   W, 
Miscellanea,  p. W208. 

1962.   Partim   Trachomatichnus Miller,  Hantzschel, Trace-Fossils  and 
Problematica in Treatise on Invertebrate Paleont., Moore  (ed.), 
pt.  W,  Miscellanea,  p.  W219. 

Type Species — Petalichnus. 7nidtipartitum Miller 
(1880) (PI. 75, fig. 4; MCZ 546; latex mold UCM 37697) 
from the .'Southgate beds of "Walker Mill Road," (State 
Avenue) Cincinnati, Ohio. Monotypic. 

Diagnosis. — Triloblte tracks showing straight-ahead 
or slightly oblique movement. Each series consists of 9-12 
unifid or bifid Imprints. Generic designation of producer 
unknown. 

Discussion. — As explamed previously, recent studies 
on arthropod tracks (Caster, 1938; Sellacher, 1955), have 
shown that a slight rotation of the body during walking 
can result in tracks which differ greatly from those produced 
by straight-ahead movement. Such slight modifications 
must be taken Into consideration when making taxonomic 
assignments, otherwise the result will be a different name 
for every track. It Is believed that the best taxobases for 
arthropod trails are: 1) a consistent pattern of Imprints 
which Is found In several specimens and sets that trail 
apart from others, e.g., the unique dimorphism of Alloco- 
tichnus dyeri, and 2) a known producer — can the origina- 
tor of the track be determined with a reasonable degree 
of confidence.'' For example, the width of Asaphoidichnus 
trifidiim- shows that It is more likely the trail of an Isotelld; 
therefore, It merits separate taxonomic treatment. Regret- 
ably Petalichnus does not come under cither heading. The 

genus contains trails showing a wide range of morphology, 
and these can not be assigned to a given triloblte. Included 
in Pet'alichnus are forms which In Miller's work constituted 
two genera' and three species. Justification for placing 
them in synonymy with Petalichnus will be given as each 
is discussed below. Also Included in the genus Is a form 
which Caster (1938, pi. 10, fig. 1) referred to as "Mero- 
stomichnites sp. (cf. Petalichnus multipartitus)." It Is ac- 
knowledged- that Petalichnus as defined herein Is a form 
genus and rriore than likely contains trails made by more 
than one geniis of triloblte and conceivably may even in- 
clude tracks of other classes of arthropods. 

Petalichnus multipartitum Miller 

Plate 73, figures 5,6; Plate 74, figures 2,4,5; Plate 75, figure 4; 
Te-xt-figures 22,29i,j 

1880.   Petalichnus   multipartitus   Miller,   Cincinnati   Soc.   Nat.   Hist., 
Jour., vol. 2,  p. 222, pi.  14,  fig. 2. 

1880.    Trachomatichnus pcrmultus  Miller,   Cincinnati  Soc.  Nat.  Hist., 
Jour.,  vol. 2,  p. 220,  pi.  13,  fig.  5. 

ISSO.    Trachomatichnus   cincinnaticnsis   Miller,   Cincinnati   Soc.   Nat. 
Hist.,  Jour.,  vol.  2,  pp.  220,221,  pi.  14,  fig.  3. 

1938.   Mcrosltimichnitcs   sp.   Caster,   Jour.   Paleont.,   vol.   12,   p.   34, 
pi.   10,   fig.   1. 

Discussion. — The type specimen (PI. 75, fig 4) is a 
highly complex trail. .-It is preserved as a convex hypo- 
relief and has a length "of .11.3 cm and a width of 2.2 cm. 
The clearest portion of the trail Is on the right (as viewed 
In PI. 75, fig. 4). Here It is possible to make out five series 
of unified raking Imprints with plainly defined withdrawal 
markings at their proximal ends. The number of Imprints 
In each complete series varies from 10-12. The shorter 
cuneiform imprints In the central part of the trail are 
judged to be support imprints. These stand out in bold 
relief when compared to the more shallow raking Imprints. 
In the upper part „of the trail the imprints become so super- 
imposed that it is. not possible to make a detailed analysis. 
Therefore, only a partial reconstruction of the trail Is given 
in Text-fig. 22-C. The position of the raking imprints rela- 
tive to that of the support imprints shows that, as viewed 
in Plate 75, figure 4 and Text-figure 22-C, movement was 
from bottom to top, and the body was angled slightly to the 
right of the axis of movement. 

"Trachomatich^ius permiiltum" (PI. 73, fig. 5; MCZ 
548; latex mold UCM 37696): In contrast to the type speci- 
ment of P. multipartitum, the form designated by Miller 
(1880), as "Trachomatichnus permultum" is a picture of 
simplicity. Miller (1880, p. 220) separated "T. permultum" 
from T. numerosum. because the imprints of the former 
"are  not  so  numerous,   thev   are   destitute  of  the   beaded 
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Text-figure 22. —A-C. Prtalichnus multiparlitum Miller, 1880. 1. 

Repichnia of a medium-sized trilobile; ■n"^^P'-^"V^V°N4"l77n7 V 1 7' 
(rated on Plate 84, figure 5. MU T86; latex mold l-CM 47707 X 1.7 
2. Repichnia of a medium-sized trilohite; int^P'''^'''"" °i,-7'^, "^'' 
illustrated on Plate 73, figure 5. MCZ 548; latex mold UCM 3/696, 
X 14 3. Repichnia of a medium-sized trilohite; interpretation of the 
trail illustrated on Plate 75, figure 4. The trail is so complex that ,t is 
not possihle to place all imprints in their proper series. Holotype. 
MCZ 546; latex mold UCM 37697, X 1.5. 
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some specimens (PI. 74, fig. 6)  show that sometimes only 
the dactyls made contact with the.^bottom. 

In   summary   then,   it   is   behei^d   that   Allocotlchnus 
dyeri represents the strongly dimorpmc trail of Isotelus in 
which only the stronger anterior appenda|?fes were employed. 
In some instances nearly thqiJ-^entire length*of the leg was 
placed  on  the substrate  and  the  thoracic  pleurae  gouged 
the   bottom.   On   the   other   ha»ft*d,   the   bijirf*" markings   of 
some  specimens   (PI.  74,  fig.  2.) fllustrafe  tli^  in   a  few 
cases only  the  dactyls  made  cojit^t  witW'the^substrate. 
The reason behind such movement i^k^Mioblematic. 

,-• •»",'' yr 

PETALICHNUS MiHef.'flBSO    ''^ 
' '"     ,           ••* ** 

Plate 73, figures 5,6; Plate 7+, figures"2,4,5; ly^ 7^, figure 4; 
Text-figure»«a?,29i,j     ••••' jn 

— '. y 
1880. Pctalichtius Miller, Cincinnati'^o*. Nat., Hii*e.; Jour., vol. 2, 

pp. 219-221,  pi.  13,  fig.  5;   pi.  14,  fi^.~3^      ^^ '  *> 
1880. Partim Trachomatichnus Mill»v..'CinciJULati .Sftc. Nat. Hist. 

Jour., vol. 2, pp. 219-221,  pi.,l+,  fig- 2. ^  ♦x 
1938. Merostomichnites Packard, C*stef,"Jour. PileoQt.,*'vol. 12, p. 34, 

Pl- 10. fig- 1- , , ... »»> _,, 
1962. Petalichnus Miller, Hantzscfiel, Trace-FtvS?!;; and P~obrematica 

in Treatise on InvertehraHj^oPaleont., Moty**'C^tf-), pt. W, 
Miscellanea,  p.  W208. •"*' **"     .._   -' 

1962.   Parlim   Trachomatichnus M«ll^  Hant^h^l^,Trt»te-Fossils  and 
), 

genus Qon^tains trails showing a wide range of morphologj', 
and the?e can not be assigned to a given trilobite. Included 
m Peta/inhntis are forms which in Miller's work constituted 
two genera'' and three species. Justification for placing 
them ir^synoftymy with Petalichvus will be given as each 
is discussed"^ b^low. Also included in the genus is a form 
which Ca%tep (^938, pl. 10, fig. 1) referred to as "Mero- 
stomichnites sp. (cf. Petalichnus multipartitus)." It is ac- 
knowledged *th at Petalichnus as defined herein is a form 
genus ancf rh«re than likely contains trails made by more 
than one^geflu*? of trilobite and conceivably maj' even in- 
clude tracl^s'c^ other classes of arthropods. 

A   t- 

V'cj^lichnus multipartitum Miller 

Plate 73, figures 5^6; Plate 74, figures 2,4,5; Plate 75, figure 4; 
\ Text-figures 22,29i,j 
\ 

1880.   Petalichnus   mullipartitus   Miller,   Cincinnati   Soc.   Nat.   Hist., 
Jour., vol. 2,  p. 222, pl.  14, fig. 2. 

1880.   Trachomatichnus pcrmulius  Miller,  Cincinnati  Soc.  Nat.  Hist., 
Jour.,  vol. 2,  p. 220,  pl.  13,  fig.  5. 

1880.    Trachomatichnus   cmcinnatiensis   Miller,   Cincinnati   Soc.   Nat. 
His^.,  Jour.,  vol. 2,  pp.  220,221,  pl.  14,  fig.  3. 

,1938.   M/r,ostomichnitcs   sp.   Caster,   Jour.   Paleont.,   vol.   12,   p.   34, 
/ pl.'l/),  fig.  1. 

•'.' .'' ."' / '        ' * 
.':I '/ J^iscMssion. — Tl^f-type specimen   ( Pl.  75, fig 4)  is a 

Partim Trachomatichnus M«llab Hant^hel.jTrtJte-Fossils an 
Prolilematica in Treatise on InverteKrate Fa|eont., Moore (ed.! 
pt.  W,  Miscellanea,   p.  Wil^^    ^       ««      ,.".'!? 

Type    species — PetalT?lf>iuo   ijiiiilf^ition     Miller  ''/JirgfTly^/ccjmple.x   trail? sit'.is   preserved   as   a   convex  hypo- 
0^  (Pl   75. fio-  4: MCTyMfc l:ite*x*nK.](l UCM 37697^   //relief alPul has a le;igtti*nfjl.3 cm and a width of 2.2 cm (1880)  (Pl. 75, fig. 4; MCZ*W^]at.ex mold UCM 37697)   -"/.relit^ a\yi has a le;igtTi-^t 

from the .?Southgate beds af ^M'alkeT Mi^fR^'ad,"  (State   .•'.••"ThecclcKvest portion teff tii e trail is on the right (as viewed 

Avenue) Cincinnati, OhiQ..^Ioi^?it>>^c!       >* «••' V"'"*"^ ^« ^■^' '^'^' '^^' ^'^'''^W possible to make out five series 
Z)M<JHOJW. — Trilobite   trSpfeff ?S»wing   straight-ahead"* •"'••-of uni'ffed raking im^irii^tsowith plainly defined withdrawal 

or slightly oblique movement. ••K*ch 6«sies consists of 9-liP      .".piartslngs at their prdxiftiaj ends. The number of imprints 
unifid  or  bifid   imprints.   Geii,^jc   de's1gnatiotJ,«f   produ(|^ ••••i;i5f ach   complete   seijies^ varies   from   10-12.   The   shorter 

' "'" - c^meiform   imprints *irf  the   central   part   of   the   trail   are 
i^ldged  to  be  suppcJrti imprints.  These  stand   out  in   bold 

*^elief when compated ^o the more shallow raking imprints. 
In the upper part^o< thje trail the imprints become so super- 
mposed that it is»flot possible to make a detailed analysis 

unknown. ^ 
Discussion. — As explained previously, recent studii;^ 

on arthropod tracks (Caster, 1938; Seilacher, 1955)jfra»e 
shown that a slight rotation of the body during \\^lkiftg 
can result in tracks which differ greatly from those ptl)duced j 
by straight-ahead movement. Such slight modiftcations ^ 
must be taken into consideration when making.jaxonoimc? 
assignments, otherwise the result will be a difierjijt name 
for every track. It is believed that the best^Jaxobases for 
arthropod trails are: 1) a consistent pattern of imprints 
which is found in several specimens and sets that trail 
apart from others, e.g., the unique dimorphism of Alloco- 
tichnus dyeri, and 2) a known producer — can the origina- 
tor of the track be determined with a reasonable degree 
of confidence? For example, the width of Asaphoidichnus 
trijidum- shows that it is more likely the trail of an isotelid; 
therefore, it merits separate taxonomic treatment. Regret- 
ably Petcdichnus does not come under either heading. The 

Therefore, only a ^p^rtial reconstruction of the trail is given 
in Text-fig. 22-C. fTfif position of the raking imprints rela- 
tive to that of tl^i^upport imprints shows that, as viewed 
in Plate 75, figu|fc-t4 and Text-figure 22-C, movement was 
from bottom to tfcp, and the body was angled slightly to the 
right of the axis of movement. 

"Trachomatichnus permultum" (Pl. 73, fig. 5; MCZ 
548; latex mold UCM 37696): In contrast to the type speci- 
ment of P. midtipartitum, the form designated by Miller 
(1880), as "Trachomatichnus permultum" is a picture of 
simplicity. Miller (1880, p..220) separated "T. permultuyn" 
from 7". numerosum. because the imprints of the former 
■'are  not  so  numerous,   they   are   destitute  of  the   beaded 
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Text-figure 22. — A-C. Pctalichnus multipartitum Miller, 1880. 1. 
Repichnia of a medium-sized trilohile ; interpretation of the trail illus- 
trated on Plate 8+, figure 5. MU T86; latex mold UCM 47707, X 1.7 
2 Repichnia of a medium-sized trilobite; interpretaton of the trail 
illustrated on Plate 73, figure 5. MCZ 548; latex mold UCM 37696, 
X 14 3 Repichnia of a inedium-sizcd trilohite; interpretation of the 
trail illustrated on Plate 75, figure 4. The trail is so complex that it is 
not possible to place all imprints in their proper series. Holotype. 
MCZ 546;  latex mold UCM 37697, X 1.5. 

i 
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' •    I / 
Text-figure 23. — A. Teratichnus conferlum Miller, 1880. Re- 

pichnia of a medium-sized arthropod; interpretation of the trail il- 
lustrated on Plate 75, figure 3. The trail is highly complex and only 
a partial interpretation is given. Holotvpe. MCZ 540; latex mold 
UCM  37570, X  1.4. 
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appearance, they are subtriangittar instead of somewhat 
uniformly rounded and the r«^»-"^re proportionately 
farther  apart."  In  this  case  the  last-two- criteria   are   in- 

as figured by St#iTaa...<;tV34). The trail is preserved as a 
convex nyKrelief w*"?r-c;il_(;i,siltite and has a total length of 
5.7 cm and a width of^l!^ en*!* The specimen, which is 
incomplete, consists ^C'^'fttju'ioiijii six obliquely directed 
series of raking imprints*cft»,tlic left and a continuous row of 
support imprints on rhe i^h'fr.Th^greatest number of im- 
pressions seen in any serit^'is 10. ^^' trail is unusual in 
that nearly all of the imp^rrn't^*ai'e'^*mpTi» scallop-like mark- 
ings. However, a short, faTrttly''iAnCT ridge can b 
leading from some of thelnjpri^t^^ 
are oriented normal to the tre'fi 
prmts. 

seen 
the left. These ridges 

the row of support im- 

ment would be from bottom to top, as seen in Plate 74, 
figure 2. The width of the trail is similar to that of the 
type specimen, and there are no distinct features that would 

significant as taxobases, but the first two,_i^j, the %^ijiber serve to set it apart as a separate taxon. 
of imprints and the beaded  appearance,  are judged*««^^ ^[Alerostomichnites sp.  (cf. Petalichnus multipartitiis)" 
important.  As  will  be  shown,  there  is  a  good   possibility »Ui»* ( Pl"74.iig.^ 4; UCM 22033); Caster (1938, pi. 10, fig. 1) 
that  T. numerosum is  the  trail  of Cryptolithus,  "T.  ^er-''«***»J^^rated a'tf^lrl from the Fulton beds of the Union Levee, 
multum" has a length of 8.5 cm and consists of five sep- Cincinnatf,~Oh'^.\\Jj;(;h  he compared to Merostomichnites 
arate sets. The three complete sets contain 10, 10, and 11 . .      ^   -.. ..    „. ..  . 

miprints. The  trail  width  measured  in  the lower part  of 
the  trail,  as  viewed  in   Plate  73,  figure  5,  is   1   cm.   The 
specimen is noteworthy because it shows a transition from 
straight-ahead  movement.   Midway  through   the   trail   the 
unprmts on the right side become longer and slightly sig- 
moidal in outline, while in the upper part of the trail they 
are   strongly   sigmoidal,   indicating   that   the   animal   was 
oriented to the right of the axis of movement. Note that 
the imprints on the left side show little change and that it 
is difficult to distinguish between the various series. As il- 
lustrated by the sigmoidal outline and the orientation of the 
"V" formed  by the opposing series, movement  was  from 
bottom to top as seen in Text-figure 22-B. 

Outwardly this specimen differs greatly from the type 
specimen of P. midtipartitum, yet  basically they  are  the 
same. The track widths are similar as are the number of 
imprints in  a series. There is no consistent morphological 
difference on which the two could be separated. 

"Tracho7natichnus cincinnatievsis" (PI. 74, fig. 2; MCZ 
542; latex mold UCM 37571): Miller (1880, pp. 220, 221) 
separated "7". cincinnatiensis" from "T. pennultujn" ". . . 
by the smaller and more ill-defined form of the tracks, by 
the greater number in each series, and by the greater dis-* 
tance between  the  two  series."  He  differentiated  it  from 
T. numerosum ". . . by the greater distance between the two 
series, by the [fewer] number of impressions in each series, 
and by the simple character of the tracks instead  of the 
compound or beaded form" (Miller, 1880, p. 221). ' 

The trail, which  has  a total length of  16  cm  and, «*, 
width of 1.8 cm, is preserved as a convex hyporelief ai\a 
is quite indistinct.  This  obscurity  suggests  that  the  tfail 
actualh'  is  preserved   as   a  cleavage   relief  and   not   as   a 
boundary relief  (compare with  PI.  74,  fig.   1).  If this  is 
the case, the more complete set of tracks lies beneath the 
surface. There is no clearly defined sets, and the individual 
imprints are small and show no evidence of raking motion. 
The   linear   arrangement   of   the   opposing   rows   suggests 
straight-ahead   movement;   however,   the  criteria   normally 
used for determining the direction of movement are lack- 
ing. The only  hint of a "V"  is  seen   in  the  middle  of  the 
trail;  if this actually  represents one-half of a  "V," move- 

Although the trail bears someTes^rfyjjIance to St0rmer's 
(1934, pi. 2, fig. 7) illustralkm of i^er(\tomichnites strandi 
from the Downtonian iI^V(jnianK%eds of Spitzbergen, 
there are significant differei\qpl .4lls•^t0rmer (1934, p. 22) 
noted, each of the imprii\i\'iiT tht^I^wrwegian specimen con- 
sistently contains .tl>ree j3r Ijoui'.jnarkings grouped together. 
Thi^demonstirat^'tji^t *tte'ft"ail was made b}' an organism 
witlVqsp'Jridigit^t^ Ivnlking legs. In contrast, in the right- 
hand hi^id "\?>^Vitt the Cincinnatian form, neither the spacing 

gsn -^the- imprints nor the number of imprints is as 
r conais^nt as-.it is in St0rmer's specimen. It is instead con- 

cVue'd that tfie Cincinnatian specimen is a trilobite trail 
. wbeFe 'the body was oriented to the left of the axis of 
'jndve^ent; thus the superimposition of the support im- 
prints in the right-hand row give a false impression of a 
polydactjdous leg. St0rmer believed that M. strandi was 
probably the trail of an eurypterid, and his conclusion is 
not questioned herein. The present author agrees with 
Caster (1938) that the Cincinnatian specimen is a trilo- 
bite trail. The scallop shape of the imprints indicates that 
the legs probably struck the substrate in a slicing motion. 
The weak preservation of the raking imprints demonstrates 
that the specimen is preserved as a cleavage relief. 

Two other previously undiscussed specimens which are 
assigned to P. midtipartitum. are shown on Plate 73, figure 
6 and Plate 74, figure 5. One of these (PI. 74, fig. 5) is an 
excellent example of oblique movement. While the imprints 
of the left side are superimposed, the IIIIIKHII'IV' directed 
imprints on the right are clearly detmed, and ii is possible 
to count 10-12 imprints in the various series (see   I ext-fig. 
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Text-figure 23. — A. Tcratichnus confertum Miller, 1880. Re- 
pichnia of a medium-sized arthropod; interpretation of the trail il- 
lustrated on Plate 75, figure 3. The trail is highly complex and only 
a partial interpretation is given. Holotvpe. MCZ 540; latex mold 
UCM  37570, X  1.4. 
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appearance, they are subtriangular instead of somewhat 
uniformly rounded and the rows are proportionately 
farther apart." In this case the last two criteria are in- 
significant as taxobases, but the first two, i.e., the number 
of imprints and the beaded appearance, are judged to be 
important. As will be shown, there is a good possibility 
that T. numerosum is the trail of Cryptolithus, "T. per- 
multutn" has a length of 8.S cm and consists of five sep- 
arate sets. The three complete sets contain 10, 10, and 11 
imprints. The trail width measured in the lower part of 
the trail, as viewed in Plate 73, figure 5, is 1 cm. The 
specimen is noteworthy because it shows a transition from 
straight-ahead movement. Midway through the trail the 
imprints on the right side become longer and slightly sig- 
inoidal in outline, while in the upper part of the trail they 
are strongly sigmoidal, indicating that the animal was 
oriented to the right of the axis of movement. Note that 
the imprints on the left side show little change and that it 
is difficult to distinguish between the various series. As il- 
lustrated by the sigmoidal outline and the orientation of the 
"V" formed by the opposing series, movement was from 
bottom to top as seen in Text-figure 22-B. 

Outwardly this specimen differs greatly from the type 
specimen of P. multipartitum, yet basically they are the 
same. The track widths are similar as are the number of 
imprints in a series. There is no consistent morphological 
difference on which the two could be separated. 

"Trachomatichnus cincinnatieiisis" (PI. 74, fig. 2; MCZ 
542; latex mold UCM 37571): Miller (1880, pp. 220, 221) 
separated "T. cincinnatiensis" from "7". permultum" ". . . 
by the smaller and more ill-defined form of the tracks, by 
the greater number in each series, and by the greater dis- 
tance between the two series." He differentiated it from 
T. numerosum ". . . by the greater distance between the two 
series, by the [fewer] number of impressions in each series, 
and by the simple character of the tracks instead of the 
compound or beaded form"  (Miller, 1880, p. 221). 

The trail, which has a total length of 16 cm and a 
width of 1.8 cm, is preserved as a convex hyporelief and 
IS quite indistinct. This obscurity suggests that the trail 
actually is preserved as a cleavage relief and not as a 
boundary relief (compare with PI. 74, fig. 1). If this is 
the case, the more complete set of tracks lies beneath the 
surface. There is no clearly defined sets, and the individual 
imprints are small and show no evidence of raking motion. 
The linear arrangement of the opposing rows suggests 
straight-ahead movement; however, the criteria normally 
used for determining the direction of movement are lack- 
ing. J'lie only hint of a "V" is seen in the middle of the 
trail;  if this actually represents une-half of a "V," move- 

ment would be from bottom to top, as seen in Plate 74, 
figure 2. The width of the trail is similar to that of the 
type specimen, and there are no distinct features that would 
serve to set it apart as a separate taxon. 

"Merostomichnites sp. (cf. Petalichvus multipartitus)" 
(PI. 74, fig. 4; UCM 22033); Caster (1938, pi. 10, fig. 1) 
illustrated a trail from the Fulton beds of the Union Levee, 
Cincinnati, Ohio, which he compared to Merostomichnites 
as figured by St0rmer (1934). The trail is preserved as a 
convex hyporelief in a calcisiltite and has a total length of 
5.7 cm and a width of 1.8 cm. The specimen, which is 
incomplete, consists of a portion of six obliquely directed 
series of raking imprints on the left and a continuous row of 
support imprints on the right. The greatest number of im- 
pressions seen in any series is 10. The trail is unusual in 
that nearly all of the imprints are simple scallop-like mark- 
ings. However, a short, faintly defined ridge can be seen 
leading from some of the imprints on the left. These ridges 
are oriented normal to the trend of the row of support im- 
prints. 

Although the trail bears some resemblance to St0rmer's 
( 1934, pi. 2, fig. 7) illustration of Merostomichnites stratidi 
from the Downtonian (Devonian) beds of Spitzbergen, 
there are significant differences. As St0rmer (1934, p. 22) 
noted, each of the imprints in the Norwegian specimen con- 
sistently contains three or four markings grouped together. 
This demonstrates that the trail was made by an organism 
with quadridigitate walking legs. In contrast, in the right- 
hand row of the Cincinnatian form, neither the spacing 
between the imprints nor the number of imprints is as 
consistent as it is in St0rmer"s specimen. It is instead con- 
cluded that the Cincinnatian specimen is a trilobite trail 
where the body was oriented to the left of the axis of 
movement; thus the superimposition of the support im- 
prints in the right-hand row give a false impression of a 
polydactylous leg. St0rmer believed that M. strandi was 
probably the trail of an eurypterid, and his conclusion is 
not questioned herein. The present author agrees with 
Caster (1938) that the Cincinnatian specimen is a trilo- 
bite trail. The scallop shape of the imprints indicates that 
the legs probably struck the substrate in a slicing motion. 
The weak preservation of the raking imprints demonstrates 
that the specimen is preserved as a cleavage relief. 

Two other previously undiscussed specimens which are 
assigned to P. multipartitum are shown on Plate 73, figure 
6 and Plate 74, figure 5. One of these (PI. 74, fig. 5) is an 
excellent example of oblique movement. While the imprints 
of the left side are superimposed, the (ibli(|iKly diiictcd 
lni|irints on the right are clearly (U'lincd, and it is pussihK' 
to count 10-12 imprints in the various series (see   I ext-fig. 
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22-A). The width of the trail is 9 mm, while the length of 
each series averages 2.5 cm. The specimen differs from most 
forms showing oblique movement as there are no well-de- 
veloped raking imprints; however, this may be more a fac- 
tor of preservation  than  of behavior. 

The other specimen (PI. 73^ fig. 6) was illustrated by 
Caster, Dalve, and Pope (1955, pi. 2, fig. 35). The trail 
has a width of 2.6 cm and the length of each series is 3.4 
cm. The individual imprints, which average 8 series, are 
bifid distally and show well-developed withdrawal marking- 
at their proximal extremity. As viewed in Plate 73, figure 
6, movement was from bottom to top. 

Interpretation. — As indicated above, the forms grouped 
under P. multipartitum, although interpreted by Miller 
(1880) as cephalopod tracks, are herein thought to be the 
trails of moderate-sized trilobites. Unfortunately it is not 
possible to assign them to a given genus. Based on the per- 
centage of trilobites found in the Cincinnatian rocks, most 
of the trails should be those of Flexicalymene; however, 
Petalichnus almost certainly contains tracks of other trilo- 
bites. Until a trilobite is found at the end of a trail or 
body fossils are found with the dactyls well preserved as 
in Cryptolithus, P. mtdtipnrtitum must remam a form genus 
for unifid or bifid tracks of moderate-sized trilobites. 

Trachomatichnus Miller, 1880 

Plate  73,  figure  3,+ ;   Plate   74,   figure   1;   Text-figure   ".0-B,  29-g 

1880.   Partim    Trachnmalichtius   Miller,   Cincinnati   Soc.   Nat.   Hist., 
Jour.,   vol.  2,   pp.  219,220,   pi.   13,   figs.   2-4. 

1962.   Partim   Trachomalichnus Miller,  Hantzschel, Trace-Fossils  and 
Problematica in Treatise on Invertebrate Paleont., Moore  (ed), 
pt. W,  Miscellanea,  p.  W219. 

Type species. — Trachomatichnus numerosum Miller 
(1880), from the PSouthgate beds of State Avenue, Cin- 
cinnati, Ohio. Monotypic. The specimen (MCZ 539; latex 
mold UCM 37583) illustrated by Miller (1880, pi. 13, fig. 
3; herein PI. 74, fig. 1) is designated as the type specimen. 

Diagnosis. — Straight-ahead trails consisting of crowd- 
ed, poorly defined imprints made by a polydactylous leg. 
As best can be determined, the number of imprints per set 
ranges from 9-11. 

Discus.non. — As noted elsewhere, Miller (1880) estab- 
lished three species of Trachoynatichnus. Because no holo- 
type was named by the author, Hantzschel (1962) designat- 
ed T. numerosum as the type species. This was a fortunate 
choice for, as shown previously, the specimens referred to 
"T. permultum" and "T. cincinnatiensis" lack sufficient 
diagnostic features to justify their retention as separate 
taxa. On the other hand, the three specimens of T. numero- 

sum illustrated by Miller differ from all others discussed 
by the author in his 1880 paper. According to Miller (1880, 
pp. 219, 220), the species is characterized by tracks which 
are ". . . composed of four or five parts, which present a 
beaded appearance." 

The specimen herein designated as the type specimen 
( PI. 74, fig. 1) occurs as a convex hyporelief on a cross- 
laminated calcisiltite. In contrast to most Cincinnatian 
arthropod trails which are found on cleavage planes, the 
clarity of detail indicates that this form is preserved as a 
boundary relief. The length of the trail is 10.5 cm and the 
width ranges from 1.3-1.5 cm. While there is no dimorphism 
in the two rows, the morphology of the specimen varies 
along its length.'''' Three different expressions are present, 
each occupying roughly one-third of the total trail length. 

The imprints of the posterior third of the trail re- 
semble cuneiform wedges which taper and fade out anter- 
iorly. The posterior portion of the wedge has a denticulate 
margin, thus differentiating it from all other imprints so 
far discussed. The better preserved forms show three to 
six denticles. The various imprints are so irregularly placed 
that it is impossible to determine the number of imprints 
in a set. In the center portion of the trail, the imprints 
flow together to form two parallel continuous fasciculate 
ridges, although some individual imprints can be seen to 
the interior of each ridge. In the anterior third of the trail, 
it is possible to discern separate sets, albeit the number of 
imprints comprising a set is unknown. The open end of the 
"V" formed by the opposing arms is directed anteriorly. 
Note that at one point the rows merge briefly to form a 
short bilobed Rusophycus-WVe body. 

As indicated by the orientation of the "V's," movement 
was from left to right, as viewed in Plate 74, figure 1. The 
variations in the morphology of the trail reflect different 
types of movement, which were probably caused at least 
in part by the uneven surface of the bottom upon which 
the organism was walking. The surface of most of the slab 
slopes gently to the left, while in the anterior third of the 
trail, the slope is more precipitous. The cuneiform nature 
of the imprints indicates that the dactyls were not placed 
flat on the substrate as in the type specimen of Asaphoidich- 
nus trifidum nor were they moved toward the median line 
to form raking imprints. Instead the animal inserted the 
dactyls obliquely to the rear, as if it were slipping and 
struggled to gain more traction. The fasciculate ridges in 

"For purposes of discussion the left side of the specimen, as viewed 
in Plate 74, figure 1, is referred to as posterior; the right side as 
anterior. 
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the center portion of the trail would seem to confirm this. 
The lack of dimorphism indicates that the body was parallel 
to the axis of movement. 

Another specimen (MCZ 547; latex mold UCM 37695) 
of T. numerosum figured by Miller (1880, pi. 13, fig. 2) is 
illustrated herein on Plate 7?!, figure 3. The trail is pre- 
served as a convex hyporelief, and the lack of detail indi- 
cates that It IS a cleavage relief. The trail length is 12 cm 
and the width is less than 1 cm. Miller's illustration is 
slightly deceptive, as it shows cuneiform imprints similar 
to those of the type specimen. In contrast, the specimen re- 
veals that the imprints were made by straight downward 
movement. As in the type specimen the imprints are denticu- 
late, although the 3-4 denticles are not so well preserved. 
A small degree of dimorphism, evident in the lower part 
of the trail, indicates that the direction of movement was 
from bottom to top, as seen on Plate 73, figure 3. For the 
most part the body was parallel to the axis of movement. 

The final specimen (MCZ 544; latex mold 37671) 
figured by Miller (1880, pi. 13, fig. 4) is shown on Plate 
73, figure 4. In contrast to the others, it is preserved as a 
concave epirelief. A latex mold was made in an attempt 
to determine if the cavities concealed any details not visible 
from the surface. However, the mold reveals imprints simi- 
lar to those in the specimen just discussed. The trail has a 
length of 6 cm and a width of 4-7 mm. Some of the imprints 
in the right row (see Text-fig. 20-B) can be differentiated 
into sets, while those of the left row are superimposed. 
This demonstrates that the direction of movement was from 
bottom to top, as viewed in Plate 73, figure 4, and that the 
body was oriented slightly to the right of the axis of move- 
ment. 

Interpretation. — There is evidence to indicate that T. 
numerosum is the trail of Cryptolithus. As shown in the 
introduction to this section, Cryptolithus is the only Cin- 
cinnatian trilobite in which the morphology of the dactyls is 
known from preserved material. Beecher's (1895) illustra- 
tions of the genus plainly show that the terminal joint con- 
sists of several bristle-like digits. This type of structure is 
capable of producing the multidigitate imprint of the trail. 
Moreover, the dimensions of the track are well within the 
range of the average Cryptolithus. As mentioned previously 
in the discussion of Allocotichus, the mean "three-quarter 
width" of Cincinnatian Cryptolithus is 1.59 cm. The great- 
est width of the trail is 1.5 cm and normally it is less than 
a centimeter. Also the crowding of the imprints suggests 
the closely spaced legs seen in Cryptolithus. However, it is 
puzzling that no evidence of the long genal spines is pre- 
served with the trail. One might expect that the long spines 
would leave linear imprints on either side of the track.  It 

ma}' be that some of the markings near the trail on the 
type specimen represent the intermittent contact of the 
genal spines with the substrate, but it is not possible 
defmitely to distinguish them. 

Two other trails thought to be made by Cryptolithus 
were found in the University of Cincinnati collections. Un- 
fortunately locality data are lacking, but Cryptolithus frag- 
ments found in the slab bearing the specimens probably 
indicates Eden rocks. These are not assigned to T. numero- 
sum and are informally discussed below. In reality they lie 
closer to the bandlike Cruziana burrows than they do to 
trilobite surface-walking trails. Both are preserved as con- 
vex hyporeliefs in calcisiltites. At first glance the form illus- 
trated on Plate 75, figure 1 appears to be a single discon- 
tinuous trail, but as will be shown, the gently curving arc 
on the upper right is not connected with the serpent-like 
complex on the left. 

The main body of the trail consists of a series of dis- 
continuous chevron-shaped ridges which average 6-8/cm. 
In places (PI. 83, fig. 5) the chevrons are so closely spaced 
that they resemble the continuous bilobate ridges of Cruzi- 
ana. Close observation shows that the ridges are covered 
by delicate bundled striae. On either side of the trail are 
two thin ridges which are separated from the chevrons by 
a distance of 2-5 mm. These are discontinuous and may be 
present on one side of the trail and lacking on the other. 
The width of the entire trail, including the ridges, varies 
from 0.9-1.2 cm. The other specimen (PI. 65, fig. 7) is simi- 
lar to that described above except that the chevron bodies 
merge to form a continuous bilobate trail. Likewise, the 
thin ridges flanking the trail are better developed, and in 
one area the bilobate ridges actually rest on a small ter- 
race, as shown in Text-figure 24. 

Text-figure 24. — Schematic cross-section of a Cruizia/ia-Wke 
trail of ?Cryplolil/ius. The hooklike casts of markings made by the 
walking legs rest on a "terrace" which was gouged out by the 
cephalon; X 1.25. 

Both specimens are judged to be the Cruziana-Vike 
trails of Cryptolithus. The bundled striae on the chevron- 
shaped bodies resemble the imprints that could have been 
made by brushlike dactyls of the walking legs seen on 
Beecher's illustration of Cryptolithus. Moreover, the narrow 
width of the trail places it well within the range of most 
Cincinnatian   specimens   of   Cryptolithus.   The   V-shaped 
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ridges demonstrate that the legs operated in a manner simi- 
lar to that used when excavating a Rusophycus-hke bur- 
row, i.e., the digging movement was directed toward the 
median axis and to the rear. Thus, the animal was plough- 
ing over the surface instead of using merely the distal por- 
tions of the legs. As in Rusophycus the open end of the 
"V" formed by the striae of the opposing lobes is directed 
anteriorly. This indicates that movement in the serpentine 
trail, shown on the left side of Plate 75, figure 1, was from 
top to bottom. On the other hand, the direction of move- 
ment in the arcuate trail, seen on the right side of Plate 
75, figure 1, was from left to right. Movement in the speci- 
men on Plate 65, figure 7 was from left to right. The smaller 
secondary ridges represent places where the genal spines 
gouged the surface. In the one specimen the "terrace" on 
which the ridges occur reveals that at times the cephalon 
acted as a shovel and skimmed off the upper millimeter or 
so of the substrate. 

This type of trail is similar to the classic bandlike 
Cruziana which is especially well developed in the Silurian 
of Portugal and has been figured by Delgado (1910). The 
only difference between the two is that the Silurian repre- 
sentatives form even, bilobate ridges with continuous sec- 
ondary ridges on either side. The Cincinnati forms vary be- 
cause the trail was shallower; thus, the markings produced 
by the legs generally appear as individual chevron-shaped 
markings instead of continuous bilobate ridges. The broad 
cephalon of Cryptolithus, combined with the relatively 
small legs, may well have impeded digging in all but the 
softest sediments. 

The ethologica! significance of these Cruziana-\\k.e trails 
is unknown. Perhaps, as Seilacher (1959) suggested, they 
are feeding trails, where the organism stirred up the mud 
and filtered out the nutrients. On the other hand, they 
may be a variation of Repichnia. 

Teratichnus Miller, 1880 

Plate 75, figure 3; Text-figures 23 

1880.   Tiratuhnus   Miller,   Cincinnati   Soc.   Nat.   Hist.,   Jour.,   vol.   2, 
p. 221, pi.  14, fig.  1. 

1962.   Trratichnus Miller, Hantzschel, Trace-Fossils and Problematica 
in  Treatise  on   Invertebrate   Paleont.,   R.   C.   Moore   (ed.),   pt. 
W, Miscellanea, p. W218. 

Type species. — Teratichnus conjertum Miller (1880) 
(PI. 75, fig. 3; MCZ 540; latex mold UCM 37570) from the 
.'Southgate beds of State Avenue, Cincinnati, Ohio. Mono- 
typic. 

Diii^ii(}.<i.<. — An arthropod track, consisting of nine 
bifid imprints per set, which is marked by a median groove 
located midway  between the  right  and  left series. 

Discussion. — The genus is known only from the type 
specimen and is preserved as a faintly impressed concave 
epirelief on a gently undulating calcisiltite. Because of 
the difficulty of photographing the actual type specimen, a 
latex mold was used for illustrative purposes. The trail, 
which is incomplete at both ends, is sickle-shaped and has 
a total length of 26 cm. The trail width does not exceed 
1.7 cm. In the lower part of the specimen, as viewed in 
Plate 75, figure 3, the imprints are irregular and there are 
no well-defined sets. The first discernible set of imprints 
is located 2 cm from the bottom of the slab and is marked 
by the letter A. These imprints do not form a "V" or modi- 
fied "V," as in most trilobite tracks, but instead are ar- 
ranged in an elliptical pattern. This suggests that the animal 
lay in this spot and moved the legs toward the median 
axis as if to momentarily anchor itself to the substrate. 
Extending from one end of the ellipsoid is a long (1.5 cm), 
sharply defined groove (C). Similar grooves are located at 
positions B and D. These grooves are significant in assign- 
ing a maker to the trail. In the center of the slab the im- 
prints become highly confused, and as will be shown, it is 
believed that in this area there was considerable rotation 
of the body. In the remainder of the trail it is possible to dis- 
tinguish at least portions of individual sets. As illustrated 
in Text-figure 23, there is an average of nine imprints per 
set, and the open end of the "V" is directed toward the top 
of the slab. Withdrawal markings are plainly defined at the 
proximal end of many of the imprints, and one set shows 
four imprints which are bifid distally and unifid proximally 
(PI. 75, fig. 3). 

Interpretation. — Although Miller (1880) interpreted 
Teratichnus as the trail of a cephalopod, it is evident that 
it is of arthropod origin. The basic direction of movement, 
as viewed in Plate 75, figure 3, was from bottom to ton 
This is indicated by three lines of evidence: 1) The ellip- 
soidal series of imprints (PI. 75, fig. 3B) truncate those 
imprints found near the lower margin of the slab; 2) I- 
the confused area in the center of the slab, the imprints lead- 
ing directly into the long sweeping arc are superimposed 
over the earlier formed imprints, indicating that the move- 
ment here was from right to left; 3) In the arcuate portion 
of the trail, the open end of the "V" formed by the sets is 
directed toward the top of the slab (see Text-fig. 23). It 
is believed that as the organism entered from the bottom, as 
seen in Text-figure 23, the direction of movement was 
nearly at right angles to the body axis. As noted above, the 
animal then briefly anchored itself to the substrate. After 
progressing forward for a few centimeters, the orientation 
of the imprints shows that the organism apparently moved 
obliquely backwards.  Finally the animal moved  in  a tight 
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arc, pivoting on the walking legs of the right side and lash- 
ing out at the bottom with the legs of the left side. As 
shown in Text-figure 23, the body was oriented to the left 
of the axis of movement. Thus, the imprints of the left 
side are well defined, while those of the right side are 
superimposed and form a continuous line. Whether this un- 
usual movement was voluntary or whether the animal wa-; 
being driven by current is difficult to determine. There is 
no clear evidence of current action on the slab. 

It is possible that Teratichniis is the trail of a trilo- 
bite similar to those discussed under Pctalichnns multi- 
partitum. However, the three grooves ( PI. 75, fig. 3, points 
B,C,D) are an integral part of the trail, and these appear 
to be imprints of a median posteriorly directed spine or 
appendage. No known Cmcmnatian tnlobite possesses a 
single well-developed pygidial spine. While Seilacher (1955) 
has attributed twin grooves in redlichiid trails to imprints 
of caudal cerci. According to Moore, Harrington, and Stub- 
blefield (1959, p. 118), such cerci are found preserved only 
in the Cambrian species Olenoides serratus; and it is not 
known whether they were common to all trilobites. The only 
other arthropod known to be present in the Cincinnatian 
which has a posterior spine and is similar in size to the 
track is the aglaspid Neostrabops Caster and Macke (1952). 
Although the telson of this genus is unknown, most Cam- 
brian aglaspids possessed a narrow lanceolate telson. The 
dimensions of the sole specimen of Neostrabops compare 
favorably with those of the track. Neostrabops has a maxi- 
mum width of 2.8 cm, while the track width is 1.8 cm. 
The length of the sets, which because of the dimorphism is 
difficult to measure, is 4.9 cm. The length of Neostrabops, 
which is incomplete and measured only to the end of the 
10th segment, is 3.5 cm. The nine imprints present in the 
sets of T. conjertum correlate well with the 11 thoracic 
segments of the aglaspid. The only apparent difference is 
that, as Raasch (1939, p. 62) demonstrated, aglaspids had 
but a single dactyl; as noted above, the trail shows the 
imprints of bifid dactyls. 

In summary, it is concluded that T. conjertum was 
made by a relatively small arthropod which possessed bifid 
dactyls and a median posterior spine or fleshy appendage 
(cercus). At present it is not possible to give a more pre- 
cise assignment. No known Cincinnatian arthropod exactly 
matches the morphology of the track. None of the trilo- 
bites has a single pygidial spine, and the nature of the cerci, 
if present, is unknown. On the other hand, aglaspids have 
a telson, but the walking legs apparently have but a single 
dactyl. It must also be noted that Neostrabops is known 
only from a single specimen. 

RHABDOGLYPHUS Vassoevich, 1951 

Plate 78, figures 4-6, 8, 9 

1951.   Rhahdoglyphtis   Vassoevich,   Les   Conditions   de   la   Formation 
du  Flysch, p. 61, pi. 5, fig. 3 ;  pi. 6, figs. 3,4. 

1962.   Rhabdogtyphus    Vassoevich,    Boucek    and    Elias,    Geol.    Price 
Zpravy, vols. 25,26,  pp.  1+5-151,  pis.  7-8. 

Type species — Rhabdoglyphus grossheimi Vassoevich 
(1951) from the Cenomanian of the Caucasus, Czechoslo- 
vakia. Monotypic. 

Diagnosis. — Rosary-like trails or tunnel fillings of vary- 
ing length, preserved either as convex hyporeliefs or con- 
cave epireliefs. 

Discussion. — Although Vassoevich proposed Rhabdo- 
glyplius for what he referred to as a "bioglyph," his genus 
was invalid due to the lack of a formal diagnosis. Recogniz- 
ing this, Boucek and Elias (1962) formally described and 
diagnosed the form, studying the original type material, as 
well as additional specimens from the Paleogene Flysch of 
the Czechoslovakian Carpathians. The facts related below 
are taken from the plates and a short German summary. 

R. grossheimi is preserved as a convex hyporelief and 
consists of cylindrical tunnel fillings with periodic well-de- 
fined swellings or "knots" (PI. 78, figs. 8, 9). The diameter 
of the cylindrical fillings is 4 mm, that of the swellings is 
7 mm. The latter are not evenly spaced, as the distance 
between them varies from 1.8-3.0 cm, and in one form two 
swellings occur together. Judging from the specimen illus- 
trated on Plate 78, figure 8, it seems that one is not dealing 
with a simple convex hyporelief, for at both ends the hemi- 
cylinder appears to extend up into the bed. 

Rhabdoglyphus resembles Hormosiroidea florentina F. 
X. Schaffer (1928) from the Pietraforte Limestones (Upper 
Cretaceous) near Florence, Italy. Through the kindness of 
Dr. Zapfe of the Natural History Museum of Vienna, a 
plaster case of Hormosiroidea was made available for study 
(PI. 78, fig. 7). The specimen, 9 cm long and shaped as an 
open "S" curve, consists of a series of raised hemispherical 
bodies connected by thin, short hemicylindrical rods. The 
diameter of the hemisphere ranges from 6-9 mm; the di- 
ameter of the connecting rods is 1 mm. Near the larger 
specimen is a slightlj' shorter form consisting of only two 
hemispheres. Associated with these two specimens are small 
raised vermiform-like markings whose diameter is the same 
as the connecting links between hemispheres. The attitude 
of the latter indicates that Hormosiroidea is most probably 
a convex hyporelief rather than a convex epirelief as 
Schaffer believed. 

It is entirely possible that Rhabdoglyphus is synony- 
mous with Hormosiroidea. Although the general morphology 
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of the two is similar, a decision can not be made without 
additional study. Both forms should be sectioned to de- 
termine if they are exclusively surface features or whether 
they actually extend into the host rock as they appear to. 

Interpretation. — Schaffer interpreted Hormonroidfia 
as an alga comparable to the Recent Hormosira and re- 
garded the swellmgs as spore cases. Boucek and Elias sug- 
gested that Rhabdoglyphns may represent the workings of 
an amphipod, a gastropod, e.g.. Bulla, or even possibly a 
holothuroid similar to Leptosynapta. They rejected a pos- 
sible annelid origin. In the German summary they give no 
explanation for the periodic swellings nor do they give any 
reason for mentioning Bulla and Leptosynapta as possible 
originators. 

CINCINNATIAN   REPRESENTATIVES 

Rhabdoglyphus sp. 

Plate 22, figures 4-6; Text-figure 291 

Discussion. — Rhabdoglyphus-Yike forms are present, 
though uncommon, in the Cincinnatian. Only 10 specimens 
have been collected, eight from the Richmond and one 
each from the Eden and Maysville. Unfortunately material 
has never been observed in place. In contrast to the Euro- 
pean forms discussed above, all Cincinnatian representatives 
are preserved in calcisiltites and calcarenites as concave 
epireliefs, i.e., as hemispherical depressions normally con- 
nected by hemicylindrical troughs. The entire pattern, 
whose length ranges from 9-30 cm, is either straight or 
gently curved. Both the size and shape of the hemispherical 
depressions vary greatly. They may be round (PI. 78, fig. 
4), cordate (PI. 78, fig. 5), bottle-like (Pi. 78, fig. 5), or 
rectangular ( PI. 78, fig. 6). When only four or five de- 
pressions are present, they are normally of the same size, 
but when the number is greater, there is a definite gradation 
from smaller to larger. One example noted in the field con- 
sisted of 12 depressions. The first and largest measured 8 
mm in diameter, the last only 2 mm. The depth varied 
from 0.5-1.0 mm and generally speaking the larger the 
diameter, the greater the depth. As in European specimens 
of Rhabdoglyphus, the distance between the depressions 
varies. The actual measurements are present in Table II. 

The shallow connecting troughs are only one-third or 
one-half as wide as the depressions. In some cases the 
troughs are deeper adjacent to the depressions and appear 
to bend down into them. Where there is a definite grada- 
tion in the size of the depressions, there is an associated 
trend in tile ilevelopment of the connecting troughs. The 
larger and deeper the depression, the better developed the 

TABLE III 
Specimen 
Number Hemisphere Number 

1 2        3        4        5        6        7        8        9       10      II       12 
1) 9      18      20      13      30      —      —      —      —      —      — 
2) 8        8        7        7        9______ 
3) 15        6      16        9        3       11 8        7      —      —      — 
4) 11 8        9      20      18      —      —      —      —      —      — 
5) 8 11      —      —      —      —      —      —      —      —      — 
6) 8 7         8         5_______ 
7) 5 7      12      II      —      —      —      —      —      —      — 
8) 7 10       12       17       17         7      _      _      _      _      _ 
9) 9 7]0?696      —      —      —      — 

10) 9 10       10       14       10         8       11         9         7         6       17 

connecting trough; on tiie other hand, where the depres- 
sions are small and shallow, there may be no connecting 
trough present (PI. 78, fig. 6). Normally the connecting 
troughs appear to be simple impressions, but one specimen 
(PI. 78, fig. 6) shows raised borders, and apparently there 
has been movement along this trough from left to right. No 
evidence of sculpturing was found on any of the speci- 
mens; both the connecting troughs and the hemispherical 
depressions are smooth. 

A comparison of the morphology of the Cincinnatian 
forms with that of Rhabdoglyphus shows that both can be 
safely placed within a single genus. The Cincinnatian speci- 
mens are judged to represent molds of the same trace de- 
scribed from casts in Europe. This is a difference in preser- 
vation rather than morphology, and for the present there 
seems no good reason for not assigning the Cincinnatian 
representatives to Rhabdoglyphus. 

Interpretation. — The origin of these beadlike forms 
is not readily apparent. Other than bearing a superficial 
resemblance to the Recent algal genus Hormosira Schaffer, 
1928, figs. 1,2), there is no indication that it is a plant. 
The general form recalls prod marks such as those figured 
by Dzuhnski and Sanders (1962, pi. XII, fig. B). The 
authors illustrate a sole-marking from the Polish Flysch 
which shows a series of hemispheres produced by a frag- 
ment of a fish vertebra skipping along the bottom. The 
problem ot extending this kind of explanation to at least the 
Cincinnatian representatives of Rhabdoglyphus is that there 
is no evidence of linear current action; in fact one specimen 
(PI. 78, fig. 5) is superimposed over interference ripples. 
Moreover, the hemispherical depressions of Rhabdoglyphus 
do not show the distortion one would expect if an object 
had gouged the bottom at a shallow angle. For these 
reasons Rhabdoglyphus is not thought to be of physical 
origin. 

Although the behavioral pattern reflected by its mor- 
problem of extending this kind of explanation to at least the 
Rhabdoglypthus is a trace fossil, most probably a variety of 
Repichnia   or   Fodinichnia.   As   mentioned   previously,   one 



TRACE FOSSILS CINCINNATI ARI-A: OSGOOD 371 

specimen illustrated by Boucek and Elias appears to ex- 
tend up into the host rock, and one Cincinnatian specimen 
(PI. 78, fig. 6) does show evidence of movement. If we 
assume that these fossil-bearing calcisiltites and calcarenites 
were overlain by lutite'*'' and that the form represents in- 
faunal activity, it is relatively easy to explain why troughs 
are not found between all the hemispheres. It is believed 
that the organism burrowed down through an unknown 
thickness of lutite, periodically altering its behavior to pro- 
duce the "knots" or swellings. Only where it was burrowing 
horizontally along the shale-silt interface would we fmd 
both the swellmgs and connecting depressions. If the animal 
veered up slightly into the mud, the connecting depressions 
would be the first feature to be lost, since they are not so 
deeply impressed as the "knots." However, one would ex- 
pect the swellings to be smaller and shallower than when 
there is a connecting link between them. This is exactly the 
case. The same would hold for the specimens described by 
Boucek and Elias, except here the calcarenite which contains 
the specimen was probably underlain by lutite. The organ- 
ism burrowed down through the calcarenite and along the 
interface. The overlying calcarenite filled in the depression 
as the animal moved along, thus producing the type of 
preservation commonly encountered in trace fossils, i.e., 
convex hj'porelief. Still unexplained is the nature of the 
organism which produced the trace and the meaning of the 
periodic swellings. 

One Recent trace has been described which may pos- 
sibly offer a basis for comparison with fossil forms. In at- 
tempting to explain the origin of Arthraria, Fenton and 
Fenton (1934a, pi. XXVIII, fig. 2) described the peculiar 
actions of the gastropod Illyanassa obsoleta (Say) on the 
mud flats of San Francisco Bay. Illyanassa ploughs along 
the surface, leaving a trail much like the connecting de- 
pressions found in Cincinnatian Rhabdoglyphus, then it 
abruptly twists and digs a shallow conical pit before once 
again proceeding on its wzy. The authors give no reason 
for this behavior. 

The meaning of periodic swellings in Rhabdoglyphus is 
uncertain. Perhaps they are infaunal analogues of the conical 
pits of Illyanassa. It is also possible that Rhabdoglyphus is 
the burrow of a Sedi77ientfresser and that the swellings 
represent periodic (peristaltic) anal constrictions and ex- 
pansions. Likewise, they might be the results of localized 
muscle knotting, possibly for the eversion of a proboscis. 

Rhabdoglyphus bears a superficial resemblance to some 

''One  specimen   shows  a  finer  grained   mud   filling  the  hemispheres. 

moniliform sponges, e.g. Girtyocoelia; however, there is no 
evidence to indicate that Rhabdoglyphus is the mold of a 
sponge or spongelike body. 

TYLICHNUS n. gen. 

Plate 56, figure 7; Plate 71, figure 2; Text-figures 25,29m 

1842.   Non Cruziana d'Orbigny, Voyage dans  I'-Americjiie meridionale 
T. 3, p. p. 30, pi. 1, fig. 1. 

1852.   Mori   Rusop/iycus   Hall,   Nat.   Hist.   New   '^'ork,   Palaeont.   Ni'w 
York, vol. 2, p. 23, pi. 9, figs. la-c. 

1873.   Non Pianulili-s Nicholson,  Rov.  Soc.  London,  Proc,  vol.  21,   p 
389. 

1878.   Husop/iyius Hall, Miller and Dyer, Cincinnati Soc. Nat. Hist., 
Jour., vol. I, p. 2, pi. 1, figs. 5-5a. 

1885.   Parlim  Cruziana d'Orbigny,  James,  J,  F.,  Cincinnati  Soc.  Nat. 
Hist., Jour., vol. 7, p. 156, pi. 8, figs. 3. 

1891.   Parlim  Planolitrs  Nicholson,   James  J.  F.,  Cincinnati   Soc.  Nat. 
Hist., Jour., vol.  14, p. 47. 

1962.   Partirn   H'alciiltia   Hantzschel,   Trace-Fossils   and   Prohlematica 
in   Treatise   on   Invertebrate   Paleont.,   Moore    (ed.),   pt.   W, 
Miscellanea, p. W243. 

Type Species. — Rusophycus asperum Miller and Dyer 
(1878) (PI. 71, fig. 2; HBM 3179; latex mold USM 37588) 
from the Eden beds, Cincinnati, Ohio. Monotypic. The form 
is not common and is known from only four specimens. 
Regrettably precise locality data are lacking. 

Diagn-osis. — Faintly bilobate trails preserved as con- 
vex hyporeliefs; surface of trail characterized by nine paral- 
lel rows of nodes which are offset so as to form a "zipper- 
like" pattern. 

Discussion.— MiWev and Dyer (1878a, p. 2) charac- 
terized "Rusophycus" asperum as consisting ". . . of long 
stems, flattened on the upper side, or having a longitudinal 
depression, which gives to them a subangular outline. The 
surface is made very rough by numerous papillae, many of 
which are transversely elongated." While they remarked 
that "... it is separated by generic differences from such 
forms as R. pudicuni and R. bilobatu7n" (ibid, p. 2), they 
declined to establish a new genus. As will be shown below, 
the unusual papillose ornamentation serves to differentiate 
this form from all known trace fossils. Accordingly the new 
genus Tylichnus is proposed for "Rusophycus" asperum. 

The type specimen of Tylichnus asperum (PI. 71, fig. 2) 
is perserved as a convex hyporelief on a fine-grained, cross- 
laminated calcarenite. The slab bears short fragments of 
several specimens which interpenetrate but do not branch. 
Vertical sectioning reveals that the forms extend up into the 
host rock and are subquadrate in cross-section, the width of 
the burrow being 3.S mm; the height, 1.5 mm. The contact 
between the burrow filling and the host rock is not sharply 
defined, and there is no apparent difference in lithology. As 
viewed in Plate 71, figure 2, the surface of the burrow is 
flattened, although one portion (upper left) is faintly bilo- 
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bate. The pustulose ornamentation varies in its arrange- 
ment. As shown in Text-figure 25, the basic pattern con- 
sists of nine parallel rows of transversely elongate nodes. 
The rows are offset so as to give the overall pattern a 
"zipper-like" appearance. In contrast, some segments of 
the burrow show no preferred arrangement, and the closely 
packed nodes are distributed randomly' over the surface. 

Text-figure 25. — Enlargement of Tylichnus uspfium (Miller and 
Dyer), 1878. The ornamentation of the holotype consists of alternating 
rows of nodes arranged in a 5-4-5-4- pattern. In other members of the 
species the arrangement is not so  regular;  X  7.5. 

Plate 66, figure 7 shows another slab bearing six short 
specimens. The burrow width is 2.5-3.0 mm, and the largest 
form has a length of only 1 cm. The nodose surface of these 
specimens differs somewhat from that seen in the type. 
In one form the nodes are arranged in three parallel rows 
which are slightly oblique to the longitudinal axis of the 
burrow. The lateral rows consist of a single moniliform chain 
of nodes. In opposition, the median row is slightly wider, 
and along most of its length the nodes exhibit no preferred 
grouping. However, in one small segment the nodes are 
arranged in an alternating 1-2-1-2 pattern. The remaining 
specimens on the slab are weakly bilobate, and the nodes do 
not show a linear arrangement; however, the lateral nodes 
are slightly larger than the median. On one of the specimens 
the side of the burrow adjacent to the host rock is partly 
exposed, and the same nodose ornamentation can be seen, 
suggesting that the entire burrow may be characterized by 
a pustulose surface. Vertical sections reveal that, like the 
type specimens, the burrows are of infaunal origin. 

The additional specimens available for study add 
little to the knowledge of the ornamentation. However, they 
do show that the burrow may attain a length of up to 8.5 
cm. 

Interpretation. — Miller and Dyer (1878) believed 
that "Rusophycus" asperum was a "fucoid," while J. F. 
James (1885) concluded that it was an annelid burrow. 
In 1891 James placed the form in Planolites, but as shown 
elsewhere, his concept of Planolites embraced such a variety 
of forms that it is virtually meaningless. It is also clear 
from the above discussion that Tylichnus bears no resem- 
blance to either Rusophycus or CnizunH!. The nodose sur- 

face of Tylichnus is totally unlike the striae which cover the 
lobes of the trilobite burrows. 

The nodose surface recalls forms such as Ophiomorpha 
Lundgren (1891) from the Upper Cretaceous and Tertiary 
of North America, Europe, and Japan and Pennatulites de 
Stefani (1885) from the Tertiary of Europe and the West 
Indies. However, as illustrated by Hiintzschel (1952, pis. 
13,14), Ophiomorpha is oriented either normal to or only 
slightly oblique to the bedding and may attain a diameter 
of 2 cm. Moreover, the nodes of Ophiomorpha are much 
larger and show no preferred groupings. Pennatulites is a 
bilobate bundled burrow and is briefly discussed herein 
under Trichophycus venosum. The specimen of Pennatu- 
lites illustrated by Hantzschel (1962, figs. 127-la,b) has a 
diameter of 4 cm, and while the nodes are smaller than 
those of Ophiojnorpha, they are arranged in parallel rows 
much like kernels of corn. 

Since there are no known Recent counterparts of 
Tylichnus, little can be said of the originator of the burrow. 
The subquadrate cross-section and the possibility that the 
nodes encircle the entire burrow suggest a vermiform body 
ringed by some type of papillae. Perhaps the nodes repre- 
sent the impressions of a feeding apparatus surrounding the 
mouth of an organism working along the lutite-calcisiltite 
interface. There is no evidence of a genetic relationship be- 
tween T. asperum. and the moniliform .''fecal string seen on 
Plate 66, figure 7 (center bottom). 

ORMATHICHNUS Miller, 1880 

Plate  78,  figures  1-3 

1880.   Parlirn  Urmalhlchnus  Miller,  Cincinnati  Soc.  Nat.  Hist.,  Jour., 
vol. 2, p. 222, pi. 14, figs. 4,5. 

1886.   Partim Ormathichnus Miller, James, J. F., Cincinnati Soc. Nat, 
Hist., Jour., vol. 8, pp. 160,161. 

1962.   Partim   Ormathichnus   Miller,    Hantzschel,    Trace-Fossils   and 
Problematica in Treatise on Invertebrate Paleont., Moore( ed.), 
pt. W, Miscellanea, p. W207. 

Type species. — Ormathichnus m,onilijormis Miller 
(1880) from "Walker Mill Road [State Avenue, Cincinnati, 
Ohio], less than 100' above low water" (probably South- 
gate). Monotypic. 

Diagnosis. — A small trail resembling a series of 
minute disconnected Rusophycus which grade into the con- 
tinuous  ridges of Cruziana. 

Discussion. —M\\\eT (1880, p. 222) described the 
genus as "a single continuous beaded track or trail." Two 
specimens were figured and discussed. The first (Miller, 
1880, pi. 14, fig. 4) he hkened to a cast of the stem of 
Heterocrinus simplex; the second (PI. 70, fig. 5) differed in 
that it possessed "a longitudinal furrow in the middle." 

An analysis of the syntypes reveals that they are two 
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different things. The form illustrated by Miller on plate 14, 
figure 4 (herein PI. 78, fig. 3) is preserved as a convex 
hyporelief and consists of a row of 30 moniliform welts 
whose aggregate length is 25 mm. It fades out in one 
direction and is incomplete at the other end. It is associated 
with groove casts and a few scour marks, as well as a series 
of parallel striae which resemble a cast of the markings 
made bj' a rolhng crinoid stem. 

The other specimen (Miller, 1880, pi. 14, fig. 5; herein 
PI. 78, figs. 1,2), 1 mm wide and 6.0 cm long, is semi- 
circular in outline. The morphology of the form varies along 
its length. In the upper left-hand corner, as viewed on Plate 
78, figure 2, it consists of three long grooves separated by 
two raised ridges. These ridges are so small that it is 
impossible to determine whether they are striate or smooth. 
The remaining 4.0 cm of the specimen resemble a series of 
minute unconnected Rusophycus (PI. 22, fig. 1). These re- 
call on a much smaller scale Seilacher's (1955, figs. 4a-b 
and 5a) illustration of Rusophycus didymus. 

Interpretation. — Although Miller stated that Orma- 
tInch nus was probably a gastropod trail, he gave no sup- 
porting evidence other than the fact that gastropods were 
found in the same bed. J. F. James (1886) regarded the 
genus as a cast of the impression of a rolling crinoid stem, 
and this probably is a correct interpretation for one of the 
specimens (PI. 78, fig. 3). The length of the raised seg- 
ments (1 mm) is equal to the spacing between the parallel 
striae on the same surface. The only problem is that 
"Ormathichnus" is oriented parallel to the current direc- 
tion. Normally casts of the impressions of rolling crinoid 
stems are either at right angles or oblique to the current. 
In any event it apparently is not a trace fossil but some 
variety of an inorganic tool mark. 

The other specimen (PI. 78, figs. 1,2) is judged to be 
the trail of a small arthropod, possibh' a trilobite. Based 
on the orientation of the Rusophycus-Wkt imprints, move- 
ment was from left to right as viewed in Plate 78, figure 2. 
In reality the trail is a combination of Cruziana and Ruso- 
phycus. The organism initially ploughed along producing a 
""micro-Cruziana" consisting of three grooves and two 
ridges. It then altered its method of movement to give rise 
to a series of unconnected Rusophycus. Because of its ex- 
tremely small size. Miller's original generic designation is 
retained; but, the form is not a common Cincinnatian trace 
fossil, and no subsequent specimens have been found. 

PALAEOPHYCUS Hall, 1847 

Plate 76, figiire> 1-9; Plate 77, figures 1,4-7; Plate 83, figures  1,4; 
Text-fig. 29k 

1847.   Piiliiiophycus  Hall,  Nat.  Hist.  New York,  Paleont.  New  York, 
vol. I, pp. 7,8,63, pi. 2, figs. 1-5;  pi. 21, fig. 2;  pi. 22, fig.  1. 

1852. Palarophycus Hall, Hall, Nat. Hist. New York, Paleont. New 
York, vol. 2, pp. 6,22, pi. 3, figs. 2a-b; pi. 22, fig. 10. 

1873. A'un Ptanolitts Nicholson, Rov. Soc. London, Proc, vol. 2, p. 
289. 

1885. Palaeophycus Hall, James, J. F., Cincinnati Soc. Nat. Hist., 
Jour., vol. 7, pp. 155-157. 

1891. Parlim Planolitcs Nicholson, James, J. F., Cincinnati Soc. Nat. 
Hist. Jour., vol. 14,  p. 47. 

1962. Palaeophycus Hall, Hantzschel, Trace-Fossils and Problematica 
in Treatise on Invertebrate Paleont., Moore (ed.), pt. W, Mis- 
cellanea, p. W208. 

Type species. — Palaeophycus tubulare Hall (1847) 
from the "Calciferous Sandstone" (Beekmantown; Lower 
Ordovician, marine) of the Mohawk Valley of New York 
State (NYSM 241/1, 241/2, 241/3, 241/4). Lectotype, Wil- 
son (1948). 

Diagnosis. — Slightly irregular cylindrical burrows of 
varying length which are oriented obliquely to the bedding 
plane. Most forms are unbranched, although a few bifur- 
cate infrequently in no apparent pattern. The genus is most 
commonly found as hemicylinders which are preserved 
either as convex hyporeliefs or concave epireliefs. The sur- 
face of the hemicylinder may be smooth, striate, or annu- 
late. Specimens vary from 3-15 mm in diameter and have 
a length of 5-20 cm. 

Discussion. — Hall (1847, p. 7) defined Palaeophycus 
as "stem terete, simple or branched, cylindric or sub- 
cylindric surface nearly smooth, without transverse ridges, 
apparently hollow." Four specimens of the type species were 
figured and each of these will be discussed  below. 

1) P. tubulare Hall (1847, pi. 2, fig. 5; herein PI. 77, 
fig. 4; NYSM 241/2; latex mold UCM 37700). This speci- 
men, which is preserved as a convex hyporelief in a blue, 
medium-grained calcarenite, contains several terete or hemi- 
cylindrical tubes which vary in diameter from 3-7 mm. 
Apart from one form which has a median longitudinal fur- 
row, the surface of the tube is smooth. None of them show 
any clear evidence of branching, although interpenetration 
is common; and where the tubes intersect the side of the 
slab, the bedding is disturbed. Thus, these are not mere 
surface features but are instead of infaunal origin. There 
is no marked difference between the composition of the 
tubes and that of the host rock. 

2) P. tubulare Hall (1847, pi. 2, fig. 2; herein PL 77, 
fig. 7; NYSM 241 2; latex mold UCM 37701). In essence 
this specimen is similar to the one just described. It is pre- 
served as a convex hyporelief in a calcarenite, and the 
hemicylinders with their smooth surface have a diameter 
which ranges from 3-10 mm. Only one form is seen to 
bifurcate; the others cross over and interpenetrate. Obser- 
vation of the margins of the slab reveals that the burrows 
penetrate the host rock and disturb the bedding. The fill- 
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ings of the tube are slightly more fine grained than the 
surrounding calcarenite. Presumably serial sectioning of the 
specimen would show that those hemicylinders which appear 
to fade out on the surface in reality extend up into the host 
rock. 

3) P. tubulare Hall (1847, pi. 2, fig. 4; herein PI. 77, 
fig. 1; NYSM 241/3; latex mold UCM 37699). This form 
is so poorly preserved that it adds little to the knowledge 
of the genus. The host rock is a dense, blue, limonite-en- 
crusted calcarenite. The single smooth terete tube, which 
is 8 mm in diameter, appears to give off three small 
branches. It is not possible to determine whether the tube 
is preserved as a convex hyporelief or convex epirelief. 
Likewise, it is so encrusted with limonite that its composi- 
tion  is  unknown. 

4) P. tubulare Hall (1847, pi. 2, fig. 1; herein PI. 76, 
rig. 8; NYSM 241/1; latex mold UCM 37698). Remnants 
of bedding indicate that the host rock originally consisted 
of thick beds of blue calcarenite interstratified with thinner 
layers of pink calcarenite. However, the beddmg has been 
so disturbed by bioturbation that the pink calcarenite now 
appears only as lenses. The numerous tubes possess the 
same basic patterns as those in the specimens described 
above, for there is no branching but interpenetration is 
common. They differ only in that they are slightly larger 
(diameter of largest form is 1.7 cm), and their surface 
bears faint irregular longitudinal striae. Vertical sections 
show that only about one-third of the surface of the tube 
is visible; thus, here again we are dealing with cylindrical 
bodies which extend up into the host rock. 

In summary then, a restudy of the syntypes of P. 
tubulare demonstrates that the type species consists of gen- 
erally unbranched cylindrical tunnel fillings of varying di- 
ameters which extend up into the host rock. Aside from 
the exceptions noted above, the surface of the cylinders is 
smooth, and the fillings have a composition similar to that 
of the host. 

Hall (1847, 1852) proposed six additional species of 
Palaeophycus. In order to illustrate the wide range of mor- 
phology occuring in the genus, these will be briefly dis- 
cussed below. 

1) P. rugnsum Hall (1847, pi. 21, fig. 2; NYSM 240/1 
was described from the marine Trenton (Middle Ordo- 
vician) beds of Middleville, New York. The species (PI. 76, 
fig. 1) is characterized by coarse irregular rugosites which 
are oriented approximately parallel to the axis of the 
branch. The main branch has a diameter of nearly 3 cm 
and is forked at one end. As the margin of the slab shows, 
the  specimen   is   preserved   as   a   convex   hyporelief  where 

the composition of the  filling is  the same  as  that  of the 
host   (coarse-grained  calcarenite). 

2) P. tortuosum Hall (1852, pi. 3, figs. 2a-b; USNM 
41102) was proposed for forms from the red Queenston 
(Upper Ordovician) strata of Irondequoit Bay, New York. 
The smooth subcylindrical fragments (PI. 76, figs. 2-4) are 
composed of an ferruginous silt and have a diameter of 1 
cm. As Hall noted, two of the specimens are helicoid. 
Since the specimens are completely disassociated from the 
host rock, it is impossible to determine the lithology of the 
latter. 

3) IP. striatum Hall (1852, p. 22, pi. 10, fig. 1-2) from 
the Clinton (Middle Silurian) of Oneida County, New 
York, was placed in the genus with some hesitation. Only 
two of the five specimens figured by Hall were studied.^® 
The specimens are preserved as convex hyporeliefs in poorly 
sorted silts and can be seen to extend up into the host. 
The form illustrated on Plate 76, figure 6 consists of two 
subcylindrical burrows which have a width of 1 cm. Both 
are marked by numerous faint longitudinal striae, and the 
longer burrow is characterized by a narrow longitudinal 
crest. The other slab (PI. 76, fig. 7) bears four unbranched 
subcylindrical fillings. The width of the burrows ranges 
from 6-8 mm, and only one form possesses the faint striae 
which  characterize the species.^' 

4) P. irregularis Hall (1847, p. 8, pi. 2, fig. 3) from the 
Beekmantown (Lower Ordovician) beds of northeastern 
New York is an irregularly branched, smooth form which 
covers "the entire surface of large slabs of sandstone." Hall 
related that it is much smaller than P. tubulare, but other 
than that the species is so nondescript that it is difficult 
to diagnose or compare. 

5) P. simplex Hall ( 1847, p. 63, pi. 22, figs, la-d) from 
the Trenton (Middle Ordovician) Limestone of Middle- 
ville, New York, normally occurs as fragments which have 
a diameter of 1 cm and a length of 15 cm. Hall remarked 
that he has several hundred fragments and that ". . . the 
interior is filled with fragments of shells, crinoidal columns, 
etc." (Hall, 1847, p. 63). He went on to say (ibid., p. 63) 
that the species ". . . appears to have grown only during 
the shaly deposition, and is imbedded in this portion of the 
mass; consequently it is absent or obscure where such ma- 
terial is wanting as a component part of the rock." 

■"fP. strialum Hall, 1S52, pi. 10 fig. la; USNM 41108; latex mold 
UCM 37585; herein Pi. 76, fig. 6 and ? P. striatum Hall, 1852, pi. 10 
fig Ic;  USNM 41111;  herein PI. 76, fig. 7. 

■'"The remaining three species of Palarophycus proposed by Hall were 
not studied; therefore, the description is taken from the original work. 
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6) P. virgaUim Hal! (1847, p. 263, pi. 70, fig. 1) was 
described from the "Hudson River Group" (Upper Ordo- 
vician) of Washington County, New York. Hall (1847, 
p. 263) remarked that "'this species is only seen in frag- 
ments of long rigid stems, of nearly equal diameter . . . 
Fractured or weathered surfaces of arenaceous shales often 
present great numbers of these fragments, imbedded in 
great confusion." Hall said that the species was similar to 
P. simplex but that "it is impossible to indicate characters 
either to assimilate or distinguish them" (ibid., p. 263). 

In the years following Hall's work, IS additional species 
of Palaeophycus were proposed by various authors from 
the Cambrian, Ordovician, and Pennsylvanian rocks of 
North America and from a variety of depositional environ- 
ments. These were differentiated from Hall's species by the 
number, size, and rigidity of the branches, as well as the 
size of the entire pattern. 

In view of the wide range of forms included in Palaeo- 
phycus, it is not surprising that the validity of the genus 
has been questioned. Most frequently Palaeophycus has 
been compared with Planolites Nicholson ( 1873 ), which was 
originally described from the Guelph (Lower Silurian) sec- 
tion of Ontario. Howell (1943) placed Palaeophycus inci- 
piens Billings (1861) and Palaeophycus congregatus Billings 
(1861), from the Upper Cambrian Potsdam Sandstone of 
Vermont, in Planolites. J. F. James (1885) discussed sev- 
eral species under Palaeophycus, but in 1892 he considered 
these, and still additional forms, under the heading of 
Planolites. Recognizing the confusion, Howell (1943, p. 18) 
suggested restrictmg Planolites to ". . . all those usually 
more or less horizontal but sometimes diagonal or vertical 
burrows having diameters of approximately 8-12 mm that 
are not marked by such prominent cross ridges as are char- 
acteristic of the species of Artkrophycus . . ." However, 
as seen by the above discussion of Hall's forms, this diag- 
nosis does not really serve to differentiate Planolites from 
Palaeophycus. It is instead believed that Nicholson's orig- 
inal discussion (1873) as augmented by Nicholson and 
Hinde (1875) may provide the key. Nicholson (1873, pp. 
309-310) described Planolites as ". . . burrows [which] run 
more or less horizontally as compared with the laminae 
of deposition, or they penetrate the strata obliquely . . . 
[These] are preserved . . . not [as] the actual burrows 
themselves, but the burrows filled up with sand or mud 
which the worm has passed through its alimentary canal." 
Nicholson and Hinde (1875, p. 3) expanded the definition, 
stating "they appear usually in the form of cylindrical 
or flattened stemlike bodies, which are often more or less 
matted together and which may cross one another in every 
imaginable  direction." Although  the  type  species,  P.  vul- 

garis, was not figured, Nicholson (1873) stated that the 
diameter varies from 1-4 mm; and the burrow may be ir- 
regularly thickened. There was no mention of branching. 
While they did not elaborate, both Nicholson (1873) and 
Nicholson and Hinde (1875) remarked that some of Hall's 
species of Palaeophycus should probably be placed in Plano- 
lites. 

Whereas neither Nicholson nor Nicholson and Hinde 
flatly stated that there is a difference between the lithology 
of the cylindrical tubes and that of the host rock, they cer- 
tainly imply it. In addition, their description has been fol- 
lowed by Rudolf Richter (1937) and Reineck (1955). 
Richter (1937) established Planolites montanus for irregu- 
lar compressed cylinders from the Carboniferous (sedi- 
ments) of the Ruhr. The cylinders are 4 mm in diameter 
and can be traced for 1-4 cm; there is no over-all pattern. 
However, there is a marked difference in the lithology of 
the tunnel fillings (see Richter, 1937, figs. 2-4), and in 
some cases the bedding bends around these fillings (see 
Richter, 1937, fig. 5). Reineck (1955) proposed Planolites 
rugulosus for specimens from the nonmarine Wadener beds 
(Permian) of Germany. These are cylindrical bodies over 
1 cm in diameter which are marked externally by annula- 
tions and longtitudinal striae. They lie obliquely to the 
bedding planes, are unbranched and follow an irregular 
course. Internally P. rugulosus consists of material which 
is either coarser or finer grained than the host rock. 
A cross-section of the cylinder reveals a series of "growth 
rings," while a longitudinal section shows that these are 
hemispherical packings (see Reineck, 1955, fig. 2). 

Based on the above discussions, there may be clear 
grounds for separating Palaeophycus and Planolites. The 
key factor is the lithology of the burrow filling as com- 
pared to that of the host rock. As best can be determined 
from a restudy of some of Hall's type material, there is 
no marked lithological difference between the fillings and 
the host. In contrast, on the basis of Nicholson's descrip- 
tion Planolites appears to show a distinct difference. 

Interpretation. —W2i\\ (1847, 1852), Billings (1862), 
and other earlier authors considered Palaeophycus to be 
fragments of stems of once larger "fucoids." J. F. James 
(1885) was one of the first to point out that Palaeophycus 
was a burrow, and he compared the genus to Recent anne- 
lid trails observed on the banks of the Little Miami River 
in Ohio. Most subsequent authors, e.g., Bassler (1915), 
Hiintzschel (1962), have accepted the burrow interpreta- 
tion. Although no one has studied the genus in detail, other 
interpretations have been offered. Wilckens (1947) applied 
Abel's (1935) interpretation of Arthrophycus to Palaeo- 
phycus   and   thought   that   both   were   fragments  of  worm 
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tubes uprooted and scattered about during storms. On 
the other hand, Wilson (1948) held to the "fucoid" hypo- 
thesis. 

The fact that the tubes of Palaeophycus interpenetrate 
and extend up or down into the host rocks indicates that 
they are burrows and not "fucoids" or portions of agglu- 
tinated tubes. It is concluded that they are of infaunai 
origin and represent the unorganized pathways of errant 
organisms which were progressmg through the sediment, 
quite possibly in search of food. As the animal moved along 
at depth, the sediment was pushed aside only to collapse 
again as the organism moved past, although in some cases 
mucus may have given the walls a temporary rigidity. 
There is no evidence in any of the Hall specimens studied 
by the author that we are dealing with a structure which 
was either packed by a Sedimentjresser or mined out and 
filled by sediment sifting in from outside. There is no signi- 
ficant difference between the grain size or composition of 
the filling and that of the host rock. 

Recent counterparts of Palaeophycus are made by pre- 
daceous polychaetes {e.g., Glycera), gastropods {e.g., Poly- 
nices), and presumably could be made by some pelecypods. 
The difference in the sculpturing seen on some of Hall's 
species would seem to indicate that the genus includes forms 
made by several different organisms. In its present state 
Palaeophycus contains too wide a range of morphological 
characteristics, and the type specimens alone do not pro- 
vide sufficient material to permit a meaningful restudy of 
the genus; they are far too fragmentary. It will be necessary 
to recollect original localities, noting such characteristics 
as branching patterns, if any, and the continuity of sculp- 
turing on a given form. This will undoubtedly result in a 
reduction of the number of species, and if a given form is 
sufficiently distinctive and persistent, it may well be pos- 
sible to establish new genera. Moreover, "species" of 
Palaeophycus have been described from such diverse en- 
vironments as the marine Trenton beds of New York, the 
Queenston "red beds" of New York, and the Pennsylvanian 
coal swamps of Indiana. 

An additional problem is how to distinguish Plano- 
lites from Palaeophycus, because the morphology of the 
two is similar. Both genera are cylindrical, irregular, un- 
branched, and penetrate obliquely through the strata. The 
only significant difference lies in the nature of the filling. 
It may well be that Nicholson (1873), Richter (1937), 
Howell (1943), and Reineck (1955) were correct in be- 
lieving that Planolites is the stuffed burrow of a Sediment- 
jresser and that the filling is host rock that has been passed 
through the animal's gut. Thus, if a restudy of Nicholson's 
type specimens confirms this, Planolites may be restricted 

to the stuffed burrows of Sedimentfressers, while Palaeo- 
phycus is the passageways of errant predaceous or selective 
feeders. Nevertheless, it must be admitted that in some 
cases it may be difficult to distinguish between these two 
categories. Little work has been done on the effect that 
organisms have on the mineralogical and textural proper- 
ties of ingested sediment. Presumably soft particles could 
be reduced by abrasion, and it is possible that organic 
acids could alter both the grain size and composition of 
carbonate particles. Enzymes might also produce a color 
change. Obviously the most positive evidence for a fecal- 
stuffed burrow is the presence of fecal pellets. 

CINCINNATIAN   REPRESENT.^TIVES 

Palaeophycus sp. 

Plate 76, figures 5,9; Plate 77, figures 5,6; Plate 83, figures 1,4; 
Text-figure 29k 

Discussion. — J. F. James (1885) reported that five 
"species" of Palaeophycus could be identified in the local 
Cincinnatian section As he recognized, Palaeophycus fle.xu- 
osum U. P. James (1879) is of inorganic origin and is not 
comparable to the species of Palaeophycus figured by Hall. 
This form is discussed herein under "Fucoids of Inorganic 
Origin." Likewise, what J. F. James (1885) presented as 
Palaeophycus virgatum Hall does not appear to belong in 
the genus. He remarked that they were ". . . about an 
inch wide, and about eight inches long, of the same width 
[throughout] their whole length . . . and overlying one 
another in various directions" (James, 1885, p. 158). These 
were tentatively interpreted by James as the molds of large 
Solen (which are unknown in the Cincinnatian). The de- 
scription recalls the "turkey tracks" which have been shown 
elsewhere in this work to be portions of the burrow of 
Trichophycus venosum. 

The remaining three "species" are P. tubidare Hall, 
P. rugosum Hall, and P. simplex Hall. J. F. James consid- 
ered the latter two as synonymous and believed that P. 
tubulare and P. rugosum were two different expressions of 
the same burrow. To James (1885, p. 158) P. riigoswtn 
represented the entire burrow with "the rugose surface . . . 
caused by the irregularly thrown up mud; the flexuous 
stem and the branching, by the windings of the worm." 
He mentioned that he had seen similar burrows on the 
banks of the Little Miami River. P. tubulare was merely 
a P. rugosum with the roof of the burrow removed (i.e., a 
concave epirelief or hyporehef). However, the restudy of 
the type specimens of the two species indicates that they 
are both preserved as convex hyporeliefs, and thus James' 
explanation is incorrect. In 1891 J. F. James listed P. vir- 
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gatitm, P. tubulare, and P. rugosuvi under the generic head- 
ing Planolites, but gave no explanation. Because J. F. James 
never figured any of these species, it is difficult to corre- 
late his names and brief descriptions with the specimens 
which actually occur in the Cincinnatian section. Moreover, 
as shown above, the various "species" of Palaeophycus have 
little meaning at this time, and nothing would be gained 
from assigning Cincinnatian forms to previously existing 
species of the genus. For this reason Cincinnatian material 
is informally discussed below as Palaeophycus types A, B, 
and C. Comparisons with various "species" of Palaeophy- 
cus are drawn where possible. 

Palaeophycus, type-A 

Plate 76, figure  5 

Discussion. — Palaeophycus, type-A (PI. 76, fig. 5), 
is known only from the Corryville beds of O'Bannion 
Creek, Clermont County, Ohio. The form occurs as a con- 
vex hyporelief in a well-bedded, medium-grained calcaren- 
ite and consists of cylindrical tunnel fillings which are both 
parallel and oblique to the planes of stratification. The 
cylinders are 3-6 mm in diameter and attain lengths up to 
19 cm. The tunnels are distinctly annulate and bear 3-5 
annuli/cm; they show no other surface markings. The forms 
are unbranched but interpenetration and crossing over are 
common. P., type-A is either straight or gently curved in 
outline, and in places the burrows appear to dip below 
the surface of the host rock, sometimes rising again after 
a few centimeters. They are not found preserved as either 
convex or concave epireliefs. Vertical sections reveal a dis- 
turbance of the bedding where the tunnels penetrate the 
host rock, and the composition and grain size of the tunnel 
filling is no different from that of the host. P. type-A 
appears to differ from all known species of Palaeophycus in 
the possession of annuli. In general appearance it resembles 
the illustrations of Planolites annularius Walcott (1889) 
(see Walcott, 1890, pi. 60, fig. 5) from the Lower Cambrian 
near Greenwich, New York, and Planolites corrugatus Wal- 
cott (1899, pi. 24, fig. 8) from the Precambrian Greyson 
Shale near Neihart, Montana. However, examination of the 
type specimen reveals that P. corrugatus (PI. 77, fig. 2; 
USNM 33796) is not annulate as Walcott believed, and the 
"annuli" probably represent the cleavage planes of the 
slate. P. annularius (PI. 77, fig. 3; USNM 18360) is badly 
weathered but does appear to be annulate. As nearly as can 
be determined, both specimens are stuffed burrows, and 
thus according to the definition employed herein are plano- 
litids. 

Palaeophycus, type-B 

Plate 76, figure 9; Plate 77, figure 6 

Discussion. — The forms grouped under P., type-B, 
are not common; single specimens are known from the Mt. 
Hope beds on U.S. Route 50, 0.5 miles west of Aurora, 
Indiana, and the Corryville beds at Stonelick Creek. P., 
type-B, combines the longitudinal striae of Palaeophycus 
striatus Hall with the annulations of P., type-A. These 
cylindrical forms are gently curved and are preserved out- 
wardly as convex hyporeliefs. The diameter varies from 
5-10 mm; the longest form is 21 cm in length. There are 
4-5 annuli/cm and the striae appear as fine wavy lines. 
As seen in Plate 77, figure 6, the annuli may be better de- 
veloped in one area than in another. In both specimens 
where this is true, the weakly annulate portion of the 
cylinder has a greater diameter than the strongly annulate 
section. All four specimens extend up into the host ro ' 
with a resulting disturbance of the bedding. As in P., type-A 
the grain size and composition of the tunnel filling is simi- 
lar to that of the host rock. 

Palaeophycus, type-C 

Plate 77, figure 5; PI. 83, figures 1,4 

Discussion. — P., type-C, is the most common, yet the 
most nondescript variety of Palaeophycus. It occurs in 
great numbers in calcarenites whose coarse grains do not 
permit the preservation of fine details. If the grain size 
were smaller, it is possible that sculpturing might be evi- 
dent. P., type-C, is common in Eden strata but relatively 
rare higher in the Cincinnatian section. It is especially 
well developed in the Lower Eden near the mouth of 
Brierley Creek, 3.5 meters downstream from its crossin- 
by Taylor Creek Road, Hamilton County, Ohio. 

The diameter of the burrows varies from 5-12 mm, and 
incomplete forms have a length of 10 cm. In the same bed 
P., type-C can be preserved both as a convex hyporelief 
(PI. 77, fig. 5) and a more poorly defined convex or concave 
epirelief (PI. 83, fig. 4). None of the specimens were ob- 
served to branch, although they frequently interpenetrate. 
At the Brierley Creek locality the specimens occur in a 
coarse-grained calcarenite that is 2-5 cm thick. A parallel 
arrangement of shell fragments gives the rock a poorly 
defined bedding. There is a sharp boundary separating the 
calcarenite from the overlying lutite, and inspection of this 
lutite revealed several obliquely-directed, cylindrical tun- 
nels which angle down toward the calcarenite. Although 
none of these tunnels could be traced directly into the tun- 
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nels of the calcarenite, the evidence is suggestive. As in 
the other varieties of Palaeophycus discussed herein, cross- 
sections of P., type-C, indicate that the bedding of the 
host rock is disturbed where penetrated by the tunnels. 

When preserved as an epirelief, P., type-C, closely re- 
sembles trails found in the McMicken beds at West Fork 
Creek, Cincinnati, Ohio. The difference is largely one of 
interpretation and is discussed herein under ".'MoUusk 
Trails." 

Intcrprctatiurt. — The ethological interpretation of Pal- 
aeophycus has already been discussed and will only be 
briefly repeated here. As shown by the disturbance of the 
bedding in the host rock, all three varieties discussed above 
are of infaunal origin. Most likely they are the burrows of 
either selective feeders or predators. The fact that there 
is no "master plan" or pattern to the structures suggests 
the latter, but this is no sure criterion. There is no evidence 
that they are the stuffed burrows of sediment feeders. The 
annulate nature of Palaeophycus, types A and B, suggest 
the peristaltic movements of an elongated annelid-like body, 
while the longtitudinal striae of P., type-B, could be the 
impressions of setae which occur on the ventral surfaces of 
many polychaetes and other vermiform organisms. 

Although such forms are difficult to study and charac- 
terize because they are obliquely oriented and cut across 
bedding planes in addition to occurring in coarse-grained 
sediment, their importance should not be underestimated. 
In reality they were probably more abundant members of 
the infauna than were the more definitive and impressive 
forms, such as Phycodes. 

WALCOTTIA Miller and Dyer, 1878 

Plate 67, figure 6; PI. 69, figure 5 

878.   li'aldtllio  Miller  and   Dyer,   Cincinnati   Soc.   Nat.   Hist.,   Jour., 
vol. 1, p. 39, pi. 2, figs. 11,11a. 

878.    yiValcottia   Miller   and   Dyer,   Contributions   to   Palaeontology, 
No.   2    (Cincinnati,   Ohio,   private   publication),   p.   11,   pi.   3, 
figs. 12,12a. 

881.    fWalcottia Miller  and  Dyer, James  U.  P., The  Paleontologist, 
No. 5, p. 44. 

886.   Partim   Walcotlia   Miller   and   Dyer,   James,   J.   F.,   Cincinnati 
Soc. Nat. Hist., Jour., vol. 8, pp. 161,162. 

962.   Partim   IValcottla   Miller   and   Dyer,   Hantzschel,   Trace-Fossils 
and  Problematica  in Treatise  on  Invertebrate  Paleont.,  Moore 
(ed.), pt. W, Miscellanea,  p. W243. 

Type species.— Walcottia rugosa Miller and Dyer 
(1878) (PI. 67, fig. 6; PI. 69, fig. S; MCZ .S4.S; latex mold 
UCM 37677) from "near the top of the hills at Cincinnati" 
(.?Corryville). 

Diagrujsis. — Slender \cnnil(irn) tiacc lossils preserved 
as convex hyporeliefs which possess ohlKiiiely directed paired 

lobes. The closely spaced lobes are ridgelike and tend to 
obscure the body. The form tapers at one end and termin- 
ates at the other in a structureless ovoid mass. Other 
forms of the genus are reputedly marked by a shell-like 
covering composed of small plates or rings, or by a longi- 
tudmal groove from  which  issue five oblique striae. 

Discussion. — Miller and Dyer (1878a, p. 16) estab- 
lished Walcottia for ". . . long, tapering, rugose, flexuous 
bodies, worm-like in form . . . [which] come to a point at 
one end and are enlarged at the other. . . ." Originally only 
a type species, W. rugosa, was proposed; although in the 
second part of the same paper, they questionably assigned 
an additional species, W. cookana, to the genus. In 1881 
U. P. James added yet another, W. sulcata. The syntypes of 
W. rugosa were located in the collections of the Museum 
of Comparative Zoology at Harvard and will be discussed 
below. While Miller and Dyer remarked that the type speci- 
men of } W. cookana was also in the Dyer collection, the 
form could not be found at Harvard, nor is it with the 
Miller collection at the Field Museum. Unfortunately the 
type specimen must be regarded as lost, and any discussion 
will have to be based on Miller and Dyer's description 
and figure. U. P. James never figured W. sulcata and iden- 
tified material could not be found with the James collec- 
tion at the Field Museum. IV. sulcata is discussed herein 
under Incertac sedts. 

Walcottia rugosa Miller and Dyer 

Plate 67, figure 6; Plate 69, figure 5 

1878.   H'ltUottia ruqosa  Miller  and  Dyer,  Cincinnati  Soc.  Nat.  Hist., 
Jour., vol. 1, p. 39, pi. 2, figs. 11,11a. 

1886.   IValcottia rugosa Miller and Dver, James, J. F., Cincinnati Soc. 
Nat.  Hist.,  Jour.,  vol.  8,  pp.  161,162. 

Type locality. — The species is known only from the 
two syntype specimens which presumably are from the 
McMillan Formation. 

Diagnosis. — Slender vermiform trace fossils preserved 
as convex hyporeliefs which possess obliquely directed 
parallel lobes. The closely spaced lobes are ridgelike and, 
where present, tend to obscure the body. The form tapers 
at one end and terminates at the other in a structureless 
ovoid mass. 

Discussion. — Both specimens of W. rugosa occur on 
a single slab of fine-grained calcisiltite. The numerous tool 
marks associated with them indicate that they are pre- 
served as convex hyporeliefs. The form which probably best 
typifies the species (PI. 69, fig. S) is shaped like an open 
"S" and has a length of 4 cm and a width of .i mm. 4'lu- 
most   striking   feature   is   the   presence   of  21   paired   lobes. 
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The lobes are wide proximally and taper to a point distally. 
All are obliquely directed toward the tapered end of the 
specimen, and the spacing between them is less than a milli- 
meter. The lobes do not extend the entire length of the 
specimen but instead terminate 1 cm from the tapering 
end. In this area the specimen is marked by a thin ridge 
which bears a faintly impressed longitudinal groove. To one 
side of the ridge are markings which may be poorly de- 
veloped lobes. The other end of the specimen is charac- 
terized by an ovoid body, 6 mm long and 4 mm wide. It is 
free of lobes and bears no trace of any markings. Both sides 
of the specimen are marked by a shallow groove which in 
latex molds appears as a ridge. As will be shown later, 
these are important  for the interpretation  of the species 

The second specimen (PI. 67, fig. 6), 3 mm wide and 1.4 
cm long, is located 2.5 cm from the first and is oriented 
at right angles to it. There is no evidence of a connection 
between the two. At one end is the same ovoid mass de- 
scribed in the specimen above. The rest of the body con- 
sists of six paired lobes which differ slightly from those in 
the other form. Instead of joining the body at the sides, the 
lobes join at the midpoint and thus give the appearance 
of being imbricate chevron-shaped structures. As in the 
first specimen the apex of the "V" formed by the juncture 
of the lobes is directed toward the ovoid mass. 

Interpretation. — Although Miller and Dyer (1878a, 
p. 16) were uncertain whether W. rugosa was a "fucoid" or 
was of animal origin, they were inclined to believe that it 
was "the long lost borer of Silurian age, which has left so 
many holes in the corals and the rocks." They briefly 
described another specimen from Miller's collection which 
"represents a track from one worm hole to another, 11/2 
inches apart. The track curves from one side to the other, 
and has every appearance of having been made by such an 
object as figure 11 [herein PI. 69, fig. 5] represents" 
{ibid., p. 16). J. F. James (1886, p. 162) rejected Miller 
and Dyer's interpretation and instead believed that W. 
rugosa was "the impression of the under side of the flexible 
arm of a star-fish." 

It appears that this time Miller and Dyer's explan- 
ation is more plausible than that of James. One of the speci- 
mens (PI. 69, fig. 5) closely resembles (and in fact may be) 
the cast of an errant polychaete. The body proportions are 
similar, and the paired lobes are reminiscent of the para- 
podia seen on the Recent Nereis. Vertical sections cut 
adjacent to both ends of the longer form and near the en- 
larged end of the other show that there is no disturbance 
of the bedding. Therefore, W. rugosa is regarded as being 
(if epifaunal origin. Since the lobes are so well preserved, 
it  is unlikely  that  there  was  much   lateral   movement   in- 

volved. It is believed that a swimming annelid or annelid- 
like form settled to the bottom and left its imprint. The 
depressions on either side of the body represent sediment 
that was squeezed up as the organism came to rest. The ani- 
mal then arched its body off the substrate and began to bur- 
row into the subjacent bed. The ovoid mass would thus 
represent the point of penetration. In the shorter of the two 
forms it appears that only the anterior portions of the body 
came in contact with the bottom and that most of the body 
remained off the substrate. 

?Walcottia cookana Miller and Dyer 

1878. fM^'aUottia cookana Miller and Dyer, Contributions to Palaeon- 
tology, No. 2 (Cincinnati, Ohio, private publication), p. 11, pi. 
3, figs. 12,12a. 

1886. yiValcottia cookana Miller and Dyer, James, J. F., Cincinnati 
Soc. Nat. Hist., Jour., vol. 8, pp. 161,162. 

Type locality. — Fairview and McMillan Formations at 
Cincinnati, Ohio. The only known figure of the species 
is that given by Miller and Dyer (1878b, pi. 3, fig. 12,12a). 

Discussion. — Miller and Dyer (1878b, p. 11) pro- 
posed ^.W. cookana for "... a small, nearly round, flexuous 
body, having a shell-like covering, upon the outer side, 
which is composed of plates or rings. A distinct longitudinal 
depression marks the back of the specimen so as to give a 
section a somewhat quadrate form." The specimen, which 
they believed to be incomplete, measured 1.8 cm in length 
and had a width slightly in excess of 1 mm. The plates 
were small, averaging only 2/mm. One end of the speci- 
men was larger than the other, and this was regarded by 
the authors as the anterior end. The lines separating the 
rings or plates are directed adapically. Miller and Dyer also 
believed that the rings were imbricate, thus allowing the 
organism freedom of movement. 

The type specimen could not be located with the 
Dyer collection at Harvard, nor is it with Miller's ma- 
terial at the Field Museum. A specimen labeled W. cookana 
was located in the James collection at the Field Museum. 
Although it somewhat resembles the illustration of the type 
there is reason to believe that it is not. Evidence given 
elsewhere in this paper demonstrates that the James' most 
probably never saw any of Miller and Dyer's material. The 
identification was probably based on Miller and Dyer's 
description and figures. The specimen in question (UC 
52031) is a trace fossil which can be assigned to IF. rugosa. 
(It is not figured herein.) 

Interpretation. — Miller and Dyer believed that the 
species was a fossil annelid but only questionably assigned 
it to Walciittia. J. F. James (1886, p. 162) evidently never 
saw the specimen but thought that it was ". . . the impres- 
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sion of some portion of a crinoid, either a part of the stem 
or one of the fingers." 

With no definite specimens available for study, it is 
impossible to make any interpretation of the species. Per- 
haps it is similar to W. rugosa and thus possibly is of 
annelid origin. Miller and Dyer' description is also reminis- 
cent of Lepidocoleus Faber, a machaeridian which occurs 
in the local Cincinnatian rocks. However, Lepidocoleus is 
normally a little larger than the specimen of UV. cookana 

described by the authors. 

FUCUSOPSIS Vassoevich, 1932 

Plate 64, figure 1; Plate 70, figure 1; Plate 71, figure 5 

1878.   Pnrtim     Trichophyrus    Miller,   and     Dyer,     Contributions    to 
Palaeontolgy,   No.   2,    (Cincinnati,   Ohio,   private   publication), 
p. 4, pi. 4, fig. 2. 

1932.   Fucusopsis Vassoevich, Akad., Nauk,  USSR, Trudy, Geol. Inst., 
T. 2, p. 51, pi. 2, figs. 2,6. 

1959.   Fucusopsis   Vassoevich,   Seilacher,   Eclog.   Geol.   Helvetiae,   Bd. 
51, p. 1070, Table 2, fig. 30. 

1962.   Fucusopsis   Vassoevich,   Hantzschel,   Trace-Fossils   and   Proble- 
matica  in Treatise  on  Invertebrate  Paleont.,  Moore   (ed.),   pt. 
W, Miscellanea, p. W194, fig. 120-4. 

Type species. — Fucusopsis angulatus Vassoevich 
(1932) from the Senonian beds (Cretaceous) of Caucasus, 
U.S.S.R. 

Diagnosis.—Palaeophycus or Plafwlites-Vike burrows 
of infaunal origin which lie close enough to the basal sur- 
face of the silt beds containing them to produce a charac- 
teristic stretching of the sole of the bed. 

Discussion. — Fucusopsis was established by Vassoevich 
(1932) for "hieroglyphs in the form of tubes." An illustra- 
tion given by Hantzschel (1962, fig. 120-4) shows that the 
genus consists of long cylindrical structures which have a 
diameter of approximately 1 cm. These penetrate the 
bedding of the host rock and commonly cross over and 
interpenetrate. According to Seilacher (personal communi- 
cation), when the genus is preserved as a convex hyporelief, 
it has various modes of expression. It may be visible only 
as a series of thin cracks in the sole of the host rock (PI. 
70, fig. 1), or it may be preserved as a hemicylindrical 
swelling marked by longitudinal striae (PI. 64, fig. 1). 
These two forms occur together and can be intergradational. 

Interpretation. — According to Seilacher (1959 and 
personal communication), Fucusopsis is a burrow of in- 
faunal origin. As the organism burrowed a few millimeters 
above the bottom of the silt bed, the pressure of the body 
produced sufficient tension in the sole of the bed to cause 
a series of faults. Ethologically this is of little significance, 
but it does show that the host sediment was strong enough 
to fault  rather than  flow.  On  the  other  hand,  when   the 

organism worked along the contact of the host silt and the 
subjacent mud, the specimens are characterized by a com- 
j)iex series of longitudinal striae which probably are indica- 
tive of the digging action of bristles or dactyls. It may be 
argued that Fucusopsis should not be retained as a separate 
genus, since ethologically it differs little from Palaeophycus 
and Planolites. However, Palaeophycus is badly in need of 
restudy, and little would be gained by placing Fucusopsis in 
synonymy with Palaeophycus at the present time. More- 
over, the fact remains that Fucusopsis does tell us some- 
thing of the properties of the host sediment. 

It is doubtful that the forms described by Birken- 
majer (1959) from the Danian-Paleocene Flysch of the 
central Carpathians belong in Fucusopsis. In the English 
summary the author makes no mention of the faulting pat- 
tern which distinguishes the genus. Birkenmajer concluded 
that the Polish specimens were the burrows of sediment- 
eating annelids working along the sand-mud interface which 
were filled by the overlying sand (and .'' fecal material), 
rhis interpretation would place them in Planolites. 

CINCINNATIAN   REPRESENTATIVES 

Fucusopsis sulcatum (Miller and Dyer) 

Plate 64, figure 1; Plate 70, figure 1; Plate 71, figure 5 

1878.   Trichophycus    sulcatum    Miller    and    Dyer,    Contributions    to 
Palaeontology,   No.   2   (Cincinnati,   Ohio,   private   publication), 
pp. 4,5, pi. 4, fig. 2. 

1884.    {Ill parlim)   Trichophycus  sulcatum   Miller   and   Dyer,   James, 
J.   F.,   Cincinnati   Soc.   Nat.   Hist.,   Jour.,   vol.   7,   p.   131,   pi.   6, 
fig. 5. 

Type locality.—The type specimen (PI. 71, fig. 5; 
HBM'3182; latex mold UCM 37705) is from the Economy 
beds, Cincinnati, Ohio. 

Diagnosis. — A Palaeophyciis-Yike burrow of infaunal 
origin which produces tension faulting in the sole of cal- 
cisiltite beds. 

Discussion. — Miller and Dyer (1878b, pp. 4,5) de- 
scribed F. sulcatum, as a "fucoid" which ". . . consists of a 
long, round flexuous stem, which has not been noticed to 
divide or bifurcate. The surface is longitudinally furrowed 
[and] . . . are not regular in their size, nor in their course. 
. . . The ridges or elevated lines, which separate the furrows 
anostomoze in places, thus suddenly cutting short the fur- 
rows." They placed the species within Trichophycus with 
some reservations. 

The type specimen of /'. sulcatum, from "the lower 
part of the Cincinnati Group, Cincinnati, Ohio," is pre- 
served both as a cleavage relief and a convex hyporelief. 
Viewed as a cleavage relief, the form appears as a shallow 
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concave furrow which completly traverses the slab and has 
a diameter of 6 mm. On the sole of the slab (Pi. 71, fig. S) 
is what Miller and Dyer (1878b, pi. 4, fig. 5) illustrated 
as the type. The specimen is 7 mm wide at the edge of the 
slab and appears to gradually taper to a point at its other 
extremity. However, under favorable lighting a faint linear 
bulge in the bedding can be traced from the pointed end of 
the fossil to the opposite edge of the slab. The striated 
hemicylinder and this convex bulge are located directly 
below the concave furrow on the opposite face of the slab. 
The central portion of the hemicylinder is marked by a 
series of short, sharply defined, approximately parallel 
ridges. The basal lamina of the host rock "laps up" on 
the sides of the hemicylinder, and this feature alone 
differentiates F. sulcatum from Palaeophycus. A vertical 
section through the specimen shows that the bedding is not 
completely obliterated as it is in Palaeophycus but instead 
is bowed down, formmg a "microsyncline." 

Two other well-developed forms, as well as six or 
seven fragmentary specimens of F. sulcatum, have been 
found in the Cincinnatian beds. One of these specimens, 
from the Bellevue beds exposed in Hall's Creek near 
Morrow, Ohio, has a length of 16.9 cm and a width of 6 mm. 
As viewed in Plate 70, figure 1, the upper part of the form 
is hemicylindrical and bears the longitudinal striae of the 
type specimen. The path of the burrow may be traced 
across the slab by the series of ragged faults occurring in 
the basal lamina of the host rock. The other specimen, from 
an unknown locality, (PI. 64, fig. 1) more closely re- 
sembles the type specimen. It has a length of 13.5 cm and a 
width of 6 mm and plainly shows the knifelike anastomosing 
ridges. As in the type specimen the basal lamina of the 
host rock laps up on the sides of the hemicylinder. 

Interpretation. — J. F. James (1884) believed that both 
Trichophycus (Fucusopsis) sulcatum and Trichophycus 
lanosum, were the casts of rill marks. As shown elsewhere, 
T. lanosum is a sinuous burrow marked by a button-like 
ending from which radiate fine striae. On the other hand, 
F. sidcatuin is a Palaeophycvs-Uke burrow which was ex- 
cavated extremely close to the base of the calcisiltitic host 
rock. The pressure of the body produced a series of faults 
in the basal lamina of the host rock, although occasionally 
the organism broke through the base of the bed to give 
rise to the  longtitudinal  striae. 

.?MOLLUSK TRAILS 

PI. 79, fig. 4; Text figs. 26,27 

Discussion. — 1 his section is concerned with a luimber 
of long, gently arcuate trails which are preserved as convex 

and concave epireliefs in coarse-grained calcarenites. The 
single exposure occurs in the lower part of the McMillan 
beds in West Fork Creek, approximately 25 meters east 
(downstream) of the intersection of Shepherds Road and 
West Fork Road. A dam in the stream has left a surface 
of about 25 square meters relatively free of debris, and the 
trails are remarkably well exposed. The host rock is a 
thick coarse-grained calcarenite composed of fossil frag- 
ments.■*** The upper 2 mm of the bed is slightly finer grained 
and tends to spall off. There is a sharp contact between the 
calcarenite and the thin bed (1-2 cm) of overlying lutite. 
Approximately 40 per cent of the surface of the calcarenite 
bed is marked by a series of irregular pararipples which 
have a maximum amplitude of 9 cm. The remainder of the 
bed, where most of the trails occur, has a gently undulat- 
ing surface, and the relief does not exceed 3-4 cm. The 
trails do not appear to be affected by the irregularity of 
the surface. Upon encountering a depression, the trail does 
not deviate or end abruptly but instead proceeds down one 
side of the depression and up the other; the same is true for 
high areas. 

To take maximum advantage of this excellent expos- 
ure, a grid was prepared, and some 17 square meters of 
the surface were mapped, employing a scale of 1/20 (see 
Text-fig. 26). As can be seen from the map, most of the 
trails are gently curved and their length varies consider- 
ably. While some extend for only a few centimeters before 
fading out, others are much longer. The longest trail (Text- 
fig. 26, center left) is in the form of a "U" and has a length 
of nearly 2 meters. Although there is no over-all preferred 
orientation, the trails do exhibit some degree of parallel 
alignment in small areas. The trails frequently cross over 
one another and some branch, generally at an acute angle. 

The pattern seen in the map is not thought to be a 
complete reconstruction of the trail network. Many of the 
trails appear to dip into the surface of the slab and thus 
are lost to view. In addition, several others are faint and 
have been affected by Recent stream erosion. These two 
factors account for the numerous discontinuities which 
will be discussed in greater detail below. 

The width of the trails ranges from 5-10 mm but re- 
mains constant in a single trail. Several different varieties 
are visible on the calcarenite surface and are best studied in 
cross-section. Some of the trails exhibit a change in mor- 
phology along their length. One form (PI. 79, fig. 4; Text- 
fig.  27A)   begins   as   a  hemicylindrical   depression,  only  a 

'^The calcarenitt 
specimens. 

so  thick   that  it   was  not  \n 
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Text-figure 26.— ?Mollusk trails. Map of trails exposed in the 
McMillan beds of West Fork Creek, Cincinnati, Ohio. Many of the 
trails dip below the surface giving the overall pattern a disjointed 
appearance. The dark, irregular patches within the map area repre- 
sent eroded ai'eas. 
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Text-figure 27.— ?Mollusk trails. The diagrams (A-E) illustrate 
cross-sections of the trails from the McMicken beds of West Fork 
Creek, Mt. Airy Forest, Cincinnati, Ohio. The trails resemble those 
forms placed in Palarophyrus, ho\vever the trails here under discus- 
sion  were  made  on  or just  below  the  depositional  interface;   X   1. 

few millimeters deep and flanked by a pair of longitudinal 
ridges which in turn are flanked by two shallow depressions. 
After proceeding in this manner for 10 cm, the trail gradu- 
ally converts into a ridge the crest of which is marked by a 
small V-shaped longitudinal rift (Text-fig. 27B). On either 
side of the ridge are the two shallow depressions described 
above. This type of structure can be followed for approxi- 
mately 20 cm, and then the trail reverts to the hemicylin- 
drical depression (see Text-fig. 27A). Another variation is 
similar to the combination discussed above except that the 
ridge lacks the median rift; several of these were observed. 
The most common trail is either a hemicylindrical depres- 
sion with a ridge on either side (Text-fig. 27E) or a ridge 
with a shallow depression on either side (Text-fig. 27D). 
One last type, which is not common, differs from the others 
as it is a shallow flat trough with two small ridges on either 
side. 

Intcrpretali'in. — Undoiibteilly   these   are   trace   lossils. 
The branching, crossing over, and lack of a definite pattern 

rule out a vegetable or inorganic origin. They somewhat 
resemble Archaeonassa Fenton and Fenton (1937) which 
are preserved as concave epireliefs in the Lower Cambrian 
of British Columbia. These forms, which were interpreted 
as gastropod trails, differ from the Cincinnatian specimens 
in that they possess "rounded to subangular wrinkles which 
are convex in the anterior direction" (Fenton and Fenton, 
1937, p. 454). Likewise, the West Fork Creek specimens are 
quite similar to Palaeophycus, type-C, and the difference is 
largely one of interpretation. As shown elsewhere, Palaeo- 
phycus IS thought to be of infaunal origin, i.e., made at 
some depth below the depositional interface. In contrast, it 
is concluded that these trails were made on or just below 
the depositional interface. Many of them are long, and, as 
mentioned, they follow the irregular contours of the sur- 
face. Two trads were observed to progress down into the 
trough of a pararipple, a vertical distance of about 9 cm. 

The variation in the morphology of the trails suggests 
a difference in the type of movement. It is believed that 
in some cases (Text-fig. 27A,E) the animals ploughed along 
the surface forcing the sediment to either side. On the other 
hand, the hemicylindrical ridges (Text-fig. 27B,C,D) sug- 
gest that the organism burrowed in a molelike fashion para- 
llel to and just below the depositional interface. The de- 
pressions flanking the ridges may represent the areas where 
sediment had been drawn to the ridge. 

Because no organisms have been found directly associ- 
ated with the trails, the selection of the trail-maker is 
speculative. However, a comparison with the trails of the 
Recent sand snail Littorina littorea (L.), illustrated by 
Hiintzschel (1941, pis. 1,2), strongly suggests gastropods. 
Moreover, a number of different species occur in the Mc- 
Micken. Such forms as Archinacella patellijorme (Hall), 
Hormotoma gracilis (Hall), Lophospira bicincta (Hall), L. 
tropidpphora (Whiteaves), Sinuites cancellatus (Hall), and 
S. globularis (Miller and Faber) could have made the trail. 
Pelecypods are possibility, but McMicken pelecypods are the 
same as those that occur in the Economy beds, and it has 
already been shown (see Lockeia) that these were most 
likely burrowers. Of course, there is always the possibility 
that one is dealing with the trail of an unknown soft-bodied 

form. 

Hantzschel's (1941) observations on the behavior of 
Littorina on the German Wattenmeer offer a possible 
explanation for the branching in the West Fork Creek 
trails. He found that as many as seven gastropods would 
move along in a single track, one behind the other. Appar- 
ently the leader was "breaking trail," aiul the others loiind 
it easier to move in a pre-existing track. However, at times 
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they would strike off on their own, thus giving rise to a 
branching trail. It is not unreasonable to tentatively extend 
this explanation to the Cincinnatian forms. 

Because the trails are long, gently curved, and lack 
any peculiar geometric pattern, they are classified under 
Repichnia. However, it should be pointed out that they 
might well represent feeding trails where the organism was 
feeding on surface detritus. 

.?PASCICHNIA 

?PALEODICTYON Savi and Meneghini, 1850 

Plate 67, figure  1;  Plate 69, figures 6-7;  Plate  81, figure 2; 
Text-figure 29 

1850.    'iPalcuJiilyon Savi  and Meneghini, in appendix  to Murchison; 
Memoria sulla Structura geologia del Alpi,  p. 484. 

1863.    iGli-nodictyum    Marck,    Palaeontog.,    Bd.    11,    pp.    1-8    (fide 
Hantzschel,   1962). 

1865.   Non Palacodidyun   Heer,  Die  Urwelt  der  Schweiz,   p.  245,  pi. 
10,  fig.   10. 

1895.   ?Plrurodictyori    Fuchs,    Akad.    Wiss.    Wien,    math.-nat.    Kl., 
Denkschr.,  Bd.  62,  pp.  394,396,  pi.  6,  fig.  1. 

193 5.    ?Palarodiityun Savi and Meneghini, .Xhel, Vorzeitliche Lebens- 
spuren, p. 24, figs. 11-13, 261B, 263, 264. 

1939.   Paitim   'iPalaeodiclyon Herr,  Sacco, Roy. Accad. Torino, Mem. 
vol. 69, pp. 267-285, pis. 1-2. 

1954.    ?P<i/iiiodiilvori Herr, Seilacher, Deutsch geol. Gesell., Zeitschr.. 
Bd.  105, p. 217, fig. 2,  no.  16. 

1959. JPalin-odictyum Heer, Nowak, Kvvartalnik Geol. T. 3, pp. 
103-125, pis.  1-6. 

1960. yPalacodidyon Savi and Meneghini, Oolev, Akad. Nauk 
USSR, Doklad., T. 134, pp.  175-178. 

1962. }Palrodictyon Savi and Meneghini, Hantzschel, Trace-Fossils 
and Problematica in Treatise on Invertebrate Paleont., Moore 
(ed.), pt. W, Miscellanea, p. W208, fig. 128-5. 

1964. yPalindirlyon Sa\ i and Meneghini, Vialov, Jour. Sed. Pe- 
trology, vol. 34, pp. 664-666, fig. 1. 

Type Species. — Paleodictyon strozzii Savi and Meneg- 
hini from the Lower Tertiary Flysch of Tuscany, Italy. 

Diagnosis. — Honeycomb-like networks generally in the 
form of hexagonal polygons which are preserved as convex 
hyporehefs, i.e., a series of ridges arranged in a polygonal 
pattern. The diameter of the polygons varies from 1-50 mm 
but remains constant in a given specimen.. 

Discussion. — Paleodictyon is one of the most un- 
usual fossil forms and could be properly labeled as a "proble- 
maticum." The genus was originally estabished by Savi and 
Meneghini (1850) for what was considered to be a hexa- 
gonal algal network from the Lower Tertiary of Italy. 
Since its origmal discovery the genus has been reported 
from every period except the Cambrian and has been found 
in Alaska, Oklahoma, Italy, Spain, Russia, Germany, Iraq, 
Wales, Albania, and Japan. A recent study by Nowak 
(1959) on forms from the Cretaceous and Tertiary "f the 
Carpathian Flysch of Poland has contributed much toward 
the understanding of this difficult genus. 

The genus is most frequently encountered in fme- 
grained elastics, and no marked compositional or textural 
differences between the fossil and the host rock have been 
observed. However, Seilacher (1962, pi. 2, fig. 4) figured 
one form where the network is much darker than the matrix. 
Nowak (1959) reported that while most forms have a hexa- 
gonal network, individuals with quadrangular, pentagonal, 
or septagonal polygons are not uncommon. Superficially 
these polygons appear to be nearly geometrically perfect, 
but upon close examination Nowak (1959, fig. 6) was able 
to reveal several minor irregularities. In some specimens the 
polygons may be systematically distorted, e.g., elongated 
parallel to the current direction. 

The diameter of the polygons in the Carpathian speci- 
mens varies from 1-50 mm, and although it remains con- 
stant within a given specimen, forms having different 
diameters may be found in close proximity. Accordmg to 
Nowak there appears to be no correlation between the 
diameter of the polygons and the geologic age of the speci- 
men. Likewise, the width of the polygon walls can vary 
from specimen to specimen. Normally the width is 1-2 mm, 
but von der Marck (1876) (Nowak, 1959, fig. 1) and 
Koriba and Miki (1939, pi. 5, fig. 5) illustrated forms where 
the thickness of the sides overshadows the polygonal outlines 
of the network. Nowak also noted that many of the polygons 
are incomplete. These incomplete individuals most frequent- 
ly occur along the margins but can also be seen within the 
body of the specimen, as shown by Nowak (1959, fig. 1), 
Vialov and Golev (1960, pi. 3, fig. 3), and Abel (1935, 
fig.   12). 

Present in the University of Cincinnati collections are 
two specimens from the Eocene beds near Trieste, Italy, 
which illustrate many of the features noted above. Both 
forms occur as convex hyporeliefs in a massive, medium- 
grained micaceous quartz arenite. One of the specimens 
(PI. 69, fig. 7) has large hexagonal polygons which are 
elongated parallel to the current direction. The length 
of the individual sides varies from 0.4-1.0 cm. The length 
of the polygons varies from 1.4-1.7 cm, while the width is 
1 cm. The outline and dimensions remain constant within 
the specimen, and the major variation is that some of the 
polygons rise as much as 1.5 mm off the face of the host 
rock, while others are barely visible. Associated with 
Paleodictyon are irregularly winding hemicylindrical trails 
which have the same diameter (1.5 mm) as the sides of the 
polygon. These trails and the hexagonal network are com- 
posed of a material which is only slightly darker than the 

host rock. 

The  polygons  in   the  other  specimen   (PI.  66,  fig.   1) 
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are much smaller and have a diameter of only 4-5 mm. The 
width of the walls is 0.8 mm. While the hexagons are not 
notably distorted, the walls are not straight and several 
minor irregularities can be seen. However, none of the 
features illustrated by Nowak (1959, fig. 6) were noted in 
either of the two specimens. The regular pattern of this 
second specimen is broken by large gaps, and in some places 
isolated stringers extend out from the complex. As in the 
larger specimen, the network is only slightly darker in 
color than the host rock. 

Forms similar to those above have been described 
under a variety of names. Several authors have changed 
Meneghini's original spelling to Palaeodictyon or Palaeo- 
dictyum. The specimen, illustrated by Fuchs (1895, pi. 6, 
fig. 1) from the Eocene of Austria and referred to Pleuro- 
dictyon, differs in that it possesses '"interrupted nodose 
walls" (Vialov, 1964, p. 666), while as mentioned above 
Gleno diet yum von der Marck (1863) differs in that the 
walls are thick. Hiintzschel (1962) considered both of these 
to be junior synonyms of Paleodictyon, while Vialov and 
Golev (1960) recognized Pleurodictyon as a separate genus 
and considered Glenodictyum to be a subgenus of Paleo- 
dictyon. It is not known how consistent or important the 
supposed  differentiating  features   are. 

As Hiintzschel (1962, p. 210) pointed out, Palaeo- 
dictyon Heer (1865) from the Flysch of Switzerland is not 
.synonymous with Palaeodictyon Meneghini. The former 
is a burrow consisting of several branched loops which are 
connected by Spreite-\\\ie arcs (see Hantzschel, 1962, fig. 
129-6a) and is placed by Hantzschel in Pkycosiphon 
Fischer-Ooster (1858). It certainly bears no similarity to 
Paleodictyon. 

At the specific level the picture is one of confusion, 
as over 30 species have been named. Nowak (1959, p. 125) 
employed a quasi-zoological nomenclature and recommended 
delimiting "species" on the size and configuration of the 
polygons. No attempt to evaluate the various species will 
be made in this work. 

Interpretation. — The enigmatic nature of Paleo- 
dictyon is reflected in the variety of interpretations that 
have been applied to it.'^" The genus has been variously 
interpreted as mudcracks, raindrop imprints, and the result 
of gas percolated up through the sediment. Sacco (1939), 
who studied Paleodictyon at various times over a 50-year 
period, finally concluded that it represented interference 
ripple marks.  Earlier he had  been an  algal  adherent. The 

■'"See   Sacco   (1939)    and   Vialov    (196+)    for   a   more   complete   dis- 
cussion. 

organic interpretations also have run the full gamut. It has 
been believed to represent fossil honeycombs, sponges or 
corals, algae, strings of eggs, gastropod larvae, tadpole nests, 
and traces of invertebrate activity. Those holding to a 
trace fossil origin are Fuchs (1895), Abel (1935), Sei- 
lacher (1954, 1955, 1962), Nowak (1959), and Vialov and 
Golev (1960). 

Nowak (1959) based his trace fossil assignment on 
three features: the irregularities of the polygons, the num- 
ber of unclosed polygons, and the fact that polygons with 
varying numbers of sides may occur in the same specimen. 
Nowak (1959) and others have pointed out that Paleo- 
dictyon may have developed from a Beloraphe-Wke trail. 
Beloraphe Fuchs (1895), a Mesozoic form, resembles a series 
of zigzags with short projections at the angles. Two of 
these placed side by side give the polygonal appearance 
of Paleodictyon (Nowak, 1959, fig. 4). Further evidence is 
that Beloraphe and Paleodictyon do occur together, al- 
though they have not been found in direct association. 
.Although Seilacher has not conducted a detailed study of 
the genus, he (1955) placed Paleodictyon within the Pas- 
cichnia. Likewise, Nowak (1959) concluded that the form 
was the feeding trace of an annelid. 

There is disagreement as to whether the trail is of 
epifaunal or infaunal origin. Seilacher ( 1962) held Paleo- 
dictyon to be infaunal, while Vialov and Golev (1960) 
concluded that most forms were epifaunal. Nowak (1959) 
believed that both conclusions were valid. 

Silvestri (1911) and Koriba and Miki (1939) pointed 
out the similarity between Paleodictyon and the Recent 
fresh water alga Hydrodictyon utriculatum (Roth). The 
cenobiae of this species form a net of pentagonal, hexagonal, 
or septagonal polygons. Koriba and Miki (1939, p. 61) re- 
ported that triangular and octagonal forms are also known. 
Moreover, they maintained that while the plant may attain 
a length of one meter in which the polygons are several 
centimeters wide, most forms have measurements which 
conform to those of Paleodictyon. 

CINCINNATIAN   REPRESENTATIVES 

?Paleodictyon sp. 

Plate 67, figure 1 ; Plate 81, figure 2 

Only two small fragmentary specimens with a hex- 
agonal network similar to that of the European Paleo- 
dictyon have been found in the Cincinnati strata. These are 
placed in Paleodictyon with some hesitation, since there is 
a possibility that both specimens are of inorganic origin. 

One   specimen   is   from   the   Economy   beds   of   Duck 
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Creek, near Silver Grove, Kentucky, 1,010 meters south- 
west of the intersection of Duck Creek Road and Kentucky 
Route 8. The outcrop is located on the southeast bank, 20 
meters below the bridge crossing the creek. The other form 
is from the McMillan beds on Ravine Street in Cincinnati. 
Both localities have been recollected without success. The 
two specimens are preserved as convex hyporeliefs in cal- 
cisiltites. 

The Duck Creek form (PI. 81, fig. 2) is poorly pre- 
served and consists of nine incomplete hexagons which have 
an internal diameter of 3 mm. The greatest thickness of the 
walls of the polygon is 1 mm. As indicated by the numerous 
tool marks, the specimen is elongated parallel to the current 
direction. The relationship between the network and the 
tool marks is unclear, but the former does not seem to be 
truncated. There is no apparent difference in composition 
between the network and the host rock. 

The Ravine Street specimen (PI. 67, fig. 1) is better 
developed. It is composed of 25 polygons with an internal 
diameter of 2 mm. Although the pattern is more regular 
than most specimens of Palaeodictyon, the network varies 
in its clarity. As viewed in Plate 67, figure 1, the polygons 
in the center stand out in bold relief, while those on the 
right- and left-hand margins are barely visible. Likewise, 
all of the polygons along the lower margin are incomplete. 
As in the specimen from Duck Creek the network is elon- 
gated parallel to the current direction. There is a consis- 
tent variation in the thickness of the polygon walls; the 
walls normal to the current are thicker (0.6 mm) than 
those parallel to the current (0.3 mm). This specimen differs 
from the two Trieste forms (PI. 66, fig. 1; PI. 69, fig. 7), as 
the network of the Cincinnatian specimen blends into the 
background of the host. This is due in part to the litho- 
logic similarity of the host rock and the network. 

Interpretation.-—It is not possible to determine 
whether the two specimens under consideration actually 
represent Paleodictyon or instead are of physical origin. 
While it is clear that the forms are not interference ripple 
marks or fillings of mud cracks, as some authors have sug- 
gested for Paleodictyon. it is possible that they are tool 
marks. As noted above, both forms are elongated parallel 
to the current direction and are associated with tool marks 
(groove casts). Moreover, there is at least one fossil present 
in the Cincinnatian strata which could produce such im- 
prints as it rolled over the bottom. This is the problematic 
genus Pasceolus Billings which is most frequently placed in 
the receptaculitids. Pasceolus darwini Miller (1874), de- 
scribed from the Bellevue beds near Maysville, Kentucky, 
approximatey 60 miles southeast of Cincinnati, has a dis- 

coid or globular body which measures up to 4 cm in diameter. 
The surface is marked by hexagonal cups whose dimensions 
conform to those of the polygons of the two '^.Paleodictyon 
networks. Specimens of Pasceolus were rolled over a plaster- 
of-Paris surface to test the validity of this hypothesis. The 
results (PI. 69, fig. 6) demonstrate that under proper con- 
ditions a globular specimen of Pasceolus being tumbled along 
the bottom can produce the "tire-tread" imprints here under 
discussion. However, to form such markings it is necessary 
that the rolling specimen just nick the surface of the sub- 
strate. If the sediment is too soft or the specimen too 
deeply impressed, the polygons are superimposed on a 
shallow ellipsoidal depressions which is not present in the 
Cincinnatian specimens of ^Paleodictyon. This hypothesis 
also explains the unequal development of the walls in the 
Ravine Street specimen, since the walls of Pasceolus, 
oriented normal to the current, would cut a wider marking 
than those parallel to the current. 

The major problem with this explanation is that, al- 
though Pasceolus darzvini occurs in large numbers at the 
type locality in Maysville, it is rare in the Cincinnati area. 
It has not been found at either of the two localities where 
^.Paleodictyon occurs and has never been reported from the 
Eden strata. It is thus possible that at least the Duck 
Creek specimen is a valid Paleodictyon. 

While the biological affinities of Paleodictyon must 
still be considered an open question, the bulk of the evi- 
dence favors either a vegetable or trace fossil origin. The 
over-all regularity in the pattern and size of the polygons 
in a given form does suggest an algal network similar to 
the Recent Hydrodictyon. However, no organic material 
has ever been found in Paleodictyon, and the tj'pe of preser- 
vation (convex hyporelief) is the one most frequently 
exhibited by trace fossils. Also Paleodictyon is not uncom- 
monly associated with trace fossils which show unusual 
geometric patterns, e.g., Beloraphe and Spirodictyon (Abel, 
1935, figs. 263,264). Moreover, one of the specimens from 
Trieste figured herein (PI. 69, fig. 7) is judged to be most 
significant, since it bears gently arcuate trails which have 
the same diameter as the hexagonal network. This suggests 
two behavioral variations of the same organism. This evi- 
dence indicates that Paleodictyon is a trace fossil, probably 
a Pascichnia. It exhibits the same characteristics as the 
spiral forms with which it is associated, e.g., a maximum 
coverage of area. Admittedly it is difficult to visualize how 
a burrowing organism could evolve such an intricate pattern, 
but perhaps this is not so surprising when one recalls 
such unusual forms as Daimonheli.x and Helminthoida 
( Hantzschel, 1962, figs. 121-9 and 122-5). 
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BODY FOSSILS DESCRIBED AS PLANTS 

MASTIGOGRAPTUS Ruedemann, 1908 

Plate  79,  figure  3 

858.   Non DenJrograplus Hall, Geol. Survey Canada for  1857, Kept. 
Prog.,  p.  1+3. 

878.   Pariim   Psiluphytoji,   Lesquereux,   American   Phil.   Soc,   Proc, 
vol. 17, p. 16+, pi.  I, fig. 2. 

883.   Partim   Drndrogruplus    Hall,   Walcott,   Albanv   Inst.,   Trans., 
vol. 10, p. 21. 

885.   Partim Dcruirograptus  Hall,  James,   J.  F.,  Cincinnati  Soc.  Nat. 
Hist., Jour.,  vol.  8,   pp.   160,161. 

908.   Mast'igograpius  Ruedemann,  New  York   State  Museum,   Mem., 
No.  11,  pp. 210-223,  figs.   116-118. 

Type species. — Dendrograptus tenuiramosuin Walcott 
(1883) from the "Utica Slate" (Upper Ordovician), Tren- 
ton, Oneida County, New York. 

Diagnosis. — Dendroid rhabdosomes which may attain 
a length of over 20 cm. Individual branches slender 
(0.1-0.8 mm). Well-preserved specmiens possess irregularly 
placed conical thecae, while in more poorly preserved forms 
the thecae are detached and the branches appear to be 
smooth. 

Discussion. — Mastigograptus is most commonly found 
as relatively small "monopodial" branching fragments whose 
black color makes them stand out against the lighter color 
of the host rock. Usually the slender branches bear no trace 
of any structures, although some may show a series of 
depressed conical pits (see Ruedemann, 1908, pi. 12, figs. 
1-6). In addition, one specimen of M. gracillimuni (Les- 
quereux) was seen ". . . to contract and expand regularly 
about eight times in 10 mm from 2 mm to 2.5 mm, pro- 
ducing an apparent jointed structure" ( Ruedemann, 1908, 
p. 221). The only specimens showing the long conical thecae 
are those of the type species M. tenuiramosum (Walcott, 
1883). Thecal-bearing specimens have been recovered both 
from the type locality and from the Eden beds of Coving- 
ton, Kentucky. Ruedemann believed that the point of junc- 
ture of the thecae and the branch was extremely fragile and 
that in most cases the thecae have become detached. He 
remarked that "great numbers of such bodies have been 
[found loose]  on the Covmgton slabs"  {ibid, p. 212). 

The purpose here is not to completely discuss the 
graptolite genus and its relationships. Instead attention will 
be focused on one species which is most probably con- 
specific with what Lesquereux (1878) described as a "Sil- 
urian Land Plant." Therefore, the reader is referred to 
Ruedemann (1908, pp. 210-223) for a more complete 
treatment of Mastigograptus and of the Lesquereux error. 

Mastigograptus gracillimum (Lesquereux) 

Plate  79,  figure  3 

1878.   Psilophylum    yrncUlimum     Lesquereux,    American    Phil.    Soc, 
Proc,   vol.   17,  p.   16+. 

1883.   Dendrograptus    graciltimum     (Lesquereux),    Walcott,     Albany 
Inst., Trans., vol.  10,  p. 21. 

1885.   Partim Dcndronraptus gracillimum   (Lesquereux), James, J. F., 
Cincinnati Soc. Nat. Hist., Jour., vol. 8, pp. 160-161. 

1908.   Mastigograptus    gracillimus     (Lesquereux),    Ruedemann,    New 
York State Museum, Mem., No. 11, pp. 219-221, figs. 116-118. 

Type locality. — The type specimen, which was un- 
available for study, may be in the collections of the Field 
Museum; it was taken from Eden strata in the bed of the 
Lickmg River, Covington, Kentucky'. 

Diagnosis. — Moderate-sized dendroid rhabdosomes 
with thin (0.8 mm) branches. Surface normally smooth, but 
one specimen shows an apparent jointed structure. Nature 
of thecae unknown. 

Discussion. — Lesquereux (1878, p. 164) characterized 
M. gracillimum as "stem very slender, dichotomously 
branching, smooth or naked half round, slightly channeled 
in the length; branches numerous, of various length, filiform. 
The stem is scarcely one millimeter thick at the base; the 
upper branches curved as from a spiral unfolding, are slender, 
gradually attenuated and capiliiform, or of the thickness of 
thin thread at their extremities." 

In the course of his research on the fossils of the "Utica 
Slate," Walcott (1883) studied specimens from Cincinnati 
which had been identified by Miller as Psilophyton gracil- 
limum. Walcott placed them in Dendrograptus Hall but 
did not describe the species in detail. 

J. F. James (1885, p. 160) also placed the forms in 
Dendrograptus, and at the same time he declared that 71/. 
gracillimum "precisely resembles in its essential features 
the figure of Buthotrephis gracilis given by Hall." For this 
reason he likewise referred Buthotrephis gracilis to Den- 
drograptus. Although he gave no specific reference to any of 
Hall's plates, he was most likel\' comparing Lesquereux's 
figure to that of Hall (1852, pi. 5, figs. la-c). As shown 
elsewhere in this work, B. gracilis is not comparable to 
Dendrograptus or Mastigograptus and instead is a chond- 
ritid. There is no evidence to indicate that James ever saw 
Lesquereux's type specimen; most probably he was working 
entirely from the literature. 

Ruedemann (1908) studied two specimens of topotype 
material obtained from Ulrich. He also mentioned that the 
type specimen of M. gracillimum, which was collected by 
Ulrich, was loaned to a Reverend Herzer of Cincinnati, who 
in turn loaned it to Lesquereux. Apparently the type was 
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then sold with the Herzer collection to James Hall. Ruede- 
mann further remarked that the specimen was probably 
sold agam, this time to the University of Chicago with a 
portion of the Hall collection. He too was unable to obtain 
it for study. 

Ruedemann (1908) described the "stems," which have 
a diameter of 0.8-(- mm, as being solid and showing few 
effects of compression. The ''stem" of one specimen was 
smooth, that of the other regularly expanded and con- 
tracted to give the jointed appearance mentioned above. 
He said that the species was closely allied to A/, tenuira- 
mosum (Walcott), although it differed in that the secondary 
branches were a little thicker and "the branches of a higher 
order are here arranged a little closer than in M. tenuira- 
mosum" (Ruedemann, 1908, p. 221). He mentioned that 
more complete collections of the two species might result in 
synonymy. 

Unlabeled materia! (PI. 79, fig. 3) has been found in 
the collections of the University of Cincinnati which closely 
resembles the descriptions given by Lesquereux and Ruede- 
mann. The blue lutite contains several black fragments, 
the longest of which is 2.5 cm. The main "stem" is 0.7 mm 
in diameter, while the secondary and tertiary branches have 
a diameter of 0.5 mm. The specimens appear to be solid, 
and the only signs of compaction are faint longitudinal 
wrinkles which may be analogous to the longitudinal chan- 
nels of Lesquereux. None of the specimens possess the 
jointed structure noted by Ruedemann, and no thecae 
were found associated with them. 

Interpretation. — Although Lesquereux (1878) orig- 
inally placed .1/. gracillimum in the Lycopodes, i.e., land 
plants, there has been general agreement since then that the 
species is a graptolite. If the specimens described by Wal- 
cott and Ruedemann are the same material as Lesquereux's 
type specimen, it appears that their graptolite assignment 
was correct. In general appearance M. gracillimum is ex- 
tremely close to M. tenuiramosiim (Walcott), where thecae 
are found on the branches (Ruedemann, 1908, pi. 11, fig. 1). 
Although Ruedemann (1908, p. 221) stated that the jointed 
structures of M. gracillimum might represent thecae, it was 
more likely that they were "internodes between the bases 
of branches of the third order which are all broken off." 
The finding of undoubted thecae on the branches of M. 
gracillimum would affirm its graptolite assignment. 

Walcott (1883, p. 21) concluded that "the resemblance 
of these two species of Dendrngraptus [Mastigograptus] 
to Lycopodiaceous plants of the genus Psilophyton is very 
striking and apt to mislead the observer. Their occurrence 
with   algae,  graptolites,  trilobites   and   brachiopods   in   the 

same layers of shale, in a position indicating their growth 
in. situ, taken with their graptolite structure, precludes the 
idea of their being other than of marine origin." 

"FUCOIDS" OF INORGANIC ORIGIN^" 

"CHLOEPHYCUS" Miller and Dyer, 1878 

Plate 80,  figures  1,6 

1847.   Non  liutliDtrcflus   Hall,   Nat.   Hist.   New   York,   Palaeont.  New 
York, vol. 1, p. 8, pi. 2, fig. 6. 

1878.   Buthotrephis   Hall,   James,   U.   P.,   The   Paleontologist,   vol.   2, 
p. 9. 

1878.   Ckloephycus  Miller  and  Dyer,  Contributions  to  Palaeontology, 
No. 2  (Cincinnati, Ohio, private publication), p. 3, pi. 4, fig. 1. 

1884. Chlocphycus   Miller   and   Dyer,   James,   J.   F.,   Cincinnati   Soc. 
Nat. Hist., Jour., vol. 7, p. 130, pi. 6, fig. 3. 

1885. Partim   Butholrtphis   Hall,   James,   J.   F.,   Cincinnati   Soc.   Nat. 
Hist., Jour., vol. 7, p. 159. 

1889.   Ckloephycus   Miller   and   Dyer,   Miller,   North   American   Geol. 
and Palaeont., p. 113. 

1962.   Chlocphyeus   Miller   and   Dyer,   Hantzschel,   Trace-Fossils   and 
Problematica    ;/;    Treatise    on    Invertebrate    Paleont.,    Moore 
(ed.),  pt.  W,  Miscellanea,  p.  \V232. 

Type species. — Ckloephycus plumosum Miller and 
Dyer (PI. 80, fig. 1; HBM 3154; latex mold UCM 37617) 
from the Eden beds of Cincinnati, Ohio. 

Discussion. — Miller and Dyer (1878b, p. 3) described 
"Ckloephycus" as "simple, slender stems which throw off, 
upon each side, numerous fine filaments." According to the 
authors bifurcation is never present; and while a single 
"stem" resembles a feather, several of them, together suggest 
grass. They differentiated it from Trichophycus by the 
spreading of the "filaments" and by the rigidity and delicate 
nature of the "stem." 

Such forms are rare in the Cincinnatian section, as 
indicated by the fact that only the type and two other 
previously undescribed specimens are avaiable for study. 
Both occur on calcisiltites and cross-laminations in both 
specimens and load or flute casts on the second one indi- 
cate that they are preserved as convex hyporeliefs. The 
"type" (PI. 80, fig. 1) consists of approximately 24 paral- 
lel separate "specimens." The "stems," which are mostly in- 
complete, range from a fraction of a millimeter to 5 mm 
in width. The fine "filaments," which issue from the "stem" 
at an angle of 20°-30^, range up to 1 mm in diameter. 
Distally the "filaments" grade imperceptibly into the surface 
of the bed. The angle of branching is constant, and in all 

"The forms included in this chapter are judged to be inorganic. Cor- 
respondingly, the names are not valid and are placed in quotation 
marks. It should be emphasized that the present author does not ad- 
vocate  quasi-legal  names  for  inorganic  forms. 
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cases tlie orientation of the "V" formed by the inter- 
section of two branches is the same. In almost all examples 
the "filaments" are better developed in the upper part of 
the specimen, thus obscuring the "stem." In the lower 
portion of the specimen, where the "filaments" are not 
so well developed, the "stem" stands out in bold relief. 

The specimen located on the reverse of the slab 
bearing Trachomatichnus numerosum is similar to the type, 
except that the "filaments" are best developed in the mid- 
portion and fade out in either direction. Associated with 
this form are what are interpreted as load or flute casts 
(PI. 80, fig. 6, right) and an area of flowage-produced 
stress patterns (PI. 80, fig. 6, left). 

"Chloephycus" is judged to be synonymous with 
Biithotrephis jilcijormis U. P. James (1878). James described 
B. filciformis as having a slightly sinuous stem less than 1/12 
inch in width, and every 1/12 - 1/6 inch the stem gives off 
slender branches at a 45° angle. This form, which was 
collected from the Maysville beds near Lebanon, Ohio, was 
never figured and it is doubtful if a type specimen was ever 
designated. Nevertheless, a specimen bearing the label 
Biithotrephis jilcijormis in the James collection at the Field 
Museum is identical to "Chloephycus". 

Interpretation. — Miller and Dyer (1878) assigned 
"Chloephycus" to the "fucoids," while J. F. James (1884, 
p. 7) dismissed the genus with ". . . it is nothing more 
than a mark or series of marks produced . . . by the running 
of water down a sloping bank into a stream." Miller (1889) 
was evidently convinced by James' arguments, for although 
he listed "Chloephycus" among the algae, he admitted that 
it was probably of inorganic origin. 

Evidently "Chloephycus" is not common in the geo- 
logic record as the only counterparts reported are from the 
Lower Devonian Hiinsruck Shale. One such form was 
illustrated by Rudolpf Richter (1941, fig. IS), who inter- 
preted it as the cast of the drag marks of a xiphosurid telson. 
Since the marking is flanked by tracks, Richter's interpre- 
tation appears to be plausible. Another specimen is men- 
tioned by Seilacher (1960, pi. 12, figs. 2-3), who attributed 
it to "fillings of pinnatulated drag-marks" (Scheifrillen), 
probably originating from the dragging of a starfish arm 
along the bottom. According to Seilacher the acute angle 
would point downcurrent. A third specimen from the 
Hiinsruck is illustrated by Seilacher and Hemleben (1966, 
pi. 2, fig. 1). 

There is no evidence which would point to an algal or 
trace fossil origin for the Cincinnatian forms, which are 
thought to be modified groove casts originally made on a 
mud surface. It is possible that original markings resembled 

"Scolithus dispar" (a groove mark) and that the feather-like 
pattern resulted from penecontemporaneous flowage of mud 
into the linear depression. An alternate hypothesis is that the 
structure origmated dur,ing compaction after the mud 
surface had been covered by the calcisiltite bed. The area 
to the left of the specimen seen on Plate 80, figure 6 does 
show evidence of deformation and flowage, and this may 
well have been post-depositional. In either case the direc- 
tion of flowage was toward the closed end of the "V." 
Whatever the exact origin, "Chloephycus plumosum" and 
"Buthotrephis filciformis" are believed to be nothing more 
than modified groove casts. 

"BLASTOPHYCUS" Miller and Dyer, 1878 

Plate 67, figure 2; Plate 80, figure 2; Plate SI, figures 1,3,5,10 

1873. Noil Plaiiolitcs Nicholson, Roy. Soc. London, Proc, vol. 2, p. 289. 
1878.   Blastophycus Miller and Dver, Cincinnati Soc. Nat. Hist., Jour., 

vol. 1, p. 24, pi. 1, figs. 1,2.' 
1885.   Partim Blaslophycus Miller  and  Dver,  James, J.  F.,  Cincinnati 

Soc. Nat. Hist., Jour., vol. 8, pp 158-159. 
1891.   Partim Plaiiolilrs JiaJcmalum James, J. F., Cincinnati Soc. Nat. 

Hist., Jour., vol. 1+, p. 47. 
1962.   Blastupliycus   Miller   and   Dyer,   Hantzschel,   Trace-Fossils   and 

Problematica in Treatise on Invertebrate Paleont., Moore  (ed.), 
pt. W, Miscellanea,  p. W187. 

Type species.—Blastophycus diadematum Miller and 
Dyer (1878) (PI. 80, fig. 2; HBM 3181; latex mold UCM 
37618; PI. 81, fig. 10; HBM 3181; latex mold UCM 37703) 
from the Eden beds, Cincinnati, Ohio. 

Description. — "Blastophycus" was described by Miller 
and Dyer (1878a, p. 1) as a bilobate "fucoid" ". . . with a 
protuberance or bud-like attachment at the junction of the 
branches." They noted that the protuberance may be 
smooth or rugose and believed it to be either a bud, shoot, 
frond, or "spore." 

J. F. James (1885) compared the "bud-like protuber- 
ance" with the "enlarged end" of Trichophycus lanosum 
Miller and Dyer (1878) and placed the two in synonymy. 
In his listing of 1891 he renamed the form in question 
Planolites diadematum and considered it in synonymy with 
T. lanosum and Saccophycus intortum U. P. James. 

Fortunately several specimens of "Blastophycus," in- 
cluding those figured by Miller and Dyer, were located 
in the paleobotanical collections of Harvard University. 
These are preserved as convex hyporeliefs (as indicated by 
cross-bedding and associated sole markings) on conspicu- 
ously cross-bedded, iron-stained calcisiltites. All of the speci- 
mens appear to be from the same bed; although, due to the 
lack of data, the type locality has not been rediscovered. 

Interpretation. — Miller and Dyer (1878a) interpreted 
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"Blastophycus" as a "fucoid," while J. F. James (1885) 
believed it to be a burrow but did not elaborate. 

Hiintzschel (1962) listed "Blastophycus" under trace 
fossils and cited Seilacher (personal communication to 
Hiintzschel) as stating that the "genus" represented "worm 
burrows projecting above surface of sediment" (Hiintzschel, 
1962, p. 187). 

A study of the "syntypes" (Pi. 80, fig. 2; Pi. 81, fig. 
10) and other specimens shows that the "bud-like protuber- 
ances" are in actuality casts of an enrolled trilobite, 
apparently Flexicalyniene. In many forms the outlines of 
the thoracic segments and the cephalic border are plainly 
evident. With this in mind, the origin of the two "branches" 
is not difficult to perceive. Groove casts and the cross- 
laminations reveal that the branches lie in the downstream 
sector. What Miller and Dyer referred to as "branches" are 
the casts of scour markings around an enrolled trilobite. 
Potter and Pettijohn (1964, pis. 91B-93B) have termed 
such markings "current crescent casts." 

In testing the hypothesis, "Blastophycus" has been 
produced experimentally in the laboratory. A tray was filled 
with fine-grained, water-saturated silt, and several enrolled 
Flexicalyniene specimens were then dropped onto the sur- 
face. The tray was tilted at an angle of 10° and a moderately 
strong current of water was introduced at the upper end. The 
flow of the water around the trilobites produced settling 
and also led to the formation of two scour channels on 
the downcurrent side (PI. 81, figs. 1,2). The trilobites were 
then removed and plaster casts made (PI. 67, fig. 2; PI. 81, 
fig. 5); these casts compare favorably with the original 
"Blastophycus." The scour marks of the original were un- 
doubtedly made on a mud surface, as the channels are much 
deeper than those produced experimentally. As soon as the 
flow of water was terminated in the experimental model, 
caving began which ultimately produced a wider, shallower 
channel than was the case in the original. 

Enrolled trilobites are relatively common in the 
Cincinnatian lutites and can occur in large numbers.'*' Pre- 
sumably enrollment reflects a life-reaction,and the lutite 
occurrence, a record of rapid entombment. It is postulated 
that the trilobites were freed from the lutite by erosion and 
rolled along the sea floor until they temporarily came to 
rest again. Currents moving past them produced settling 
and scouring as described above and utlimately succeeded 
in dislodging the trilobites and washing them farther down- 

"At the corner of Boudinot and Montana Avenues in Cincinnati, a low 
angle exposure slope (area of 1,000 sciuare meters) in the "butter 
la.vers" of the Waynesville beds yielded over 3,000 specimens of 
Flexualymerii- mirki. 

Stream. The mud surface was then covered by a calcisiltite 
bed. Another possibility is that the current eroded down 
to the level of the enrolled trilobites, produced the scour 
marks, and finally washed the fossils away but left the 
scour marks intact. This latter suggestion is somewhat 
analogous to the "pseudoexogenous preservation" hypothe- 
sized by Seilacher (1962) for forms from the Spanish Flysch, 
where burrows were unroofed, the filling material washed 
out, and the mold filled anew with a coarser sediment. 

Although Miller and Dyer remarked that "Blasto- 
phycus" occurs in the Eden beds, it is more likely that the 
form will be encountered higher in the section (Corryville 
to Waynesville), where enrolled trilobites are more com- 
mon. However, these beds are the favorite focal point of 
local collectors, and the fact that no additional specimens 
of "Blastophycus" have been reported would seem to indi- 
cate that the "genus" is rare. This is unfortunate for crescent 
scour casts are valuable in the determination of paleo- 
current velocity and  direction. 

"DYSTACTOPHYCUS" Miller and Dyer, 1878 

Plate 70, figures 2,3; Plate 80, figures 3,4; Plate 81, figure 6 

1878. Uyslactophycus Miller and Dyer, Contributions to Palaeon- 
tology, No. 2 (Cincinnati, Ohio, private publication), pp. 2-3, pi. 
3, fig. 4. 

1885. Uyslactophycus Miller and Dvcr, James, J. F., Cincinnati Soc. 
Nat. Hist., Jour., vol. 7, p. 163'. 

1962. Dystactophycus Miller and Dyer, Hantzschel, Trace-Fossils and 
Problematica in Treatise on Invertebrate Paleont., Moore (ed.), 
pt. W, Miscellanea, p. W240. 

"Type species." — Dystactophycus mamillanum Miller 
and Dyer (1878) (PI. 80, fig. 4, HBM 3177; latex mold 
UCM 37691) from the Richmond strata near Milford, Ohio. 
Monotypic. 

Discussion. — Miller and Dyer (1878b, pp. 2,3) charac- 
terized the "genus" as a "Rhizoma or frond, mammiform, or 
depressed conical, and much expanded at the base. Surface 
marked by numerous closely-arranged, concentric ridges or 
wrinkles. Some species may be marked, also, by radiating 
lines." 

The type specimen of "D. mamillanum" (PI. 80, fig. 4) 
resembles a small truncated cone, having a diameter of 3.5 
cm at the base and a height of 1.5 cm. The entire structure 
is composed of 15 flattened rings which subscribe an arc of 
220°. The remaining 140° is either covered by sediment or 
has been destroyed. Likewise, the apex of the cone is missing. 
As seen in lateral view the specimen is not a perfect cone 
but instead is shaped like a "liberty cap." On the attenu- 
lated slope the rings are 1.5 mm wide and well preserved, al- 
though they are offset by a small fault. Most of the rings 



TRACE FOSSILS CINCINNATI AREA: OSI;OOD 391 

on this slope are arranged in an imbricate pattern where 
the larger rings overlap the smaller ones. On casual in- 
spection the rings are smooth, but careful study reveals a 
series of faint parallel ridges on one small section of one of 
the rings near the apex. On the shortened slope of the cone, 
the rings are thinner (1 mm), more indistinct, and give the 
appearance of having been compressed. Evidently the 
authors attempted to clean this area of the specimen, but 
it is difficult to determine to what degree it has been 
altered. The imbricate arrangement of the rings is not so 
noticeable here as it is on the attenulated slope. There is 
no trace of crystalline or organic material anywhere on 
the form; it is composed entirely of calcisiltite. Likewise, 
there is no trace of the "radial lines" which Miller and Dyer 
mentioned were present on some specimens. 

A specimen (PI. 80, fig. 3) labeled "D. mamillanum" 
from the Richmond (Arnheim; near Hamilton, Ohio, has 
been found in the collections of the United States National 
Museum. Like the type it is a conical body which has a 
diameter of 9.0 cm at the base and a height of 3.0 cm. The 
specimen is composed entirely of thinly laminated calcisil- 
tite which is bowed down toward the apex; the surface 
opposite the apex resembles a saucer-shaped depression. 
The concentric rings vary in their morphology. The flattened 
rings near the base are L5 mm wide. There is no evidence 
of imbrication, and the faint parallel lines found in the 
type specimen are plainly seen. In contrast, the rings near 
the apex show the same imbricate pattern of the type 
specimen with the difference that here the smaller rings 
appear to overlap the larger. 

Interpretation. — Miller and Dj'er (1878b) interpreted 
"Dystactophycus" as an unbranched "fucoid" and believed 
that the broken apex represented an injury to the plant. 
However, there is no evidence that would point to a vege- 
table origin. 

J. F. James (1885) compared "Dystactophycus" with 
the cryptostome bryozoan Lichenalia concentrica Hall 
(1852, pi. 40E, fig. 5a), originally described from the Clin- 
ton (Silurian) beds of New York State. He related that "it 
can now be conclusively shown that certain species of Mon- 
ticulipora^- have bases which are marked by concentric 
lines very similar to those of Lichenalia concentrica, and 
there can hardly be a doubt but that they are the same. A 
figure of Hall's species is given in Palaeontology of New 
York, Vol. n, plate 40E, which exactly resembles the mark- 
ings of Dystactophycus.  This "fucoid," then, has  resulted 

'"James' concept of Moiiliculipora emliraced what today are considered 
to be several different genera. 

from the impression of the base of a coral \_sic'\ resting on 
a mud-bank and leaving its mark in the concentric rings. 
The elevated portion is the part extending up into the base 
of the coral stem, and the outer rings mark the extent of 
the expanded base. Comparison of Hall's figure and the 
specimens of Dystactophycus leave little doubt as to this 
fact"  (James, 1885, p.  163). 

A study of the type specimen of Lichenalia concentrica 
(PI. 80, fig. 5; AMNH 1487/1) shows that it differs from 
Hall's figure. The form is composed of dark calcite and is 
preserved as a shallow saucer-shaped depression, i.e., con- 
cave epirelief. The flattened rings are much smaller (5/mm) 
and more numerous than Hall's figure would indicate. In 
addition, the margins of the rings are not smooth as shown 
by Hall but instead are crenulate. Both Hall's figure and 
the specimen show that several of the rings either pinch 
out or are truncated by others. Where they are not cov- 
ered by foreign material, most of the rings of "D. 7namillan- 
um" appear to be complete. It is judged that James was 
misled by Hall's figure and that L. concentrica bears only 
a superficial resemblance to the type specimen of "D. mamil- 
lanum." While certain Cincinnatian bryozoa may have 
bases which are similar to Lichenalia and "Dystactophycus," 
James gave no specific examples to support his argument, 
and his voluminous works on the genus contain no mention 
of any. Moreover, Dr. Richard Boardman and Dr. John 
Utgaard of the United States National Museum remark 
(personal communication) that they have never seen a 
bryozoan  base that  resembles  "Dystactophycus." 

It instead is concluded that the type specimen, as well 
as the other specimen of "Dystactophycus" described above, 
represent casts of the rotational sweepings of crinoid stems. 
The attitude of the bedding in the Hamilton specimen (PI. 
80, fig. 3 ) shows that the correct orientation of the cone 
is "apex down," and the faint parallel ridges on a portion 
of one of the rings of the type specimen could represent 
casts of the secondary ridges found on many columnals. It 
is believed that the stem was first buried by mud to a 
depth equal to the height of the cone, i.e., 1.5 cm in the 
type and 3.0 cm in the other specimen. Swirling currents 
caused the stem to rotate in circular patterns, producing 
a cone-shaped cavity. Since there is no remnant of the 
stem or its impression on either specimen, it must have 
been plucked out at this time. Where the walls of the cone 
were steepest, minor flowage of the mud occurred, result- 
ing in the imbricate pattern. Finally, silt-size material 
was swept into the cavity thus insuring preservation. The 
imbricate pattern also could have resulted from diagenetic 
compaction  after burial. The  asymmetry  and  the  faulting 
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seen in the type specimen show that some movement has 
taken place. 

Such imbricate patterns can arise by other means. Some 
crinoids possess columnals which are shaped hke truncated 
cones, i.e., the diameter of the bottom of the cohimnal is 
less than that of the top or vice-versa. Although columnals 
of this variety are found in the Cincinnatian in Ectenn- 
crinus Miller (1889), the genus is not known to occur in 
Richmond rocks, and in Ectenocrinus the columnals de- 
scribed above alternate with cylindrical ones. Thus, it is 
not possible to explain the origin of "Dystactophycus" in 
this manner. 

As mentioned in the discussion of Palaeoscia, there 
are concentric patterns which can be shown to be the marks 
made by crinoid stems. Plate 80, figure 2,3 illustrates one 
such form from an unknown Richmond locality. This speci- 
men is unusual because it is preserved both as a concave 
epirelief (PL 80, fig. 3) and a convex hyporelief (PI. 80, 
fig. 2). The irregular concentric markings on the lower side 
have a diameter of 16.0 cm. The markings on the upper 
surface have a smaller diameter (10 cm) and show a more 
regular concentric pattern. Vertical sectioning through the 
center of the specimens not only indicates that the bedding 
is undisturbed but also reveals three or four columnals. 
It is concluded that the stem first swept over the bottom 
probably dragging shell fragments with it. These could ac- 
count for the irregularity of the markings. The stem was 
then buried by 1.5 cm of silt, and before breaking off it 
again scoured the substrate, this time leaving a more regu- 
lar concentric pattern. 

"Scolithus dispar" J. F. James 

Plate 80, figure  7 

1840. Non Skolithos linearis Haldemann, "A Monograph of the Lim- 
nidades, or freshwater univalve shells of North America, con- 
taining description of apparently new animals in different 
classes, and the names and characters of the subgenera in 
Paludina  and  .Anculosa,"  Supp.  to  No.   1. 

1881. Scolithus linearis Haldemann, James U. P., The Paleontologist, 
No. 5, p. 33. 

1881. Norn. nud. Scolithus dispar James, U. P., The Paleontologist, 
No. 5, p. 33. 

1892. Scolithus dispar James, U. P., James, J. F., Geo). Soc. America 
Bull., vol. 3, p. 41, fig. 14. 

"Type locality."—From the "bed of Crawfish Run, 
eastern part of Cincinnati, 80 feet or so above low-water 
mark of the Ohio River" (most probably Economy). 

Discussion. — U. P. James (1881, p. 33) described the 
Cincinnatian representatives of "S. linearis" as ". . . strong, 
raised lines, from l/24th to over 1/2 an inch or so wide, 
generally straight, and parallel to each other . . . All of 
the forms here referred to are found on  the under side of 

the bedded shale, resting on a bed of fine, soft blue clay. 
. . ." He went on to say that "if, owing to the different 
Geological horizon, or otherwise, these forms shall prove 
to be distinct from S. linearis, I propose the name dispar for 
the species" (ibid, p. 33). Because U. P. James never for- 
mally proposed "S. dispar," he does not receive credit for 
the species. Technically, the specific designation "dispar" 
goes to J. F. James ( 1892), who figured the "species" and 
was the first to use the name without reservation. 

Several specimens of identified topotype material are 
present in the University of Cincinnati collections (PI. 80, 
fig. 7). These closely resemble the figure of the Crawfish 
Creek material illustrated by J. F. James (1892, fig. 16). 
The host rock is a cross-laminated calcisiltite which bears 
several linear markings preserved as convex hyporeliefs. 
As viewed in Plate 80, figure 7, there are two sets of mark- 
ings, one proceeding from left to right, the other from lower 
left to upper right. The markings specifically referred to 
"S. linearis" by U. P. James (^S. dispar J. F. James) are 
thin (1.5 mm), straight ridges, some of which have a longi- 
tudinal furrow. A few proceed the entire breadth of the 
slab, others fade out before reaching the margin. Associat- 
ed with "S. linearis" are other raised markings. Some are 
shaped like an open "S," others resemble small drumlins, 
gradually sloping at one end and sharply rounded at the 
other. Also found on the slab are moniliform ridges and 
closely spaced parallel striae. One additional structure varies 
from all others for it is preserved as a concave hyporelief. 
These form a branching vermiformlike network, which cuts 
through both sets of ridges. 

Interpretation. — U. P. James (1881) agreed with Hall 
that "S. linearis" was a "fucoid," and J. F. James (1892, 
p. 40) considered it as ". . . the passage of some organism 
over the surface of the mud." There is nothing to indicate 
that either of these interpretations is correct. As discussed 
elsewhere, S. linearis, as described by Haldemann (1840) 
and Hall (1847), is the vertical tube of a phoronid or sessile 
polychaete. However, "S. linearis" as employed by U. P. 
James is a groove cast. The ridges are too straight and 
parallel to be otherwise. Similar forms are illustrated by 
Dzulinski and Sanders (1962, pi. 11, fig. B and pi. 14) 
from the Oligocene Krosno beds of southeastern Poland. As 
shown by Dzulinski and Sanders (1962, p. 74) and Potter 
and Pettijohn (1964, pis. 61, 66), the orientation of the 
drumlin-like prod marks shows that current movement was 
from left to right on the photograph. The tools which made 
"S. linearis" were probably fragments of brachiopod shells. 
The S-shaped ridges show where shell fragments tore into 
the   bottom,   twisted,   and   were   pulled   out.   The   parallel 
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striae and moniliform markings are the casts of crinoid 
stems which were dragged or rolled over the substrate. 
The vermiform markings are the only organic features on 
the slab and apparently are molds of fecal strings of 
Sedimentfressers which moved along the silt-mud interface. 

"Palaeophycus flexuosom" U. P. James 

Plate  79,  figures  1,2 

1879.   Palaeophycus  fUxuosus  James,   U.  P.,  The  Paleontologist,   No. 
3, p. 18. 

1884.   Palaeophycus ficxuosus James,  U.  P.,  James,  J.  F.,  Cincinnati 
Soc. Nat. Hist., Jour., vol. 7, p. 6,  pi. 6,  fig.  1. 

Type locality. — "Cincinnati Group, Hamilton County, 
Ohio, near Milford, at a hillside cut of the Little Miami 
Railroad." 

Discussion. — U. P. James (1879, p. 18) characterized 
"P. jlexuosu7n" as a "fucoid" consisting ". . . of a regular 
series of slightly rounded or flattened stems, which may 
have been cylindrical and become flattened by pressure. 
The stems lie nearly parallel to each other in their flexuous 
course across the slabs of blue shale, sometimes anastomo- 
sing {very seldom bifurcating) and are of nearly uniform 
size from end to end, about one line [1/12 inch] in width 
and the same distance apart." He mentioned that thin slabs 
gave the appearance of being composed entirely of "P. 
flexuosum" specimens. The largest specimen observed by 
James had an area of over 600 square cm. The species was 
not figured, and the type specimen (if designated) is not 
present in the James collection at the Field Museum. The 
only known illustration is a highly schematic drawing 
given by J. F. James (1884, pi. 6, fig. 1). 

Two specimens from the University of Cincinnati 
collections, as well as a slab in the James collection at 
the Field Museum labeled Palaeophycus fexuosum, closely 
resemble U. P. James' description and J. F. James' illustra- 
tion. One form (PI. 79, fig. 2) occurs on a thinly laminated 
micaceous siltite which has a thickness of 5 mm. The host 
rock has fractured in such a way as to reveal portions 
of several bedding planes and each plane is marked by the 
"P. jlexuosum" structure. The markings resemble a pattern 
of small, flattened, parallel ripple marks having a "wave 
length" of 5 mm and an "amplitude" of 0.1 mm. The ma- 
terial forming the crests is darker, more micaceous, and 
slightly coarser grained than the sediment found in the 
troughs. The markings are wavy and infrequently bifurcate 
to form two parallel branches. 

Another specimen (PI. 79, fig. 1) was collected from the 
Economy beds of Twelve Mile Creek, Campbell County, 
Kentucky, some 20 meters downstream from the type local- 

ity of Rusophycus cryptolithi. In general pattern it is simi- 
lar to the .specimen just discussed. It differs in that the 
markings are smaller ("wave length" of 3 mm, "amplitude" 
of 0.1-0.2 mm), more wavy, and anastomose more fre- 
quently. The structure covers an area of 700 square cm on 
the upper surface of a fine-grained calcisiltite. The "ripples," 
which have a width of but 1.7 mm, are obliterated by 
trails. It is not possible to determine whether the trails 
are infaunal or exofaunal in origin. 

Similar structures have been described by Walcott 
(1914) from the Precambrian Belt Series of Montana under 
the name Kinneyia (see Hiintzschel 1962, fig. 146-3). Wal- 
cott (1914, p. 107) described Kinneyia as having a "body 
built up of thin, subparallel layers separated by narrow 
intervals that are not much greater than the thickness of 
the layers forming the body." Desio (1940) assigned forms 
from the Silurian of North Africa to Kinneyia, and Fuchs 
(1895) mentioned but did not name similar forms from 
the Lias Alpha of southern Germany. Specimens which are 
more irregular than those found in the Cincinnatian were 
described by Martinsson (1965, fig. 4) from the Middle 
Cambrian of Sweden under the name of kinneyian ripples. 

Interpretation. — U. P. James (1879, p. 18) inter- 
preted "P. jlexuosum" as a "fucoid," although he admitted 
"how [the stems] came to be laid down so evenly laminated 
and with so little disturbance of arrangement is not appar- 
ent." J. F. James (1884, p. 6) believed that "P. flexosum" 
represented swash marks, remarking that "the washing of 
water against the bank of a stream often produces ripple 
marks which extend along the shores for some distance 
in regular, undulating lines." He went on to say that U. P. 
James agreed with this inorganic explanation. Fuchs (1895), 
p. 444) interpreted the Lias forms as corrosive markings 
etched on bedrock by the algal networks. Desio (1940) 
was somewhat more cautious regarding the origin of the 
North African forms. He tentatively compared them to the 
tubulate coral Cladopora reticulata Hall (1851) (jun. syn. of 
Coenites Eichwald) from the Niagaran (Silurian) of New 
York State. He also pointed out what he believed to be a 
similarity between Kinneyia and Paleodictyon. Martinsson 
(1965) regarded the Swedish Cambrian forms as similar to a 
form of small oscillation ripple that he has observed form- 
ing in the Baltic. 

The morphology of the two Cincinnatian specimens 
recalls depressed ripple marks; however, according to Dr. 
Paul Potter (personal communication), the smaller speci- 
men (PI. 79, fig. 1) has a "wave length" which is less than 
that of the smallest undoubted ripple mark. Nevertheless, 
Shrock (1948, fig. 79) illustrated a form equal in dimensions 
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to the Cincinnatian specimen from the l^ovver Ordovician 
New Richmond Sandstone of Wisconsin which he referred 
to as "eroded symmetrical ripple marks." While it is possi- 
ble that "P. jlexosum" represents some diagenetic phe- 
nomenon, such structures have not been reproduced in 
laboratory' studies. 

XII. INCERTAE SEDIS 

Sphenophyllum primaevum Lesquereux 

1878.   Sphenophyllum   primaevum   Lesquereux,   .American   Phil.   Soc, 
Proc, vol. 17, pp. 167-169,  pi.  1,  figs. 3-5, 

1889.   Spninphyllum  primaevum  Lesquereux,  Miller,  North  American 
Cieol. and Palaeont., p. 1+1. 

1892.   Sphenophyllum primaevum Lesquereux, James, J. F., Cincinnati 
Soc. Nat.  Hist., Jour.,  vol.  1+,  p. 48. 

Type locality. — "Covington, opposite Cincinnati;" 
Limekiln Run, about 370' above low water, Cincinnati, 
Ohio. (The first locality could be either Eden, Fairview, or 
McMillan; the latter is probably McMillan.) No specimens 
have been available for examination, the types not being 
known. 

Discussion. — Lesquereu.x (1878, p. 167) described the 
species as "stems or branches slender, articulations close, 
equidistant; leaves in whorls of four or five leaflets con- 
nected towards the base and joined by slightly obtuse 
sinuses; leaflets either truncate and crenulate at the top, 
or sometimes deeply slit or loiiatc; nerves simple at the 
base, sparingly dichotomous, forking mostly once, even 
simple." The only known figures of the species are given by 
Lesquereux (1878, pi. 4, figs. 4,5). The form illustrated by 
Lesquereux on plate 4, figure 3 was also thought to be 
Sphenophyllum, but he could not identify it as conspecific 
with S. primaevum. The specimens were found in place "im- 
bedded in the clay or attached to pieces of hardened clay 
of the same compound as the Cincinnati blue marl" (ibid. 
p. 169). 

Interpretation. — Lesquereux (1878) considered S. 
primaevu/m, along with PsUophytum gracillimum Lesquereux 
and Protosligma sigUlarioides Lesquereux, to be the oldest 
land plants yet discovered in North America. He allied ^*?. 
primaevum with S. scolotheimii Brongniart (1828) and S. 
oblongifolium Germar (1844) which he had identified in the 
coal flora of Pennsylvania. Although J. F. James (1892) 
accepted Lesquereux's mterpretation without question. 
Miller (1899, p. 141) was more skeptical and remarked, "I 
think this is not a plant." While Lesquereux's description 
and figures of S. primaevum resemble the generally accepted 
concept o{ Sphenophyllum, it is inilikely that we are dealing 
with a land plant. Tlu' lir.st undoubted Sf>hriiiiphyllii))i is 
from the Up|)er Devonian l)e(is ol  New  York State and the 

Gaspe region of Canada. It would be remarkable if one of 
the earliest known land plants were found in marine de- 
posits hundreds of miles from the nearest shore. However, 
at present the form remains a Problematicum. Despite the 
fact that the present study has turned up no new specimen 
nor are any in the collections studied, it was Lesquereux's 
impression that it was not rare. He mentioned that he had 
heard of several specimens and that local collectors had 
thought it to be "the work of insects . . . fucoidal or 
coralline productions like Oldhamia" (Lesquereux, 1878, p. 
169). Oldhamia. Forbes (1849) is now recognized to be a 
stellate burrow, and Oldha7nia-\ike forms arc not known 
to occur in the Cincinnatian. The fact that it occurs 
"attached to pieces of hardened clay" makes it more likely 
that this is some sort of organic encrustation, perhaps a 
sponge or crinoid rootlet system. Until an actual specimen 
is found, there is little more that can be done. 

PROTOSTIGMA Lesquereux, 1878 

1878.   Prolostigma   Lesquereux,   .\merican   Phil.   Soc,   Proc,   vol.   17, 
pp. 169-173, pi. 1, figs. 7-8. 

1889.   Protosligma   Lesquereux,   Miller,   North   .Xmerican   Geo),   and 
Palaeont., p. 135. 

1891.   Protosligma   Les(|uercux,   James,    [.    F.,   Cincinnati    Soc.   Nat. 
Hist., Jour., vol.  14, pp. 48-49. 

Type Species. — Protosligma sigUlarioides Lesquereux 
(1878) from the "Cincinnatian Group" in Longstreet Creek, 
six miles east of Lebanon, Ohio (probabi}' Richmond beds). 
Monotypic. 

Discussion. — P. sigUlarioides was described by Lesquer- 
eux (1878, p. 169) as "branches or stems cylindrical, scarce- 
ly flattened by compression; surface marked by rhomboidal 
cicatrices, enlarged on the sides, contiguous and in spiral 
order, with indistinct impressions of oval scars in the 
middle." The form was figured by Lesquereux (1878, pi. 
4, figs. 7,8). One specimen which was not figured ". . . is 
larger, seven centimeters in diameter, nine centimeters 
long, nearly exactly cylindrical, with irregular more or less 
distinct ribs, marked crosswise by large wrinkles or irregu- 
lar protuberances, which do not show any distinct relation 
of form and position between them" (ibid., pp. 169, 170). 
The specimens consist of a "hard bluish clay or marl mixed 
with grains of coarse sand" (ibid., p. 173). 

Lesquereux mentioned the form in 1874 (without 
naming it), and this prompted an immediate reply from 
Newberry (1874), who had the specimens in his possession 
before Lesquereux described them. Newberry (1874, figs. 
1, 2) gave two figures which are far less schematic than 
those of lAScpiereux (1S7S), He failed to find any trace 
of oval scars in  the center of the cicatrices. 
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Interpretation. — Lt-stiuercux (1874, 1878) considered 
Protostigma to be the oldest of the lycopods. Newberry 
( 1874) regarded them as the stems of large "fucoids," as 
did Miller (1889). Newberry pointed out that there was 
no carbonaceous material anywhere in the specimens. J. F. 
James (1891) questioningly placed the genus in the lyco- 
pods. 

Newberry's discussion and figures cause some doubt 
on Lesquereux's interpretation. The first undoubted lyco- 
pods occur in the Lower Devonian of Australia. While it is 
not possible to refute Lesquereux's hypothesis, it is equally 
probable that Protostigma is the cast of a large burrow, 
the internal mold of a large nautiloid, or even possibly a 
specimen of Beatricea, the problematic stromatoporoid; 
however, the latter does possess internal structure. Until 
identified material is located, Protostigma must remain 
Incertac sedts. 

PALAEOSCIA Caster, 1942 

Plate 71, figure 3; Plate 82, figures 1-6 

1879.    ?Lacvicyclus  Quenstedt,   Petrefactenkunde   Deutschlands,   pt.   1, 
vol. 6, Korallen, Die Rohren und Sternkorallen, p.  577, pi.  164, 
fig. 35. 

1912.    fCyctozoon   Wurm,   Deutsche   geol.   Gesell.,   Zeitschr.,   Bd.   63, 
p. 128, pi. 7, fig. 11. 

1942.   Palaeoscia   Caster,   Palaeontographica   .\mericana,   vol.   3,   pp. 
26-29,   pi.   5,   figs.   1-4. 

1955.    yLaei'icyclus Quenstedt, Scilacher, in Schindewolf and Seilacher, 
Akad.  Wiss. Lit.  Mainz,  math-nat.  Kl.,  Abh.,  No.  10,  pp.  389- 
390,  pi.   18,  fig.   1. 

1962.    ?Larvi<yilus   Quenstedt,    Seilacher,    Hantz.schel,   Trace-Fossils 
and  Problematica  in Treatise  on   Invertebrate  Paleont.,  Moore 
(ed.),  Pt. W, Miscellanea,  p.  W201. 

Type species. — Palaeoscia floweri Caster (1942) (PI. 
87, fig. 1; UCM 24079) from the Corryvilie beds of Stone- 
lick Creek, Clermont County, Ohio. Monotypic. 

Diagnosis. — A series of regular or irregular concentric 
circles marked by a central "pore." In some forms a series 
of faintly impressed grooves radiates out from the "pore." 

Discussion.—At the time of Caster's study (1942) 
only two specimens were known, both from the Corryvilie 
beds of Stonelick Creek, some 290 meters downstream from 
where the creek is crossed by Ohio Route l.H. Both speci- 
mens are preserved as concave epireliefs in a thin caicisil- 
tite which grades down into a coarse-grained calcarenite. 
The type specimen (PI. 82, fig. 1) is composed of a series 
of irregular concentric circles 7.S cm in diameter. Many of 
the circles are incomplete and some of them intersect. The 
center of the specimen is marked by a small well-developed 
"pore" from which radiate 16 grooves ( PI. 82, fig. .3). Ihese 
were  interpreted  by Caster as  representing eight  pairs  of 

radial canals. The larger par:ity|)c (Caster, 1942, pi. 5, 
fig. 4) is not so well preserved and covers an arc of 160". 
The concentric lines are faintly impressed but appear to 
be more regular. There is no trace of radial grooves or a 
central "pore." 

Since the original description additional specimens from 
the same locality have been recovered which shed more light 
on the nature of the genus. The most revealing are two 
overlapping specimens neither of which is complete (PI. 82, 
fig. 5). The larger form, 6.4 cm in diameter, consists of 
two strongly impressed concentric arcs as well as four 
very faint ones. Radiating from the central "pore" are 
numerous grooves which subscribe an arc of 180°. They are 
too faint to count accurately but the number appears to be 
about 25. There is no hint of a regular paired arrangement. 
The smaller specimen truncates the larger and has a di- 
ameter of 4.6 cm. It lacks the concentric appearance of the 
other specimen, as only a single arc is present. Likewise, 
there are no radial grooves. The "pores" of both forms are 
similar; each is cone-shaped and possesses a raised rim. 
Also the outer arcs are similar in that the outer wall is 
much steeper than the inner. In some areas the inner wall 
gives the appearance of having been planed off. 

Three additional specimens from the type locality 
siioiild be noted. The first ( PI. 82, fig. 2) differs from those 
described above in that it consists of 8-10 faint but regu- 
larly spaced, nearly perfect circles. The outer circle is the 
most plainly defined, and in cross-section the specimen re- 
sembles a shallow dish. There is no well-defined central 
"pore" nor is there any hint of radial grooves. Another 
specimen (PI. 82, fig. 6), which has a diameter of 5.4 cm, 
is characterized by a marked contrast in the appearance of 
the circles. The circle, whose outer margin lies 9 mm from 
the central "pore," is incised 2 mm below the general level 
of the specimen. The central "pore" has a diameter of 3 
mm and thus exceeds the dimensions of the "pores" of other 
specimens. It is uncertain whether the third specimen 
(PI. 71, fig. 3) represents topotype material. In opposition 
to the other Stonelick forms, it is preserved as a convex 
hyporelief, and the clarity of preservation indicates that 
the subjacent bed was a lutite. All other Stonelick forms 
are found as concave epireliefs in calcisiltites. It may be 
that the difference in preservation is due to a lateral fades 
change in the same bed. On the other hand, the specimen 
may be from a different bed. The form in question is ellip- 
soidal in outline; the long axis measures 5.5 cm, the short 
axis, 5.0 cm. This variation in dimensions can be ascribed 
to the diflVrencc in ihe iK\cldpiiuiit ol rlu' Idiir (|tiadrants. 

riu' outer maigins ot tlu' opposinj; (|ii.i(li :inls on liie lonji 

a.xis   are   raised   .i   mm   (ill   tlic   siirlace   ol   the   host   rock. 
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In contrast, the margins of the quadrants on the shorter 
axis are nearly flush with the surface of the host. Proceed- 
ing from the central "pore" to the margin of the specimen 
is a shallow U-shaped trough which has a width of 2 mm. 

Similar concentric markings have been found at other 
Cincinnatian localities. Mr. Joseph Stocker collected a half 
dozen specimens from the Corryville beds of Hall's Creek, 
some 10 miles from the Stonelick Creek locality. These forms 
possess anywhere from 8-26 concentric rings which are more 
regular both in outline and spacing than most of the pre- 
viously described specimens. All are preserved as concave 
epireliefs and have a dish-shaped cross-section. There is no 
evidence of planation, radial markings, or a central "pore" 
on any of the specimens. 

Palaeoscia-Vike forms have also been collected from 
the Economy beds of Duck Creek, Kentucky. A single slab 
(PI. 82, fig. 4), having an area of 33.6 square cm, yielded 
23 specimens which are preserved as convex hyporeliefs. 
Instead of being complete or nearly complete circles, mark- 
ings are found in only one quadrant. Casts of scour marks 
associated with the "pore" (here a small conical pimple) 
reveal that the arcs are developed only in the downcurrent 
quadrant. The number of arcs varies from 4-8; they are 
very sharply defined but not evenly spaced. There is no 
evidence of planation. 

Forms like those described above are by no means 
confined to the local Cincinnatian section. Quenstedt (1879) 
proposed Laevicyclus for one such form from the Angulaten 
Sandstone (Jurassic) of Wiirttemberg. It is preserved as a 
concave epirelief and consists of several concentric circles 
with a central "pore." Wurm (1912) described others from 
the Triassic of Aragon, as has Philipp (1904) from the 
Upper Triassic of northern Italy. Wurm's specimens, which 
he named Cyclozoon philippi, have a diameter of 34 mm 
and possess only two concentric circles. His figure (Wurm, 
1912, pi. VII, fig. 11) shows a central "pore" but no radial 
grooves. Philipp's form, which was unnamed, differs in that 
it has a single circular impression. The specimens occur 
as concave epireliefs on a ripple-marked surface. Instead 
of being a depression, the central "pore" appears to be a 
raised area (Hantzschel, 1962, fig. 123-3a). 

Seilacher (1955, pi. 18, fig. 1) described additional 
specimens of Laevicyclus from the Lower Cambrian of the 
Salt Range. Preserved as convex hyporeliefs, the small 
(diameter of 1 cm) Salt Range forms have concentric arcs 
developed only in two opposing quadrants. In one speci- 
men the best preserved specimen has three arcs in one 
quadrant, two in the other. 

Interpretation. — Theories on the (irigm ol these circu- 
lar structures are as varied as the morphology of the forms 

themselves. Quenstedt (1879) assigned Laevicyclus to the 
corals, while both Philipp (1904) and Wurm (1912) con- 
sidered their forms to be body fossils of unknown affini- 
ties. Schmidt (1934) and Lessertisseur (1955) maintained 
that such circular structures arise from gas bubbles being 
driven upward during diagenesis. 

Seilacher (1953b, fig. 5) believed that Quenstedt's 
Laevicyclus was a trace fossil. He based his conclusion on 
the feeding methods of the polychaete Scolecolepis squa- 
tnata Soderstrom, which lies vertically in sand with only its 
head and tentacles protruding above the surface. In calm 
water the tentacles rotate in a circular pattern, gleaning 
the nutrients from the substrate; however, when currents 
are present, such actions are not necessary, and the organism 
merely grasps food particles as they are washed within its 
reach. In this case, the only markings left on the substrate 
are small scour channels on either side of the tube. Seilacher 
(1955) mentioned that mollusks and arthropods, as well as 
polychaetes, might have produced the Salt Range speci- 
mens. The smaller diameter and the fact that the markings 
were developed in only two quadrants indicated to him that 
the tentacles were not as mobile as they are in Scolecolepis. 

Caster (1942) interpreted the two Stonelick speci- 
mens, then available to him, as molds of porpitid siphono- 
phores, comparing them to the Recent Porpalia prunella 
Haeckel. Admittedly the Cincinnatian forms do bear some 
resemblance to undoubtedly soft-bodied coelenterate fossils. 
Sprigg (1947, 1949) described several such forms from the 
Precambrian Ediacara beds of Australia. There can be 
little doubt that these Australian specimens are bona fide 
"jelly-fish." The radial canals are regularly disposed and 
encircle the entire specimen, and the forms are associated 
with numerous other soft-bodied fossils (Glaessner, 1959). 

In spite of the resemblance to the Australian forms, 
there is reason to believe that the rims of the central 
"pore," the numerous radial grooves, the irregularity of 
the concentric arcs in some forms, and the planed-off ap- 
pearance of the outer arcs all indicate that the Stonelick 
Creek specimens represent the markings made by some swirl- 
ing object. The holotype and the two overlapping specimens 
illustrated on Plate 82, figure 5 come the closest to re- 
sembling the pattern which might have been made by an 
Ordovician Scolecolepis-Wke polychaete. There is evidence of 
planation, the arcs are uneven, and the radial grooves could 
well be the imprints of the tentacles. However, the other 
specimens from the same locality do not support this con- 
clusion; the arcs are too regular. Moreover, sectioning of 
one specimen revealed a hracliiopod shell immediately 
underlying the center of the circle. Wc must thus consider 
the possibility  that   these  circular  patterns  are  the  mark- 
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ings of a partly uncovered agglutinated tube as it was being 
swept around by the currents. The brachiopod shell offers no 
real problem as the tube could have been anchored to it 
and have been partly uncovered by erosion. There is no 
evidence of crinoid holdfasts or stems in anv of the speci- 
mens, thus that group is ruled out. 

Even though some of the specimens resemble Scoleco- 
lepis feeding traces while others resemble sweep marks, it is 
highly impossible that the specimens, all from the same 
bed, have two different origins. However, at this point it is 
not clear which of the two explanations is the correct one; 
therefore, Palaeoscia is assigned to the Incertae sedis. The 
origin of the Hall's Creek forms is even more problematic. 
The circular markings are too perfect in outline to represent 
either a trace fossil or a siphonophore. While it is believed 
that these are probably sweep marks of an eroded tube, it 
must be admitted that careful sectioning failed to reveal 
any trace of a tube or similar structure. This may not be as 
critical as it first appears. The "pores" are so small ( 1 mm) 
that such a tube might not even be visible in vertical 
sections, unless it were filled with a material different 
from that of the host rock. 

Because the Duck Creek specimens (PI. 82, fig. 4) 
are preserved as convex hyporeliefs, vertical sections are 
irrelevant. The scour marks on either side of the pimple- 
like raised area in the center show that these most probably 
are sweep marks. There seems little reason why such regular 
arcs should be developed in only the downstream quadrant 
if this were the feeding trace of a Scolecolepis-WVe organism. 
Yet it is unusual that no evidence of the tube or stem is 
found in any of the 23 specimens. 

In summary, the generic designation Palaeoscia is 
applied only to specimens from Stonelick Creek. These may 
be either feeding traces or the sweep marks of an agglutin- 
ated tube. The specimens from Hall's Creek and Duck Creek 
are thought to be sweep marks and they are not assigned to 
Palaeoscia. Not all such markings are so enigmatic, for some 
can definitely be shown to be sweep marks of crinoid stems. 
These are discussed under "Dystactophycus." 

ARISTOPHYCUS Miller and Dyer, 1878 

Plate 83, figures 6-8; Text-figure 28 

1878.   Arisiophycus Miller and  Dyer,  Contributions  to  Palaeontology, 
No. 2   (Cincinnati,  Ohio,  private publication),  p.  3,  pi. 4,  figs. 
2-3. 

1885.   .Iristop/iycus   Miller   and   Dyer,   James,   J.   F.,   Cincinnati   See. 
Nat.  Hist., Jour.,  vol.  7,  p.  130. 

1962.   Arhtophycus   Miller   and   Dyer,   Hantzschel,   Trace-Fossils   and 
Problematica in Treatise on Invertebrate Paleont., Moore  (ed.), 
pt. W,  Miscellanea,  p. W232. 

Type species:  Aristuphycus rainosmn Miller and Dyer 

Text-figure 28. — Schematic cross-section of Aristophycus ramo- 
sum Miller and Dyer, 1378. The diagram shows that the secondary 
branches bifurcate from the main branch from below rather than at 
right angles (i.e., below a horizontal plane bisecting the main branch) • 
X  5. 

(1878) (PI. 83, fig. 7; HBM 3173; latex mold UCM 37580; 
PI. 83, fig. 8; HBM 3172; latex mold UCM 37668) from the 
Fairview or McMillan Formation, Cincinnati, Ohio. 

Diagnosis — Pulmonale, branching structures of mod- 
erate size which are preserved as convex epireliefs. As 
viewed in cross-section, the smaller secondary branches 
join the terete main branch from beneath, forming an angle 
of 30-45° with the horizontal. The tertiary and quaternary 
branches inosculate to form an anastomosing pattern. 

Discussion. — .iristophycus was described by Miller 
and Dyer (1878b, pp. 3,4) as a "fucoid" with a "stem 
which divides into branches or fibres; these again divide 
and subdivide, until they become exceedingly numerous. 
The ramifications are sent off like the roots of a tree or 
shrub without any determinate order, while many of the 
smaller fibres inosculate like the veins in the leaf of a tree." 

One species, A. ramosum, and the variety A. ramosum 
"var." germanum were proposed. The latter differed in that 
"small fibres are thrown off from the main stem between 
the branches . . . [these] are finer and more completely in- 
terwoven than they are in A. ramosum" (Miller and Dyer, 
1878b, p. 4). ' 

On the whole Miller and Dyer's description is accu- 
rate, but the authors neglected to mention the unusual 
mode of branching. As seen in Text-figure 28, the secondary 
branches do not join the mam trunks of the system on a 
horizontal plane but instead from beneath. The angle of 
juncture varies between 30-60° off the horizontal. The same 
generally holds for the relationship between the small sec- 
ondary and tertiary branches; beyond this the branches be- 
come so small that observation is difficult. 

The type specimen of A. ramosum (PI. 83, fig. 7), 
which is 17 cm long and 13 cm wide, consists of seven ir- 
regularly winding main branches which vary from 2-6 mm 
in diameter along their length. Distally these give rise to 
numerous short secondary branches which have a diameter 
of 0.5-1.5 mm. These in turn branch to produce a capillary- 
like system which crosses over ;md interpenetrates the 
"capillaries" of a neighboring branch.   I'he unusual method 
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of branching mentioned above is best seen in the distal por- 
tions of the system. The type specimens of A. rajnosiim 
"var." germanum (PI. 83, fig. 8) is slightly smaller, having 
a length of 9.5 cm and width of S cm. The main trunk has 
a diameter slightly in excess of 1 mm. Unlike the type of A. 
ramosian where the anastomosing pattern is confined to the 
distal regions, A. ramosum "var." germanum shows this 
arrangement along most of its length, although it is best 
developed distally. The small branches wind about in inter- 
penetrate to form a system which is even more complex than 
that of A. ramosum. 

In the A. ram.osiim "var." germanum type, there is no 
difference in lithology between the host rock and the fos- 
sil. Conversely the A. ramosum- type appears to be finer 
grained than the host rock, tor it flakes off with comparative 
ease. 

In spite of these minor differences, it is concluded that 
there is no need for separate taxa for the two specimens. 
The more important features, e.g., the anastomosing pattern 
and the mode of branching, are common to both; therefore, 
A. ramosum "var." germanum is placed in synonymy with 
A. ramosum. 

Similar structures have been reported from Europe 
and were called "figures de viscosite" by Issel (1889). 
Fuchs (1895, pi. 9, fig. 4) illustrated one specimen from 
the Braun-Jura Beta of Wiirttemberg. As nearly as can be 
determined from his figure, it is congeneric with Aristophy- 
cus. The form measures 9 cm by 2.2 cm, and the main 
trunk has a diameter of less than a millimeter. The exact 
nature of the branching is undeterminable. 

Interpretation. — James (1885) interpreted Aristophy- 
cus as casts of rill marks; and apparently Miller (1889, p. 
107) was convinced, for he conceded that the genus might 
well be inorganic in origin, or if it were a "fucoid," it was 
too poorly known to be retained as a separate genus. 
Hantzschei (1965, p. 10) reported that Seilacher (personal 
communication to Hantzschei) considered Aristophycus to 
be a "figure de viscosite." 

Upon casual inspection, James' rill mark interpreta- 
tion appears plausible. However, closer examination reveals 
that Aristophycus occurs as convex epireliefs, i.e., raised 
patterns, on the upper surface of the beds. There can be no 
question of this, as the side of the slab bearing A. ramosutn 
contains a portion of a Corophioides, in which the bottom 
of the "U" is 180° to the surface bearing Aristophycus. 
The presence of channel fillings in the other specimen con- 
firms this orientation. 

Seen in this light, the orijiin <il such ;i torm heconus 
problematic. In fact it is nor possible to entirely dismiss 
an  algal  origin,  but  the  niotle  of  preservation,  i.e.,  convex 

cpirelief, makes it more likely that Aristophycus is either 
a burrow or some physical phenomenon. 

Fuchs likened it to the anastomosing pattern which 
results when a knife blade is raised off a slab of butter. 
Anyone who has ever polished rock sections has seen the 
same effect. Fuchs pictured a shell-less gastropod or a large 
Planaria rising vertically off the bottom with the resulting 
suction producing the pattern. However, it is difficult to 
see how suction could produce such a regular hierarchic and 
interlocking pattern where the secondary branches consis- 
tently join the main trunk from below. 

Because of the unique preservation it is most probable 
that Aristophycus originated below the depositional inter- 
face along a bedding plane surface. The clarity of preserva- 
tion indicates that the overlying sediment was a lutite. It 
IS possible that Aristophycus is a branching feeding bur- 
row, where the organism moved along the main branch and 
extended a slender proboscis or tentacles down along the 
mud-silt interface. The terete cross-section of the branches 
and the variations in the diameter of the main trunk sup- 
port such a hypothesis. However, Aristophycus differs in 
many respects from all known burrows. It is difficult to 
explain why the angle of branching is consistently 30-60° 
off the horizontal and why the branches become progress- 
ively smaller distally. Likewise, the mode of preservation 
is exactly the opposite from that found in many burrows. 
In most burrows, which are preserved as boundary reliefs, 
e.g., Phycodes, the overlying sediment fills the cavity made 
by the organism. The burrow hypothesis would be more 
attractive if Aristophycus were preserved as a convex hypo- 
relief or a concave epirelief. 

Because of these difficulties it is equally as probable 
that Aristophycus is of physical origin. Perhaps it repre- 
sents some form of diagenetic flow pattern. But, just as 
Aristophycus resembles no known burrow, neither does it 
resemble any known diagenetic phenomenon. Moreover, the 
anastomosing pattern of the branches is in opposition to the 
characteristics of flowing, percolating water. 

Walcottia sulcata U. P. James 

1881.   H'alcoltia sulcata James, U. P., The Paleontologist, No. 5, p. 44. 
1886.   H'alcottia  sulcata  James,   U.   P.,  James,  J.  F.,   Cincinnati   See. 

Nat. Hist., Jour., vol. 8, p. 162. 

Type locality. — Economy beds of the eastern part of 
Cincinnati. There is no known illustration of the species. 

Discussion. — U. P. James (1881, p. 44) created W. 
sulcata for ". . . sub-cylindrical, slightly tortuous forms, 
with a longitudinal groove along the center ol the exposetl 
part;  a series of fine, closely arranged  transverse or gently 



TRACK Fossir.s CINCINNAIT ARI:A:  OSCOOD 399 

oblique striae, commencing, apparently, at the bottom of 
the groove, and passing over the higher roimded surface 
to the embedded portion on each side." He remarked that 
the species had a length of 2 inches and a width of 1/12 
inch and "differed materially" from W. rugosa Miller and 
Dyer (1878) in ". . . the features of the longitudinal groove, 
the uniform width and the transverse striae" (ibid, p. 44). 

Interpretation. — U. P. James offered no interpretation 
for [F. sulcata and J. F. James (1886) merely referred to 
the form as "a burrow." Neither a type specimen nor iden- 
tified material could be located in the James collection at 
the Field Museum. The original description recalls small, 
striate, bilobed Criiziana-Wke trails. Thus, it is possible that 
the species is a trail similar to Ormathichnus Miller (1880). 

SACCOPHYCUS U. P. James, 1879 

1847.    }Sphrnothallus   Hall,   Nat.   Hist.   New   York,   Palaeont.   New 
York, vol. 1, p. 268, pi. 68, fig. 1. 

1878. Sphniothatlus   Hall,   James,   U.   P.,   The   Paleontologist,   No.   2, 
p. 9. 

1879. Saccnphycus James, U. P., The Paleontologist, No. 3, p. 17, 
1885.   Saccophycus  James,   U.  P.,  James,  J.  F.,   Cincinnati   Soc.   Nat. 

Hist., Jour., vol. 7, p. 157. 
1891.   Partim   Planolttes   Nicholson,    James,    J.    F.,    Cincinnati    Soc. 

Nat.  Hist.,  Jour.,  vol.  14,  p. 47. 
1962.   Saccophycus James,  U. P.,  Hantzschel, Trace-Fossils and Prob- 

lematica   /;/   Treatise   on   Invertebrate   Paleont.   Moore    (ed.), 
pt. W, Miscellanea, p. W242. 

Type Species.—Saccophycus intortum U. P. James 
(1879) from the "Cincinnati Group, near Lebanon, Ohio." 
Monotypic. 

Discussion. — U. P. James (1879, p. 17) characterized 
Saccophycus as resembling "... a long tortuous bag or 
sack, with the ends drawn in; undulating, wavy surface, 
finely striated longitudinally; sides and ends rounded in 
and under." He further mentioned that the type (the only 
known specimen!) was approximately three inches long and 
had a breadth of one inch at one end and one-half inch at 
the other. The specimen was "partly imbedded in a fragment 
of limestone." There is no known figure of the genus. U. P. 
James (1878) had mentioned the specimen previously, ten- 
tatively assigning it to Sphenothallus latifolius Hall (1847) 
(Upper Ordovician: New York). He remarked that it re- 
sembled the specimen illustrated by Hall (1847, pi. 68, 
fig. 2e) and that the Cincinnatian form might be the stem 
of S. latifolius. Hall's figure shows a smooth truncated cone 
having a height of 4.5 cm and a diameter of 2.5 cm at 
the base and 1.5 cm at the apex. The specimen figured by 
Hall does not resemble any Cincinnatian fossil or pseudo- 
fossil. 

The sole specimen of Saicuphyvus is not with the 
lames  collection   at   the   Field   Museum.   A   search   of   the 

literature reveals  that  no subsequent   author  has enlarged 
upon the original description. 

Interpretation. — U. P. James interpreted Saccophycus 
as a "fucoid," while J. F. James (1885, p. 157) believed 
it to be "the burrow of an annelid." J. F. James (1891) 
considered Saccophycus to be synonymous with Blastophy- 
cus djadematum and Trichophycus venosum. Although there 
is nothing to indicate that Saccnphycus is synonymous with 
Blastophycus, U. P. James' original description is reminisc- 
ent of Trichophycus venosum. Until the type specimen of 
Saccophycus is located, the matter must rest. 

Xni. INVALID SPECIES 

Ulrich ( 1880) in his Catalogue of Fossils Occurring 
in the Cincinnati Group listed four species of previously un- 
descnbed "fucoids." Palaeophycus ornatu^n, Palaeophycus 
sculptum, Conosttchus truncatus, and Cyclophycus later- 
ale. He mentioned in the preface that "many of the new 
species recorded in the list, have as yet not been published." 
A search of his subsequent works reveals that he never 
formally proposed nor described the above species and that 
they are thus nomen nudum. A comparison of the names 
with any forms actually occurring in the Cincinnatian would 
be pure speculation. 

XIV. COMPARATIVE PALICHNOLOGY AND 
SUGGESTIONS FOR FURTHER STUDY 

COMPARATIVE PALICHNOLOGY 

Until recently most study of trace fossils has been 
concerned primarily with description and interpretation of 
individual forms, i.e., paleoautoecological investigations. As- 
semblages of traces have only sporadically received atten- 
tion. Richter's (1931) analysis of trace fossils in the Huns- 
riick Shale (Devonian; Rhineland) and Linck's (1949) 
study on the Schilf Sandstone (Triassic: Wiirttemberg) are 
notable pioneer works of synthesis, i.e., paleosynecological 
analysis. 

The broader aspect of the paleosynecology of traces, 
an attempted integrated investigation of the entire trace 
fossil spectrum and subdivisions, is new indeed. Seilacher 
(1954) initiated his comprehensive work in the compari- 
son of the trace fossils of the Alpine Flysch and Molasse. 
More complete documentation of his 1954 conclusions came 
in his 1955 paper on trace fossils of the Cambrian section 
in the Salt Range of Pakistan. Here In- cdnipared the trace 
coniiminity of the Salt Range with li\c other trace com- 
nuinities:   the   Triassic Schilf Sandstone, the Lias and  Dog- 
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ger (Jurassic) Sandstones of Wiirttemberg, the Swiss Mio- 
cene Molasse of the Alps, the Cretaceous and Tertiary 
Flysch of the same area, and the Ordovician-Devonian 
Nerdtes beds of Portugal  (Seilacher, 1955, fig. 5). 

Seilacher found that the trace assemblages of the 
Alpin Flysch and the Portuguese section were character- 
ized by abundant Pascichnia which exhibited mtncate geo- 
metric patterns. While Fodinichnia and Repichnia were also 
numerous, there was a complete lack of Cubichnia. 

On the other hand, in the remaining four sections 
Cubichnia formed the dominant group and Pascichnia were 
virtually nonexistant. The grazing traces were represented 
only by Dimorphichnus in the Salt Range and Helminth- 
oida in the Molasse, and both of these are questionable. 
As shown elsewhere herein, Dimorphichnus may be a form 
of trilobite trail which exhibits strongly oblique movement. 
The Molasse representative of Helminthoida is poorly or- 
ganized and lacks the tight meanders of its Flysch counter- 
part. The Repichnia are well represented in these same four 
sections, and while several different forms of Fodinichma 
were present in the Salt Range and Lias and Dogger sec- 
tion, the latter were not well developed in the Schilf and 
marine  Molasse strata. 

The dichotomy in the trace fossil assemblages is re- 
flected by a marked difference in iithology and paleo- 
ecologic setting. A capsule summary of the stratigraphy 
of each section is given below. 

The Cambrian section of the Salt Range is composed 
of nearly 360 meters of dominantly clastic sediments. The 
basal 80-100 meters of alternating beds of fine-grained 
sandstones and shales are marked by imprints of salt casts, 
mud cracks, and ripple marks. These are overlain by a 10 
meter thick, well-rounded quartz conglomerate which grades 
upward into a micaceous, glauconitic quartz sandstone con- 
taining a good marine fauna. Overlying this are dolomite 
beds interstratified with thin shales. The uppermost units 
are thin-bedded sands and shales bearing salt pseudomorphs. 
Schindewolf and Seilacher (1955) believed that the column 
reflected a shallow water marine environment which became 
terrestrial in the upper portion. 

The Schilf Sandstone (Triassic: Wiirttemberg) varies 
from 3-42 meters in thickness and is composed of well sort- 
ed, fine-grained micaceous sands and shales which are ripple- 
marked and bear other evidence of current activity. Locally 
some of the sands have a high iron content. Although plant 
fossils are common, invertebrate body fossils are almost 
entirely absent. Linck (1949) interpreted the Schilf as 
representing a shallow water deltaic environment which was 
prcdominatelj- marine but contained some brackish water 
units. 

According to Brinkmann (1960) the Lias of the W'iirt- 
temberg area contains 70 meters of fossiliferous limestones 
and marls. Most of the trace fossils occur in the thin (6 
meter) Angulaten Sandstone (Lias Alpha-2). The Dogger 
of W'iirttemberg is composed of over 100 meters of ferru- 
ginous sandstones, limestones, and marls. The trace fossils 
are encountered in the elastics of the Dogger Beta. The 
Lias and Dogger are interpreted as shallow water deposits 
which thicken to the north and grade into the fine-grained 
deep water elastics of northwestern Germany. 

The Tertiary Alpine Molasse exhibits such a wide litho- 
logic range that it is difficult to characterize in a few 
brief phrases. Generally speaking, the section is made up 
of interbedded bituminous slates, conglomerates, sandstones, 
and shales. Vertical and lateral facies changes are numer- 
ous, and cross-lamination and channel fillings are common. 
Current indicators, even in local areas, present a bewilder- 
ing variety of directions. According to Kuenen and Carozzi 
(1953) the strata are irregular in thickness and distribu- 
tion, and the contacts between the various units are not 
sharp. Graded bedding within individual units is generall> 
absent. The Molasse is thought to indicate sediments de- 
posited in shallow neritic and nonmarine environments; 
the fauna is well developed and is composed of marine, 
brackish, and lacustrine forms. As noted above, Seilacher 
confined his study to the marine beds. 

While the four sections discussed above vary in details 
(as do their respective trace fossil communities), they are 
all regarded as being shallow water (neritic) deposits. In 
contrast, the sediments of the Alpine Flysch and the 
Nereites beds of Portugal are thought to reflect a far dif- 
ferent environment. 

Recently the Cretaceous and Tertiary Flysch of the 
Alps has received considerable attention. The sequence, 
whose thickness is measured in thousands of meters, includes 
a monotonous succession of micaceous sandstones and shales. 
The sandstones are normally graded and the contact with 
the subjacent shale is sharply defined. Convolute bedding is 
not uncommon, and the soles of the sandstones bear numer- 
ous sedimentary markings (flute casts, tool marks). In op- 
position to the Molasse, these markings indicate a uniform 
current direction. Ripple marks, scour channels, and cross- 
lamination are generally absent. Body fossils are rare, 
and any fossils found are fragmentary and poorly preserved; 
in many areas trace fossils are the only evidence of au- 
tochthonous life. Although the origin of the Flysch was for 
man}' years in doubt, the work of Kuenen, Migliorini, and 
others on turbidity flows has shown that the alpine sequence 
is most probably of deej) water origin and that the sedi- 
ments are  derived  from  periodic submarine  slides. 
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The Nereites beds of Portugal, as described in part 
by Delgado (1908), include over 4,700 meters of interbed- 
ded graywackes, shales, and quartzites. Some carbonates 
and sedimentary breccias are also present. While the mica- 
ceous shales do contain graptolites, other body fossils are 
not common. Like the Alpine Flysch, the Nereites beds are 
thought to be deep water geosynclinal deposits. 

Seilacher (1954, p. 223) pointed out that the basic dif- 
ferences in the two assemblages can not be explained by 
the different ages of the units. With a few e.xceptions trace 
fossils make poor index fossils (Seilacher, 1960). Pascichnia 
are as well developed in the Lower Paleozoic of Portugal as 
they are in the Mesozoic and Cenozoic; likewise, Cubichnia 
range from the Cambrian through the Tertiary. Seilacher 
(1954, p. 223) also maintained that the lithology of the 
host rock was not important. Even though the gross aspects 
of the sequences may differ, most of the trace fossils occur 
in similar rock types, e.g., silts or fine-grained sands. Seil- 
acher concluded that water depth was the controlling factor. 
He believed that Cubichnia represented burrows of con- 
cealment, and while in shallow, well-lighted water such bur- 
rows were an important means of protection, they were 
unnecessary in the dark, deep water basins. Although Seil- 
acher judged that Pascichnia reflected the concentration 
of organic material in thin layers of sediment, he was un- 
able to explain why Pascichnia were not found in shallow- 
water environments. 

In 1964 Seilacher greatly expanded his previous com- 
parison to include 42 sections of varying ages and geo- 
graphic locations (Seilacher, 1964, fig. 7). He renamed the 
community typified as Pascichnia the "Nereites facies," while 
the Cubichnia suite became the "Cruzianu facies." In addi- 
tion he recognized a third suite, the "Zoophycos facies." He 
reiterated his earlier belief that the "Cruziana facies" rep- 
resented a shallow-water environment, while the "Nereites 
facis" was indicative of deep water. The "Zoophycos facies" 
was intermediate between the two.''^ In the Ordovician of 
northern Iraq, Seilacher (1964, p. 314, fig. 8) demonstrated 
a succession of all three facies in a single vertical section. 
The lower unit, the Khabour Quartzite, is typified by 
Cruziana, Diplocraterion, Daedalus, and Phycodes. This is 
overlain by Dershish Sandstone which carries Zoophycos, 
Tekhichnus, and Chondrites. In contrast, the uppermost 
unit, the Sinat Shale, contains the Pascichnia Helminthoida, 

'Seilacher did not specifically define what he meant by deep or 
shallow water. For our usage, shallow water refers to environ- 
ments within the zone of effective light penetration, while deep water 
refers to environments below the depth of light penetration. By the 
nature of his discussion Seilacher implied that shallow water is in the 
neighborhood of 0-100 meters, while deep water would be 3 50 
meters + . 

Paleodictyon, and Neo7iereites, as well as Chondrites. To 
him this indicated a transition from shallow to deep water 
environment. Seilacher (1964) also remarked that a lateral 
transition between the "Nereites facies" and "Zoophycos 
facies" can be found in the Upper Paleozoic of the Oua- 
chitas, where what he interpreted as the deep-water Johns 
Valley turbidites grade north into the more shallow-water 
Atoka Sandstone which carry Zoophycos. Seilacher (1964, 
p. 314) concluded that "there is no doubt that still further 
toward the craton this Zoophycos facies would eventually 
grade into the Cruziana facies including littoral deposits." 

In subsequent publications, Seilacher (1963, 1967b) 
expanded his number of trace fossils communities to six. He 
proposed the "Scoyenia facies" for nonmarine elastics best 
typified by the Juniata "redbeds" and Catskill "redbeds" 
of the Appalachians. Characteristic trace fossils are Isopo- 
dichnus, limuloid tracks, and some species of Planolites. 
Seilacher established the "Skolithos facies" for marine areas 
of rapid sedimentation and erosion (littoral zone) where 
the sessile infauna must adapt to the changing levels of the 
depositional interface. The trace fossils occurring in thi ■ 
zone are Skolithos and U-shaped Spreite structures. He 
questioned (1967b, p. 424) whether Ophiomorpha belongs 
in the facies. He cited the Devonian of northern Iraq, the 
Lower Silurian Tuscarora Quartzite of New Jersey, and 
the basal Cambrian of Estonia, Sweden, and the Grand 
Canyon as examples. The "Glossijungites facies" was intro- 
duced in 1967 for environments similar to the "Skolithos 
facies" but where the bottom sediments were more stable 
and not subject to sudden changes. He stated that the sedi- 
ments were slightly indurated and the trace fossils are 
confined to single bedding planes. 

To summarize briefly, Seilacher, over a period of some 
years, established six trace fossil assemblages or "facies." 
These are in order of increasing water depth: 'Scoyenia 
facies," "Skolithos-Glossifungites facies," "Cruziana facies," 
"Zoophycos facies,"  and "Nereites facies.' 

The Cincinnatian ichnospectrum is illustrated in Text- 
figure 29. As can be seen the Cubichnia, Fodinichnia, Dom- 
ichnia, and Repichnia are well represented, while the only 
Pascichnia are two specimens questionably assigned to 
Paleodictyon. A comparison of the Cincinnatian forms with 
those suites illustrated by Seilacher clearly reveals that the 
Cincinnatian is a member of the "Cruziana /acies," i.e., 
shallow water.^^ This shallow-water assignment of the Cin- 

"This is not to imply that the Cincinnatian trace fossil assemblage is 
identical to any previously described suite; as one would expect each 
assemblage is unique. In this part I am comparing the relative de- 
velopment   nf  Cubichnia   and   Pascichnia. 
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Text-figure 29. — Cincinnatian Trace Fossil Suite. The chart 
shows reconstruction of Cincinnatian trace fossils placed in their 
ethologic categories, Cubichnia are numerous both in kind and num- 
bers whereas the only Pascichnia arc two specimens tentatively as- 
signed to PalruiWclyon. This distribution places the Cincinnatian with- 
in Seilachcr's "Cruzianii facies, " i.e., a shallow water, marine environ- 
ment. 

a. liuiup/iyais puJitum (X 0.5) ; b. Rusophycus carleyi (X 0.25) ; 
c. Rusophycus (lyptoHthi (X 1); d. Lockcia siliquaria (X 0.5); e. 
Astrriacitis stcUiforme (X 0.3) ; f. Asaphoidichnus trifidum (X 0.25) ; 
g.   Trachomatichnus   tiumciosum    (X   0.25) ;   h.   Allocotichnus   dycri 

(X 0.3) ; i. cf. Pi'talichnus inultipartitum; oblique movement (X 0.5) ; 
j. cf. Petalichnus mullipartitum; straight-ahead movement (X 0.5); 
k. Palaeophycus sp.; plan and cross-section views (X 0.3) ; 1. Rhabdo- 
ijlyphus sp. (X 0.5); m. Tylichnus asperum (X 4); n. fPaleod'utyou 
sp. (X 1); o. Corop/iioidrs cf. lunijormis {X 0.2); p. Corophioides 
(inniinatiensis (X 0.2); q. Corophioides bicla^'ata (X 0.2); r. Sko- 
lilhos dclicalulus (X 0.5); s. Chondrites, tvpe-B (X 0.2); t. Chon- 
drites, type-C (X 0.25); u. Chondrites, type-A (X 0.25); v. Fasci- 
fodinii fhi'weri (X 0.2); w. Trichophyeus vcnosuin (X 0.15); x. Phy- 
codes jtabellum   (X  0.25);  y. Daelylophycus  rjuadripartitum   (X  0.25'). 
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cinnatian Is independently confirmed by several factors. 
Hofmann ( 1964) reported mud cracks from the Corryville 
beds at Stonelick Creek, as has Fox (1962) from the Rich- 
mond of southeastern Indiana. In addition large amplitude 
para-ripples are not uncommon in the Cincinnatian (see 
Bucher, 1919), and these are generally considered to be 
indicators of shallow water. The Cincinnatian is noted for 
the tremendous numbers and variety of body fossils which, 
of course, represent only a fraction of the original popula- 
tions. Such diversity and numbers are encountered today 
only in shallow seas. It is the author's belief that the Cin- 
cinnatian sea was less than 35 meters deep, and at times 
the bottom may have been exposed to brief periods of 
subaerial erosion. 

The author is m basic agreement with Seilacher's in- 
terpretation of the "Cruziana" and "Nereites facies." Cu- 
bichnia most probably are burrows of concealment, and 
these would be more numerous in shallow, well-lighted 
water than in the abyssal deeps. Conversely Pascichnia are 
indicators of organic materia! concentrated in thin layers. 
It is reasonable to assume that thin layers of organic ma- 
terial would be more likely to accumulate in deep water 
where current and wave action is less apt to be as constant 
than in shallow water. The lack of Pascichnia in the Cin- 
cinnatian probably demonstrates that wave and current 
agitation distributed the organic materia! evenly through the 
sediment. This would explain why most Cincinnatian chon- 
dritids and several other forms do not follow depositiona! 
interfaces. 

The author does not believe that the differences be- 
tween the "Cruziana" and "Nereites facies" is as clear-cut 
as they appear in Seilacher's (1964, fig. 7) chart. It is felt 
that additional work on both fossil and Recent sediments 
will cloud some of these sharp boundaries. For example, 
Zenkevich and Birstein (1956) reported that investigations 
of the Kuril Trench revealed that the relative importance 
of plankton predators and detritus feeders increases with 
depth, while the importance of larger predators decreases. 
They found that below 10,000 meters predators are lacking 
entirely. Their diagram of the number of various organ- 
isms (Zenkevich and Birstein, 1956, fig. 4) shows that the 
change in feeding habits is gradational. Thus, it is reason- 
able to assume that Pascichnia and Cubichnia can occur 
together at some intermediate depth. It is also possible, 
that under proper conditions, they can coexist in either 
shallow or deep water. Confirming the coexistence of Pas- 
cichnia and Cubichnia in Recent sediments will not be easy, 
because it is difficult to recognize Cubichnia as such on the 
depositional interface  ( Seilacher,  1953b, pi.  11, fig.  D). It 

is likely that only through careful analysis of undisturbed 
bottom samples can any conclusions be reached. 

In spite of the evidence provided by the Iraqian sec- 
tion discussed above, the author questions whether the 
Zoophycos suite represents a true intermediate facies. It 
is difficult to comprehend why the trace fossils found at 
intermediate depths should be so markedly different from 
the shallow-water and deep-water assemblages. Is it not 
more reasonable to expect a mixture of the shallow-water 
and deep-water communities.? Moreover, at least two sec- 
tions in North America bearing numerous Zoophycos are 
considered shallow-water deposits. While Seilacher (1967, 
p. 418) conceded that Zoophycos may occur in shallower 
water "due to local channeling or restriction," both the 
sections discussed below are believed to represent regional 
shallow-water deposits. Concerning the Chemung (Dev- 
onian) strata of New York State, Cooper (1957, p. 271) 
wrote, "the peculiar worm burrow Taonurus {Zoophycos^ 
is abundant in all the argillaceous sandstones and coarse 
siltstones, especially in central and eastcentral New York 
and parts of the Appalachians. The burrows are character- 
istic of the shallow-water epineritic environment." The 
author, at present, is conducting research on the trace fos- 
sils of the Waverly ( Mississippian) strata of northeastern 
Ohio. While the work is still in the preliminary stages some 
observations are relevant to this discussion. The Cuyahoga 
and Logan Formations consist of about 100 meters of inter- 
bedded sandstones, siltstones, shales with some coarse con- 
glomeratic beds. The lithoiogy, paleogeographic setting, and 
abundant plant fragments all point to a shallow-water ori- 
gin. The most diagnostic trace fossils are Zoophycos and 
Phycodcs; Skolithos and Tricophycus may also be present. 
All evidence indicates that this is a regional shallow-water 
occurence of Zoophycos. 

It is also worthy of note that Seilacher (1964, fig. 7) 
reported Zoophycos from three deep-water deposits. More- 
over in 1967 he confirmed the first occurance of Recent 
Zoophycos in "deep sea" cores taken by the Lamont Labo- 
ratory. Thus, it must be concluded that the validity of 
Zoophycos as an  accurate depth  indicator is questionable. 

It is also probable that additional studies of the 
"Nereites" and "Cruziana facies" will result in the estab- 
lishment of subassociations, i.e, trace fossil suites dominated 
by a few genera. In the Cincinnatian Trichophycus veno- 
sum, Corophioides, and Chondrites are common, and they 
frequently occur together in the same bed. Trichophycus 
has been reported from the Ordovician of Norway and 
Newfoundland. It would be interesting to know if it con- 
sistently  occurs   in   the  same   bed   with   Corophioides   and 
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Chondrites. It might well be that these forms represent a 
subassociation within the "Cruziana facies." 

Throughout this work the lack of information on Re- 
cent traces has been stressed. While this deficiency makes 
interpretation of individual fossil forms difficult, it is even 
more apparent in a study of Spuren communities. It is 
ironic that we have more data on fossil suites than Recent 
associations. Nevertheless, the true meaning of fossil com- 
munities can be learned only through an exammation of 
Recent environments. For obvious reasons the bulk of Re- 
cent studies to date have dealt with the littoral environment, 
one which is rarely preserved in the fossil record. More 
research should be conducted on the physical and biological 
aspects of the sediments of the neritic zone. 

COMMENTS ON CINCINNATIAN PALEOECOLOGV AND 
SUGGESTIONS FOR ADDITIONAL STUDIES 

The value of trace fossils as paleoecological indicators 
is most striking in sequences where other organic evidence 
is lacking (e.g., Alpine Flysch). As mentioned previously, 
the Cincinnatian has an abundance of evidence, and it all 
points to a shallow water, open marine environment. The 
trace fossils confirm both this and the recurrent nature of 
the Cincinnatian fauna. As seen in Caster, Dalve, and 
Pope (1955), several species of body fossils reappear higher 
in the local section, and much of the Corryville fauna is 
again encountered in the Sunset beds. The most outstand- 
ing recurrence in trace fossils is the Tricliophycus-Coro- 
phioides-Chondrites complex which is found in the Economy 
of Twelve Mile Creek, the Southgate of Newport Shopping 
Center, the Upper McMicken of Route 27 south of Newport, 
West Fork Creek and Wesselman Road, the Corryville of 
Stonelick Creek, the Sunset of Four Mile Creek (3.7 miles 
south of Oxford, Ohio), and the Liberty of Lick Run. This 
indicates a repetition of bottom conditions and preservation 
favorable to these three forms. 

The author has also been impressed by the amount of 
subaqueous erosion as evidenced by truncated burrows. 
Free tubes have never been found in any specimens of Coro- 
phioides; and Trichophycus venosmn most frequently oc- 
curs as "turkey tracks," i.e., only the basal portion of the 
burrow. Several other examples (e.g., Lockeia, Fascijodina) 
could also be cited. The evidence provided by trace fossils, 
coupled with the many scour channels, indicates frequent 
periods of erosive activity. 

Additional research on Cincinnatian traces should prove 
most rewarding. An attempt should he made to determine 

if there is any vertical variation in the suite. To date the 
most notable change is that Palaeophycus, type-C, is more 
common in the calcarenites of the Eden and is less frequently 
encountered higher in the section. Weiss, et al. (1965) and 
Ford (1967) showed that the Eden rocks in the vicinity 
of Cincinnati contain a greater percentage of lutite (75 
per cent-f) than the Maysville strata (40-65 per cent). 
Conversely calcarenties are thicker and more important in 
the Maysville. Although no exact data are yet available 
for the Richmond, the upper part of the Cincinnatian sec- 
tion is generally considered to contain a greater percentage 
of calcarenties than does the lower portion. It would be in- 
teresting to know if this lithologic change is reflected 
by a variation in the number and kinds of traces. 

Just as Seilacher (1964) traced Spuren communites 
laterally in the Upper Paleozoic of Oklahoma, the local 
Cincinnatian suite should be compared with the trace fos- 
sils of its lateral equivalents. The most fruitful field of 
investigation should be the Martinsburg Shale of the Ap- 
palachian Geosyncline. The Martinsburg represents a mud- 
dier, more unstable environment, and there may well be 
significant differences between the two communities. 

A considerable amount of work still remains to be 
done for individual species. Although the local traces are 
useful as guide fossils only for short distances, additional 
studies may indicate that some forms can be employed for 
long distance correlation. The Trichophycus-Corophioides- 
Chondrites association has been found just below the top 
of the McMicken at three widely separated localities. Fur- 
ther work would reveal whether this is merely a coincidence 
or whether a single bed covers a wide area. Likewise, Fasci- 
jodina has been found only in the Corryville beds of two 
localities 10 miles apart. Perhaps the lateral range of this 
genus can be extended by careful collecting of the Middle 
Corryville. Such work will also provide greater insight into 
facies  relations within  the  Cincinnatian. 

As mentioned previously, the magnitude of the present 
study has resulted in a superficial coverage of some genera. 
The morphology of forms such as Chondrites, type-B, Tri- 
chophycus, and Tylichniis is not completely understood. It 
would be well to test techniques which have not yet been 
used in palichnological studies, i.e., radiography and amino 
acid analyses. X-ray defractions analysis proved valuable 
in the interpretation of Chondrites, type-A, and this method 
should be used on other forms as well. Only through the 
employment of a wide spectrum of geologic and paleonto- 
logic tools can  this difficult group  be  understood. 
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Figure Poge 

1. Rusophyats carlryi (J. F. James), 1885  .......302,306 
Cubichnia of Isolrlus; convex  hyporelief which  demonstrates  the  inseparability 
of body fossils and trace fossils. Casts of the genal spines, cephalic and pygidial 
doublures, hypostome and proximal portions of the walking legs, lateral lobes 
are imprinted. Gift of George Walker. Corryville beds, Stonelick Creek, 
Clermont Co., O. UCM 37598, X 0.7. 

2. Astcriaciles stdlifonnc  (Miller and Dyer), 1878 ......312,313 
Cubichnia of asteroid; convex hyporelief showing vertical  repetition.  Corryville 
beds of Stonelick Creek, Clermont Co., O. UCM 37599, X 1. 

3. Dactylophycus guadriparthum Miller and Dyer, 1878  345, 346 
Fodinichnia; convex hyporelief showing bilobation and faintly defined annuli. 
Syntype. Eden beds, Cincinnati, O. HBM 3174; latex mold UCM 37600, X 1. 

4. Phycodcs flabdlum   (Miller and^yer),  1878 341,343 
Fodinichnia; cross-section showing filling of the proximal portion of the burrow, 
i.e. the master shaft. Locality unknown. UCM 37667, X 1. 

5. Isotelus maximus Locke,  1838  307 
View of ventral surface showing preserved appendages. Note that coxae are much 
longer than those seen in Rusophycus carleyi (fig. 1 above). Hypotype. Richmond 
beds, Oxford, O. USNM 33458, X 0.7. 

6. Rusophycus pudicum Hall,  1852 - .....304,305 
Cubichnia of Flrxicalymene meeki; one of three specimens known from the Cin- 
cinnatian where the producer of the burrow  (Flrxicalymruc mrrkij  is preserved 
in situ. Corryville beds of Stonelick Creek, Clermont Co., Ohio. Specimen collec- 
tion of William White, Jr., Milford, O. Latex mold UCM  37641, X 1.5. 

7. Lockcia sitiquaria U. P. James, 1879  308 
Cubichnia of pelecypod. Note linear alignment of some forms. Paratype. Upper- 
most Trenton or lower-most Cincinnatian, Ludlow, Ky. UCM 37597, X 1. 
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1, 2.   Rusophyius cryptolitlii, n.  sp 304, 307 
1. Cubichnia of Cryplolithus; convex hyporelief showing a specimen with an 

undercut forward wall (top). Note the casts of the impressions of the genal 
spines. Economy beds, Humphrey's Branch, Twelve Mile Creek, Campbell Co., 
Kentucky. Specimen in collection of William White, Jr., Milford, O.; latex 
mold UCM 37601, X 1.25. 

2. Convex hyporelief showing coarsely striate outer lobes and finely striate inner 
lobes. Holotype. Locality same as fig. 1 above. UCM 37587, X 1.5. 

3-6.   Rusophycus puJicum Hall, 1852  304,305 
3. Cubichnia of Ftexicalymrne: convex hyporelief showing horizontal  repetition. 

Corryvillc beds, Taylor Creek between Miamitown and Dent, O. MU T88; 
latex mold UCM 37709, X 2. 

4. Convex hyporelief of fig. 5 below, X  1.4. 
5. This remarkable specimen reveals the originator of the trace, Flcxicalyineiir 

meeki, in silu. Corryville beds of Stonelick Creek, Clermont Co., O. UCM 
37574, X 1.2. 

6. Cubichnia of fCalymnie; convex hyporelief of Syntype. Note that this speci- 
men closely resembles those seen in figs. 9-10 below. Clinton beds, Oneida Co., 
N.Y. USNM 41113; latex mold UCM 37581, X 0.8. 

7,8.   Rusophycus nirlryi (J. F. James), 1885  306 
7. Cubichnia of Isotrlus; con\'ex h\'poreIief showing a well-preserved cephalic 

or pygidial doublure. Corryville beds, Stonelick Creek, Clermont Co., Ohio. 
Specimen in collection of William White, Jr., Milford, O.; latex mold UCM 
37710, X 0.8. 

8. Convex hyporelief showing nodes attributable to the coxae of Isotelus. Local- 
ity unknown. MCZ 551 ; latex mold UCM 37596, X 0.9. 

9,10.   Rusophycus pudicum   Hall,   1852 308 
9. Convex hyporelief which shows a dense grouping of the resting traces. It is 

impossible to determine how many trilobites were involved. Locality un- 
known. MU T87; latex mold UCM 37641, X 0.7. 

10. Convex hyporelief associated with six specimens of Lockcia siliquaria. The 
traces occur at the bottom of a channel filling. Mt. Hope beds, Stonelick 
Creek, Clermont Co., O. UCM 37642, X I.l. 
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1. Lockeia silir]uaria U. P. James,  1879  308 
Cubichnia of pelccypods; etched cross-section showing that the burrow is 
truncated and does not extend up into the host rock. Topotype. Uppermost 
Trenton or lower-most Eden, Ludlow, Ky. UCM 37675, X 4.5. 

2. Asteriacites stellijorme (Miller and Dyer), 1878  312,313 
Cubichnia of asteroid; showing striae made by the tube feet. Holotype. Mavsville 
beds, Cincinnati, O. HBM 3175;  latex mold  UCM 37568, X  1.25. 

3. "Rusophycus" suharigulalum  Hall,  1852  305 
Rcpichnia of trilobite; convex hyporelief. Such elongated burrows are not common 
in the Cincinnatian. Svntvpe (Hall, 1852, pi. 8, fig. 2b). Clinton beds, Oneida Co., 
N.Y. USNM 41112, X 0.6. 

4. Rusophycus cryptolithi, n.  sp 307 
Cubichnia of Cryplolit/ius; convex hyporelief showing groupings of casts of four 
shallow burrows showing vertical repetition. Paratvpe. Economy beds of Duck 
Creek, Campbell Co., Ky. UCM 37567, X 1. 

5. Rusophycus puJicum   Hall,   1852   - 305 
Cubichnia   of    .'calvmenid;   convex   hvporelief.   Svntype.   Clinton   beds,   Oneida 
Co., N.Y. USNM 41115, XI. 

6. Rusophycus carleyi (J. F. James), 1885  304,306 
Cubichnia   of  Isotrlus;  convex  hyporelief   showing  largest   Rusophycus   known. 
Note the well-defined genal spine and pleural imprints. ?Maysville beds, 
near Bantam, Clermont Co., O. UCM 37566, X 0.4. 

7. Lockr'ia siliquaria U. P. James, 1879  308 
Cubichnia of pelecypod; convex hvporelief. ?Economv beds of Twelve Mile 
Creek, Campbell Co., Ky. UCM 37577, X 1. 
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1. Corophioides cincinnalirusis, n. sp 314 
Domichnia; U-plane section showing an annulate irregular arm. Paratype. 
McMicken beds of West Fork Creek, Mt. Airy Forest, Cincinnati, O. UCM 37602, 
X 1. 

2. Rusop/iycus pudiium  Hall,  1852  305 
Cubichnia of trilobite; convex hyporelief showing horizontal repetition. South- 
gate strata of Rapid Run, Hamilton Co., O. UCM  16448, X 0.6. 

3,4.   Corophioides  biclavata   (Miller),   1875    314,323 
3. Domichnia; epirelief showing a modified arm and the remnants of the 

Sprcitr. Corryville beds of Stonelick Creek, Clermont Co., O. UCM 37659, 
X 0.75. 

4. Hyporelief showing modified arms and Spreitc. Locality unknown. UCM 
37658, X 1. 

5. Corophioides cincinnatiensis, n. sp 314,321 
U-plane section. Paratype. McMicken beds, U.S. Route 27, 1.4 miles south of 
Newport Shopping Center, Southgate Ky.: UCM 37592, X 0.8. 

6. Corophioides polyupsilon John Smith,  1893  314 
Domichnia; U-plane section of holotype demonstrating that the Spreiirn abut 
against the arms instead of forming a "U in U" structure as Smith belie\'ed. 
Upper Carboniferous beds near Kilwinning, Scotland. HM X59; latex mold UCM 
37572, X 0.75. 

7. Trichophyeus veuosum  Miller,  1879  347 
Fodinichnia or Domichnia. A "tuikey track" truncating another individual con- 
taining remnants of the burrow filling. Humphrey's Branch of Twelve Mile 
Creek, Campbell Co., Kv., some 30 meters upstream from the type locality of 
Kusophyeus eryplolithi.  UCM  37575,  X  0.5. 

8. Corophioides   cituitinaliensis,  n.   sp -.- -- 314 
Ll-plane section showing marked basal expansion. Locality same as fig. 5 above. 
Specimen destroyed by subse(|uent sectioning;  X 1.5. 
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1-3.   Corophioidrs hklavata   (Miller),   1875   314,323 
1. Domichnia ; concave epirelief showing that the connecting bar does not extend 

to the terminal depressions. Locality unknown. UCM 37656, X 0.8. 
2. Conve.v hyporelief. Locality unknown. UCM 37655, X 1. 
3. Concave  epirelief.  The  inner  wall  of  the   large  terminal  depressions  is  under- 

cut. Corryville beds of Stonelick Creek, Clermont Co., O. UCM 37657, X 0.75. 

4. CorophioiJes cinrinnatirnsis, n. sp 314,321 
Domichnia; U-plane section of holotype showing the irregular course of the 
arms. McMicken beds of West Fork Creek, Mt. Airy Forest, Cincinnati, O. 
UCM 37590, X 1. 

5. CorophioiJes cf.  luniforniis   (Blanckenhorn)    320 
Domichnia; concave epirelief showing numerous closely spaced U-shaped de- 
pressions. Waynesville beds, Flat Fork of Caesar's Creek, Harveysburg, Warren 
Co., O. MU Tg9; latex mold UCM 37711, X 0.75. 

6. CorophioiJes cincinnatiensis, n. sp 321 
U-plane section showing marked basal expansion. Paratype. McMicken beds, U.S. 
Route 27, 1.4 miles south of Newport Shopping Center, Southgate, Ky. UCM 
37589, X 1. 

7. CorophioiJes bielavata  (Miller),  1875  323 
Convex hyporelief showing filling of the dumbbell and remnants of the Spreite. 
Fulton beds. Union Levee, Cincinnati, O. UCM 16566, X 1. 

8. CorophioiJes cincinnatiensis, n. sp 323 
U-plane section. Paratype. Locality same as fig. 6 above. UCM 37591, X 0.9. 
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1,2.   Corophioides   cf.   lunijormis   (Blanckenhorn)    314,317 
1. Domichnia; U-plane section. Locality unknown. UCM 37611, X 1. 
2. Concave epirelief; probable mold of the base of the "U." Locality unknown. 

UCM 37654, X 1. 

3,4.   Corophioides cincinnatiensis, n. sp 314,321 
3. Domichnia; U-plane section showing details of the Spreite structure. Para- 

type. McMicken beds of West Fork Creek, Mt. Airy Forest, Cincinnnati, O. 
UCM 37624, X 1.25. 

4. Latex mold of the basal portion of the U showing close-spaced annuli. 
Paratype. McMicken beds, U.S. Route 27, 1.4 miles south of Newport 
Shopping Center, Southgate, Ky. UCM 37589, X 1. 

5. Asteriacites stelliforme   (Miller  and  Dyer)   1878   312,313 
Cubichnia of asteroid; convex hyporelief. Locality unknown. UCM 37674, X 1. 

6. Corophiodes  cincinnatiensis, n.  sp 314,321 
U-plane   section   of   incomplete   specimen.   Paratvpe.   Locality   same   as   fig.   4 
above. UCM 37625, X 1. 

7,8.   Skolithos delicatulus U. P. James, 1881 326,327 
7. ?Domichnia; view of lower (hyporelief) surface of presumed hypotype (J. F. 

James, 1892, fig. 15). Richmond beds of Dearborn Co., Ind. UCM 37673, 
X 0.75. 

8. Enlarged view of a portion of above showing calcite fillings and encircling 
depressions, X 3. 
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\.   Cf. Palaeophycus Hall,  1847  328 
Repichnia; concave epiielief showing the sinuous nature of the traiL Southgate 
beds of Newport Shopping Center, Newport, Ky. UCM 37637, X 0.75. 

2. Chondrites, type-C   328, 339 
Fodinichnia; concave epirelief Whitewater beds of Short Creeli, three miles 
southeast of Richmond, Ind. MU T93 ; latex mold UCM 37636, X 1. 

3. Chondrites,  type-B   328, 336 
Fodinichnia; vertical section showing a portion of the network. Note upward 
curvature of some  of the  branches.  Upper  Richmond  beds.  State  Route   32,   six 
miles southwest of Flemingsburg, Ky. UCM 37665, X 0.8. 

+.   Corophioides  cintinnaliensis, n.  sp 321 
Domichnia ; U-plane section showing association of C. cincinnatiensis and Chon- 
drites, type-A. Paratype. McMicken beds, U.S. Route 27, 1.4 miles south of New- 
port Shopping Center, Ky. UCM 37680, X 0.6. 

5. Chondrites gracilis "var." crassa Hall, 1852  329 
Fodinichnia; slab shows only a portion of the network. Svntvpe  (Hall. 1852, pi. 5, 
fig. 3c). Clinton beds, Oneida Co., N.V. USNM 41134, X 1.' 

6. Lockeia slli'/uuriti U. P. James,  1879  308 
Domichnia of pelccypod ; vertical section showing disturbed column of sediment 
overlving the almond-shaped burrow filling. ?Economy beds of Twelve Mile 
Creek, Campbell Co., Ky. UCM 37679, X 1.3. 

7. Dactylophycus quadripartitum Miller and Dyer, 1878  345,346 
Fodinichnia; convex hyporelief. The master shaft presumably extended to the 
upper left. Economy beds. West Covington, Kv. USNM 40027; latex mold UCM 
37712, X 1. 
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1. Fucusopsis sulcatum   (Miller and Dyer), 1878  380,381 
Repichnia; convex hyporelief. Locality unknown. UCM 37616, X 1.2. 

2. Chondrites,   type-C    328 
Fodinichnia; latex mold of a concave epirelief. Note the circular grouping of the 
burrows in the lower left. Whitewater beds, Short Creek, three  miles southeast 
of Richmond, Ind. MU T92;  latex mold  UCM  37615, X  1.4. 

3. Chondrites, type-B 328, 336 
Fodinichnia;   vertical  section  showing  what  is   interpreted  as   a  portion  of  the 
main shaft of the burrow. Upper Richmond beds. State Route 32, six miles south- 
east of Flemingsburg,  Ky.  UCM   37665,  X  1.2. 

4, 5.   Chondrites,   type-C    328, 339 
4. Latex mold of epirelief showing some degree of bilateral sym.metry. Local- 

ity same as fig. 2 above. MU T91 ; latex mold UCM 37614, X' I. 
5. Latex mold of epirelief. One sjstem of burrows (upper left) is oriented 

parallel to the bedding plane; the other system (lower right) obliquely to the 
bedding plane. Locality same as fig. 2 above. MU T90; latex mold UCM 
37678, X 0.7. 

6.   Chondrites,   type-A 328, 33 5 
Fodinichnia;  epirelief showing a compact group of vertical burrows.  Southgate 
beds, Newport Shopping Center, Newport, Ky. UCM  37612, X  1.2. 

7, 8.   Chondrites,   type-B    328, 335 
7. Epirelief showing a dense grouping of burrow systems. Locality same as fig. 

3 above. UCM 37613, X 0.5. 
8. Typical arrangement of C, type-B structure. Localitv unknown. UCM 37666, 

X 1. 
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1-4.   Phycodes flabellum   (Miller and  Dyer),  1878   3+1,343 
1. Fodinichnia; convex hyporclief showing portions of more than one burrow sys- 

tem. Holotype. Richmond beds near Lebanon, O. HBM 3178; latex mold UCM 
37621, X 1. 

2. Vertical cross-section showing "retrusive Spreiten." Note that the burrow 
truncates the clay inclusions. Locality unknown.  UCM  37684, X 2.7. 

3. Vertical cross-section; disturbance ot the bedding caused by burrow penetra- 
tion (center bottom). Corryville beds, Stoneiick Creek, Clermont Co., O. Speci- 
men destroyed by subsequent grinding. X 1. 

4. Vertical cross-section showing master shaft extending nearly to the base of 
the host rock. Locality unknown. UCM 37672, X 1.3. 

5. PhycoJrs  drdrialum   Reinhard  Richter,   1850    341 
Convex  hyporelief  ot  a   sparsely  branching  specimen.  "Phycodes   beds"   (Ordo- 
vician),  Saalfeld,  Thuringia.   UCM   37526,  X   1.3. 

6. Corophioides  biclavata   (Miller),   1875    314,323 
Domichnia;  concave epirelief.  Note  that only  the  left  end  of  the  structure  has 
been modified. Locality unknown.  UCM 37648, X  0.6. 

7. Repichnia;  convex  hyporelief  interpreted  as  the  Cruziana-Wke  trail  of  Crypio- 
lithus; also see Text figure 24. Location unknown.  UCM 37622, X 1. 

8. Chondrites,   type-B     328, 336 
Fodinichnia; latex mold showing the characteristic rigidity of the branches noted 
by Simpson   (1957). Corryville beds of Stoneiick Creek,  Clermont Co.,  O.  UCM 
37623, X 1. 
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1. Palrodictyon sp. Savi and  Meneghini,  1850  385 
Pascichnia:  con\'ex  hvporelief  showing  a   well-preserved   network.   Eocene  beds 
near Trieste,  Italy.   U'CM  37507,  X  0.8. 

2. PhycoJcs flahrllum   (Miller  and   Oyer),   1878   ...341,343 
Fodinichnia ; conve.\ hvporelief showing a poorly organized system. Note that the 
flabellatc pattern characteristic of manv Cincinnatian representatives of the 
genus is lacking. Corrvville beds. Stonellck Creek, Clermont, Co., O. UCM 37635, 
X 1. 

3. Rusophycus  puJicum   Hall,   1852     305 
Cubichnia of moderate-sized trilobiie; convex hyporelief. The morphology exhibit- 
ed by this specimen is intermediate between Rusophycus and Cruziana. Such 
elongated forms are not common in the Cincinnatian. Corrvville beds of Stonelick 
Creek, Clermont, Co., O. UCM 37633, X 1. 

4. Phycodcs jtabctlum   (Miller  and  Dyer),  1878   341,343 
Fodinichnia;   convex   hyporelief  showing   a   system   with   radial   symmetry.  The 
large protuberance marking the center of the system is not thought to be gen- 
etically related to the Phycodes burrow. Locality unknown.  UCM  37631, X 0.75. 

5. Corophioides  biclavata   (Miller),   1875 323 
Domichnia; conca\'e epirelief.  Corr\'\'ille beds of Stonelick  Creek,  Clermont  Co., 
O. UCM 37634, X 1. 

6. Fascifodina floii;cri, n. gen., n. sp 340, 341 
Fodinichnia; epirelief showing concave vermiform markings surrounding the 
convex  bundled  shafts.  One  of  the  branches   (lower   right)   leads  directly  into 
one of the concave markings. Holotvpe. Corrvville beds of Second Creek where 
crossed by Cozzadale Road,  Clermont Co    6.  UCM  37632,  X   1.2. 

7. Tytichnus  aspcrum   (Miller   and   Oyer),   1878    372 
Repichnia ; convex hyporelief showing several super-imposed trails. Note monili- 
form casts of ?fecal strings in bottom center. Locality unknown. MCZ 1054; latex 
mold  UCM  37687, X 2.7'. 
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1. fPaleoJiclyon sp. Savi and Meneghini,  1850  384,386 
Pabcichnia;   convex   liyporelief   showing   unequal   development   in   the   thickness 
of the walls. McMillan beds oi Ra\ ine Street, Cincinnati, O. UCM 17431, X 1.75. 

2. "Blastophycus  diajcmatum" Miller   and   Dyer,   1878    390 
Plaster cast showing scour marks associated with an enrolled trilobite, Flexicaly- 
mrne meeki. Experimentally produced. UCM 37640, X 1. 

3. Butholifphis   palmata   Hall,   1852    33] 
?Fodinichnia convex  hyporclief.  View  of  syntype  illustrated  by  Hall   (1852,  pi. 
7, fig. lb). The specimen differs considerably from the other species of Butlio- 
trephis proposed by Hall. Clinton (Silurian) beds of New Hartford, N.Y. USNM 
41083, X 1. 

4. Chondrites,  type-A 328 335 
Fodinichnia; vertical section showing that rhere is no well-defined central axis. 
McMicken beds. West Fork Creek, Mt. Airy Forest, Cincinnati, O.  UCM 37607, 
X 1. 

5. Rusophycus   cliivalum   Hall,   1852    305 
Repichnia ; convex hyporelief. The podlike outline of the burrow is attributable 
to a "back and forth" movement by the originator. In reality the specimen lies 
closer to Cruziana than Rusophycus. Syntype. (Hall, 1852, pi. 8, fig. la). Clinton 
(Silurian) beds of Oneida Co., N.Y. USNM 41114, X 1. 

6. H'alcottia rugosa Miller and  Dyer,  1878   379 
Repichnia; convex hyporelief showing chevron-shaped bodies probably made by 
parapodian-like appendages. Ovoid body is believed to represent the anterior end 
of the "body." Maysville beds, Cincinnati, O. Svntvpe. MCZ 545; latex mold 
UCM 37677, X 2.9. 

7. Buthotrephis palmata  Hall,  1852  331 
?Fodinichnia; convex hyporelief. This species is not present in the local Cincin- 
nation strata. Syntype. Clinton  (Silurian)  beds of New Hartford, N.Y. USNM 
+ 1079, X  0.5 
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1. Trichophycus venosum  Miller,  1879  347 
Fodinichnia or Domichnia, lateral view of burrow filling showiiiB: coarse striae. 
Upper surface of the liurrow is to the right. Fulton beds of Twelve Mile Creek, 
Campbell Co., Ky.  UCM  16574, X 2. 

2. Trichophycus lanosum Miller  and  Dyer,  1878   347,350 
?Repichnia; convex hyporelief. View of syntype showing bulblike expansion 
which led J. F. James (1885, 1891) to compare the species with lilaslophycus 
diadematum.  Eden   beds,   Cincinnati,   O.   HBM   3185;   latex   mold   UCM   37595, 
X 0.3. 

3-7.   Trichophycus   'vcnosum   Miller,   1879 347 
3. Convex  hyporelief  showing  delicate  striae.  Locality  unknown.   UCM   37681, 

X 0.9. 
4. View of the upper surface of figure 1  above showing parallel  discontinuous 

striae. Note the slight constrictions in the diameter of the burrow. X 0.9. 
5. Convex  hyporelief  showing  a   nearly  complete   burrow   filling.   Locality   un- 

known.   UCM   37629,   X  0.8. 
6. Lateral  view of burrow cast showing two secondary  branches.  Locality  un- 

known. UCM 37593, X 1. 
7. Ventral view of burrow filling showing at least two well-developed sets of 
striae. Locality unknown.  UCM  37628, V  1.25. 

8. Trichophycus lanosum Miller and Dyer, 1878  350 
?Repichnia; convex hyporelief   View of syntype showing highly sinuous burrow 
and button-like .'anterior end. Eden beds, Cincinnati, O. HBM 3183; latex mold 
UCM 37594, X 2. 

9. Phycodes jlabellum   (Miller and Dyer),  1878   341 
Fodinichnia; convex hyporelief showing the typical flabellate pattern. Localitv 
unknown. UCM 37670, X 1. 
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1. ChonJriirs   suiculens    (Hall),   1847    328 
Fodinichnia ; convex hyporelief of syntype (Hall, 1847 pi. 22, fig. 2a) showing 
nodose struceure of branches (upper left). Trenton lieds, Glen Falls, N.Y. 
USNM 41133;  latex mold UCM 37639, X 0.6. 

2. Dactytophycus ijuaJripartitum  Miller  and  Dyer,  1878   345,346 
Fodinichnia; convex hyporelief. View of svntype showing the bilobate, annulate 
nature of the burrow. Eden beds, Cincinnati, O. HBM 3174; latex mold UCM 
37608, X 1.3. 

3. CorophioiJcs   cf.   luniformis    314, 317 
Domichnia; U-plane section of two specimens. McMicken beds of West Fork 
Creek,  Mt. Airy  Forest,  Cincinnati,  O.  UCM  37661, X  0.9. 

4. Phycodcs flabeltum   (Miller  and  Dyer),  1878   341,343 
Fodinichnia; convex hyporelief. Locality unknown. UCM 37609, X 1. 

5. Walcottia rugosa Miller  and  Dyer,  1878   379 
Repichnia; convex hyporelief. The burrow closely resembles the impression that 
might be made by a Nereis-Wke annelid. Anterior end is believed to be to the left. 
Syntype. McMillan beds, Cincinnati, O. MCZ 545; latex mold UCM 37677, X 3.1. 

6,7.   Pah'oJictyon sp. Savi and Meneghini,  1S50 384 
6. Latex mold of impression achieved by rolling a specimen of Pascrolus darwini 

over wet plaster. Compare with Cincinnatian representatives of }Pateodictyon 
(see PI. 81, fig. 2 and PI. 67, fig.  1).  UCM  37610, X 2.2. 

7. ?Pascichnia ; convex hyporelief showing that hexagons are elongated parallel 
to the current direction. Note arcuate trails of similar dimensions in upper 
left. Eocene beds near Trieste, Italy. UCM  37505, X 0.9. 

8.   Chondrites  gracilis   (Hall),   1852      328 
Fodinichnia; latex mold of syntype showing rigidity of the branches. This form 
is not directly comparable to any of the varieties of Cincinnatian chondritids. 
Clinton (Silurian beds. New Hartford, N.V. ITSNM 41125; latex mold UCM 
37676, X 2. 
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I.   Fucusopsis sulcatum   (Miller  and  Dyer),  1878   380,381 
Repichnia; convex hyporelief showing tension cracks produced by the pressure of 
the burrow on the sole of the bed. Bellevue beds, Hall's Creek, Morrow, O. 
UCM  37606, X  0.7. 

2,3.   "Dystactophycus  inamillanuin" Miller  and   Dyer,   1878   391 
2. Inorganic; convex hyporelief. The irregularity of the arcs was probably 

caused by shell fragments which were swept around with the stem. Richmond 
beds, locality unknown.  UCM 37605, X  1. 

3. Concave epirelief of figure 2 above showing a more regular series of mark- 
ings. A vertical section taken through the center of the specimen revealed the 
partially disarticulated columnals. X I. 

4. Trichophyrus   vrnosum   Miller,   1879    347 
Fodinichnia or Domichnia; epirelief showing burrow packings in a "tu.rkey 
track" depression.  Field  photograph. Corryville beds,  Stonelick  Creek,  Clermont 
Co., O. X 0.2.  (Silver coin is a quarter.) 

5. CorophioiJes  biclavata   (Miller),   1875    314,323 
Domichnia;   convex  hyporelief  showing  the   base   of  the   "U"   and   the   fillings 
of the extended U-arms. Mt. Hope beds of Rapid Run, Hamilton Co., O. UCM 
37662, X 1. 

6. Phycodes flabellum   (Miller  and  Dyer),  1878   341,343 
Fodinichnia; convex hyporelief showing a flabellate specimen. Liberty beds of 
Talawanda Creek where it enters Four Mile Creek just above the Butler-Preble 
County line, north of Oxford, O. MU T95; latex mold UCM 37686, X 1. 
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1. Rusophycus carleyi (J. F. James), 1S85  306 
Cubichnia of Isotctus; convex hyporelief. Presumed holotype showing nodes 
revealed by a mesial parting of the lateral lobes. Anterior end at top.  ?Maysville 
beds near Bantam, Clermont, Co., O.  UCM 37604, X 0.7. 

2. Tylic/inus asperum   (Miller and  Dyer),  1878  372 
Repichnia; convex hyporelief showing segments of several burrows. For an en- 
largement of the nodose prosopon see Text-figure 28. Holotype. Eden beds, Cin- 
cinnati, O. HBM 3179; latex mold UCM 37588, X 2. 

3. Palaeoscia floict-ri Caster,  1942  _ 396 
Fodinichnia   or   inorganic;   convex  hyporelief  of   a   slightly   ellipsoid   specimen. 
The furrow leading from the center of the specimen to the lower margin may 
represent the mold of an agglutinated tube. Corrvville beds, Stonelick Creek, 
Clermont Co., O. UCM 37586, X 1.3. 

4. ^Coroplnoidcs   hklavata   (Miller),   1875    314 
Domichnia; convex hyporelief. This specimen may represent a cast of the modi- 
fied base of Corophioldes cincinnaticnsis or it may be the cast of the upper por- 
tion of the tube. Locality unknown. UCM 37660, X 1.1. 

5. Fucusopsis sulcatum   (Miller and  Dyer),  1878   380,381 
Repichnia; convex hyporelief. Holotype of Trichophycus sulcatum. The basal 
lamina of the host rock "laps up" on the side of the burrow. Eden beds, Cincin- 
nati, O. HBM 3182; latex mold UCM 37705, X 1. 

6. Asap/ioiJic/inus trifiJum  Miller,  1880   356 
Repichnia  of Isotilus;  epirelief  showing  well-developed   trifid   imprints  of  the 
right series. Holotype. Compare with Plate 72, fig. 3. Right-hand series was il- 
lustrated by Miller (1874, p. 136, fig. 11). Eden beds of State Avenue, Cincin- 
nati, O. MCZ 540;  latex mold  UCM  37704, X 0.8. 
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1,2.   AUocotichnus dyeri   (Miller)   1880   359 
1. Repichnia of ?lsotelus; convex hyporelief. Holotype. Movement was from 

bottom to top and the body was angled to the right of the axis of movement. 
Eden beds, State Avenue, Cincinnati, O. MCZ 543; latex mold UCM 37693, 
X 1.2. 

2. Convex hyporelief showing only three pairs of imprints in each set If the 
imprints are rotated 45° clockwise, the resulting configuration resembles 
fig. 1 above. Paratype. Eden beds of Mud Lick Creek near Walton, Ky. UCM 
37627, X 1.2. 

3.   Asnphoidkhnus trifidum  Miller,  1880   356 
Enlargement of portion of holotype (see Plate 71, fig. 6) showing trifid imprints; 
X 2. 
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1,2.   Asapho'uiichnus   Irifijum   Miller,   1880    356 
1. Repichnia of Isotelus: convex hyporelief showing a combination of unifid, 

bifid, and erifid imprints. Localitv unknown. MCZ 1055; latex mold UCM 
37694. X  1. 

2. Repichnia of Isotelus; convex hyporelief. Hypotype (Caster, 1938, pi. 10, fig. 
2). Movement was from bottom to top and the body was oriented to the 
right of the axis of movement. Fulton beds, Union Levee, Cincinnati, O. 
UCM 22034, X 0.8. 

3,4.   Trarhomatichnus   numerosum   Miller,   1880    366 
3. Repichnia of Cryptolithus; convex hyporelief showing closely spaced casts 

of the impressions of the multifid legs of Cryptolithus. Movement was from 
bottom to top. Syntvpe. Eden beds of State Avenue, Cincinnati, O. MCZ 547; 
latex mold UCM 37695, X 1. 

4. Repichnia of Cryptolithus, concave epirelief. Movement was from top to bot- 
tom. Syntype. Eden beds of State Avenue, Cincinnati, O. MCZ 544; latex 
mold UCM 37671, X 1.4. 

5,6.   Petalichnus multipartitum  Miller,   1880   362,365 
5. Repichnia; convex hyporelief showing conversion from straight-ahead to 

oblique. Movement was from bottom to top. Specimen placed by Miller 
(1880) in Trachomatiihnus permultum. Hvpotype. Eden beds of State Avenue, 
Cincinnati, O. MCZ 548;  latex mold  UCM  37696, X  I. 

6. Repichnia; concave cleavage relief showing withdrawal markings at the 
proximal termination of each imprint. Movement was from bottom to top. 
Locality unknown.  UCM 37579, X  1. 

7.   Allocotichiius   Jycri   (Miller),   1880    359 
Repichnia of ^Isotelus: convex hyporelief. Movement was from right to left 
and the bodv was oriented to the right of the axis of movement. Paratype. Eden 
beds of Mud Lick Creek near Walton, Ky. UCM 37630, X 1. 
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1. Trachomatichnus numrrosum  Miller,  1S80  366 
Repichnia of Cryfitolit/ius; convex h>poielief. The clarity of preservation indi- 
cates that the trail is preserved as a boundary relief. Note the tracks of Allocn- 
tichnus ciyt'ii which occur near the upper margin of the specimen. Direction of 
movement from left to right. Lectoholot\ pe. Eden heds of State Avenue, Cincin- 
nati, O. MCZ 539;  latex mold  UCM  37583, X  1. 

2. Petalichnus  mulliparl'tum  Miller,   1880  362,365 
Repichnia of a medium-sized trilohite; convex hyporelief. The trail is poorly 
defined and is most likely preserved as a cleavage relief. Presumably a more com- 
plete set of imprints lies just  below the surface. This specimen  was  designated 
by Miller as the holotype of Trachomatuhnus cincinnatirnsh. Eden beds of State 
Avenue, Cincinnati, 6. MCZ 542;  latex mold UCM 37571, X 0.9. 

3. Dactylophycus  quajiipartilum   Miller  and   Dyer,   1878    345,346 
Fodinichnia ; convex hyporelief showing a flabcllate specimen where the median 
groove   of  the   branches   resembles   a   flat-bottomed   trough.   Locality   unknown; 
X 1. 

4,5.   Petalichnus multiparli/um  Miller,   1880   362,365 
4. Specimen was assigned by Caster (1938, pi. 10, fig. 4) to Mcrostomichniles 

sp. Note the scallop-like nature of the imprints. Movement was from lower 
left to upper right and the body was oriented to the left of the axis of 
movement.  Fulton  beds,   Union  Le\ ee,  Cincinnati,  O.  l!CM  22033,  X1.25. 

5. Convex hyporelief showing an excellent example of dimorphic imprints. The 
imprints of the left series are superimposed while those of the right series 
are clearly defined. Southgate beds below the cast end of the Beechmont 
Levee, Hamilton Co., O. MU T86; latex mold UCM 37707, X 1. 

6,7.   Allocotichnus Jyeri  (Miller),  1880 359 
6. Repichnia of Isotclus: convex hyporelief showing bifid imprints. Paratype. 

Eden beds of Mud Lick Creek near Walton, Ky.  UCM  37626,  X  1. 
7. Con\ex hyporelief showing deeply impressed raking imprints. Note the series 

of imprints to the upper left of each series which probably represent casts 
of gouge marks made by the pleurae of Isutelus Movement was from left 
to right and the body was oriented far to the left of the axis of movement. 
Paratvpc. ?Eden beds of State .\venue, Cincinnati, O. MCZ 1053; UCM 
37708^ X 0.8. 
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1. Repichnia  of  Ciypiolithus  368 
Convex hyporelief of two Cruziana-Wkt trails. Note the imprints of the genal 
spines flanking the trail on either side. Locality unknown. UCM 37603, X 0.9. 

2. Asaphoidichnus   trifidum   Miller,   1880    365 
Repichnia of Isotrlus; convex hyporelief showing sigmoidal imprints in both 
series.  Movement  was  from  bottom   to  top   and   the   body   was  oriented   to  the 
right of the axis of movement. Fulton beds, Union Levee, Cincinnati, O. UCM 
37569; X 0.9. 

3. Teratichnus confcrlum  Miller,  1880  369 
Repichnia   of   unknown   arthropod;   concave   epirelief.   Latex   mold   of  holotype. 
B, C, D mark the locations of long striae produced by a caudal cercum or ter- 
minal spine. The letter .•\ marks the locality of an ellipsoid grouping of imprints. 
General direction of movement wa« from bottom to top. Holotvpe. Eden beds of 
State .•\venuc, Cincinnati, O. MCZ 540; latex mold UCM 37570, X 11. 

4. Pitat'ichnus  multiparlitum  Miller,  1880  362, 365 
Repichnia of medium-sized trilobite; convex hyporelief showing a complex 
superposition  of   imprints.   A   few  cuneiform   support   imprints  can   be   seen   in 
the center of the trail. Holotype. Eden beds of State Avenue, Cincinnati, O. 
MCZ 546; latex mold UCM 37697, X 1. 
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1.   Palacophycus rugosum Hall, 1847 374 
Repichnia; convex hyporelief showing the coarse rugosities which characterize 
the species. Holotype. Trenton (Ordovician) beds of Middleville, N.Y. NYSM 
240/1, X 0.75. 

2-4.   Palacophycus   tortuosum   Hall,   1852    374 
2. A small cylindrical segment of the burrow filling. Syntype. Queenston (Ordo- 

vician)  beds of Irondequoit Bay, New York. USNM 41106,  X 0.7. 
3. Burrow filling shaped like a depressed, hclicoid cylinder. Syntype. Locality 

same as figure 2 above. USNM 41102, X 0.7. 
4. Faintly striate, arcuate burrow filling. Cross-section depressed cylindrical. 

Syntype. Locality same as figure 2 above. USNM 41107, X 0.7. 
5.   Palacophycus,   type-A    374, 377 

Repichnia; convex hyporelief of cylindrical burrows with well-developed annuli. 
Corryville beds of O'Bannion Creek, Clermont Co., O. UCM 37646, X 1. 

6,7.    ^Palacophycus  striatum   Hall,   1852   374 
6. Repichnia; convex hyporelief showing hemicylindrical burrow filling marked 

by a narrow linear crest. Hvpotype. Clinton (Silurian) beds, Oneida Co., 
N.Y.  USNM 41108;  latex mo"ld  UCM  37585,  X  0.8. 

7. Repichnia; convex hyporelief showing three intersecting burrows. Hypotype. 
Locality same  as  fig. 6 above.  USNM 41111,  X  1. 

8. Palacophycus tuhularc Hall,  1847  374 
Repichnia; convex hyporelief showing several  intersecting burrow fillings, some 
of which are striate. Svntvpe. Beekniantown (Ordovician) beds of Amsterdam, 
New York. NYSM 241/1 ;'lalex mold  UCM 37698, X 0.5. 

9. Palacophycus, typc-B  374, 378 
Repichnia;   convex   hyporelief   showing   hemicylindrical   burrow   filling   marked 
by longitudinal striae and annuli. Locality unknown. UCM 37584, X 1. 
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1. PaUiruphycus   tuhularr   Hall,   1847 374 
Repichnia. View of a syntvpc which is heavily encrusted with limonite. Beek- 
mantown (Ordovician) iicd's of Fort Plain, N.Y. NYSM 241/3; latex mold UCM 
37699, X 0.6. 

2. Planolitrs corrugalus Walcott,   1899   378 
Repichnia. What Walcott described as corrugations are actually cleavage planes 
deflected hv the burrow. Holotvpe. Grevson Shale (Precambrian) near Neihart, 
Mont.  USNM 33796, XI.' 

3. Platioiucs  annularius,  Walcott,   1880 378 
Repichnia.   A   weathered   specimen   bearing  annuli.   Holotype.   Lower   Cambrian 
beds near Greenwich, N.Y. USNM  18360, X  1. 

4. Palarophyrus  tuhulare  Hall,   1847   374 
Repichnia;  convex hyporelief showing several  cylindrical  burrow  fillings.  Note 
that one of the forms is bilobate. Syntvpe. Locality same as Fig. 1 above. NYSM 
241/4;  latex mold 37700,  X 0.4. 

5. Palacophycus,   type-C    374, 378 
Repichnia; convex hyporelief showing burrow fillings preserved in a coarse- 
grained calcarenite. McMicken beds of Brierlv Creek, Hamilton Co., O. UCM 
37647, X 0.5. 

6. Palacophycus,   type-B    374, 378 
Repichnia; convex hyporelief showing annuli and longitudinal striae. Note 
bulbous  expansion.   Sunset  beds.   Four   Mile   Creek,   10   miles   south   of  Oxford, 
O. UCM 37682, X 0.9. 

7. Palacophycus tuhulare,  Hall,   1847   374 
Repichnia; convex hyporelief with several flattened hemicylindrical burrow fill- 
ings. Syntype. Locality same as Fig. 1 above. NYSM 241/2; latex mold UCM 
37701,  X  0.4. 

8. Corophio'ulcs liicla-va/a   (Miller).   1880 _.__   314,323 
Domichnia; U-plane section showing that the arms have been extended below the 
level of the Sprritc. The smaller, lighter colored burrows are Chondrites, type-C. 
McMicken beds of West Fork Creek, Mt. .\\t\ Forest, Cincinnati, O. UCM 
37649, X 1. 
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Ormaihichnus monUliformis Miller,  1880  - ••• ■ '^' 
1. Enlarged view of fig. 2 showing a series of small disconnected Rusophycus- 

like  bodies,  X  5. ,.  ,   „ ^ ■       ,_  j       r 
2 Repichnia of a small arthropod; convex hyporelief. Syntype. Eden beds of 

State Avenue, Cincinnati, O. MCZ 549;  latex mold  UCM  37689,  X  3. 
3 Inorganic; convex hyporelief. The monilliform casts are interpreted as 

markings of a crinoid stem. Syntype. Locality same as fig. 2 above. MCZ 
541; latex mold 37690, X 2.5. 

433 

Rhabdoah'phus   sp.   Vasseovich,   1951    . .         ^'" 
4. Repichnia; concave hyporelief. Locality unknown. MU T96; latex mold UCM 

37702,  X  1.1. .       , ,   , i    u     k      • 
5. Concave epirelief showing the variation in the morphology of the hemi- 

spherical depressions. UCM 37683, XI. 
6 Concave epirelief showing raised rims of the connecting troughs. Sunset beds 

of Four Mile Creek 10 miles south of Oxford, O. UCM 37653, X 1. 

Hormosiroidca  florcniina   Schaffer,   1928    •  ■       ;•   ;    , -  ; ""^ 
Repichnia;   'convex hyporelief showing closely spaced hemicylinders   Note small 
vermiform trails.  Holotype.  Upper  Cretaceous of  Italy.  Plastotype  UCM   37652, 
X 1. 

Rhabdoylyphus grosshcimi  Vasseovich,  1951   .     .--. ■■■■■- -    - "0 
8 Repichnia; convex hyporelief. Vertical sections would probably reveal the 

connecting bar just below the surface. Hypotype. Tertiary Flysch of Czecho- 
slovakia, X  1.1   (from Boucek  and  Elias,  1962,  PI.  8,  fig. 2). 

9 'Convex hyporelief showing ellipsoidal swellings. Note that two of the swell- 
■   ings occur  together.  Locality  same  as  figure  8   above.  X  1.1   (from  Boucek 

and Elias, 1962, pi. 8, fig. 3). 



434 PALAEONTOGRAI'HICA AMERICANA (VI, 41) 

EXPLANATION OF PLATE 79 

Figure Page 

1,2.   "Palacophycus flexosum" U. P. James,  1879  393 
1. Inorganic;  epirelief showing the numerous anastomosing ridges.  Humphrey's 

Branch of Twelve Mile  Creek,  Campbell  Co.,  Ky.  UCM  37645,  X  1. 
2. Inorganic: specimen  reveals  several   layers  marked   by  the  flattened   ridges. 

Locality unknown.  UCM  37650, X  0.7. 

3. MasliffOffrafitus gracillimum   (Lesquereux),  1878   387,388 
The form was interpreted by Ruedemann (1908) as a graptolite. This speci- 
men bears no trace of thecae. Locality  unknown.  UCM  37651, X 1.5. 

4. PMollusk   trails    382 
Trails change from a median furrow flanked by two ridges into a raised ridge 
marked by a median rift. McMicken beds of West Fork Creek, Mt. Airy For- 
est, Cincinnati, O. 

5. Chondrites, type-B   328, 335 
Vertical cross section showing a concentration of burrows in  lower half of the 
host rock. Note that one branch angles upwards. McMicken beds of West Fork 
Creek, Mt. Airy Forest, Cincinnati, O. {type locality of Corophio'uirs cincin- 
naticnsis). UCM  37669, X 0.6. 

6. Chondrites   ballensis  Zieten,   1839    329 
Fodinichnia;  bedding plane  surface  showing a  specimen  which  exhibits  phobo- 
taxis. Such specimens marked the "death knell" of the "fucoids." Jurassic Posi- 
dion beds of Wiirttemberg, West Germany. UCM 37538, X 0.8. 
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"Chlocphycus plumosum" Miller and  Dyer,  1878  ■••■ '* 
Inorganic; convex hyporelief of holotype showing numerous P"""^' ^PJ'^,*^";.- 
Current flow was from top to bottom. Eden beds, Cincinnati, O. HBM 3154, 
latex  mold  UCM  37617,  X  1.25. 

2.   "Blastophycus diadcmatum" Miller and  Dyer,   18 
Inorganic; convex hyporelief showing cast of enrolled trilobite with casts of 

scouf markings. Current flow was from top '« .b"'.-"'.^"/^'P^HMB'nsrTatrx 
Plate   81,   figures   1-3.   Paratype.   Eden   beds,   Cincinnati,   O.   HMB   3181,   latex 
mold UCM 37618, X 1.5. 

..390 

4 "Dvstactophycus  mamillanum"  Miller  and   Dyer,   1878  .. .■■"."■," ^'^ 
'   3    Inoreanic-  convex hvporelief  representing the  cast of  markings  made  by  a 

sweel-lnLcrTnoid  stem    Richmond   beds,   Hamilton,   O.   USNM   40043;   latex 

4 '"nofga^nic; convex hyporelief showing the apparent imbrication of the rings. 
The left side of the specimen has been altered by P-P?""°"-,"f ^"^' 
Richmond beds near Morrow, O.  HBM  3177;  latex mold UCM  3/691, X  1. 

391 
5 Lichcnatia   concentrica   Hall,   1852    ';;i^""l""^"^i '.i'V   Vr  

Bryozoa- latex mold bearing a vague resemblance to "Dystactophycus^ J. F. 
fames 1885) believed that the two were synonomous. Syntype Niagaran 
(Silurian)   beds near Rochester,  N.Y.  AMNH   1487/1;   latex  mold   UCM  3/685, 

X 2.5. 
6 "C/iloethvcus plumosum" Miller and  Dyer,  1878 ■-- ■•■■•■• ■•■■■•••-  

inorganic;   convex  hyporelief   showing   a   single   specimen.   Note   flute   casts   to 
the right of "a,lorp/,vcus:' Eden beds of State Avenue Cincmnati, O Speci- 
men on reverse of Tnu/,o,n„f,</.„u.< m.n„r,.uun. MCZ 544;; latex mold UCM 

37692, X 1.25. 
393 

Sno:g:n^-'S;tv::tl^V^^^^.K]amer(188r)assign;dVheTcmg-.^^   
\Zl^a"Scolithus linearis." Also present on the slab are casts of rolling crino.d 
terns and grive"as''ts made In twisting brachiopod shell fragments. Current 

flow Was from upper left to lower right and top to bottom. Paratype. Eden beds, 
"Crawfish Creek," O. UCM 37619, X 0.6. 
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1. "Blastophycus Jiademaluin" Miller  and  Dyer,   1878   390 
Inorganic;  scour mariis  around  an  enrolled  trilobite.  Current  flow  from  upper 
right to lower left. Compare with figs. 5, 10 helow. Experimentallv produced; 
X 1. 

2. yPaleoJictyon  sp.  Savi  and  Meneghini,   1850   384,387 
?Pascichnia;   convex   hyporelief   show ing   a   poorly   developed   specimen.   Note 
that the network is oriented parallel to the current direction. Economv beds of 
Duck Creek, Campbell Co., Ky. UCM  37638, X  1.2. 

3. "Bliislophyais Jiaii,-m<itum'' Miller and Dyer,  187S  390 
Inorganic; same as fig. 1 above. Rill marks are attributable to subaerial erosion. 
Current flow from lower right to upper left,  X 0.7. 

4. Choitdrites, type-C   328, 339 
Fodinichnia;  concave epirelief showing two  systems,  one  oriented  parallel,  the 
other oblique to the bedding plane. .A latex mold of this specimen is illustrated 
on Plate 64, figure 5. Whitewater beds. Short Creek, three miles southeast of 
Richmond,  Ind. MU T90;  latex  mold  UCM  37678,  X  0.6. 

5. "Blastophycus diadcmatum" Miller  and  Dyer,  1878  390 
Inorganic; plaster cast of experimentally produced scour marks around an en- 
enrolled trilobite. Current flow  from top to bottom.  UCM  37664, X 0.5. 

6. "Dystaclophycus mamillanum" Miller and Dyer,  1878  391 
Inorganic; convex hyporelief clearing showing the casts of markings made by a 
sweeping crinoid stem. Arnheim beds, Hamilton, O. USNM 40044; latex mold 
UCM 37687, X 0.8. 

7. Allocolic/inus dyeri  (Miller),  1880 359 
Repichnia; convex hyporelief. An enlargement of  a  portion  of the  trail  shown 
on Plate 74, figure 1. The small parallel markings were probably made by 
spinose projections on the distal ends of the segments uf the walking legs. 
Paratvpe. Eden beds of State .\venue, Cincinnati, O. MCZ 539; latex mold UCM 
37583,' X 4. 

8. Fascifodiiia floivrri, n. gen., n.  sp 340 
Fodinichnia; epirelief. A small individual showing the concave imprint and the 
convex, lower portion of the master shaft. Holotype. Corry\'ille beds of Second 
Creek where crossed by Cozzadale Ri>ad, Clermont Co., O. UCM 37632, X 1. 

9. Rusophycus pud'uum Hall,  1852 305 
Cubichnia  of Flixiiiilymrtu';  convex   hyporelief  showing  a   trail   leading  away 
from the resting trace. Note the well-preserved casts of the pleurae on the 
Rusophycus body. Corryville beds, Stonelick Creek, Clermont Co., O. MU T94; 
latex mold 37663, X 0.7. 

10.   "Blastophycus diadcmatum" Miller and Dyer, 1878  _ 390 
Inorganic; con\ex hyporelief showing the "bud" which clearly re\'eals its trilo- 
bite origin. Svntvpe. Eden beds, Cincinnati, O. HBM 3181; latex mold UCM 
37703, X  1.7. ' 
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TRACE FOSSILS CINCINNATI AREA: OSGOOD 437 

EXPLANATION OF PLATE 82 

Figure Page 

1-6.   Palaeoscla floweri  Caster,   19+2    396 
1. Fodinichnia or inorganic; concave epirclief showing a well-developed cen- 

tra! pore, "radial canals" and concentric markings. Holotype. Corryville 
beds of Stonelick Creek,  Clermont County,  O.  UCM  24079,  X  1.2. 

2. Concave epirelief of a shallow regular specimen. Topotvpe. Locality same as 
fig. 1 above. UCM 24389, X 0.7. 

3. Concave epirelief. An enlargement of a portion of the holotype showing the 
central pore and "radial canals", X  3. 

4. Convex hyporelief showing several specimens. The concentric arcs are devel- 
oped only in the downcurrent quadrant. Economy beds of Duck Creek, Camp- 
bell County, Ky. UCM 37578, X 1.3. 

5. Concave epirelief showing two overlapping specimens. Note that the central 
pore has a raised rim and the inner wall of the arcs appears to have been 
planed off. Topotype. Locality same  as  fig.  1  above.  UCM  37575,  X   1. 

6. Concave epirelief showing a portion of a larger specimen. Note the comnara- 
tively large diameter of the central pore. Topotype. Locality same as fig. 1 
above. UCM 37576, X 1.3. 
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EXPLANATION OF PLATE 83 

Figure Page 

1. Palarophycus,   type-C 374, 378 
Repichnia; convex hyporelief showing several interpenetrating burrows. The 
coarse grain size of the host rock obscures the finer details of the burrows. 
Locality unknown. UCM 37582, X 2. 

2. Chondrites, type-A  328, 335 
Fodinichnia ; vertical section. Note downward deflection of some of the secon- 
dary branches. McMicken beds of West Fork Creek, Mt. Airy Forest, Cincin- 
nati, O. UCM 37680, X 1.4. 

4.    ?Resting trace of a nautiloid cephalopod   349 
Concave epirelief. This specimen differs from the "turkey track" depressions 
which Flower (1955) believed to be nautiloid resting traces. The two critical 
features are the raised borders and the smooth floor of the depression. Mt. Hope 
beds on U.S. Route 5C, 0.4 miles west of Aurora,  Ind.  UCM  37643,  X  1. 

4. Pataeophycus,   type-C    - 374, 3 78 
Repichnia; note that trails are preserved as both concave and convex epireliefs. 
Eden beds of Brierly Creek, O. UCM 37644, X 0.5. 

5. Enlargement of a portion of the trail shown on Plate 19, figure 1 illustrating 
two Cruziana-Wke ridges. The delicate striae are attributed to the brushlike ter- 
minal segment of the Cryplolil/iU! walking leg;  X 1.5. 

6-8.   Aristophycus ramosum Miller and  Dyer,  1878  398 
6. Incertae srdis; latex mold of fig. 8 below showing the anastomosing pattern of 

the secondary and tertiary branches, X  0.8. 
7. Convex epirelief. Note that the secondary branches extend down into the 

host rock much like Ivy tendrils. Compare with Text-figure 25. Holotvpe. 
Maysville beds, Cincinnati, O.  HBM 3173;  latex mold UCM 37580, X O.'s. 

8. Convex epirelief showing a single main branch. This specimen was assigned 
to A. ramosum "var." germanum by Miller and Dyer (1878). Hypotype. 
Maysville beds, Cincinnati, O.  HBM  3172;  latex mold  UCM  37668,  X  1.2. 
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